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Abstract

It is surprising that there are inconsistent findings of transitive inference (TI) in young infants given that non-linguistic species
succeed on TI tests. To conclusively test for TI in infants, we developed a task within the social domain, with which infants are
known to show sophistication. We familiarized 10- to 13-month-olds (M = 11.53 months) to a video of two dominance
interactions between three puppets (bear > elephant; hippo > bear) consistent with a dominance hierarchy
(hippo > bear > elephant; where ‘>’ denotes greater dominance). Infants then viewed interactions between the two puppets
that had not interacted during familiarization. These interactions were either congruent (hippo > elephant) or incongruent
(elephant > hippo) with the inferred hierarchy. Consistent with TI, infants looked longer to incongruent than congruent
displays. Control conditions ruled out the possibility that infants’ expectations were based on stable behaviors specific to
individual puppets rather than their inferred transitive dominance relations. We suggest that TI may be supported by
phylogenetically ancient mechanisms of ordinal representation and visuospatial processing that come online early in human
development.

Research highlights

� Deductive reasoning such as transitive inference (TI,
e.g. if A > B and B > C, then A > C) has long been
considered a prototypically logical process that
requires linguistic representation and develops fairly
late in humans.

� We used a violation-of-expectation paradigm to
determine whether infants inferred dominance rela-
tions between two puppets who previously interacted
with a third puppet. We compared infant looking
times to congruent (expected) and incongruent
(unexpected) trials and found evidence of TI in
infants 10–13 months of age.

� Control conditions ruled out the possibility that
differences in looking time were due to expectations
about stable behavior of individual puppets rather
than transitive relations among puppets.

� Together with evidence from nonhuman animals, our
results suggest that TI is supported by nonverbal,
phylogenetically ancient ordinal and visuospatial
processes.

Introduction

Given the premises ‘Rachel is faster than Vlad’ and
‘Vlad is faster than Edmund’, one might readily deduce
that Rachel is faster than Edmund without ever having to
observe this interaction. Such deduction is known as
transitive inference (TI) and is adaptive for learning
novel relations without direct observation across a
variety of conceptual domains. Although there is exten-
sive research on TI by human adults (e.g. Acuna, Sanes
& Donoghue, 2002; Greene, Spellman, Dusek, Eichen-
baum & Levy, 2001; Lazareva & Wasserman, 2010;
Siemann & Delius, 1996; Zalesak & Heckers, 2009),
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questions about the ontogenesis of this ability remain
largely unanswered. In a seminal paper, Bryant and
Trabasso (1971) challenged the widely held belief that TI
is only possible after the age of 7 (Piaget & Inhelder,
1967) by demonstrating that 4-year-olds inferred length
relations when training ensured memory for each of the
premise pairs (see also Harris & Bassett, 1975; Riley &
Trabasso, 1974; Trabasso, Riley & Wilson, 1975). Chil-
dren were taught the relative sizes of five colored rods
(e.g. red > blue > green > white > yellow, where ‘>’
denotes longer length) until they reliably selected the
longer colored rod in each of the four adjacent pairs (i.e.
red > blue, blue > green, green > white, and
white > yellow). To test for TI, children were presented
with never before seen non-adjacent pairs (e.g. blue vs.
white), in which the colors of the rods were visible but
their lengths remained obscured. Children correctly
selected the longer rod, demonstrating TI. Despite
evidence that nonlinguistic species as diverse as rodents
(Davis, 1992; Van der Jeugd, Goddyn, Laeremans,
Arckens, D’Hooge et al., 2009), birds (Bond, Wei &
Kamil, 2010; Lazareva, Smirnova, Bagozkaja, Zorina,
Rayevsky et al., 2004; Von Fersen, Wynne, Delius &
Staddon, 1991; Weib, Kehmeier & Schloegl, 2010), fish
(Grosenick, Clement & Fernald, 2007), and nonhuman
primates (Gazes, Hampton & Chee, 2012; Gillan, 1981;
Maclean, Merritt & Brannon, 2008; McGonigle &
Chalmers, 1977; Rapp, Kansky & Eichenbaum, 1996)
engage in TI, there is mixed evidence for TI in young
children (Mascaro & Csibra, 2012; Mascaro & Csibra,
2014; Mou, Province & Luo, 2014; Robson, Lee,
Kuhlmeier & Rutherford, 2014). Current consensus
among developmental scientists is that 4 years of age
may be the lower limit for this ability (for review, see
Wright, 2001), although recent studies using visual
attention paradigms suggest that under certain training
conditions, children as young as 15–16 months of age
may demonstrate TI (Mascaro & Csibra, 2014; Mou
et al., 2014).
Critical for TI is the ability to represent ordinal

