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Abstract

Blanchette and Dunbar (2000) have claimed that when participants are allowed to draw on their
own source analogs in the service of analogical argumentation, retrieval is less constrained by sur-
face similarity than traditional experiments suggest. In two studies, we adapted this production
paradigm to control for the potentially distorting effects of analogy fabrication and uneven avail-
ability of close and distant sources in memory. Experiment 1 assessed whether participants were
reminded of central episodes from popular movies while generating analogies for superficially
similar versus superficially dissimilar target situations. In Experiment 2, we modified this proce-
dure to assess the retrieval of autobiographic memories, more familiar to participants than fictional
episodes. Both studies revealed a strong effect of surface similarity on the retrieval of participants’
own sources, thus suggesting that the superficial bias typically observed in experimental studies—
and simulated by most computational models—does not originate in a lack of ecological validity.
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1. Introduction

Across activities as diverse as problem solving, instruction, or argumentation, ana-
logical reasoning allows knowledge transfer from a known situation (the base analog,
or source analog) to a less known situation (the rarget analog). This transfer process
is based on the recognition that the entities of the base and target analog are linked
by systems of relations that can be considered formally and semantically identical at a
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non-trivial level of abstraction (Gentner, 1983; Gentner & Markman, 2006; Holyoak &
Thagard, 1995). As an example, the Greek philosopher Cornelius Castoriadis compared
the consumption of natural resources by capitalist societies with Hansel and Gretel’s
tale by the Brothers Grimm: Just as Hansel and Gretel were eating the chocolate walls
of their house without knowing that they were destroying their house, capitalist nations
are devastating the forests without realizing that they are disturbing climate regulation.
The analogy rests in the fact that in both cases, a valuable thing is being carelessly
damaged. Whereas in distant analogies the corresponding objects and relations usually
do not maintain semantic similarity (e.g., Hansel <> Nations; eat <> devastate, choco-
late walls « forests), in near analogies the corresponding elements are semantically
similar. As an example, the environmental movie “Home” compared the devastation of
forests by current governments to the exhaustion of palm trees by the original inhabit-
ants of Easter Island. As opposed to the Hansel and Gretel analogy, in this case struc-
tural similarity comes together with a higher degree of semantic similarity (e.g.,
inhabitants <> governments, exhaust <> devastate, palm trees <> forests), thus allowing
a subsuming schema that is less abstract than in the previous case. These lower level
semantic similarities have been termed superficial similarities, under the consideration
that they are negligible when more abstract identities are taken into account. In the
present study, we will refer to these types of comparisons as superficially dissimilar
and superficially similar analogies, respectively.

Among researchers of analogical reasoning, there is ample consensus that the process
of understanding an analogy is not heavily dependent on superficial similarities (Gent-
ner, Rattermann, & Forbus, 1993; see Holyoak, Novick, & Melz, 1994 for a review).
As Castoriadis’s analogy illustrates, the lack of semantic similarity at the level of
matched objects and relations does not necessarily complicate the process of finding the
right correspondences between the analogs, since a reasonably informative description
encompassing both situations can be easily derived. In contrast to the consensus about
the (minor) role played by superficial similarities during mapping, the weight of superfi-
cial similarities during the retrieval of base analogs from long-term memory (LTM) is
still subject to some debate. Whereas a wealth of experimental studies showed that
superficial similarity represents a crucial precondition for retrieval (e.g., Gentner et al.,
1993; Keane, 1987; Ross, 1989), more recent naturalistic studies allegedly demonstrate
that the retrieval of participants’ own sources during real-world tasks like persuasive
argumentation does not necessitate superficial similarities (e.g., Blanchette & Dunbar,
2000, 2001). This empirical inconsistency between the results of the experimental and
the naturalistic approaches to analogical retrieval—termed “The Analogical Paradox™ by
Dunbar (2001)—has not been resolved. The present study aims to shed light on the rea-
sons for this inconsistency by means of a hybrid method that preserves the strengths of
these two empirical traditions. Before moving to our own study, we discuss the proce-
dures followed by the experimental and the naturalistic traditions, and briefly describe
how extant computational models have attempted to account for the observed behav-
ioral patterns of analogical retrieval.
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1.1. The experimental tradition

As in most studies of memory, the standard paradigm for investigating analogical
retrieval comprises two distinct phases, an encoding phase and a retrieval phase. During
encoding, participants receive the base analogs (thus the expression “reception paradigm”
coined by Dunbar, 2001), usually interleaved by several distracters. During the retrieval
phase, participants are presented with the target analog embedded in target tasks for
which the retrieval of the critical base analog becomes useful, and experimenters assess
the extent to which the processing of the target triggers the retrieval of the base analog.
Materials, tasks, and contextual/temporal separations between both phases vary consider-
ably within this tradition. In studies of problem solving, the encoding of the base problem
and its solution is typically followed by a contextual separation in order to guarantee that
later access to learned solutions during the retrieval phase was not based on an episodic
association between the phases. Results from these studies show that the retrieval of
superficially similar sources is between two and four times more frequent than the retrie-
val of superficially dissimilar ones (e.g., Keane, 1987; Ross, 1989). As opposed to studies
of problem solving, studies on the retrieval of stories rarely impose a contextual separa-
tion between the phases, since the salience of the critical sources is reduced by means of
embedding them among a large number of distracter stories. During the retrieval phase,
participants are handed each of the target analogs and are tasked with indicating which of
the stories read during the previous session this new story reminds them of. Just as within
the problem-solving literature, studies of story-reminding typically show that sources
bearing superficial similarity with the target are much more likely to be retrieved than the
sources that do not maintain such similarities (e.g., Catrambone, 2002; Gentner et al.,
1993). The results from the problem-solving and the story-reminding tradition led
researchers to conclude that superficial similarity represents a crucial precondition for
analogical retrieval, with accounts for this superficial bias ranging from the evolutionary
to the computational.

In terms of adaptation, failing to retrieve most of the distant matches stored in LTM is
believed to represent no big loss, since superficial similarities tend to correlate with dee-
per commonalities in the natural world (the “kind world hypothesis,” Gentner, 1989). In
the words of Dedre Gentner (1989, p. 267), “By and large, if something looks and roars
like a tiger, it probably is a tiger.” Besides this ecological interpretation, computational
modelers of analogical reasoning have claimed that the computational cost that would be
implied in performing a structural match between the target and every potential source in
LTM lacks psychological plausibility (Gentner & Forbus, 1991; Thagard, Holyoak, Nel-
son, & Gochfeld, 1990).

