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Abstract

Prior studies of A:B::C:D verbal analogies have identified several factors that affect performance, including the semantic
similarity between source and target domains (semantic distance), the semantic association between the C-term and incorrect
answers (distracter salience), and the type of relations between word pairs. However, it is unclear how these stimulus proper-
ties affect performance when utilized together. To test their interactive effects, we created a verbal analogy stimulus set that
factorially crossed these factors and presented participants with an analogical stem (A:B::C:?) with two response choices:
an analogically correct (D) and incorrect distracter (D’) term. The semantic distance between source and target word pairs
was manipulated creating near (BOWL:DISH::SPOON:SILVERWARE) and far (WRENCH:TOOL::SAD:MOOD) analogies. The salience of an
incorrect distracter (D') was manipulated using the sematic distance with the C-term creating low (DRAWER) and high (FORK)
salience distracters. Causal, compositional, and categorical relations were presented across these conditions. Accuracies
were higher for semantically near than far analogies and when distracter salience was low than high. Categorical relations
yielded better performance than the causal and compositional relations. Moreover, a three-way interaction demonstrated that
the effects of semantic distance and distracter salience had a greater impact on performance for compositional and causal
relations than for the categorical ones. We theorize that causal and compositional analogies, given their less semantically
constrained responses, require more inhibitory control than more constraining relations (e.g., categorical).

Keywords Verbal analogy - Semantic distance - Structure-mapping - Analogical relations

Verbal analogies of the form A:B::C:D entail comparison of
conceptual relations between word pairs that are based on
the meaning of the concepts. Solving such analogies entails
several component processes (Sternberg, 1977; Sternberg
& Nigro, 1980) including (1) relational inference from the
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source (A:B pair), (2) mapping between the corresponding
elements of the pairs (A to C-term; B to D-term); (3) transfer
of the inferred relation from the first pair onto the second
(C:D) pair, and (4) response selection. Item factors such as
word familiarity, semantic distance, and source-pair relation
influence the difficulty of one or more of these processes
and in turn the performance on an analogical task (Ichien
et al., 2020). Within analogy, semantic distance represents
the extent to which analogy terms differ in their underly-
ing domains with “near” analogies having similar domains
(SQUIRREL:RODENT::ROBIN:BIRD) and “far” analogies hav-
ing different domains (WRENCH:TOOL::SAD:MOOD), with bet-
ter performance for near than far analogies. Likewise, the
number of distracting choices presented alongside the cor-
rect D-term, and/or greater semantic similarity between the
distracter(s) and the C-term, can also impact performance
(Morrison et al., 2004; Thibaut et al., 2010). Here we focus
on “distracter salience” defined as the semantic distance
between the C-term (rROBIN) with the analogically correct
D-term (BIRD) compared with the incorrect D'-terms (NEST
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Table 1 Example items

Semantic Relation A:B pair C-term D-term correct answer High salient Low

distance distracter salience

distracter

Near Categorical TARANTULA : SPIDER BEE INSECT HIVE YELLOW
Causal FRACTURE : CAST INCISION SCAR SURGERY STUMBLE
Compositional OATMEAL : COOKIE BANANA MUFFIN PEEL KIWI

Far Categorical WRENCH : TOOL SAD MOOD HAPPY LOSS
Causal INVITATION : VISIT TORNADO DESTRUCTION WEATHER PRAIRIE
Compositional FLOUR : TORTILLA SILK TIE FABRIC WORM

Note. The full set of items is available at https://osf.io/cd7b9

or BIRD; Morrison et al., 2004). As described herein, both
semantic distance and distracter salience affect performance
via the mapping and response selection processes.

Specific analogical relations, such as ROBIN is a kind of
BIRD, may also impact performance (Ichien et al., 2020;
Sternberg & Nigro, 1980). However, performance-related
effects of semantic distance and distractor salience across
different analogical relations has not been sufficiently
investigated. A carefully controlled experiment is needed
to examine whether (1) particular relations better facili-
tate the mapping and response selection processes over
other relations and (2) the effects of semantic distance
and distracter salience differ across relations. Hence, the
purpose of our study was to investigate the separate and
combined effects of all three factors—semantic distance,
distracter salience, and relation type—on accuracies in a
verbal analogy selection task. We discuss each of these
factors in turn.

