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Abstract Research on analogical thinking has devised several
ways of promoting an abstract encoding of base analogs, thus
rendering them more retrievable during later encounters with
similar situations lacking surface similarities. Recent studies
have begun to explore ways of facilitating transfer at retrieval
time, which could facilitate the retrieval of distant analogs
learned within contexts that were not specially directed to em-
phasize their abstract structure. Such studies demonstrate that
comparing a target problem to an analogous problem helps
students retrieve base analogs that lack surface similarities. To
devise more portable ways of enhancing analogical transfer,
Experiment 1 replicated Kurtz and Loewenstein’s (Memory &
Cognition, 35, 334–341, 2007) target-comparison procedure
with an additional condition in which participants compared
the target to a nonanalogous problem before attempting to reach
its solution. Although comparing two analogous targets
outperformed the standard transfer condition in promoting an-
alogical transfer, comparing nonanalogous problems did not
yield a transfer advantage. Based on prior studies that showed
that the activity of creating analogous problems during their
initial encoding elicits a more abstract representation of base
analogs, in Experiment 2 we assessed whether constructing a

second analogous target problem at retrieval time helps partic-
ipants retrieve superficially dissimilar base analogs. As predict-
ed, target invention increased the retrieval of distant sources. In
both experiments we found an association between the quality
of the generated schemas and the probability of retrieving a
distant base analog from memory.
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Thinking by analogy involves identifying a common relation-
al system between two superficially dissimilar situations and
generating further inferences driven by these commonalities
(Gentner, 1983; Holyoak, 1984). In the most typical case of
analogy, a familiar situation (the base analog) serves as a
model by which one can comprehend a less familiar situation
(the target analog).

Taking into account that analogy plays a central role in activ-
ities as diverse as learning and applying categories (Hofstadter &
Sander, 2013;Kurtz, Boukrina,&Gentner, 2013), argumentation
(Blanchette & Dunbar, 2001), scientific discovery (Dunbar,
1995; Nersessian, 1984), decision making (Markman &
Moreau, 2001), teaching and learning (Gentner & Gentner,
1983), and problem solving (Gick & Holyoak, 1980, 1983),
some researchers suggest that analogy is the core of human cog-
nition (e.g., Gentner, 2003; Hofstader & FARG, 1995).

Given the ubiquity of analogical thinking, it is not surpris-
ing that scholars have engaged in identifying the central diffi-
culties that people face when making analogies, as well as in
trying to design interventions to overcome them (see Gentner
& Smith, 2012; Holyoak, 2005, for revisions). One of the
most robust findings in the experimental literature on analog-
ical transfer is that people often fail to spontaneously retrieve
analogous situations when they do not share surface features

Electronic supplementary material The online version of this article
(doi:10.3758/s13421-016-0655-2) contains supplementary material,
which is available to authorized users.

* Ricardo A. Minervino
minervinora@gmail.com

1 Psychology Department, University of Comahue,
IPEHCS-CONICET-UNCo, Av. Argentina 1400, Box 95,
8300 Neuquen, Neuquen, Argentina

2 Psychology Department, University of Comahue,
ECyC-IPEHCS-CONICET-UNCo, Bariloche, Rio Negro, Argentina

Mem Cogn (2017) 45:221–232
DOI 10.3758/s13421-016-0655-2

http://dx.doi.org/10.3758/s13421-016-0655-2
http://crossmark.crossref.org/dialog/?doi=10.3758/s13421-016-0655-2&domain=pdf


with the target situation being processed (Catrambone, 2002;
Gentner, Rattermann, & Forbus, 1993; Gick & Holyoak,
1980; Holyoak & Koh, 1987; Keane, 1987; Ross, 1984,
1987; for a discussion of apparently contradictory
naturalistic findings, see Trench & Minervino, 2015).

A considerable body of research has sought to enhance
spontaneous analogical retrieval by means of promoting a
more abstract encoding of the base analogs, so as to render
them more accessible during later encounters with similar sit-
uations lacking surface similarities. Two successful strategies
consisted in presenting the base analog together with its ab-
stract schema (Goldstone &Wilensky, 2008; Ross & Kilbane,
1997) or with a second analogous situation (Catrambone &
Holyoak, 1989; Gick & Holyoak, 1983; Ross & Kennedy,
1990), and asking participants to compare them. More
stripped-down interventions included making participants dis-
cuss the base analog with another student (Schwartz, 1995),
explaining the problem to themselves (Ahn, Brewer, &
Mooney, 1992), or constructing a structurally equivalent prob-
lem (Bernardo, 2001a). When trying to promote transfer with-
out asking participants to elaborate on the base situations,
transfer advantages can still be obtained by means of elimi-
nating irrelevant information (Goldstone & Son, 2005) or by
replacing domain-specific terms of the base situation with
domain-general ones (e.g., replacing Btyping^ with Bwriting^;
Clement,Mawby, &Giles, 1994).What all these interventions
have in common is the highlighting of the abstract structure of
the base analogs. The shared assumption is that as future sim-
ilar examples will have a stronger match with such more ab-
stract representations than they would with specific examples
havingmismatching features, the retrieval of these relationally
encoded base analogs will be more probable.