Under this last consideration, proponents of the structure mapping theory (Gentner,
1983; Gentner & Markman, 1997) developed MAC/FAC (Forbus, Gentner, & Law,
1994), an algorithm designed to simulate behavioral patterns of analogical retrieval
through psychologically realistic computations. MAC/FAC, for Many Are Called, Few
Are Chosen, divides retrieval into two distinct phases: MAC, a fast superficial filter, and
FAC, a formal matcher. The MAC phase works by comparing the content vector for the
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target with those of every representation stored in LTM, with each content vector being
generated by assigning a position in an ordered series to all concepts in LTM, and count-
ing how many times each of these concepts appears in each situation stored in LTM.
Upon taking the vector products between the content vector of the target and the vectors
of all situations in LTM, the MAC stage submits the winning situations (most of them
superficially similar to the target) to the FAC stage. For each of these potential sources,
FAC starts by creating all possible local mappings between elements of the same formal
type (i.e., objects with objects, n-place relations with n-place relations, etc.), with the
added restriction that mapped relations must have identical meaning. The program then
incrementally coalesces local matches into global mappings that satisfy the constraints of
parallel connectivity (if two predicates are mapped, their arguments must also be
mapped) and one-to-one mapping (elements must map to at most one element in the other
analog). Finally, FAC scores the quality of global mappings as a function of their size,
their depth, and the semantic similarity of their corresponding objects. This last criterion
amplifies MAC’s bias toward base analogs bearing superficial similarity with the target.
LISA (Learning and Inference with Schemas and Analogies; Hummel & Holyoak,
1997) is the latest matcher developed by proponents of the multiconstraint theory of anal-
ogy (Holyoak & Thagard, 1989, 1995). Its architecture aims at encompassing retrieval,
mapping, inference, and schema abstraction by a unified set of core processes more neu-
rally plausible than in earlier attempts (e.g. ARCS; Thagard et al., 1990). LISA’s archi-
tecture is a system for representing dynamic role-filler bindings in working memory
(WM) and encoding them in LTM for later retrieval. When a proposition unit (P) like
John loves Mary gets activated, it propagates top-down activation to subproposition units
(SPs) that represent bindings between each of the case roles of the proposition and its
corresponding filler. During the lapse while each SP unit remains active, it transfers top-
down activation to two independent structure units representing a case role and its filler
(e.g., John and lover) which fire in synchrony with each other and out of synchrony with
the units of the complementary SP (i.e. Mary and beloved). Case roles and their fillers—
which represent the lowest level in the structural hierarchy—in turn activate a collection
of semantic units representing their meaning. Therefore, when a proposition such as John
loves Mary is selected, the semantic primitives of lover (e.g., emotionl, positivel, and
strongl) fire in synchrony with the semantic primitives of John (e.g., human, male and
adult), while units representing the beloved role (e.g., emotion2, positive2 and strong?2)
fire in synchrony with units representing Mary (e.g., human, female and adult). When the
semantic primitives of a given role-filler binding in the target fire in WM, predicate,
object and SP units from one or various sources compete in responding to this array as a
function of the extent to which their semantic units overlap. Syntactic constraints are
enforced by sets of excitatory and inhibitory links. Within a base analog, units of differ-
ent hierarchy are linked by symmetric excitatory connections, whereas units of the same
level share symmetric inhibitory links. This way, when predicate and object units in a
base analog respond to patterns of activation in WM, they activate SP and P units above
them, all of which inhibit other units of the same type, enforcing the one-to-one mapping
constraint. Once a P unit in the target has activated a corresponding P unit the base
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analog, the constraint of parallel connectivity is enforced by top-down activation of the
structure units below them. As in MAC/FAC, LISA’s reliance on semantic similarities
between the sources and the target leads to a majority of superficial remindings.

In sum, besides the contrasting representational and computational assumptions incor-
porated in the above models (e.g., MAC/FAC uses serial operations on symbolic repre-
sentations, while LISA uses connectionist computation on distributed representations),
both algorithms were engineered to account for the observed behavioral patterns obtained
with the classical two-phase reception paradigm by means of granting a crucial weight to
superficial similarities.

1.2. The naturalistic tradition

With the turn of the century, a number of observational studies began documenting the
use of analogies by professionals of different disciplines as they worked within their areas
of expertise. While the analogies produced by molecular biologists (Dunbar, 1997) and
psychologists (Saner & Schunn, 1999) tended to be highly constrained by superficial sim-
ilarity, it became apparent that the goals of the analogizer might have an effect on the
semantic distance of the generated analogies. More recent observational studies demon-
strated that under specific pragmatics such as communicating ideas to others, the use of
distant analogies can be as frequent as the use of superficially similar analogies.

In a seminal study on the use of analogies in political discourse, Blanchette and Dun-
bar (2001) analyzed more than 400 articles that appeared in three important newspapers
from Montreal prior to the 1995 referendum on the independence of Quebec. The authors
found that three quarters of the more than 200 analogies that appeared in the media
involved situations outside the domain of politics, such as agriculture, family, sports,
magic, and religion—a result that was interpreted as indicating that naturalistic analogy
generation is less constrained by superficial similarity than in the experimental tradition.

Richland, Holyoak, and Stigler (2004) set forth to investigate the spontaneous use of
analogies in eighth-grade mathematics classrooms. Among other results, they observed
that the degree of surface similarity of the sources used by the teachers was highly
dependent on the type of knowledge they were trying to impart. While the teaching of
procedures was based mainly on superficially similar analogies, transmission of concep-
tual knowledge tended to be based on superficially dissimilar or even non-mathematical
analogies. The fact that, overall, 76% of the analogies had minimal perceptual similarity
between source and target objects was taken by the authors to suggest that “in the class-
room setting, teachers are more successful than typical laboratory participants at develop-
ing structural analogies” (Richland et al., 2004, p. 49).

More recently, Christensen and Schunn (2007) carried out a systematic observation of
the analogies generated by professional design engineers as they created new products in
the domain of medical plastics. During the weekly product development meetings, which
lasted between 30 min and 2 h, common activities included brainstorming, developing
concepts, solving design problems, planning data collection, evaluating mock-ups and
prototypes, among many others. The transcripts of these meetings revealed a mean of
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11.3 analogies per hour of verbal data. Superficially dissimilar analogies were almost as
frequent as superficially similar analogies when the goal was to solve a problem, and
twice as frequent when the goal was to communicate or explain ideas to other members
of the group.

According to various authors (e.g., Dunbar, 2001; Hofstadter & Sander, 2013; O’Keefe
& Costello, 2008), the results of naturalistic studies call into question the psychological
validity of laboratory experiments failing to obtain distant retrievals, as well as the accu-
racy of the psychological theories and computational models developed after such behav-
ioral results. In order to simulate the pattern of distant analogizing observed in
naturalistic studies, O’Keefe and Costello (2008) developed a computational model that
relies exclusively on similarities between structurally equivalent systems of relations.
Based on the assertion that “contemporary theories of memory do not posit that memory
is composed of distinct domains [the base analogs] as assumed in MAC/FAC” (O’Keefe
& Costello, 2007, p. 5), the authors adopt a model of LTM that consists of a list of all
instances of any given relation (regardless of the base analogs in which they take part),
which are in turn linked to the relations that were adjacent to them in the episodes that
were encoded in LTM. As there is no explicit separation between the base analogs stored
in memory, the model’s current version can only deal with connected representations—
that is, base and target analogs in which every relation is directly or indirectly linked to
every other relation by means of one or more propositional links. Fed with this type of
representations, O’Keefe and Costello’s (2008) relational adjacency model performs
retrieval and mapping in an intertwined fashion according to the following procedure.
Given a target analog represented in higher order relational form, the system starts by
choosing an arbitrary relation in the target (e.g., relation #I) and selecting all instances
of such relation in memory. Next, the system shifts its attention back to the probe, and
after identifying any relation (or relations) that are adjacent to relation #1 in the probe
(e.g., relations #2 and #3) it trims the initial cohort of instances of relation #1 in LTM,
preserving only those that are adjacent to both relation #1 and #2. Using the same logic,
the system continues checking to see if the relations adjacent to each instance of a rela-
tion in the probe are adjacent to the last level added to the partial matches in memory.
When all the vertices in the probe have been visited, the search is complete and any com-
plete matches will have been found.

In its current state of development, O’Keefe and Costello’s algorithm can only retrieve
base analogs being completely isomorphic to the target. As a consequence of this limita-
tion, the system is incapable of simulating any kind of analogical transfer, since transfer
requires that elements in the base analog lack their counterparts in the initial representa-
tion of the target. Even though this state of affairs is certainly consistent with Blanchette
and Dunbar’s (2001) and Richland et al.’s (2004) finding that in natural settings, analo-
gizers use semantically distant sources to communicate ideas to others (a situation where
the reasoner starts-off with a complete representation of the target idea she wants to com-
municate), it falls short of accounting for Christensen and Schunn’s (2007) more recent
finding that distant analogies are also frequent in situations in which an impoverished
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target analog gets illuminated by a base analog whose representation is comparatively
more complete (e.g., during creative problem solving).