Semantic distance

Broadly, semantic distance refers to the path in a semantic
network between nodes (Kumar et al., 2020). We adopt
the definition commonly used within the context of ver-
bal analogy, of semantic distance reflecting the similar-
ity between the domains represented in the source and
target word pairs (Green et al., 2006). For example, the
pairs in the semantically near or same-domain analogy,
BOWL:DISH::SPOON:SILVERWARE, both entail kitchen utensils,
whereas in the far or between-domain analogy, WRENCH :
TOOL :: SAD : MOOD, the source and target pairs are from
different contexts. The greater similarity of domains in
the near analogies facilitates one-to-one mapping (i.e.,
alignment of the corresponding A-C and B-D-terms). This
process is known as structural alignment in the structure

mapping theory (Gentner & Maravilla, 2018), and it is
a fundamental part of the overall mapping process (see
Gentner & Forbus, 2011, Table 1). That is, mapping
between aligned terms in semantically near pairs (BOwL
and spooN) can be based on both semantic and structural
similarity. In contrast, far analogies require more abstrac-
tion in the form of a greater reliance on structural simi-
larity given the absence of semantic similarity (Green
et al., 2014; Holyoak, 2012). Indeed, this greater semantic
similarity between the corresponding terms in near analo-
gies facilitates the structural alignment (Gentner, 1983;
Gentner & Forbus, 2011; Gentner & Maravilla, 2018;
Gentner & Smith, 2012; Hoyos & Gentner, 2017).

Near semantic distances are also a facilitative factor in
projection-first models, which as demonstrated in many
eye-tracking studies (Glady et al., 2016; Gordon & Moser,
2007; Thibaut & French, 2016; Thibaut, French, Mis-
sault, et al., 2011a; Vendetti et al., 2017), entail an initial
focus on the A:B pair followed by more attention to the
C-term and possible target pairs. In near analogies (e.g.,
BOWL:DISH::SPOON:SILVERWARE), the initial focus on the A:B
pair would also activate any semantic or thematic informa-
tion (e.g., kitchen or eating domain) in addition to the cate-
gorical relation. The relation and domain information would
then be projected onto the C-term, which shares the same
domain, to aid in the selection of the most suitable D-term.

Across a variety of verbal analogical tasks, performance
was better for analogies having near than far semantic
distance (Bunge et al., 2005; Green, 2016; Green et al.,
2010, 2012; Green et al., 2014; Jones & Estes, 2015;
Kmiecik et al., 2019; Vendetti et al., 2012; Vendetti et al.,
2014; Weinberger et al., 2016). For example, in an ana-
logical selection task that required participants to choose
a response from five choices, response times (RTs) and
accuracies were better for near than far analogies (Jones
& Estes, 2015). These findings support the hypothesis that
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greater semantic similarity between the source and target
facilitates the structural alignment. Therefore, we predict
arobust effect of semantic distance with higher accuracies
for the semantically near than far analogies.

Distracter salience

Distracter salience refers to the relative semantic distance
between the C-term and each answer option: the analogi-
cally correct D and incorrect distracter (D’) terms.! Dis-
tractor salience is high when the C-term of the analogy
is semantically nearer to the distracter than the correct
analogical answer. In LEATHER : SADDLE :: GOLD : EARRING,
the C-term, GoLD, has a greater semantic similarity with
the high salience distracter (SILVER) than with the correct
answer (EARRING), but a lower semantic similarity with the
low salience distracter (ALUMINUM) in comparison to the
correct answer. Distracter salience is particularly relevant
to the response selection component process in analogical
selection tasks and may derail the mapping process. That
is, one may have successfully mapped the A and C terms
(e.g., LEATHER and GoLD) based on their relational roles as
materials of their respective objects. Then GoLp would be
mapped onto the to-be-selected D-term—an object that can
be made of gold. However, in the process of selecting that
D-term, the greater association between the C-term with
a high salience distracter option (SILVER) may cause one to
select this relationally inconsistent distracter rather than to
complete the alignment of the B and D-terms. This derail-
ment of the alignment is even more likely for those with
less inhibitory control over salient responses, such as adults
with frontal lobe injuries/disease (Krawczyk et al., 2008;
Morrison et al., 2004) and children (Richland et al., 2006;
Thibaut & French, 2016; Thibaut et al., 2010; Thibaut,
French, Missault, et al., 2011a; Thibaut, French, Vezneva,
et al., 2011b), and can also occur in young adults (Bugaiska
& Thibaut, 2015).