Despite the relative success of these interventions, a sensi-
ble question concerns whether improving people’s initial
encoding of examples is the only way to favor the retrieval
of analogs. If changing the initial encoding is the only means
for promoting analogical reminding, then we can give little
help to someone currently searching for analogs in long-term
memory. What we need in these cases are interventions to
favor analogical reminding at the time of retrieval. To enhance
the retrieval of base problems learned under conditions that
were not purposely engineered to foster the extraction of their
underlying abstract structure, Kurtz and Loewenstein (2007)
and Gentner, Loewenstein, Thompson, and Forbus (2009)
reasoned that as retrieval depends on the degree of match
between the stored items and the memory probe, the
beneficial effect of schema abstraction should also apply
when elaborating on the target analog at retrieval time. To
test this prediction, Kurtz and Loewenstein (2007) assessed
the effectiveness of an intervention that consisted in providing
participants with a second (unsolved) problem that was iso-
morphic to the target problem to be solved, and asking them to
compare both problems prior to attempting their solution. As

was the case with the Bbase comparison^ interventions, this
Btarget comparison^ procedure resulted in enhanced transfer
of the base solution as compared to the standard base-target
condition. In subsequent work, Gentner et al. (2009) general-
ized the benefits of the target comparison strategy to autobio-
graphic memories that were acquired several years before the
experimental session, and also simulated the process of
backward transfer using a retrieval algorithm and a set of
stories that were developed before the late analogical
encoding hypothesis was entertained. To carry out these
simulations, Gentner et al. (2009) fed MAC/FAC (Forbus,
Gentner, & Law, 1995) with targets that consisted either in
the original stories from the Karla the Hawk series of studies
(Gentner et al., 1993) or in their respective abstract schemas,
and had it run on a long-term memory comprising analogical
matches, mere appearance matches, and several filler stories.
MAC/FAC retrieved more analogical matches when using the
schemas as working memory cues.

As suggested by the results of the target comparison stud-
ies, the process of late analogical abstraction opens a prom-
ising avenue for retrieving base situations learned within con-
texts that were not specially designed to highlight their under-
lying structures, and which may represent the vast majority of
the situations we learn within and outside instructional set-
tings (Loewenstein, 2010). In contrast to the widespread po-
tential applicability of the late abstraction principle, the target-
comparison intervention still falls short of representing a truly
portable cognitive strategy because participants depend on the
provision of a second isomorphic target for every target prob-
lem they are to solve. The experiments reported in this study
sought to replicate Kurtz and Loewenstein’s (2007) original
finding and to modify the original target-comparison task so
as to help learners capitalize on the benefits of late abstraction,
but without the need to be provided with a second analog
target problem for each new target problem to be solved.

Experiment 1

The first purpose of Experiment 1 was to replicate Kurtz and
Loewenstein’s (2007) basic findings. With this objective, we
included an experimental condition (comparing analogous
targets; see Table 1 for a schematic presentation of the
conditions of Experiment 1) comprising two phases: (1) a
learning phase, in which participants received a base problem
and its solution, and (2) a transfer phase, in which they had to
solve a target analog after comparing it to a second unsolved
target problem. Performance in this condition was compared
with that of the standard transfer condition, in which partici-
pants had to solve the target problem after having read the
base problem during the learning phase. To determine whether
an eventual advantage of the experimental condition stemmed
from the transfer of the learned procedure, and not merely
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from an enhanced comprehension of the target problem ob-
tained as an outcome of the comparative process, the experi-
mental condition was compared to a control condition (first
principles control for analogous targets), in which the com-
parison between the two analogous targets was not preceded
by the presentation of a base analog during the learning phase.

As suggested by the results of Kurtz and Loewenstein
(2007), comparing the target problem to a second problem
with a similar structure helps participants arrive at a more
abstract representation of such problem, which in turn in-
creases the retrieval of the critical analogous source.
However, the question remains open as to the extent to which
such an abstraction process necessarily requires the provision
of a second target problem structurally similar to the first. In
order to devise ways of promoting an abstract encoding of the
target analog without providing a second analog, we speculat-
ed that having participants compare the target problem with a
further nonisomorphic target might lead to the extraction of
some abstract cues that could favor the retrieval of distant
analogs. Our hypothesis was that the canonical partition of
each of the problems in terms of its components (i.e., its goals,
restrictions, operators, etc.) could frame the establishment of
a set of correspondences between the (dissimilar) concepts
that fill such slots in each of the problems. This could, in turn,
result in conceptualizing commonalities and differences be-
tween those fillers, which could eventually result in appropri-
ate cues for retrieving distant analogs. As an example, consid-
er that someone has to face Duncker’s (1945) Radiation prob-
lem, in which a patient has an inoperable tumor in his stom-
ach. The tumor could be destroyed by certain kind of ray, but a
beam of the required intensity would also destroy the sur-
rounding tissues. Participants’ task consists in devising ways
of using the rays to destroy the tumor, but without harming the
healthy tissues. Suppose that before attempting a solution,
participants were asked to compare such problem with
Duncker’s (1945) Candle problem, in which they are supplied
with candles and a matchbox-size box filled with tacks, with
the challenge of fixing the candle to a wall so that once lit the

wax would not drip onto the floor. Faced with the task of
comparing both problems, an analysis of their respective re-
strictions could lead to considering them as two cases of
Bavoidance to damage near objects^ (a structural similarity).
On the other hand, an analysis of the permitted operators could
lead to conceptualize them as Busing a force versus using
some office items to reach the objective^ (an alignable differ-
ence). Given that similarities and differences of this kind tend
to be more abstract than the particular elements in which they
originate, we speculated that including them in a representa-
tion of the target problem could aid the retrieval of
interdomain sources by means of providing additional and
more appropriate cues for the memory search. In case it did,
this alternative route to late abstraction would represent a
more portable strategy than comparing the target to an exter-
nally provided analog because students could randomly
choose any of a potentially indefinite number of problems to
compare with the one to be solved.