To summarize, a rapidly growing body of naturalistic studies on the spontaneous use
of analogy in real-world activities tends to show that, with few exceptions, reasoners can
flexibly access superficially dissimilar sources from their background knowledge in a
manner that is certainly not predicted on the basis of traditional experimental results
(e.g., Gentner et al., 1993; Keane, 1987), and which cannot be simulated by dominant
computational models of analogical retrieval like MAC/FAC or LISA.

1.3. Bridging the gap between the naturalistic and the experimental traditions

There is a well-known trade-off between the strengths and weaknesses of laboratory
versus naturalistic studies: while experimental control sometimes comes at the expense of
ecological validity, the richness of naturalistic observation usually comes at the expense
of control. To overcome this conundrum, various authors have advocated for “cross-fertil-
izing” both approaches by means of going back-and-forth between experimental and natu-
ralistic approaches (i.e., the in vivo/in vitro approach, Dunbar, 2001; Klahr & Li, 2005).
Naturalistic observation can be useful for uncovering interesting phenomena and relations
between variables that would have remained undetected by means of purely experimental
hypothesis testing. In turn, reproducing these findings within laboratory settings can be
useful for scrutinizing the observed phenomena under more controlled conditions, and for
discriminating those correlations that are based on causal relations from those that are
not.

According to Dunbar (2001), the use of an in vivo/in vitro methodology was instru-
mental in uncovering the reasons behind the disparate results from the experimental and
the naturalistic traditions in the study of analogical retrieval. In a series of laboratory
experiments carried out after having studied the use of analogy by journalists and politi-
cians, Blanchette and Dunbar (2000) asked groups of college students (Experiment 1) and
individual students (Experiment 2) to generate persuasive analogies for another real-world
political topic: the zero-deficit strategy. After providing participants with an explanation
about the mechanisms by which public debts typically increase, participants in the pro
zero-deficit condition had to pretend they were hired by a non-profit organization to gen-
erate analogies that could be used to persuade the population of supporting massive cuts
to spending in education, security, and social programs on the grounds that future cuts
would otherwise be more dramatic. In contrast, participants in the anti-zero-deficit condi-
tion were asked to propose analogies to persuade the public that basic services cannot be
discontinued, and that other ways of dealing with the deficit should be envisioned.
Regardless of the condition, this production paradigm (as Blanchette and Dunbar termed
it) elicited an overwhelming majority of base analogs pertaining to domains different
from economy and politics, thus reproducing in vitro the previous naturalistic observation
that journalists can easily access long-distance sources while generating analogies to
real-world target situations. In order to assess whether the success of their subjects in
generating superficially dissimilar analogies was due to some degree of familiarity with
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the zero-deficit topic—this issue had received extensive media coverage in the months
prior to the study—Blanchette and Dunbar (2000, Experiment 3) resorted to a traditional
reminding task, in which the superficial (or structural) base analogs to be read during the
encoding phase were chosen among those proposed by participants in Experiments 1 and
2. In contrast to the type of analogies proposed under a production paradigm (Experi-
ments 1 and 2), participants in Experiment 3 retrieved mostly non-analogical matches
bearing only superficial similarity with the target. These results were interpreted as dem-
onstrating that the central feature behind the success of participants in retrieving distant
analogs in Experiments 1 and 2 was not their degree of familiarity with the target topic,
but rather the fact that they were allowed to draw on their own extraexperimental knowl-
edge to cope with an ecologically valid task such as generating persuasive analogies in
favor of certain line of action. Dunbar (2001) suggested that, as naturalistic settings and
ecologically valid tasks can promote an abstract encoding of the base and target analogs,
respectively, retrieval of sources is not heavily constrained by superficial similarity. More
recently, Markman, Taylor, and Gentner (2007) have demonstrated that an auditory pre-
sentation of both the base and the target analogs leads to better recall of purely relational
matches than a written presentation. Based on these results, the authors conjectured that
one of the factors underlying the apparent ease of relational retrieval in naturalistic set-
tings could be the fact that in natural settings, as opposed to typical experimental studies,
the analogs tend to be presented in auditory, rather than in written format.

As we will argue, even though the production paradigm implemented by Blanchette
and Dunbar (2000) can potentially exert a higher degree of control than purely observa-
tional approaches,’ it falls short of demonstrating a negligible role of superficial similari-
ties during naturalistic retrieval. Compared to the traditional two-phase procedure
followed by most experimental studies of analogical retrieval, the production paradigm
bears two important methodological shortcomings. The first limitation resides in not
implementing any means of distinguishing true instances of analogical retrieval from
instances of analogy fabrication (i.e., ad hoc invention of base analogs). For example,
once the reasoner has understood the abstract structure of a target situation, he or she can
trivially generate novel exemplars from semantically distant domains (e.g., infections of
HIV/typhus/choose your favorite infection/that were not treated in time, with the conse-
quence that later treatment was more difficult that would have been otherwise). Second,
even if a means of distinguishing true retrievals from cases of analogy fabrication were
implemented, yet another serious insufficiency of the production paradigm concerns the
unknown proportions of close versus distant base analogs potentially available in LTM.
As a hypothetical example, consider a participant retrieving six near and six distant base
analogs during the analogy generation task. In case this participant had, say, 10 near and
10 distant sources stored in LTM, the retrieval probabilities of near and distant base ana-
logs could be considered superficially unconstrained (60% of each type). In sharp con-
trast, if he or she had 60 near sources and 10 distant sources available in LTM, the very
same retrieval outcome would now indicate that the probability of retrieving base analogs
is superficially biased (10% of superficially dissimilar vs. 60% of superficially similar
sources). Therefore, a proper assessment of the effect of superficial similarity on
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analogical retrieval requires knowing not only the quantities of superficially similar and
superficially dissimilar base analogs that were successfully retrieved but also the number
of instances of both types of base analogs that were potentially available for retrieval
(i.e., retrieval probability = number of retrieved sources/number of available sources). As
can be inferred from the above considerations, current attempts to explain out the diver-
gence between experimental and naturalistic findings fall short of demonstrating that in
naturalistic settings analogical retrieval is less constrained by superficial similarity than in
the psychological laboratory.

In the spirit of the in vivo/in vitro approach advocated by several authors, we sought
to shed light on the inconsistency between naturalistic and experimental studies through a
hybrid procedure that retains the ecological validity of the production paradigm, without
sacrificing the inferential power of the reception paradigm to assert causal relations.

Just as in the production paradigm, participants of the two experiments reported in the
present study had to generate persuasive analogies in response to a highly realistic target
situation—an activity that allegedly promotes an encoding of the targets that emphasizes
their abstract structure. Second, participants were asked to draw on their own extraexperi-
mental memories, which according to authors such as Dunbar (2001), O’Keefe and Cos-
tello (2008), or Hofstadter and Sander (2013), receive a more abstract encoding than the
base analogs typically used in traditional two-phase experiments. Having retained these
distinctive advantages of the production paradigm as originally implemented, our studies
also preserved those features of the reception paradigm that afford controlling the poten-
tially distorting effects of analogy fabrication and uneven availability of near versus dis-
tant base analogs in LTM. In order to control for the uneven availability of close versus
distant sources in LTM, in Experiment 1 we calculated the probability of being reminded
of specific episodes from popular movies (the sources) during the task of generating per-
suasive analogies for realistic situations that maintained different degrees of superficial
similarity with such episodes (the targets). By means of restricting the data analysis to
the retrieval (or not) of such specific base analogs, we were able to calculate (and there-
fore compare) the accessibility of close versus distant naturalistic sources in terms of quo-
tients between the number of retrieved cases and the number of cases available for
retrieval.” On the other hand, the improbability of inventing a situation identical to a cul-
turally shared episode helps ensure that all analogies built upon those episodes were orig-
inated in the retrieval of their representations from memory.