relations (Lazareva et al., 2004; Merritt & Terrace, 2011;
Wright, 2001). Inferring the relation between two non-
adjacent items can only be accomplished if these items
are represented along a single continuum, such as length
in the study by Bryant and Trabasso (1971). Accumu-
lating evidence suggests that young children and even
infants are sensitive to ordinal relations for various
continuous dimensions. For example, 7- to 10-month-old
infants distinguish ascending and descending sequences
of non-symbolic numerical values, line lengths, and
durations (e.g. Brannon, 2002; de Hevia & Spelke, 2010).
Following habituation to ascending sequences of arrays
that differ in numerical value (e.g. 2 then 4 then 8),

infants look longer to descending than ascending
numerical sequences (e.g. 12-6-3 vs. 3-6-12, respectively;
Brannon, 2002). Moreover, infants have been shown to
generalize ordinality across dimensions, for example,
relating larger numerosities to larger durations and
relating smaller numerosities to shorter durations (Lour-
enco & Longo, 2010). That human infants represent
ordinal relations for various dimensions and that this
ability may be necessary for TI lends weight to the
possibility that TI emerges earlier in development than
currently believed.
Evidence from nonhuman animals suggests that TI

may be particularly useful for learning about social
relationships (Bond, Kamil & Balda, 2003). Nonhuman
animals that live in social groups governed by linear
dominance hierarchies use TI to learn novel relations
between conspecifics (Grosenick et al., 2007; Hogue,
Beaugrand & Lague, 1996; Paz-y-Mi~no, Bond, Kamil &
Balda, 2004). For example, chickens that observed an
unfamiliar bird defeat an individual dominant to them-
selves later behaved subordinately to the new individual
on their first interaction (Hogue et al., 1996). By
contrast, chickens did not behave subordinately to an
unfamiliar bird they observed dominate a birdwith which
they themselves had no relationship, indicating that
subordinate behavior resulted from inference of relative
dominance, rather than a reaction to dominant behavior
per se.
Social interactions among school-aged children are

also governed by linear dominance, with higher ranking
children receiving priority access to desired goods over
lower ranking children (Anderson, 1937; Charlesworth &
Lafreniere, 1983; Lafreniere & Charlesworth, 1983;
Strayer & Noel, 1986; Strayer & Strayer, 1976).
Although younger children may not directly participate
in such social exchanges, infants as young as 10 months
of age have been found to represent third-party domi-
nance relations (Mascaro & Csibra, 2012, 2014; Thom-
sen, Frankenhuis, Ingold-Smith & Carey, 2011), and
infants as young as 5 months distinguish prosocial from
antisocial behaviors (Hamlin, Wynn & Bloom, 2007;
Hamlin & Wynn, 2011). Based on their sensitivity to
dominance relations and their ability to represent ordi-
nality, it is likely that infants even younger than
15 months are also capable of TI in the context of
third-party social dominance.
We developed a paradigm suitable to test TI of