Based on the above considerations, the second and separate
objective of Experiment 1 was to determine if comparing a
target with a nonanalogous problem could facilitate the retriev-
al of a previously received distant analog. Performance of the
comparing disanalogous targets condition was compared with
that of the standard transfer group, which was reused for this
second purpose. To determine whether an eventual advantage
of the experimental condition over the transfer condition
stemmed from the transfer of the learned procedure, and not
merely from an enhanced comprehension of the target problem
obtained as an outcome of the comparative process, this exper-
imental condition was compared with a control condition (first
principles control for disanalogous targets), in which the com-
parison between the nonisomorphic targets was not preceded
by the presentation of a base analog during the learning phase.

Method

Participants and design A total of 350 undergraduate stu-
dents at University of Comahue volunteered to take part in the

Table 1 Problems and activities per condition in Experiment 1

Condition Problems received during
learning phase

Problems received during
transfer phase

Activity during transfer phase

Standard transfer The General Radiation Solving the Radiation problem

Comparing analogous targets The General Radiation + The Fire Chief Comparing the target problems
and solving the Radiation problem

First principles control for
analogous targets

————————— Radiation + The Fire Chief Comparing the target problems
and solving the Radiation problem

Comparing disanalogous
targets

The General Radiation + Weigh the asteroid Comparing the target problems and
solving the Radiation problem

First principles control for
disanalogous targets

————————— Radiation + Weigh the asteroid Comparing the target problems and
solving the Radiation problem
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study and signed an informed consent for participation. They
were randomly assigned to each of the five groups of the
experiment (70 participants per group). The first block of three
conditions (standard transfer, comparing analogous targets
and first principles control for analogous targets) were asso-
ciated to the purpose of replicating Kurtz and Loewenstein’s
(2007) finding about the efficacy of comparing two target
analogs in retrieving a distant base analog. Combined with
the standard transfer condition mentioned above, the two re-
maining conditions (comparing disanalogous targets and first
principles control for disanalogous targets) served for the
separated objective of determining the efficacy of comparing
two nonisomorphic targets in retrieving a superficially dissim-
ilar base analog.1 The dependent variable was the use of the
base strategy during the solution of the target problem.

Procedure and materials All participants were interviewed
at the Cognitive Studies Center of the University of Comahue.
The number of participants per time slot ranged from four to
six, with each participant working individually. During the
learning phase of the standard transfer condition, participants
(48 females and 22 males; Mage = 22.30, SD = 2.58) were
asked to read three stories including a problem and its solution
(see Table 1 for a synopsis of the conditions and procedures of
the experiment). Each story was presented in a separate sheet
of paper and was followed by the comprehension question
BWhat critical insight allowed the problem in the story to be
solved?^ and by a space to provide a written answer.
Participants were allowed to proceed to a subsequent page
only after having read the preceding story and answered its
corresponding question. Although the first and the third
stories served as distracters, the second story was analogous
to the target problem to be presented in the transfer phase.
Taken from Gick and Holyoak (1980), the story The
General told about a dictator who ruled a small country from
a fortress located at its center, which could only be captured by
a massive attack. A General had an army that was large
enough to capture the fortress, but that could not be brought

into it through any of its radial roads, because they were mined
and could explode if large groups of people passed over them.
At the end of the story, the General figured out how to pro-
ceed: he divided his army into smaller groups and located each
of them on a different road. The groups arrived at the fortress
at the same time without detonating any of the mines (the
original problems and the Spanish versions employed in the
present study are presented in the supplemental materials).
Participants were allotted 15 min to read the three stories
and to answer their corresponding questions.

During a transfer phase, participants were asked to read
Duncker’s (1945) Radiation problem, presented in a separate
sheet of paper. This problem told that a certain patient had an
inoperable tumor in his stomach, which had to be destroyed to
save the patient’s life. Even though the patient’s surgeon had a
kind of ray that could destroy the tumor if applied with the
necessary intensity, at such strength it would also destroy the
surrounding tissues. Upon reading the problem, participants of
the standard transfer condition were allotted 10 min to write
down ways in which the rays could be used to destroy the
tumor, but without harming the surrounding tissues.

The learning phase of the comparing analogous targets
condition (43 females and 27 males; Mage = 22.69, SD =
3.10) was identical to that of the standard transfer condition.
However, during the transfer phase, participants received a
sheet of paper that included the tumor problem followed by
an adapted version of The Fire Chief problem (Gick &
Holyoak, 1983). This second problem told about a large fire
at a botanical garden, which could be suffocated by a high-
pressure water jet. After stating that such a powerful jet would
also damage the exotic species of the garden, the problem
asked for ways of using the water to extinguish the fire with-
out harming the plants. Upon reading the Radiation and The
Fire Chief problems, participants were asked to write down
their main similarities and differences. After the 5 min allotted
to the comparison task had elapsed, participants were allotted
10 min to write down different solutions to the Radiation
problem.

As in Kurtz and Loewenstein (2007, Experiments 2 and 3),
a control condition was employed to assess whether an even-
tual increase in the proportion of convergent solutions pro-
posed by participants of the target-comparison condition was
in fact mediated by the retrieval of the source story, as opposed
to arising simply as a consequence of an improved compre-
hension of the target problem. Participants in this first princi-
ples control for analogous targets condition (46 females and
24 males; Mage = 23.31, SD = 2.42) received the same mate-
rials and tasks given to participants of the comparing analo-
gous targets condition during the transfer phase, but without
having received the base analog and the distracter stories dur-
ing a prior phase of the experimental session. Taken collec-
tively, this first block of three conditions was related to the
objective of replicating Kurtz and Loewenstein’s finding that

1 Although Experiment 1 includes five different conditions, it is not a
five-condition design; it includes two blocks of conditions associated to
separate objectives, being the baseline condition (i.e., standard transfer)
reused in the second block. According to this, our data analysis will only
compare each experimental condition to its specific control and to the
baseline condition (common to both blocks), since any other comparison
beyond these would lack theoretical interest and, worse yet, would be
inappropriate to evaluate the efficacy of the interventions being tested.
For example, to replicate Kurtz and Loewenstein’s (2007) finding related
to the advantages of comparing two analogous targets, this condition
should result in a superior performance to that of the standard transfer
condition and to that of the first principles control for analogous targets
condition, but neither to that of the comparing disanalogous targets con-
dition nor to that of first principles for disanalogous targets condition.
Based on these considerations, the rejection criterion used for each of the
two planned contrasts that correspond to each of the abovementioned
blocks will involve splitting alpha by two: α = .025.
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comparing two analogous targets is beneficial for analogical
retrieval.