2. Experiment 1
2.1. Method

2.1.1. Participants and design

An initial cohort of 372 students of Psychology at Universidad Nacional del Comahue,
Argentina, volunteered to take part in the experiment. The final sample was deter-
mined after all participants in the initial cohort had completed all the phases of the
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administration. This final sample consisted of 160 participants who knew the critical base
analog, and who were also able to make the analogy between such base and the target
(see the Procedure section for further details). The degree of superficial similarity
between each base analog and its two corresponding targets (high or low) received
between-subjects manipulation. The dependent variable was the retrieval of the sources
during the analogy generation phase.

2.1.2. Materials and procedure

Base analogs consisted of central episodes from Spiderman, Shrek, Jurassic Park, and
The Secret in Their Eyes. For example, in Jurassic Park a millionaire has cloned dino-
saurs from the Jurassic Period out of fossil DNA taken from a mosquito. Despite receiv-
ing expert advice about the impossibility of exerting total control over biological
phenomena, the millionaire insists on opening a park to exhibit the dinosaurs to the pub-
lic. Finally, dinosaurs break the security system of the park and attack human beings.
Superficially similar targets were generated replacing base objects and relations with sim-
ilar ones. For instance, the superficially similar target for Jurassic Park stated that a busi-
nessman had replicated mammoths from the Pleistocene Era out of a frozen embryo
found in a glacier. The target ended up stating that the businessman persevered with his
idea of opening a zoo with mammoths on show. The participants’ task consisted of dis-
suading the main character from pursuing the project, warning him that as animal behav-
iors are not completely manageable, mammoths could destroy the zoo cages, thus
endangering people.

Superficially dissimilar target analogs were derived replacing base objects and relations
with objects and relations less similar than in the near targets. Continuing with the Juras-
sic Park set, the target stated that an astrophysicist was imitating Martian storms out of
digital images captured by a space probe. The target ended up stating that he was plan-
ning to let his colleagues enter the experimental zone in order to study these storms. Par-
ticipants had to dissuade the main character from pursuing his plan on the grounds that,
as extraterrestrial climatic phenomena are not well known, they could exert negative
effects on his colleagues. In both conditions, the instructions enforced participants to gen-
erate analogies that could be used to dissuade the character from carrying out his
intended action. The complete targets derived from the movie The Secret in Their Eyes
are displayed in Table 1. As can be observed, both target analogs were equally isomor-
phic to the base situation.

Participants received a booklet with the materials and tasks. The first two pages con-
sisted of instructions on the use of analogy in persuasion, together with two examples in
which the sources were real stories (one of them superficially similar to its target and the
other one dissimilar) and two examples in which the sources were fictional stories (one
of them superficially similar to its target and the other one dissimilar). This way, we tried
to avoid biasing memory search neither in favor of fictional versus real sources, nor in
favor of superficially similar versus superficially dissimilar ones. After reading the
instructional material for 7 min, participants were allotted 15 min to read the target and
write down as many analogies as they could generate to dissuade the character of the
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story from carrying out his plan, warning him about a possible negative consequence of
such a plan. Once this time had elapsed, participants had to answer a questionnaire aimed
at detecting whether or not they had retrieved the critical source despite not having
included it among their final proposals. To that end, they were asked whether they had
been reminded of any movie during the analogy generation activity. In case they had,
they were asked to indicate which movie or movies they were reminded of, and to state
exactly which parts of such movie or movies they remembered at that time. Participants
then answered a questionnaire aimed to assess whether they knew the specific facts about
the source that were required to establish an analogy with the target. They were asked in
the first place if they had seen the critical movie (those answering “no” finished the
experiment right away). In case they had seen it, they continued to the next page where
they had to answer 10 multiple-choice questions about its plot, having four options each.
Finally, the last page of the booklet consisted of a task aimed at evaluating if participants
were able to make the analogy between the movie and the target upon explicit request.
The right column of a two-column table listed the six central actions of the target. Partic-
ipants had to fill in the fields of the left column with the corresponding episodes of the
movie. As the calculation of the retrieval probabilities should only take into account those
cases in which the source was available for retrieval (see, e.g., Gentner et al., 1993), the
final sample was limited to participants that got right 9 out of 10 questions of the avail-
ability questionnaire. In a similar vein, because retrieval trials should exclude the cases
where a participant cannot make the analogy even when asked to do so, the analysis was
limited to cases in which the participant got at least five out of six fields right in the final
analogy-making task. In order to meet these controls, participants were run individually
until completing 8 groups of 20 participants that, for the particular movie whose retrieval
had been evaluated, demonstrated knowing the critical episodes of the movie that were
analogous to the target, as well as being able to understand the analogical relation
between the movie and the target. In four of these groups, participants received target sit-
uations that were superficially similar to the source they were expected to retrieve, and in
the remaining four groups participants received targets that were superficially dissimilar
from it. Table 2 summarizes the main phases of the administration, as well as their meth-
odological justification.

2.2. Results and discussion

A base analog was scored as having been retrieved in the cases where the participant:
(a) employed the base analog among the proposed analogies, or (b) reported having been
reminded of the critical movie and its analogy-relevant facts despite not having included
them among their proposals. Two independent judges, instructed in the six critical facts
of each of the four movies, had to decide in which cases the participants included at least
four of those facts in either their initial arguments or in their answer to the retrieval ques-
tionnaire. Judges agreed in 81% of the cases and solved the cases of disagreement by
open discussion.
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Table 2
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Schema of the different phases of the procedure of Experiment 1, with their methodological purpose

Phases of the Experimental Procedure

Methodological Purpose

1. Participants receive a definition of analogy and an
explanation of its utility for persuasion, illustrated
with examples

2. After reading a situation admitting two lines of
action, participants were asked to support one of
such actions by analogizing to known episodes. The
situation was either a superficially similar or a
superficially dissimilar analog of a popular movie
seen by most participants

3. Then they were asked whether they had been
reminded of a movie during the prior task. In case
they had, they were asked to specify what movie
and what aspects of that movie they were reminded
of during the prior task

4. Participants answered questions about the
particular movie that the experimenters had chosen
as either the superficially similar or superficially
dissimilar source for the target situation

5. Participants were finally asked to analogize
between the movie and the target scenario

Make participants aware that comparisons between
analogous situations can be useful for persuasion

Involve participants in the ecologically valid task of
analogical persuasion, and document the use (or
not) of a specific base analog previously acquired in
natural settings

Identify those cases where the critical source was in
fact retrieved during the prior task, despite not
being included among the analogical proposals

Discard participants who did not demonstrate having
a representation of the critical base analog in long-
term memory

Discard participants who were not capable of
establishing the intended analogy upon explicit

request

Superficially similar source analogs were retrieved in 70% of the trials (91% of the
retrieved analogs were employed during the argumentation task). In contrast, superficially
dissimilar sources were retrieved in only 15% of the cases (75% of the retrieved analogs
were used for argumentation), thus demonstrating a strong effect of superficial similarities
on the retrieval of the base analogs, xz (1, N =160) = 47.29, p < 0.001. This pattern of
results held for each of the four base analogs that were employed. The plot of The Secret
in Their Eyes was retrieved in 75% of the cases after a target with which it maintained
superficial similarities, and in only 10% of the cases after a target without such similari-
ties, x2 (1, N=40) = 14.73, p < 0.001. In turn, Shrek was retrieved in 75% of the trials
after a superficially similar target, and in 15% of the trials after a superficially dissimilar
one, x> (1, N =40) = 1222, p < 0.001. Spiderman was retrieved in 60% of the cases
after a superficially similar target, and in 20% of the cases after a superficially dissimilar
target, XZ (1, N =40) = 5.10, p < 0.05. Finally, Jurassic Park was retrieved in 70% of
the trials after a superficially similar target, and in 15% of the trials after a superficially
dissimilar one, x2 (1, N =40) = 10.23, p < 0.001.