In addition to predicting a main effect of distracter sali-
ence as found in prior studies (e.g., Bugaiska & Thibaut,
2015), we also predict an interaction with semantic distance.
Given that mapping in near analogies is facilitated by both
featural and relational/structural similarity, high distractor
salience is more likely to impair performance on semanti-
cally far analogies given their reliance on relational roles

! This differs somewhat from others’ investigation of the analogy’s
association strength (e.g., Thibaut & French, 2016), which varies the
association strength between both the A:B pairs and C:D pairs. We
hold the A:B pairs constant across the high and low distracter sali-
ence conditions to focus on just the distracter salience between the
C-terms with the possible D-terms.
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(Gentner et al., 1993; Gentner & Kurtz, 2006; Rattermann
& Gentner, 1998). Moreover, the type of analogical relation
and its interaction with semantic distance and distracter sali-
ence may further impact performance.

Analogical relation

Analogies also vary in their semantic relation (Ichien et al.,
2020; Jurgens et al., 2012). Some relations, like opposites
(e.g., up:pOWN) and exemplar-category “superordinate”
relations (e.g., HAMMER:TOOL) yield better performance
in comparison to other types of relations (e.g., category
co-members: WRENCH:HAMMER; Jones, 2011; Sternberg &
Nigro, 1980). In Kmiecik et al. (2019), participants dem-
onstrated better performance verifying analogies composed
of categorical relations (“kind of”’; HAMMER:TOOL::SILVER
:METAL) compared with compositional relations (“made
of”; TIRE:RUBBER::CHAIN:LINK).2 One reason for the bet-
ter performance on categorical relations is that they are
spontaneously activated during analogy as claimed by the
micro-category account of analogy (Green et al., 2008) and
are more accessible than other types of semantic relations
(Schumacher et al., 2009). The automatic activation of the
categorical relation may facilitate the mapping process in
the far categorical analogies (WRENCH: TOOL::SAD:MOOD) by
increasing the structural similarity between correspond-
ing terms (i.e., both A and C as exemplars; both B and
D as categories). Moreover, the constraint of the B-terms
and D-terms as category labels may even pre-activate the
correct D-term (e.g., MOOD) prior to presentation of the
response options. Indeed, based on the complementary
role activation model (Mather et al., 2014), the greater the
degree of semantic constraint provided by the relational
roles (A-term as category exemplar; B as the category), the
faster the judgment. In contrast, causal and compositional
relations provide less constraint on the possible B-terms
and D-terms. For instance, LEATHER could be a material
used in many different objects (gloves, jacket, etc.). Like-
wise, in the causal analogy, ALLERGY:SNEEZE: :ENTERTAINMEN
T:LAUGHTER, the cause ENTERTAINMENT could produce other
possible effects (joy, fun, relaxation, etc.). Therefore, we
predict that performance will be better for these categori-
cal analogies than for the causal or compositional analo-
gies. Based on the micro-category account as well as the
facilitative role of semantic constraint in the mapping and
response selection processes, we further predict that far

2 The compositional analogies in the Kmiecik et al. (2019) dataset
are of the form “A is made of B” rather than the “B is made of A”
used herein.
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semantic distance and high distracter salience will impact
performance less within the categorical than within the
causal and compositional analogies.

Method
Participants

A total of 241 Wayne State University undergraduates
(131 females; M,,. = 21.96; SD,,, = 6.08) completed
the verbal analogy selection task for credit towards their
psychology course as part of a larger study investigating
individual differences in relational reasoning. We did not
perform a power analysis to determine an a priori sam-
ple size; however, given our sample size (N = 241) and
observed medium effect size for the three-way interaction
(Cohen’s f=.29), we were well powered (>.99) to observe
this effect at our .05 « level.