The second and separate objective of Experiment 1 was
associated with three conditions and consisted in assessing
whether the retrieval of a distant base analog could also be
improved by means of comparing the target analog to a
nonisomorphic problem. The procedure followed in the com-
paring disanalogous targets condition (45 females and 25
males; Mage = 22.64, SD = 2.02) was identical to that of the
comparing analogous targets condition, with the difference
that the Radiation problem was now coupled with an adapted
version of theWeigh the asteroid problem used by Chen, Mo,
and Honomichl (2004). In the present version, four scientists
arrive by boat to a remote islandwhere a mysterious explosion
has been recorded. They find a large asteroid and plan to load
it on their boat, but one of the scientists reads from the safety
warnings that the boat can safely carry up to 800 kg. They
have a scale in the boat, but it can weigh objects of at most
200 kg, which is insufficient to weigh the asteroid. The prob-
lem asks participants for possible ways of using the extant
scale to determine the weight of the asteroid, but without
breaking it into smaller fragments.

As was done with the comparing analogous targets condi-
tion, a control condition was implemented to assess the extent
to which an eventual increase in the proportion of convergent
solutions to the Radiation problem given by participants who
had compared unrelated targets was in fact mediated by the
retrieval of the source story. Participants in the first principles
control for disanalogous targets condition (41 females and 29
males; Mage = 23.06, SD = 3.04) received the same materials
and tasks given to participants during the transfer phase of the
comparing disanalogous targets condition, but without hav-
ing received the critical base story and its solution during a
prior phase of the experiment.

Scoring Two raters blind to condition scored whether any of
the responses given by each participant to the Radiation prob-
lem involved a convergence solution. As in previous research
using this problem, a response was scored as a convergence
solution if it captured the principle of a multiplicity of low-
intensity rays acting in concert on the tumor. Solutions involv-
ing repetition over time rather than in parallel were not count-
ed as convergence solutions. Responses in which the applica-
tion of rays at the same time is only implied were accepted.
Raters agreed in 96 % of the cases, and solved the cases of
disagreement by discussion.

Results and discussion

A first set of analyses involving the comparing analogous
targets, the standard transfer and first principles control for
analogous targets conditions was carried out to assess wheth-
er the results from these conditions replicate the transfer

advantage of comparing two analogous targets. Results
showed that the type of transfer condition yielded an effect
on the proportion of convergence solutions to the Radiation
problem, χ2(2,N = 210) = 15, p = .0006. Planned comparisons
using Bonferroni alpha corrections revealed that participants
in the comparing two analogous targets condition
outperformed those of the standard transfer condition in pro-
ducing convergence solutions to the Radiation problem
(34.29 % vs. 8.57 %), χ2(1, N = 140) = 13.75, p = .0002, w
= .31. This advantage does not reduce to an enhanced ability
to solve the tumor problem by first principles, because partic-
ipants of the comparing two analogous targets condition also
outperformed participants who received the target comparison
tasks without having received the base analog during a learn-
ing phase (34.29 % vs. 17.14 %), χ2(1, N = 140) = 5.38, p =
.0204,w = .20. Thus, comparing two target problems seems to
produce a better retrieval probe to access the base story and its
convergence solution. To better assess the mediating effect of
late analogical abstraction on analogical retrieval, partici-
pants’ success in extracting the structural features of the target
analog during the comparison task was related to their perfor-
mance in generating convergence solutions to the tumor prob-
lem. Participants were sorted as successful schema generators
(N = 54) whenever they explicitly mentioned (1) the availabil-
ity of a resource capable of eliminating the focus of a problem,
and (2) the fact that a direct application of such resource might
negatively affect elements that should be preserved. All other
participants were sorted as unsuccessful schema generators (N
= 16). This analysis showed that while 40.74 % of successful
schema generators later proposed a successful convergence
solution to the tumor problem, only 12.5 % of unsuccessful
schema generators produced a convergence solution, χ2(1, N
= 70) = 4.37, p = .0366, w = .25. It thus seems that the actual
production of an abstract schema, and not merely an attempt to
generate it, is what allows for successful analogical transfer.

The second objective of Experiment 1 was to investigate
whether the advantage of comparing two problems at test time
depends critically on the provision of a second isomorphic
target. The chosen strategy for addressing this issue consisted
in assessing whether a transfer advantage could also be ob-
tained by having participants compare the target problem with
a nonisomorphic problem before attempting its solution. A
chi-square test involving the comparing two disanalogous
targets, the standard transfer, and the first principles control
for disanalogous targets conditions failed to show an effect of
the condition type on the proportion of convergence solutions
to the Radiation problem, χ2(2, N = 210) = 3.09, p = .2133.
Counter to our expectations, planned comparisons using
Bonferroni adjustments showed that participants who com-
pared two unrelated targets after receiving a base analog nei-
ther outperformed participants of the standard transfer condi-
tion in generating convergence solutions to the Radiation
problem (14.29 % vs. 8.57 %), χ2(1, N = 140) = 1.13, p =
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.2878, nor outperformed participants in the corresponding first
principles control (14.29% vs. 5.71%), χ2(1,N = 140) = 2.86,
p = .0908. An analysis of the relation between schema abstrac-
tion and transfer helped assess the extent to which the failure
of this last intervention to elicit successful transfer had to do
with participants’ failure to generate an abstract schema for the
Radiation problem. The comparisons provided by participants
who were asked to compare disanalogous targets were sorted
into cases of successful schema generation (N = 15) and cases
of unsuccessful schema generation (N = 55), according to the
same criteria used for sorting the responses of participants
who compared analogous targets. These results revealed that
although 33.33 % of successful schema generators later pro-
posed a successful convergence solution to the radiation prob-
lem, only 9.09% of unsuccessful schema generators produced
a convergence solution, p = .031 (Fisher’s exact test). These
data suggest that the poor transfer performance exhibited by
participants who compared disanalogous problems is due to a
failure of this task to elicit an appropriate abstract representa-
tion of the target problem to be solved. In Experiment 2, we
focused on problem construction as another strategy potential-
ly capable of helping learners capitalize on the late abstraction
principle without requiring the provision of a second analo-
gous target for every new problem they were to solve.