dominance relations by infants. In this paradigm, three
puppets competed over a preferred toy and the dominant
puppet prevailed over the subordinate. Three individuals
were used rather than the five typical in tests of TI to
reduce memory demands on the infants. In Experiment
1, infants were first familiarized to a video of three
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puppets (elephant, bear, and hippo) in two pair-wise
interactions (bear > elephant, hippo > bear; where ‘>’
denotes greater dominance) consistent with a linear
dominance hierarchy (hippo > bear > elephant). In each
pair, one puppet displayed dominance by taking a
desired toy from the subordinate puppet. To test whether
infants inferred the dominance relation between the
hippo and elephant, infants were subsequently presented
with scenarios that were either consistent (hippo > ele-
phant) or inconsistent (elephant > hippo) with the
inferred dominance hierarchy. In a control condition,
an end-anchor familiar puppet (hippo or elephant)
interacted with a novel puppet of no known dominance
(giraffe) by showing behavior that was either consistent
(hippo > giraffe, giraffe > elephant) or inconsistent (gi-
raffe > hippo, elephant > giraffe) with the dominance
behavior displayed during familiarization. This tested
whether infants discriminated test trials in the experi-
mental condition on the basis of dominance behaviors
shown by individual puppets, or on the basis of TI.

Experiment 1

Method

Participants

Two groups of healthy infants completed this study: 32 in
the experimental condition (18 boys, Mage = 11.46
months, SD = 0.97, Range: 10.00–13.03) and 32 in the
control condition (13 boys, Mage = 11.60 months,
SD = 0.96, Range: 10.00–13.50). An additional 9 infants
(6 in the experimental condition and 3 in the control
condition) failed to complete the study due to fussiness
or technical difficulties. Data from 1 additional infant
(control condition) were discarded because of inatten-
tiveness during the familiarization phase of the proce-
dure (total looking times < 10 s). Parents provided
written informed consent on behalf of their infants. All
procedures were approved by the local Institutional
Review Board (IRB).

Procedure

Infants were tested individually in a dimly lit soundproof
room. Each infant sat in a high chair or on his/her
parent’s lap at a distance of approximately 90 cm from a
large projection screen (92 9 67 cm). Parents were
instructed to keep their eyes closed and to refrain from
interacting with their infants during the study. All
parents complied. Videos were rear-projected onto the
screen at eye-level to infants.

Familiarization phase. Each trial began with an atten-
tion-getting looming circle and accompanying ‘boing’
sound that played until infants oriented to the screen. To
establish the premise that all puppets desired the toy, the
familiarization phase began with a series of three 10 s
videos, each depicting one of the puppets on its own
playing with the toy by shaking it back and forth. This
sequence was followed by a familiarization video of
approximately 45 s, which depicted the dominance
interactions between pairs of puppets (see S1: bear > ele-
phant, then hippo > bear). The interaction began with a
puppet playing with the toy, followed by a struggle,
which ended with the more dominant puppet taking the
toy and the other puppet turning away and covering its
face to indicate disappointment. The sequence of inter-
actions between each pair of individuals lasted 22 s. The
spatial positions of the elephant and hippo were coun-
terbalanced across infants, with the bear always in the
middle. Half the infants saw the elephant on the left and
hippo on the right with the sequence of pairwise
interactions proceeding rightward (see S1), and the other
half saw the elephant on the right and the hippo on the
left with interactions proceeding leftward.

Test phase. As in familiarization, each test trial began
with the attention-getting stimulus. The test phase
started with a 35 s test video and ended with a final
freeze frame of the puppets facing forward. The freeze
frame remained onscreen until infants looked away for 3
consecutive seconds or 45 s had elapsed. We settled on a
3 s look-away criterion rather than what might be
considered a more typical 2 s criterion because the long
45 s freeze frame period could have resulted in infants
looking away more than usual. Primary analyses of
looking times were conducted on the freeze-frame
portion that followed completion of the interactions.
To control for effects of spatial cues, the physical
locations of the familiar puppets during test were
reversed relative to familiarization. For example, if
infants saw the hippo on the left side of the screen and
the elephant on the right side of the screen during
familiarization, then the hippo was on the right and the
elephant on the left in the test videos.