Materials

Analogical pairs and analogies were sampled from prior
studies on conceptual combination (Estes, 2003; Estes &
Jones, 2006; Fenker et al., 2005; Jones et al., 2008) and
analogy (Jones, 2011; Jones & Estes, 2015; Kmiecik et al.,
2019). We then created a set of 60 analogies using these
items consisting of 30 analogies that were semantically
near and 30 that were semantically far based on Latent
Semantic Analysis (LSA; Landauer et al., 1998; http://Isa.
colorado.edu) based semantic distance as described below
(see Table 1). The entire set of 60 analogies are shown
with all the following measures in the Supplemental Mate-
rials—Spreadsheet of Analogies (https://osf.io/cd7b9).

Semantic distance As done in prior analogy studies (e.g.,
Green et al., 2010, 2012; Green et al., 2015; Jones &
Estes, 2015; Kmiecik et al., 2019), we measured seman-
tic distance using LSA, which is based on textual co-
occurrence, to quantify semantic distance between the
source and target word pairs. Semantic distance was cal-
culated by subtracting the LSA cosine from 1 to produce
a semantic distance score (Green et al., 2015), with higher
scores indicating far semantic distances. Within each rela-
tion, pairs were grouped such that for the near analogies
the A:B and C:D pairs had items from the same or similar
domains and LSA semantic distance scores of .70 or below
(e.g., bakery foods; OATMEAL:COOKIE::BANANA:MUFFIN), With
the exception of one item, FEATHER:PILLOW::FOAM:CUSHION,
that had a semantic distance of .80. The far analo-
gies were formed with pairs from different domains,
SPEEDING:TICKET: :RUN:EXHAUSTED, and had LSA semantic

distance scores of .90 or above with the exception of one
causal analogy, SPEEDING:TICKET: :RUN:EXHAUSTED, that had a
semantic distance score of .71, most likely due to the co-
occurrence of speeding and run. Thus, the near and far anal-
ogies were nonoverlapping on semantic distance except for
those items. An independent-samples ¢ test confirmed that
the LSA-based semantic distance scores were greater for the
semantically far A:B—C:D pairs (M = .96, SD = .06) than for
the semantically near A:B—C:D pairs (M = .52, SD = .15),
1(58) = 15.46, p < .001, Cohen’s d = 3.85.

However, the use of only LSA cosines to estimate seman-
tic similarity is problematic (Beaty & Johnson, 2021). Since
data collection, several new methods of assessing semantic
distance have been developed, particular within the creativ-
ity and semantic priming literatures (Kennett, 2019; Kumar
et al., 2020). One alternative is to assess semantic distance
by combining multiple models of semantic distance into one
latent variable. Thus, we also assessed semantic distance in
our analogies using SemDis (Beaty & Johnson, 2021; http://
semdis.wlu.psu.edu), which is based on five semantic space
models. Because we were assessing the semantic distance
between the A:B and C:D word pairs, we chose to use the
recommended multiplicative model that takes the product of
all word vectors to create a single vector for a phrase. The
mean SemDis scores were again greater, indicating greater
distance, for the far analogies (M = .92, SD = .04) than
for the near ones (M = .75, SD = .11), #(58) = 7.84, p <
.001, Cohen’s d = 2.05, although there was a small degree
of overlap in the SemDis scores across conditions (see Sup-
plemental Materials—Boxplots).

Distracter salience Each analogy (e.g., ACCOUNTANT:PROFES
SION::CARROT: ) was presented with either a high
salient distracter (POTATO) or with a low salience distracter
(raBBIT). The distracters (D') were selected originally to have
a semantic distance (1 — LSA cosine) that was greater than
the correct answer D-term for the high salience D’ and less
than that for the correct answer for the low salience D'. We
also assessed semantic distance using the SemDis scores
as described above between the C-term and each possible
D-term response. There was only minimal overlap across
the three conditions on both semantic distance measures (see
Supplemental Materials—Boxplots).