Experiment 2

The ability to construct structurally equivalent problems has
been considered a stringent test of students’ comprehension of
different types of mathematics and algebra problems, as well
as of their ability to relate them to the realm of real-world
situations to which they can refer (see, e.g., Nathan, Kintsch,
& Young, 1992). In a series of studies using probability prob-
lems, Bernardo (2001a, 2001b) demonstrated that the activity
of constructing an isomorphic problem can be beneficial for
later analogical transfer, on occasion even surpassing the
problem-comparison task in efficacy. In an unpublished study
described by Dunbar (2001), students who read fable-like
stories with the task of generating analogous episodes were
more likely to retrieve them during the processing of analo-
gous stories lacking surface similarities. The above studies
suggest that the activity of generating an analogous situation
can be effective in directing participants’ attention toward the
structural features of the base situations being processed.

The fact that in studies such as Bernardo’s (2001a) the
construction of new base problems proved more effective for
schema generation than the comparison of two externally pro-
vided analogous problems could reflect the potential of the
invention activity to promote a relatively deeper and more
active analysis of the problem structure. The construction of
an analogous problem in a nonformal domain involves the
postulation of entities that could play the roles of the base

objects they replace. To continue with the Radiation problem,
suppose that we begin by tentatively replacing the patient’s
stomach with the pit of a fruit, guided by a surface resem-
blance such as their spatial location inside an object. Next,
we would have to relate the pit to another entity (e.g., a mold
inside the pit), whose functionally relevant attributes (Keane,
1985) allow it to play in the fruit scenario the same role played
by the tumor within the Radiation problem (i.e., threatening
the rest of the fruit). The chosen element, in turn, constrains
the selection of possible operators to those that would elimi-
nate the focus of the problem when applied at the required
intensity (e.g., by boiling the whole fruit), but at the cost of
harming an element that needs to be preserved (e.g., the pulp).
As illustrated by the above example, the derivation of an anal-
ogous target problem in a nonformal domain seems to demand
a deep and systematic exploration of the relational structure of
the problem that serves as a basis for problem construction.

Based on Kurtz and Loewenstein’s (2007) and Gentner
et al.’s (2009) idea that an encoding which highlights the un-
derlying structure of the target analog should enhance access
to analogous sources at test time, we reasoned that the activity
of generating a relationally similar target analog could aid the
retrieval of base analogs that were acquired under learning
conditions that were not especially oriented toward prompting
the extraction of structural features. The advantage of target
construction over target comparison would lie in the fact that
participants would be able to apply it to any potential target
situation without the need to be externally provided with a
second target analog.

Method

Participants and design A total of 210 undergraduate stu-
dents at University of Comahue volunteered to take part in the
study and signed an informed consent for participation. They
were randomly assigned to each of the three conditions of the
experiment (70 per condition). The dependent variable was
the application of the convergence strategy to the target
problem.

Procedure and materials Participants in the standard transfer
condition (46 females and 24 males;Mage = 23.53, SD = 3.06)
read the story The General (see Table 2 for a schematic
presentation of the conditions and procedures of Experiment
2), framed between the same two distracter stories of
Experiment 1. After reading each of the three stories, they were
asked the same question as in Experiment 1: BWhat critical
insight allowed the problem in the story to be solved?^
During the transfer phase, participants were asked to read the
Radiation problem and to write down possible solutions. The
written materials and the time allotted for each of the tasks were
identical to those of the standard transfer condition of
Experiment 1.
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The learning phase of the inventing an analogous target
condition (42 females and 28 males; Mage = 22.50, SD =
2.75) was identical to that of the standard transfer condition.
However, during the transfer phase, participants were asked to
read the Radiation problem, and to create an analogous prob-
lem. The exact instruction was: BTwo problems are analogous
when they have the same structure but involve dissimilar ob-
jects. That is, while the objects change, they nevertheless main-
tain a comparable set of relations. Your task will consist in
inventing a problem analogous to the tumor problem you have
just read.^ As can be seen, this generic instruction did not
provide any information about the underlying structure of the
target problem. After being allotted 5 min for the task of creat-
ing a new problem, participants were allotted 10 more min to
write down possible solutions to the Radiation problem.

As was done with the experimental condition of
Experiment 1, a control condition (first principles control;
40 females and 30 males; Mage = 23.01, SD = 3.11) was im-
plemented to assess the extent to which an eventual increase in
the proportion of convergent solutions given to the tumor
problem by participants who were asked to construct a new
problem was in fact mediated by the retrieval of the source
story. Participants in this last condition received the same ma-
terials and tasks given to participants during the transfer phase
of the target construction condition, but without having re-
ceived the critical base story and its solution during the learn-
ing phase of the experiment.