This strong effect of superficial similarities on the retrieval of naturally acquired base
analogs is consistent with a long experimental tradition using artificial stimuli (e.g.,
Keane, 1987; Gentner et al., 1993) and runs counter to the results obtained by Blanchette
and Dunbar (2000) and simulated by O’Keefe and Costello’s (2008) algorithm for superfi-
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cially unconstrained retrieval. Results thus suggest that the alleged advantage of the
production paradigm (and of naturalistic settings in general) in eliciting retrieval of
superficially dissimilar sources does not originate in the fact that participants draw on
their own memories during ecologically valid tasks such as persuasive argumentation, but
rather in the effect of insufficiently controlled variables such as ad-hoc invention of
analogous sources or uneven availability of superficially similar versus dissimilar base
analogs.

A possible limitation of the materials used in Experiment 1 might result from the fact
that the fictional stories used as natural sources, although probably better learned than the
fictional stimuli employed in experimental studies (e.g., Gick & Holyoak, 1980), might
have lacked the familiarity and meaningfulness that characterize non-fictional natural ana-
logs. Hofstadter and Sander (2013) have recently argued that when dealing with real-
world situations, the semantically distant source situations people retrieve spontaneously
and effortlessly from their own memories are, in general, extremely familiar. According
to the above authors, when making analogies, we all depend on knowledge that is rooted
in our experiences over a lifetime, and this knowledge, which has been confirmed and
reconfirmed over and over again, has also been generalized over time, allowing it to be
carried over fluidly to all sorts of new situations. In their own words: “It is very rare that,
in real life, we rely on an analogy to a situation with which we are barely familiar at all”
(Hofstadter & Sander, 2013, p. 339).

3. Experiment 2

In the spirit of Hofstadter and Sander (2013), we adapted the procedure of Experiment
1 to assess the influence of superficial similarities on the retrieval of autobiographic mem-
ories, which in our intuition were more familiar and meaningful than the fictional stories
employed in Experiment 1. Our strategy for assessing the retrievability of close versus
distant autobiographic episodes comprised two phases. During the first phase, we asked
participants to recall their own experiences conforming to several generic descriptions of
events. In a second phase, temporally and contextually separated from the first, partici-
pants were confronted with hypothetical situations that were also cases of those same
generic types of situations, with the instruction of using analogies to dissuade the main
character of such situations from carrying out his intended action. Target situations were
thus structurally equivalent to the base situations reported during the prior phase. Depend-
ing on the condition, however, target situations were superficially similar or superficially
dissimilar from the instances reported by participants during the previous phase. A further
indication to base their analogies on known episodes was intended to prevent participants
from building their analogies upon fabricated situations. In turn, restricting the data analy-
sis to whether or not the superficially similar/dissimilar base analog provided by each par-
ticipant during the first session was in fact retrieved during the generation task allowed
the experimenters to assess the effect of superficial similarity on naturalistic analogical
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retrieval in a way that remained unaffected by the potential prevalence of either type of
base analogs in LTM.

3.1. Method

3.1.1. Participants and design

An initial cohort of 217 students of psychology at Universidad Nacional del Comahue
volunteered to participate in the experiment. The final sample consisted of 160 partici-
pants who successfully reported an instance of at least one of the four types of situations
that were presented to them during the first phase. The degree of surface similarity
between the target analogs and their base analogs (two levels: high vs. low) received
between-subjects manipulation. The dependent variable was the retrieval of that same
analog during the analogy generation task (second phase).

3.1.2. Materials

Four sets of materials were built, each one comprising a target to be used during the
second phase and two cues intended to elicit the recollection of natural base analogs dur-
ing the first phase. The target analogs were simple situations in which a character is about
to carry out an action that is somewhat inconvenient, and participants were tasked with
generating analogies to known situations in order to dissuade the character from perform-
ing her intended action. For example, in one of our sets of materials the main character
is said to have discovered passion fruit sorbet, soon attempting to make passion fruit top-
pings, cheesecakes, daiquiris, etc. Participants had to use analogies to dissuade him from
doing so, on the grounds that by eating so much passion fruit he might get fed up with it.
For each of the four targets we derived two cues intended to detect a potential base ana-
log during a previous experimental session. The cues for eliciting superficially similar
base analogs were derived by means of replacing base objects and relations by their least
abstract superordinates (e.g., for the target of Set 1, the cue asked participants for situa-
tions in which they had consumed some new food in excess, with the consequence that
they got disgusted of it). Derivation of superficially dissimilar cues comprised two steps:
(a) the replacement of target concepts by semantically distant concepts at the same level
of abstraction, and (b) the replacement of these new concepts by their least abstract su-
perordinates (e.g., for the target of Set 1, the superficially dissimilar cue asked for situa-
tions in which participants had played a new game in excess, with the consequence that
they got bored of it; Table 3 displays the four targets, with their corresponding cues). For
Phase 1, two alternative booklets of cues were built: version “A,” compiling the semanti-
cally similar cues of the four sets, and version “B,” grouping the semantically dissimilar
cues. Each participant received either version “A” or “B.”

3.1.3. Procedure

The first phase of the experiment was presented as a classroom activity related to the
topic of memory, and it was administered during an introductory course of Cognitive Psy-
chology. Whereas half of the participants received the generic descriptions compiled in
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booklet “A,” the other half received the descriptions included in booklet “B.” Below each
of these generic descriptions they were asked to describe own experiences conforming to
those descriptions. In case they knew an instance of such a situation, further instructions
required them to write down its particulars in detail. Participants were allotted a fixed
time of 8 min for each of the four pages of the booklets. Two independent judges ana-
lyzed each participant’s answer to determine in which cases the situation reported by a
participant was in fact an instance of the received generic situation. Instances in which
judges disagreed (14%) were dropped from further analysis. Judges analyzed participants’
responses to version A of the booklets (i.e., superficially similar base analogs) until
obtaining 20 participants reporting a base analog for Set 1, 20 participants reporting a
source for Set 2, 20 participants reporting a source BA for Set 3, and 20 participants
reporting a source for Set 4. Likewise, judges analyzed participants’ responses to version
B of the booklets (i.e., superficially dissimilar sources) until 20 participants could be
assigned to each of the four sets of materials.

The second phase of the experiment was presented to participants as a study on the
use of analogies in argumentation and took place between 10 and 14 days after the first
phase. In order to achieve a strong contextual separation between the two phases, it was
administered by different experimenters and in a different setting (the Cognition Labora-
tory) from the previous phase. After receiving a brief instruction on the use of analogy
in argumentation—illustrated with an example of a close analogy and an example of a
distant analogy—each participant was presented with one of the four possible target ana-
logs. After reading the target situation, participants were asked to provide analogies that
could be used to dissuade the protagonist from carrying out his intended action. Partici-
pants were allotted 10 min to complete the task and were enforced to base their analo-
gies on real episodes. Once the allotted time had elapsed, participants were given five
more minutes to write down all other situations that had come to mind during the anal-
ogy generation task, but that were not included among the final analogical proposals.
Table 4 summarizes the main phases of the procedure, as well as their methodological
purposes.