Finally, given the limitations of using corpus-based
semantic distance methods to predict human behavior (De
Deyne et al., 2019; Kennett, 2019; Kennett et al., 2017;
Kumar et al., 2020), we included a measure based on human
ratings. As was done in prior studies examining distracter
salience (e.g., Morrison et al., 2004; Thibaut et al., 2010),
we assessed the association strength between the C-term
with the correct answer (D-term) as well as with the dis-
tractors (D’-terms). Association strengths were assessed
using the Small World of Words English Association Norms
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Table 2 Distances between C-term with each D-term

Measure Correct D High sali- Low sali-
ent D' ent D'
M SD M SD M SD

Repeated measures ANOVA

Pairwise comparisons with Bonfer-
roni adjustments

LSA-based Semantic Distance .723 .161 .425 .185 .878 .057

SemDis Semantic Distance 715 112 555 125 .825 .076

SWOW-EN Association 029 .046 .048 .057 .009 .018

F(2,118) =101.19, p < .001, ’7;
.63 Salient D', ps < .001

F(2,118) =76.50, p < .001, '75 =
.56 Salient D', ps < .001

F(2,118)=9.37, p < .001, 113 =.14 High Salient D' > Correct D > Low

Low Salient D' > Correct D > High

Low Salient D' > Correct D > High

Salient D', ps <.002

Notes. Means and standard deviations of distance between the C-term with each of the D-terms. For the semantic distance measures, higher
numbers indicate greater distances between the C and D terms. For the associations, smaller numbers indicate a greater closeness. Initial analy-
ses included Semantic Distance (far, near) as a between-subjects factor. Neither the main effect (ps > .64) nor the interaction (ps > .20) were
significant across the three measures, thereby showing a consistent pattern within both semantic distance conditions

(SWOW-EN), which indicate the number of times the D or
D’ term was in the top three responses as an associate of
the C-term (De Deyne et al., 2019). As shown in Table 2,
repeated-measures ANOVAs for these three measures with
planned contrasts across the three C:D pairs (C-term each
with correct response, high-salient distracter, and low-sali-
ent distracter), verified that the correct answer was indeed
semantically closer to the C-term in comparison to the low-
salient distracter, but semantically farther than the high-
salient distracter.

Prior studies (Bugaiska & Thibaut, 2015; Thibaut et al.,
2010) also varied the association strengths between the A
and B terms in addition to the C and D terms, with weakly
associated analogies having low association strengths in
both the A and B and the C and D terms. In our study, the
A:B pairs and the C-term were the same across the distracter
salience conditions. We assessed the semantic distance and
association strengths for the A:B pairs and found that they
did not differ between the near and far semantic distance
conditions on the LSA-based scores, #(58) = .70, p = .48,
SemDis scores, #(58) = 1.18, p = .24, and the SWOW-EN
association strengths, #(58) = .24, p = .81.

Word familiarity As noted in Ichien et al. (2020), the famili-
arity of the words in the analogy can impact performance
on verbal analogy tasks, with better performance on analo-
gies with highly familiar words (HAPPY:SAD::FAT:SKINNY) than
those with less familiar words (JUBILANT:MELANCHOLY::CORPUL
ENT:GAUNT). To verify that our analogies and answer choices
consisted of highly familiar words, we used the English Lex-
icon Project (Balota et al., 2007) to assess each word’s famil-
iarity using the age of acquisition (AoA; the age at which a
word was learned; Kuperman et al., 2012) and frequency per
million words (measured using the SUBTL frequency norms
from the SUBTLEX 4 corpus that assess the more everyday
use of the words in movie and television show subtitles;
Brysbaert & New, 2009). AoA, SUBTL raw frequencies,