Scoring Following the same criteria as in Experiment 1, two
raters blind to condition scored whether any of the responses
given by each participant to the Radiation problem involved a
convergence solution. Judges agreed in 98 % of the cases, and
solved cases of disagreement by discussion.

Results and discussion

The objective of Experiment 2 was to investigate whether the
invention of a second target analog would increase the proba-
bility of retrieving distant analogs. The type of transfer condi-
tion yielded an effect on the proportion of convergence solu-
tions to the Radiation problem, χ2(2, N = 210) = 8.92, p =

.0116. In line with our expectations, planned comparisons
using Bonferroni alpha correction revealed that participants in
the invention condition outperformed participants in the stan-
dard transfer condition in generating convergence solutions to
the Radiation problem (25.71 % vs. 10 %), χ2(1, N = 140) =
5.89, p = .0152, w = .21. This increase in the proportion of
convergent solutions cannot be attributed to an effect of target
invention on the ability to solve the target problem from first
principles, because participants who invented an analogous tar-
get without having previously received a base analog did not
outperform participants in the standard transfer condition (10%
vs. 10 %). Thus, the activity of constructing a novel unsolved
target problem at test time seems to improve transfer by foster-
ing the retrieval of the base story and its convergence solution.

To better assess the effect of analogical construction on an-
alogical transfer, participants’ success in generating a structur-
ally equivalent problem was related to their performance in
generating convergence solutions to the Radiation problem.
Participants were sorted as successful problem constructors
(N = 25) whenever the generated problem (1) involved the
availability of a resource capable of eliminating the focus of a
problem, and (2) stated the fact that a direct application of such
resource might negatively affect elements that should be pre-
served. All other participants (N = 45) were sorted as unsuc-
cessful problem constructors (see Table 3 for examples of the
problems invented by participants). This classification revealed
that although 48 % of successful problem constructors later
proposed a successful convergence solution to the tumor prob-
lem, only 13.33 % of unsuccessful problem constructors pro-
duced a convergence solution, a difference that was highly
reliable, χ2(1,N = 70) = 10.11, p = .0015,w = .38. It thus seems
that it is the actual construction of an analogous problem and
not merely an attempt to generate it that gives rise to the ab-
stract schemas that are needed to facilitate analogical retrieval.

General discussion

Even though retrieving analogous problems frommemory can
lead to creative solutions for new problems, the fabric of our
memory renders analogical retrieval infrequent in the absence

Table 2 Problems and activities per condition in Experiment 2

Condition Problems received during
learning phase

Problems received
during transfer phase

Activity during transfer phase

Standard transfer The General Radiation Solving the Radiation problem

Inventing an analogous target The General Radiation Inventing a second target analogous to the
Radiation problem and solving the
Radiation problem

First principles control for inventing
an analogous target

————————— Radiation Inventing a second target analogous to the
Radiation problem and solving the
Radiation problem
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of surface similarities. Considerable effort has been spent in
devising ways of promoting a structural codification of base
analogs during their initial learning, so as to make them more
accessible during later encounters with analogous but superfi-
cially dissimilar situations. However, given that they cannot
be applied to already learned situations, Kurtz and
Loewenstein (2007) and Gentner et al. (2009) have advocated
shifting attention from the initial encoding of contents to the
factors that affect the processing of target situations at the time
of need. Specifically, they demonstrated that analogical re-
trieval can be boosted by asking participants to compare the
target problem to a second isomorphic problem. Results from
three conditions of the first experiment of this study replicated
the advantage of comparing two isomorphic target analogs for
transferring a base solution to a superficially dissimilar prob-
lem. Just as in Kurtz and Loewenstein (2007), however, at
least a portion of this increase in the generation of conver-
gence solutions can be attributed to a beneficial effect of target
comparison in the participant’s ability to solve the Radiation
problem by first principles. Based on the particular features of
the Radiation and The Fire Chief problems, we speculate that
such portion of the target comparison advantage might have
been due to a rerepresentation of participants’ imprecise and
hesitant understanding of radiation phenomena (e.g., of
whether rays coming from opposite directions have an addi-
tive effect at their intersection) on the basis of their more
precise and confident understanding of hydrodynamics.
Given that a relatively more familiar domain in an analogical
comparison naturally tends to be used as the basis for
informing a situation whose understanding is relatively weak-
er (Gentner & Gentner, 1983), participants’ blind confidence
about the additive nature of water supplies might have been
used as a basis for resolving their ambiguous initial represen-
tation of overlapping rays in favor of an additive account.

Despite its success, the target comparison intervention falls
short of representing a truly portable cognitive strategy be-
cause problem solvers require the provision of a second target
analog for every potential problem they are to solve. To over-
come this important limitation, in the remaining conditions of

Experiment 1 we assessed whether a transfer advantage could
also be obtained by having participants compare the target
situation to a Brandom^ nonisomorphic problem bearing no
ad hoc relation to the target problem. We had predicted that
participants would naturally react to this assignment by focus-
ing on similarities and differences at the level of the typical
components of problems, such as goals, operators, and restric-
tions, which could lead to deemphasizing surface-level infor-
mation and provide some abstract cues for interdomain re-
trieval. Counter to our expectations, comparing two
nonisomorphic problems did not increase analogical transfer.
It is conceivable, however, that having participants compare
the target to multiple unrelated targets might yield a broader
variety of retrieval cues, thus increasing the chances of focus-
ing on the abstract features that are required to activate the
critical base analog in the memory. In this line, studies on
creative design (e.g., Christensen & Schunn, 2009) showed
that some of the gains obtained by providing participants with
multiple retrieval cues are due to retrieving analogous cases.