3.1.4. Data analysis

Among participants’ responses to the generic descriptions received during Phase 1,
only one was analyzed for retrieval during the second phase. The chosen base situation
was scored as “retrieved” if it appeared either during the analogy generation task itself,
or among the responses to the latter question about other situations that were remembered
during the analogy generation task. For each participant, two judges received his or her
responses to the target situation matched with his or her response to the corresponding
cue during Phase 1 (i.e., if a participant in the superficially similar condition received the
target of Set 3 during Phase 2, judges received his or her responses to such target,
matched with his or her answer to the superficially similar cue of Set 3). In each case,
they were to decide whether the situation reported during Phase 1 was included among
the analogies reported during Phase 2. Judges agreed in 93% of the cases, resolving cases
of disagreement by open discussion.
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Table 4

1309

Schema of the different phases of the procedure of Experiment 2, with their methodological purpose

Phases of the Experimental Procedure

Methodological Purpose

1. Participants received descriptions of generic events
and were asked to describe autobiographical
episodes conforming to such descriptions. These
descriptions pointed to either superficially similar or

Detect the availability of an autobiographic episode
that was either a superficially similar or a
superficially dissimilar analog of the target situation
to be presented during the following phase

superficially dissimilar analogs of the situation to be
presented in the following phase.

(10-14 days delay + strong contextual separation)
2. Participants received a definition of analogy and an
explanation of its utility for persuasion, illustrated

with examples of close and distant analogies

3. After reading a situation admitting two lines of
action, participants were asked to support one of
such actions by analogizing to known episodes.
Depending on the condition, the situation was either
a superficially similar or a superficially dissimilar
analog of the autobiographic episode reported
during the prior session

4. Participants were asked to write down any other
situation that had come to mind during the analogy
generation task, describing it exactly as it had been
recalled during such task

Make participants aware that analogies between
situations can be useful for persuasion

Involve participants in the ecologically valid task of
analogical persuasion, and document the use (or
not) of the specific autobiographical situation that
was detected during Phase 1, and which was
analogous to the target situation

Identify those cases where the critical episode was in
fact retrieved during the prior task, despite not
being included among the analogical proposals

3.2. Results and discussion

Superficially similar base analogs were retrieved in 45% of the cases during the anal-
ogy generation task (94% of the retrieved cases were included among analogical propos-
als). In contrast, superficially dissimilar sources were retrieved in 16.25% of the cases
(92% of the retrieved sources were included among analogical proposals). In line with
results of Experiment 1, results of Experiment 2 showed that superficially similar sources
were more easily retrieved than superficially dissimilar ones, 3> (1, N = 160) = 15.562,
p < 0.001. This effect held for three of our four sets of materials: 65% versus 20%, x*
(1, N=40)=28286, p<001 (Set 1); 55% versus 20%, 3> (1, N =40)=5.227,
p < 0.05 (Set 2); and 50% versus 15%, XZ (1, N =40) = 5.584, p <0.05 (Set 4). The
remaining set yielded a floor effect: 10% versus 10%, x> (1, N =40) =0, p = 1.

These results extend the findings of Experiment 1 to autobiographic episodes, thus fail-
ing to support Hofstadter and Sander’s (2013) claim that when sources are familiar and
meaningful, their retrieval is less constrained by superficial similarity than is typically the
case with artificial materials provided by the experimenters. Note that the overall retrieval
probabilities obtained in Experiment 2 were lower than those of Experiment 1. We
conjecture that this drop in overall retrievability might be due to the fact that the target
analogs used in Experiment 1 were larger and more complex than those of Experiment 2.
An informal comparison between both experiments in terms of the amount of analogical



1310 M. Trench, R. A. Minervino/Cognitive Science 39 (2015)

proposals that were not based on the critical base analogs revealed a greater number of
such proposals in Experiment 2. Based on the competitive nature of memory retrieval
postulated by various models (e.g., ARCS, Thagard et al., 1990; LISA, Hummel & Holy-
oak, 1997), this increased retrieval of non-critical base analogs in Experiment 2 could
have inhibited the retrieval of the critical sources to some extent.

4. General discussion

A wealth of experimental studies (e.g., Gentner et al., 1993; Keane, 1987) has demon-
strated that superficial similarity plays a central role in analogical retrieval. In recent
times, this conclusion has been challenged by a series of naturalistic observations of
experts, as they work within their areas of expertise (e.g., Blanchette & Dunbar, 2001;
Richland et al., 2004; Christensen & Schunn, 2007). These observations revealed that
under specific pragmatics, such as when the reasoners want to communicate ideas to oth-
ers, they usually select sources bearing little or no superficial similarity with the target
situation. In a very influential study, Blanchette and Dunbar (2000) were able to replicate
this majority of distant remindings with novice participants working under more con-
trolled laboratory conditions. Blanchette and Dunbar (2000) presented their results as evi-
dence that when participants are allowed to generate their own analogies for realistic
situations and tasks, analogical retrieval is less constrained by superficial similarity than
was previously thought. These results called into question the ecological validity of more
than two decades of experimental research on analogical retrieval, as well as the accuracy
of several computational models engineered to simulate and also explain this pattern of
behavioral results.

We have pointed out that despite its gain in ecological validity, a series of methodo-
logical shortcomings of the production paradigm, as implemented by Blanchette and Dun-
bar (2000), should preclude interpreting the profusion of superficially dissimilar analogies
among participants’ proposals as evidence for retrieval processes not severely constrained
by superficial similarities. In the first place, the production paradigm did not distinguish
between cases of analogical retrieval and cases of analogy fabrication. Second, the pattern
of base analogs retrieved by participants may not necessarily reflect the retrieval tenden-
cies of the system, since calculating the retrieval probabilities of superficially similar (or
dissimilar) base analogs should also take into consideration the number of available
sources that failed to be retrieved, so as to allow taking the quotient between the
retrieved cases and all potentially available cases in LTM.

In order to resolve the controversy between the experimental and the naturalistic tradi-
tions in the study of analogical retrieval, we designed a hybrid procedure that preserved
the ecological validity of the production paradigm implemented by Blanchette and Dun-
bar (2000), while still retaining the inferential power of the reception paradigm to assess
the causal role of superficial similarities in analogical retrieval. In our two experiments,
participants read hypothetical situations in which the protagonist was about to carry out
an action that could potentially engender negative consequences. Just as in the production
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paradigm, their task was to generate analogies that could be used to discourage such line
of action—an activity that allegedly promotes a structural encoding of the targets. Also
as in the production paradigm, participants were allowed to draw on their own extra-
experimental memories, which according to Dunbar (2001), are encoded in a more
abstract way than the base analogs typically used during traditional two-phase experi-
ments. Having retained these distinctive advantages of the production paradigm as origi-
nally implemented, our studies also preserved those features of the reception paradigm
that afford controlling for the potentially distorting effects of analogy fabrication and
uneven availability of superficially similar versus superficially dissimilar base analogs in
LTM.

In Experiment 1, we controlled for these potential confounds by assessing the retrieval
of culturally shared stories (episodes from popular movies) during the generation of per-
suasive analogies for target situations maintaining high versus low superficial similarity
with such episodes. Restricting the data analysis to the retrieval of such episodes afforded
calculating the accessibility of these episodes as quotients between the number of
retrieved sources and the total number of sources available for retrieval, thus controlling
the potentially uneven availability of close versus distant sources. By the same token, the
improbability of participants inventing a source analog identical to such movie episodes
prevented the experimenters from taking invented sources as cases of analogical retrieval.
Finally, by asking participants whether the critical movie had come to mind during the
task of generating analogies, we were able to identify those cases in which the critical
source analog was retrieved but not included among final proposals.