@ Springer

and SUBTL log frequencies for each term as well as the Ms
and SDs for each D-term are included in the Word Famili-
arity tab of the Supplemental Materials spreadsheet. Both
measures indicated a high level of word familiarity for all
the terms in the item set (including the distracter terms) with
an overall early AoA (M = 6.41, SD = 2.19) and a high fre-
quency (M = 30.03, SD = 55.43). Given that all of the terms
in the data set were words that were learned prior to age 13.5
(range: 2.50 [spooN]—-13.48 [LATEX]), it is unlikely that word
familiarity would impact performance. Analyses further
showed an overall lack of variation in the word familiarity
measures across the semantic distance, distracter salience,
and relation conditions. Given the extreme positive skew of
the raw word frequencies (skew = 2.94), word frequencies
are commonly analyzed using the log-transformed measures
that were also available from the English Lexicon Project
(Balota et al., 2007). For comparison between the seman-
tic distance conditions and across the analogical relations,
an aggregate measure was calculated by averaging the AoA
and log frequencies across the analogical stem (A-, B-, and
C-terms). For the distracter salience conditions, the AoA and
log frequencies were compared across the correct D-terms,
high salience distracter, and low salience distracter. As indi-
cated by independent-samples 7 tests, the aggregated word
familiarity for the analogical stem terms did not differ in
AoA between the near (M = 6.52, SD = 1.24) and far (M =
6.54, SD = 1.75) items, #(58) = —.057, p = .96. Likewise,
log frequencies did not differ between the near (M = 2.86,
SD = .38) and far (M = 2.77, SD = .37) items, #(58) = .94, p
=.35. Repeated-measures ANOVAs showed no differences
across the correct, high-salience, or low salience D-terms
for either the AoA, F(2, 112) = .11, p = .89, or for the log
frequencies. F(2, 112) = .22, p = .80. Results of a one-way
ANOVA showed no differences across the three relations
on log frequencies, F(2, 57) = .44, p = .65. However, AoA
varied across the analogical relations, F(2, 57) = 5.83, p <
.001, np2 =.17. Tukey post hoc tests showed AoA was higher
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«Fig. 1 Main effects. Accuracies were higher with (a) greater semantic
distance between the source (A:B) and target (C:D) pairs, (b) lower
distractor salience between the C term and incorrect (D’) term, and
(c) the categorical relations in comparison to the causal and composi-
tional ones. Error bars represent +1 SEM

for the causal analogies (M = 7.36, SD = 1.22) than for the
compositional analogies (M = 5.88, SD = 1.29), p < .001,
and the categorical (M = 6.34, SD = 1.64), p = .063 (albeit
approaching significance), and with no difference between
the latter two (p = .56). In sum, given the highly familiar
A-, B-, and C-terms in the analogical stems and possible
D-terms, as well as the consistency across semantic distance,
distracter salience, and relation conditions, word familiarity
was unlikely to impact performance on the verbal analogy
task.

Procedure

The analogy selection task was run on computers using
DirectRT software. Items were counterbalanced across
experimental lists with each experimental list consisting of
60 analogies, 15 from each of the four semantic Distance X
Distracter Salience conditions. Participants were told that
they should answer each item as quickly as possible without
sacrificing accuracy using the “1” and “2” keys on the num-
ber pad on the keyboard. Each trial began with the analogy
stem (ACCOUNTANT:PROFESSION::CARROT: )
presented in ALL CAPS and in red font horizontally cen-
tered above the middle of a black screen for 500 ms. Next,
the numbered answer choices were presented in white font
just below the center of the screen, “(1) = POTATO (2) =
VEGETABLE” for 250 ms. The numerical order of the cor-
rect answer and distracter was counterbalanced across the
experimental lists. Finally, participants were prompted to
“Enter the number of your answer.” Presentation order of
the 60 experimental items was randomized across partici-
pants. Participants completed 12 practice trials prior to the
60 experimental trials. On practice trials the correct answer
was displayed immediately after response selection.

Results

Participants’ accuracies (proportion correct) across the 60
analogies were analyzed using a 2 (Semantic Distance:
far, near) X 2 (Distracter Salience: high, low) X 3 (Rela-
tion: categorical, causal, compositional) repeated-measures
ANOVA. All three main effects of Semantic Distance, Dis-
tracter Salience, and Relation were reliable (see Fig. 1). As
predicted, accuracies were higher for the semantically near
analogies than for the semantically far analogies, F(1, 240)
=244.42, p < .001, np2 =.50. Likewise, analogies with low
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salience distracters had higher accuracies than those with
high salience distracters, F(1, 240) = 309.27, p < .001, npz =
.56. Performance also varied across the three relations, F(2,
480) = 186.26, p < .001, np2 = .44. Pairwise comparisons
(with Bonferroni adjustments) indicated that the categorical
analogies had much higher accuracies than the composi-
tional analogies, and the causal analogies (both ps < .001).
Accuracies for the compositional analogies were higher than
the causal, p < .001.