In a further attempt to help learners capitalize on the late
analogical abstraction principle without requiring the presenta-
tion of a second target analog, in Experiment 2 we tested the
transfer advantages of asking participants to construct a novel
problem analogous to the target, a task that had proven effective
for eliciting the generation of abstract schemas out of a single
base analog. We conjectured that the activity of constructing an
analogous problem involving different elements would force
participants to distill the abstract structure of the target, which
could in turn enhance access to distant sources. In line with our
prediction, participants being encouraged to construct a second
target were more likely to retrieve a superficially dissimilar prob-
lem. Even though the successful construction of an analogous
problem led to analogical transfer in a striking 50% of the cases,
less than one third of the participants succeeded in generating an
analogous problem. To date, most of the interventions involving
problem constructionwere developed as ways of promoting and/
or testing the acquisition of concepts and procedures in mathe-
matical subdomains such as arithmetic (Etheredge, Rudnitsky, &
Freeman, 1992; Lampert, 1986), algebra (Nathan et al., 1992), or

Table 3 Examples of analogous target problems invented by participants of Experiment 2

1. The entire town was planning a protest against a sudden raise in the price of electricity. A prolonged and total interruption of consumption would
make the company prone to rethinking the appropriateness of the raise. However, not using any electricity would involve threats to security, as well
as the loss of refrigerated food.

2. A patient had a severe infection that needed to be controlled in less than an hour. There was a kind of antibiotic that could potentially control it, if an
extreme dosage of it were immediately channeled into the blood flow. The problem was that injecting such an amount of antibiotic through any
particular vessel would produce an irreversible damage to it.

3. There was an ink spot in a trouser. The spot could be removed by a solution of chlorine of the sufficient concentration. The problem was that a
solution of the required concentration would also bleach the area surrounding the spot.

4. A car had fallen into a deep pit. Even though there were tows that had the sufficient strength to lift the car, attaching the tow to any single part of the
chassis would break such part.

5. A scuba diver got locked inside a wreck and needed to be rescued immediately. A team of five professional divers would suffice to take him out of the
wreck. However, such number of divers swimming together would capture the attention of sharks.
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probability (Bernardo, 2001a). Problem generation within these
domains seems to be characterized by a great freedom for
selecting the objects that instantiate the given quantities of the
problem (e.g., apples, candies) as well as by a set of easily
accessible actions that can potentially reinstantiate themathemat-
ical operations represented by the base relations (e.g., replacing
buying by another instance of adding, such as putting, and re-
placing selling by another instance of subtracting, such as
removing). In contrast to generating analogous problems in
mathematics, generating novel problems outside the realm of
formal disciplines might require applying more aggressive
mechanisms of conceptual slippage (Hofstadter & FARG,
1995) as well as a more open and creative exploration of our
(sometimes poor) knowledge about certain domains. To illustrate
this, the generation of a problem like The Fire Chief on the basis
of the Radiation problem could have begun by shifting the goal
of the problem from destroying a tumor to suffocating a fire.
Once this new goal was set, the remaining components of the
problem had to be adjusted in a coordinated fashion, a process of
multiple constraint satisfaction that can on occasions be rather
taxing (Hofstadter, 1985; Ward, Smith, & Finke, 1999).
Although the replacement of rays by water jets is straightfor-
ward, it is less easy to think about what target element could fill
the role of the surrounding tissues. It is thus not surprising that
participants failed to carry out these replacements in a complete
and coordinatedmanner. Despite these intrinsic difficulties, how-
ever, it is conceivable that training participants in the generation
of analogous problems could render this strategy easier to imple-
ment. In view of the much greater portability of target construc-
tion as compared to the ad hoc provision of a second analogous
target, it seems that any investment in enhancing this ability
promises to pay off well.

A possible limitation of our findings concerns whether the
results obtained with The General/Radiation problems would
generalize to other problems as well. In favor of the generaliz-
ability of our findings, it is worth taking into account that a
significant number of results originally obtained with these
traditional problems was later replicated with other materials.
As an example, the effect of surface similarities on retrieval,
documented by Keane (1987) with these problems, was also
observed with probability and combinatorics problems (e.g.,
Ross, 1987), and even with fable-like stories (Gentner et al.
1993), movie episodes (Trench & Minervino, 2015,
Experiment 1), and autobiographical memories (Trench &
Minervino, 2015, Experiment 2). Similarly, the success of in-
terventions promoting forward transfer by means of comparing
The General to The Fire Chief (Catrambone & Holyoak, 1989)
were later replicated using negotiation strategies (Gentner,
Loewenstein, & Thompson, 2003). This body of evidence on
the generalizability of results obtained with these traditional
problems suggests that our findings on the benefits of problem
construction for backward transfer will likely generalize to oth-
er problems as well as to other types of analogs.

The most salient difference between the interventions
aimed at improving the initial encoding of base analogs and
those seeking to improve the encoding of target analogs at
retrieval time lies in the fact that the latter, but not the former,
may apply to a wealth of everyday situations learned under
conditions that were not engineered to highlight their structur-
al features. Despite the fact that our target-centered interven-
tions did not explicitly promote an abstract encoding of base
analogs, the results are silent about the extent to which the
sources retrieved by participants of the late abstraction condi-
tions had received an abstract processing during their initial
encoding. However, most of the Benthusiasm^ about interven-
tions at recall time stems from the supposition that they allow
retrieving suboptimally encoded knowledge in long-term
memory (see Gentner et al., 2009; Loewenstein, 2010). For
this possibility to make sense, further precision is required
regarding (1) the different ways in which base encodings
could be suboptimal, (2) the mechanisms by which such
suboptimally stored knowledge could eventually be retrieved,
and (3) the possible role of late abstraction in facilitating these
particular kinds of analogical retrieval.