In line with traditional studies using experimentally provided stimuli, results showed
that the probability of retrieving the critical movies after superficially similar cues (70%)
was much higher than after superficially dissimilar targets (15%), thus demonstrating a
robust effect of surface similarity on naturalistic analogical retrieval. As these results
were obtained allowing participants to retrieve their own sources in the service of a target
task of alleged ecological validity, they fail to support the increasingly popular thesis that
prior failures to elicit distant retrievals constitute an artifact of experimentally implanting
the source analogs to be retrieved during tasks of dubious ecological validity (Blanchette
& Dunbar, 2000; O’keefe & Costello, 2008).

Even though the procedure followed in Experiment 1 retained all the features identified
by the above authors as underpinning the production paradigm’s success in eliciting long-
distance retrieval, the fictional episodes chosen as the critical sources might have lacked,
by their very nature, the deep personal significance that, for example, Hofstadter and San-
der (2013) consider to be at the heart of successful analogical retrieval. According to
these authors, the humble analogies that we all make on a daily basis are cut from a radi-
cally different cloth from the analogies that are generally studied in the laboratories, in
the sense that the former ones involve familiar situations that have been confirmed and
reconfirmed over time.

In response to Hofstadter and Sander’s (2013) claim about the key role of familiarity
and personal significance in analogical retrieval, in Experiment 2 we set forth to assess
the effect of superficial similarity on the retrieval of autobiographical memories. During



1312 M. Trench, R. A. Minervino/Cognitive Science 39 (2015)

the first phase of the experiment, participants were given schematic descriptions of four
different situations with the instruction to recall known episodes conforming to any of
those descriptions. Less than 2 weeks after Phase 1, participants having reported an
exemplar of at least one of the given descriptions were asked to participate in a study on
analogical argumentation in a different place and by different experimenters from those
administering the previous phase. After reading a realistic situation that, unbeknownst to
them, was either superficially similar or superficially dissimilar to the source they had
reported during the previous phase, they were asked to draw analogies to real episodes in
order to dissuade the main character of that situation from carrying out his intended
action. In line with results of Experiment 1, results from Experiment 2 demonstrated a
strong and uniform effect of superficial similarities on the retrieval of the autobiographic
episodes that had been revealed during the first phase of the experiment. This last result
fails to support Hofstadter and Sander’s (2013) thesis about the special status of familiar
and mundane episodes as candidates for superficially unconstrained analogical retrieval.

Having remedied the insufficiencies detected in the production paradigm as originally
implemented, the results of both experiments converge in demonstrating that superficial
similarities play a crucial role in the retrieval of naturally encoded sources during analogy
generation. Since the personal nature of the sources and the ecological validity of the
analogy generation task are precisely those aspects of the production paradigm allegedly
underpinning its power to elicit structural retrievals, our results run counter to the claim
that the dominance of superficial similarities in retrieval is rooted in the artificiality of
the tasks and materials used in traditional experiments.

4.1. Following surface similarities: A feature or a bug?

The results of classic studies like Gick and Holyoak (1980) or Keane (1987) typically
elicit a mixture of astonishment and concern (see, e.g., Day & Goldstone, 2012; Loewen-
stein, 2010). As eloquently conveyed by Gentner et al. (1993, p. 567): “How can the
human mind, at times so elegant and rigorous, be limited to this primitive retrieval mech-
anism?” In terms of evolution, memory retrieval is arguably an older process than analog-
ical mapping, and thus incapable of computing a full-fledged structural match between
the target and every representation in LTM.

Regardless of whether memory is capable of computing all structural matches, we will
argue that the negative implications of basing retrieval upon surface resemblances have
often been overstated, partly as a consequence of regarding surface similarities as being
inherently inconsequential. In a classic study, Keane (1987) had college students solve
the “radiation problem” (Duncker, 1945), in which a doctor had to figure out how to use
rays to destroy a stomach tumor without harming the surrounding tissues. During a prior
session, half of the participants had read an analogous story about a surgeon who
destroyed a cancer by dividing a strong ray up into weaker beams, and having them con-
verge on the cancer from different locations. The other half of participants had read a
story about a general who captured a fortress by dividing his army into small groups, and
having them converge on the fortress via different roads, which were mined to explode
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when large groups passed over them. The fact that participants retrieved the surgeon story
much more frequently than the military story has often been taken to illustrate how mem-
ory relies critically on causally irrelevant similarities (e.g., the common presence of
tumors, rays, physicians, etc.). But in the world we live in, where most things that look
alike are alike relationally as well (the kind world hypothesis, Gentner & Medina, 1998),
the types of surface similarities that people follow are rarely, if ever, causally irrelevant.
Albeit inadvertently, when reasoners include target concepts like destroy, rays, or tumor
in the memory probe that will be used for retrieval, they increase the probabilities of
being reminded of situations involving concepts that are similar to those of the target, as
determined by non-trivial semantic criteria such as whether they belong to the same cate-
gories of objects and relations. By so doing, the favored source analogs are likely to be
structurally similar to the target, not only at the level of explicitly represented systems of
relations (e.g., two cases in which exerting a force against a central target produces col-
lateral damage) but also at a deep, not explicitly represented, physical level (e.g., the fact
that in both situations, converging rays have an additive effect at their intersection).> The
tasks we used in Experiment 2, albeit different from problem solving, allow a similar
analysis. As an example, consider the task of persuading somebody else that eating too
much passion fruit will make her stop liking it. Even though the analogies with (a) some-
body who got fed up of ingesting too many lychees, and (b) somebody who got tired of
playing too many computer games, might probably obtain similar scores on traditional
measures of analogical soundness (e.g., Gentner et al., 1993), it is clear that episodes
involving semantically similar entities and relations will bear more predictive power than
those involving less similar ones. With the exception of communicative situations—in
which the base analog needs to be known by the recipient of an analogy—it is hard to
see why a bias toward retrieving semantically related situations should be considered a
limitation.

With regard to novice-expert differences in analogical retrieval, it has often been
claimed that experts are less dependent on superficial similarities than are novices (Faries
& Reiser, 1988; Novick, 1988). Gentner et al. (1993) argue that this expert advantage lies
not at the level of search mechanisms, but instead at the level of representations, with
experts encoding the analogs with more abstract labels which allow retrieval even when
surface similarities are lacking. However, even though experts might, in principle, be less
dependent on surface similarities, they mostly confine search within their own domains of
expertise. As an example, consider you have been diagnosed with a heart disease for
which conventional treatments have not yet been tested. Upon a visit to a cardiologist,
what would be your reaction if you saw that the bookshelves were packed, not with the
usual handbooks of cardiotheraphy, but with treatises on military strategy? Just as the
chess master has access to about 50,000 stored positions, any expert has acquired her
expertise in part by working through many intradomain examples that can now serve as a
rich source of analogies that permit efficient problem solving (Feltovich, Spiro, & Coul-
son, 1997).

To summarize, the types of superficial features used as retrieval cues both by experts
and novices most of the time reflect sophisticated semantic criteria such as whether two
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concepts belong to specific categories of objects and relations, which in turn increase the
probabilities that objects and relations in the retrieved sources will satisfy the constraints
of the target domain, even when those constraints are not fully acknowledged by the ana-
logizer. Just as in classic theories of problem solving, which recommend resorting to gen-
eral heuristics only when more specific procedures are not at hand, we suggest that the
proficient analogizer begins by including surface information about the target in the WM
probe that will be used for retrieval, and opts for removing target-specific information
only if thematically related sources do not come to mind. In recent work (Trench, Olguin,
Margni, & Minervino, 2013), we have explored the extent to which the inclusion of sur-
face features as retrieval cues can be consciously relaxed. It turns out that when partici-
pants are asked to deliberately search for distant sources, those sources are in fact more
likely to be retrieved.