All three two-way interactions were also reliable (see
Fig. 2). As predicted, the Semantic Distance X Distracter
Salience interaction, F(2, 240) = 34.14, p < .001, np2 =.12,
showed a greater difference between the high and low dis-
tracter salience conditions within the far than within the near
semantic distance analogies (.154 vs. .073). Recall that given
the greater accessibility of the categorical in comparison to
the causal and compositional relations, both far semantic
distance and high distracter salience were predicted to have
less of a detrimental impact within the categorical analogies.
As predicted, the Relation X Semantic Distance interaction,
F(2,480) =76.46, p < .001, npz = .24, showed almost no
difference between the semantic distance conditions (near
minus far) within the categorical analogies, but greater dif-
ferences within the causal and compositional analogies.
Similarly, the Relation X Distracter Salience interaction,
F(2,480) = 26.06, p < .001, npz =.10, indicated a smaller
difference (low minus high) within the categorical analogies
than within the causal or compositional ones.

Finally, we observed a reliable three-way interaction, F(2,
480) = 20.22, p < .001, np2 = .08 (see Fig. 3). Additional
ANOVAs examined the effects of semantic distance and
distracter salience within each relation. Within the causal
analogies, semantic distance F(1, 240) = 177.49, p < .001,
np2 = .43, distracter salience, F(1, 240) = 159.99, p < .001,
nP2 = .40, and their interaction, F(1, 240) = 14.90, p < .001,
np2 = .06, affected accuracies. The same pattern occurred
within the compositional analogies, with semantic distance,
F(1,240) = 159.48, p < .001, np2 = .40, distracter salience,
F(1, 240) = 145.70, p < .001, np2 = .38, and their inter-
action, F(1, 240) = 55.54, p < .001, np2 = .18, affecting
accuracies. However, within the categorical analogies, only
distracter salience impacted performance (M, ;, = .89, M,,,,
= .94), F(1, 240) = 37.16, p < .001, nP2 = .13 with no dif-
ference between the near and far semantic distance condi-
tions, F(1, 240) < 1, p = .40, and no interaction, F(1, 240)
=1.43,p=.23.

Discussion
Our study was the first to investigate the interactive effects

of semantic distance, distracter salience, and analogical
relation type (categorical, compositional, and causal) on
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«Fig.2 Two-way interactions. (a) High distracter salience lowered
accuracies more within the far than near analogies. (b) Far semantic
distances lowered accuracies within the causal and compositional
analogies but not within the categorical ones. (¢) High distractor sali-
ence lowered accuracies for all relations, but to a greater extent for
the causal and compositional ones. Error bars represent +1 SEM

verbal analogy performance. Consistent with prior studies,
we observed higher accuracies for semantically near than
far analogies (e.g., Jones & Estes, 2015), and for analogies
with low than high salience distracters (e.g., Morrison et al.,
2004). Performance was higher for the categorical relations
than for the compositional and causal relations. Most nota-
bly, our results are the first to demonstrate joint facilitative
effects of near semantic distance and low distracter salience,
while also showing that the strength of their influence var-
ies across different relations. In turn, these main effects and
interactions extend prior research and have important impli-
cations as discussed below.

Implications

The semantic distance effect supports the hypothesis that
semantic similarity between domains facilitates the one-to-
one mapping of corresponding analogy terms (Gentner &
Smith, 2012; Holyoak & Thagard, 1997). That is, mapping
between the far analogies relies on a more abstracted struc-
tural similarity between relational roles. Thus, the greater
structural and semantic similarity between the source and
target resulted in more efficient mapping and thus better
performance. However, when a high salience distracter was
presented along with the correct D-term, the mapping pro-
cess was derailed during response selection, as shown by the
robust distracter salience effect.

Prior results of distracter salience were limited to children
(e.g., Thibaut et al., 2010, except for Bugaiska & Thibaut,
2015) and patients with frontal lobe damage (Krawczyk
et al., 2008; Morrison et al., 2004). Moreover, these prior
studies used different analogy stems across distracter condi-
tions (Bugaiska & Thibaut, 2015) or included a perceptual
distracter (Krawczyk et al., 2008), thereby potentially con-
founding distracter salience with other aspects of the anal-
ogy. Our results extend the findings of distracter salience to
younger adults using a highly controlled stimulus set that
specifically manipulated the semantic association strengths
between the C-term and distracters. Notably, the obtained
interaction between semantic distance and distracter salience
demonstrated that a high salience distracter can derail the
mapping process more for far than for near analogies. Prior
studies that showed strong effects of lure items usually pre-
sented three or four semantic distracters (Jones, 2011; Jones
& Estes, 2015; Thibaut et al., 2010); however, our observed
distracter salience effects occurred with only one distracter,

@ Springer

thus further showing the extent to which semantic informa-
tion influences effective analogical mapping.