One slightly suboptimal way of encoding the base analogs
could simply consist in having derived their abstract schema,
but without having stressed its centrality relative to other more
superficial aspects. Target interventions such as problem com-
parison or construction could potentially aid the retrieval of
this kind of base analog. As Gentner et al. (2009) proposed,
the representation of the target could include its generic struc-
ture plus the specific superficial features, or its generic struc-
ture but little about the specific superficial aspects. Although
in the former case numerous surface matches will be retrieved,
in the latter case there will be fewer surface matches to even-
tually out-compete and crowd out relational matches
(Catrambone & Holyoak, 1989; Gentner et al., 1993). Thus,
diminished surface competition alone should be capable of
accounting for an effect of analogical abstraction on backward
relational retrieval. Additionally, the match between a schema
and an example will be greater than the match between two
analogous examples (Gentner et al., 2009). Simulation stud-
ies, using Forbus et al.’s (1995) MAC/FAC model of
similarity-based retrieval, bear out the computational plausi-
bility of this account.

Gentner et al.’s (2009) interpretation represents a plausible
and parsimonious account of how the process of late abstrac-
tion could enhance access to base analogs whose structural
traits were generated, but not especially highlighted.
However, the success of various interventions aimed at induc-
ing a more abstract encoding of source analogs suggests that
participants are unlikely to encode the abstract structure of the
source in ways that will neatly match the structure of the
particular target they will have to solve. As an example, some
participants might encode the goal of capturing the fortress as
a case Boverpowering an object by a force,^ a representation
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that could later be useful to describe the goal of destroying a
tumor with rays in the Radiation problem (Gick & Holyoak,
1983). But things would be different if instead of the
Radiation problem, participants were tasked with figuring
out how to bring a desired flow of water to a town while
attending to the restriction that sending such flow of water
through either of the available canals alone would flood the
surrounding lands. For solving this particular target problem,
it would have been better to conceptualize the goal of captur-
ing the fortress as a case of, say, Bcarrying a resource to a
destination.^ There are innumerable ways to encode exem-
plars (Hofstadter & FARG, 1995; Markman & Ross, 2003),
and people can hardly guess which one will best fit a target
problem that they do not yet know. In cases like this, late
analogical abstraction could conceivably show a retrieval ad-
vantage over the raw processing of the target. Traditional
models of analogical reasoning have postulated several
rerepresentation mechanisms capable of discovering hidden
identities between initially nonidentical elements (e.g.,
minimal ascension, Falkenhainer, Forbus, & Gentner, 1989;
decomposition, Gentner & Wolff, 2000; or coactivation over
distributed representations, Hummel & Holyoak, 1997).
Using a variant of minimal ascension, retrieval algorithms like
ARCS (Thagard, Holyoak, Nelson, & Gochfeld, 1990) gain
access to base analogs having similar—but not identical—
concepts by means of probing long-term memory with mem-
ory cues derived from target elements by means of conceptual
links such as superordination or part–whole relationships
(e.g., the target concept destroy could activate a source con-
taining the relation capture based on both being instances of
overpowering). Given that connections between superordi-
nates and their instances require fewer links than those be-
tween two particular instances (Gentner, 1989), interventions
promoting late abstraction could in principle be capable of
fostering the retrieval of base analogs whose structural
encoding did not neatly match the structure of the target.

A third way in which the initial encoding of a base analog
could be suboptimal would consist in storing the basic events
of a base situation under a poor or wrong principle, as com-
pared to the more proper principle under which the current
target situation is being framed (Gentner et al., 2009). For
instance, imagine that a psychology instructor wants to illus-
trate the well-known regression fallacy (Tversky &
Kahneman, 1974) with an example in which the son of an
extraordinary soccer player displayed skills that, although
competitive, were visibly inferior to those of his father.
According to the topic of the lesson, people’s natural tendency
to construct causal explanations for these situations is
ungranted, because such drops in performance could be more
parsimoniously accounted for on purely statistical grounds.
Now suppose that in an attempt to capitalize on her learners’
prior knowledge, the instructor asked them to recall further
examples. Faced with this task, a successful retrieval cue

could consist of a structure where a descendent of a high-
performance player did not display such level of performance,
and where this drop has received a causal explanation. By
means of promoting a shift between a particular type of ex-
treme values (e.g., striking soccer skills) and more general
ones (e.g., extreme values of any kind of professional achieve-
ment), interventions aimed at eliciting target elaborations
could in principle be applicable to the retrieval of distant an-
alogs that were indexed under a poor or wrong abstract
principle.

In sum, while Gentner et al. (2009) have modeled the ben-
eficial effect of late abstraction for retrieving a particular kind
of suboptimally encoded sources (i.e., those cases where sur-
face content has not been sufficiently deemphasized), there are
other types of suboptimal encoding that may complicate sub-
sequent retrieval (Loewenstein, 2010), and which deserve fur-
ther inquiry. Dietrich (2000) advances several first-principles
arguments favoring the thesis that analogical retrieval requires
rerepresenting the to-be-retrieved source analogs, but he refers
to the psychologists’ skepticism regarding how to subject such
hypothesis to empirical test (p. 265). Such empirical studies
will require devising ways of assessing the depth of the base
encodings without altering them in any way, something that
might be difficult to achieve. Despite these difficulties, we
believe that research efforts should be devoted to assessing
whether suboptimally encoded sources can in fact get re-
trieved and the extent to which interventions such as compar-
ison or invention can foster their retrieval.

Our results build upon a long tradition of empirical studies
on the role of analogical retrieval in solving novel problems.
Besides the importance of analogical problem solving within
educational environments, interdomain analogizing serves as
a basis for many other activities such as argumentation, expla-
nation, creative design, or instruction. Future studies should
address whether portable interventions to promote late ab-
straction can aid the retrieval of distant analogs in the service
of these relevant activities.
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