There is, however, a specific kind of situation in which following surface similarities
will probably lead us astray: those instructional situations where the learner has to apply
general laws or principles (e.g., the concept of competitive specialization, Goldstone &
Son, 2005) or formal methods for solving algebraic problems (e.g., the probability prob-
lems studied by Ross, 1989). We believe that the discussion about the adaptive value of
our retrieval tendencies in cases governed by general principles and procedures should be
pursued separately from the discussion about whether they are adaptive for dealing with
target situations for which thematically closer sources tend to carry more inferential
power.

4.2. Distinguishing analogy generation from analogical retrieval

The present results demonstrate that a superficial bias governs analogical retrieval not
only in laboratory conditions but also during the retrieval of participants’ own sources in
the service of tasks of indubitable ecological validity. How, then, to reconcile this finding
with the results of most naturalistic studies showing a frequent use of distant analogies?

A wealth of anecdotal reports and experimental studies in the literature on creative
cognition suggest that the frequent use of distant analogies can be aided by several other
mechanisms that do not conform to the standard definition of analogical retrieval, that is,
the activation of a base analog from LTM during the processing of a specific target ana-
log in WM. As posited repeatedly throughout the paper, a trivial alternative to scanning
LTM for potential analogs consists in inventing possible variations of the target situation.
Beyond the obvious usefulness of this heuristic for making a target topic more under-
standable to a potential listener, there is some evidence that by drawing analogies to
hypothetical variations of a target situation, the analogizer can also enhance her own
understanding of the target (e.g., Clement, 1988). Another alternative to retrieving one’s
own sources for a given target is the action of elaborating on sources associated with cul-
turally shared conceptual metaphors (Lakoff, 2008; Lakoff & Johnson, 1980, 1999). As
demonstrated by Minervino, Lopez Pell, Oberholzer, and Trench (2009), people find it
easy to generate semantically distant metaphorical expressions by means of extending or
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reinstantiating conceptual metaphors associated with the target topic, whenever they are
available in the culture.

When attempts to generate analogies by means of purely internal processes do not
yield appropriate results, suitable analogs are often provided by the environment. During
creative worrying (Browne & Cruse, 1988; Olton, 1979), even though the reasoner is not
being deliberately devoted to solving a given problem, she occasionally interleaves daily
activities with lapses of time during which she revisits the problem. Quite frequently, dur-
ing the lapses in which the target is active in WM, the social or physical environment
serendipitously presents the reasoner with relevant analogs, leading to the establishment
of a useful analogy.* In pressing situations, such as when analogy researchers are striving
to generate experimental materials, reliance on the fertility of the environment can lead
to what we would call analogical foraging, that is, the process of deliberately screening
the external milieu in search of potentially relevant analogs.

We believe that the potential contribution of these alternative mechanisms to the pat-
terns of long-distance analogy generation revealed by naturalistic studies deserves to be
studied more systematically, both within natural settings and under more controlled labo-
ratory conditions.

4.3. The in vivo/in vitro approach to analogical retrieval (and beyond)

We tend to sympathize with Dunbar’s (1999) claim that by observing natural settings,
new issues, topics, and ideas can be identified which have not been the focus of the tradi-
tional experimental approach, and which have the potential to radically shift the types of
questions and theories that a field holds. However, a precipitated move from in vivo to in
vitro research may engender serious pitfalls, such as the proclivity to believe that the
mere act of reproducing any naturally occurring phenomenon within laboratory settings
suffices to endow such phenomenon with a more solid empirical basis. When carried out
straightforwardly, in vitro replications can easily inherit the confoundings that character-
ize their original settings. For example, although the production paradigm represents a
clear advantage over naturalistic observations in controlling factors such as the amount of
time, interpersonal interaction, or external sources of information available to the reason-
ers, it shares with naturalistic observations the fact that other variables like analogy
invention and uneven availability of sources remain uncontrolled.

Even if one were determined to apply the experimental rigor in its full potential, yet
another pitfall of the in vivo/in vitro approach might reside in submitting to experimental
manipulation the wrong intuitions about the real factors underlying any naturalistic obser-
vation. If the hypothesized causal relationships happened to be reproduced by means of
artificial manipulation, one would be more than tempted to assume that the causal factors
under consideration explain the target phenomenon allegedly revealed by naturalistic
observation. But obviously, this need not be the case.’

When applicable, a safer way of getting the best of experimental and naturalistic
approaches might consist in starting off with a very controlled experimental setup,
and progressively incorporating more ecologically valid activities without sacrificing



1316 M. Trench, R. A. Minervino/Cognitive Science 39 (2015)

methodological control. We believe that the hybrid paradigm employed in the present
experiments fits well within such an approach.
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Notes

1. For instance, whereas participants in the production paradigm are roughly equaled
in terms of the amount of time, interpersonal interaction, or external sources of
information that were available to them, little 1s known about how these same vari-
ables might have gravitated in the generation of the analogies that appeared in
newspapers.

2. In a study on problem solving, Chen, Mo, and Honomichl (2004) used a similar
procedure to assess the retrieval of popular tales consisting of a problem and its
solution. Target problems shared with the base story the goal of weighing a heavy
object that exceeds the capacity of available scales. The authors factorially manipu-
lated the similarity between the source story and the target problems in terms of
(a) the object to be weighed and (b) the available weighing tools. In line with clas-
sic experimental studies, their manipulation of surface similarity affected retrieval.
However, the retrieval of the tales in response to targets involving dissimilar tools
and to-be-weighed objects was still very high. Regarding our interest in the role of
surface similarity in naturalistic retrieval, it is hard to determine whether the high
retrieval rate obtained by Chen et al. was a consequence of participants being able
to use their own sources, or a consequence of the fact that all targets shared identi-
cal goals (weigh a heavy object) and restrictions (scales of insufficient capacity)
with the source.

3. The intuition that close analogs convey more relevant information about the target
than distant analogs resembles a widely held assumption of the Category-Based
Induction literature, which states that if a given category has certain property “X,”
then categories with which it shares a higher number of known features are rela-
tively more likely to have property “x” than categories with which it shares a lesser
amount of known features.

4. An apparently similar way of stumbling across environmental cues is opportunistic
assimilation (Christensen & Schunn, 2005; Seifert, Meyer, Davidson, Patalano, &
Yaniv, 1995), a process by which the reasoner is reminded of an unsolved problem
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during a later encounter with an environmental cue providing its solution. We have
not included this process in our review of collateral retrieval mechanisms because
we believe that despite being triggered by an external event, the fact that the rea-
soner retrieves the previously unsolved target problem from LTM justifies the
inclusion of opportunistic assimilation as conforming to a stringent definition of
analogical retrieval.

5. As an example, in an attempt to scrutinize their naturalistic findings under the rigor
of controlled experimentation, Dunbar and Chung (reported in Dunbar, 2001) tested
their hypothesis that when both the base and the target are encoded in a manner
that stresses their common abstract features, the retrieval of the sources in response
to the targets does not necessitate superficial similarities. By means of a traditional
reception paradigm, they manipulated how structurally the base and the target were
encoded, with superficial similarity kept constant at a very low level. After obtain-
ing that a structural encoding of both the base and the target elicits distant retri-
evals reliably, the authors interpreted this outcome as a strong indication that what
really explains the observed advantage of natural settings is the fact that they pro-
mote a more abstract encoding of the sources and the targets than is typical of lab-
oratory tasks and materials. But according to the results of our modified versions
of the production paradigm, naturalistic encodings are in no way advantageous in
fostering long-distance retrieval, what strongly suggests that the profusion of distant
matches obtained in naturalistic settings originates in mechanisms different from
analogical retrieval per se. Thus, even though Dunbar and Chung’s results might be
right in demonstrating that structural encodings can sometimes afford the retrieval
of superficially dissimilar sources, by no means do they demonstrate that a struc-
tural encoding is what explains the observed patterns of analogy generation.
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