The greater accuracy for the categorical analogies sup-
ports the proposition that categorical relations are automati-
cally activated as proposed by the micro-category account
of analogy (Green et al., 2008), and that exemplar-category
word pairs generate greater semantic constraint for the pos-
sible second term. In fact, the constraint of the exemplar-
category relation was so strong that accuracies were equally
high between the far and near semantic distances within this
relation, though high distracter salience still impaired per-
formance. Moreover, we speculate that the reduced perfor-
mance on the compositional and causal analogies was due
to the relative lack of semantic constraint in the process of
analogical inference. In addition to replicating prior findings
of superior performance for these categorical relations (e.g.,
Kmiecik et al., 2019), our results demonstrated the important
role of analogical relations in mapping. Performance on cat-
egorical analogies was unaffected by the semantic distance
between source-target word pairs, whereas accuracies were
higher on causal and compositional analogies when seman-
tic distance was near. However, the lure of the more salient
distracter still impacted performance even for the categorical
relations, suggesting that inhibitory control plays an impor-
tant role in analogy (e.g., Doumas et al., 2018; Morrison
et al., 2004; Morrison et al., 2011; Richland et al., 2006).

Limitations and future directions

Our study was not designed to discern the exact underlying
reason for the superior performance on categorical relations
(automatic activation of the categorical relation and/or the
greater constraint of this relation). Future studies would need
to compare this relation with other equally constraining ana-
logical relations, such as opposite, that similarly constrains
to one possible second term within each pair. Given the sim-
ilarly better performance for the categorical and opposite
relations found in prior studies (Sternberg & Nigro, 1980),
semantic constraint may be an equally viable explanation as
the micro-category account’s proposed automatic activation
for the categorical analogies’ higher accuracies.

The extent to which a given word pair represents its
assigned relation and how well the same relation is rep-
resented in both the source and target pairs could also
affect analogical mapping (Popov et al., 2017). For exam-
ple, the categorical analogies may be good examples of
the exemplar—category relation, whereas the composi-
tional analogies represent a broader relational category
that includes more specific relational pairs representing
subtypes of fabric of clothing (e.g., SATIN:DRESS), metal of
objects (e.g., GOLD:EARRING), and ingredients of food (e.g.,
OATMEAL:COOKIE). Despite their careful construction, our reli-
ance on only computational measures to assess semantic
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Fig.3 Three-way interaction. Within the causal and compositional
relations, the combination of high distracter salience and far semantic
distance had a large detrimental effect on accuracies in comparison to
the other three Semantic Distance X Distracter Salience conditions.

distance may not have corresponded well with human judg-
ment (e.g., Kumar et al., 2020). Indeed, the far semantic
distance was conflated with the inclusion of different rela-
tional sub-types between the pairs (e.g., FLOUR:TORTILLA::SIL
K:TIE). If the level of relational inference were at this specific
relational subtype rather than at the broader compositional
relation, then it would be more challenging to detect the
relational roles.

The current study presented 60 analogies that were evenly
divided across three relations with each relation represent-
ing 33% of the items on a given experimental list. Given our
robust relation effect, one future direction could be to assess
whether presenting a higher proportion of the more chal-
lenging analogical relations would improve performance on
them. The relational luring hypothesis postulates that acti-
vation strengths of relations increase with each presented
exemplar (Popov et al., 2017); thereby, we speculate that
performance would increase for causal and other more chal-
lenging relations when presented at higher proportions.

Conclusion

We extended prior work showing the importance of seman-
tic distance and distracter salience on analogical mapping
by showing that the strength of these effects differs across

However, within the categorical relation, only high distracter salience
lowered accuracies and only to a small extent for both semantic dis-
tance conditions. Error bars represent +1 SEM

relations. High distracter salience, but not semantic distance,
impaired performance on categorical analogies. In con-
trast, both high distracter salience and far semantic distance
impaired performance on compositional and causal analogies.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.3758/s13423-022-02062-8.
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