In the experimental condition, the test videos showed
an interaction between the hippo and the elephant.
These puppets had not been shown interacting with one
another in the familiarization video. Infants viewed two
test trial videos, each preceded by the familiarization
video. In the congruent trial, the dominance behavior of
the puppets was consistent with the dominance relations
inferred from the familiarization video (hippo > ele-
phant; see S2). In the incongruent trial, puppets inter-
acted in a way that was inconsistent with the implied
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dominance relation (elephant > hippo; see S3). The
order of test trials was counterbalanced across infants.
The familiarization video was viewed twice, with one of
the test videos following each viewing, yielding the
sequence familiarization-test-familiarization-test.
Based on other violation of expectation paradigms, we

anticipated that infants who inferred the dominance
relation between elephant and hippo would look longer
to the unexpected incongruent test trial than to the
expected congruent test trial. Note that the locations of
the puppets were identical in the congruent and incon-
gruent test trials and could therefore not be used to
discriminate between test trial types. Moreover, because
the direction of the social interaction was identical
between familiarization and the incongruent test trial,
but different between familiarization and the congruent
test trial, if infants relied on directional information for
discrimination, looking times would be in the opposite
direction to that based on TI (i.e. longer looking to the
congruent than the incongruent test trial).
Because two of the three puppets only won or only lost

in competition for the toy, infants might show longer
looking time to the incongruent than the congruent test
trial based on differences in stable dominance behavior
without inferring the transitive relation between puppets.
Discrimination of test trials could be based on a reversal
of the dominance behavior displayed by the end-anchor
puppets (hippo and elephant) across familiarization and
test phases. These puppets always displayed either
dominant (hippo) or subordinate (elephant) behavior
during familiarization. These behaviors were reversed in
the incongruent but not the congruent test trial. To test
whether infants responded to changes in individual
dominance behavior rather than changes in inferred
relative dominance (TI), we conducted a control condi-
tion in which the hippo or elephant (counterbalanced
across infants) interacted with a novel puppet (giraffe)
and showed either the same dominance behavior (con-
gruent: hippo > giraffe or giraffe > elephant; see S4–S5)
or a different dominance behavior (incongruent:
giraffe > hippo or elephant > giraffe; see S6–S7) from
that during familiarization. For example, in the congru-
ent condition, the hippo would take the toy from the
giraffe or the elephant would lose the toy to the giraffe,
whereas in the incongruent condition, the hippo would
lose the toy to the giraffe or the elephant would take the
toy from the giraffe. Other aspects of the procedure were
closely matched to the experimental condition. If look-
ing behaviors in the experimental condition were based
on TI of the relative dominance of the puppets, then
there should be no discrimination in the control condi-
tion because there are no expectations for the giraffe’s
relations to the other puppets.

All puppet behaviors in the videos, including play
behaviors, struggles for the toy, and disappointment
behaviors were strictly choreographed to ensure unifor-
mity. Every interaction between a pair of puppets was
therefore the same 22 s duration across all familiariza-
tion and test phases in both conditions, and each
interaction began and ended with a short pause (ap-
proximately 5 s).

Looking time coding. Infants were recorded by means of
a concealed camcorder placed just under the projection
screen. Video feed was transmitted directly to a com-
puter in an adjoining room where an experimenter
monitored the session remotely. High quality videos of
each infant were saved digitally. Video frames were coded
at 33.33 ms intervals by observers blind to the stimuli
presented to infants. All videos were coded by one
observer, and a random sample by a second observer to
assess reliability (12 infants in each condition). Inter-
observer reliability was high for both conditions
(rs > 0.9).

Results and discussion

Consistent with TI, mean looking times during the freeze
frame test in the experimental condition were longer to
the incongruent trial than to the congruent trial
(repeated measures ANOVA: test trial type [congruent,
incongruent] 9 test trial order [congruent first, incon-
gruent first] 9 puppet position [left, right]: main effect
of test trial type, F1,28 = 10.21, p = .003, g2p = 0.27; see
Figure 1), with no significant effects of test trial order
(F1,28 = 0.04, p = .84), or puppet position (F1,28 = 1.27,
p = .27), or any significant interactions between these
factors (all ps > .12). In contrast, there was no difference
in looking times to the congruent and incongruent test
trials in the control condition, nor any other significant
main effects or interactions (repeated measures ANOVA:
test trial type 9 test trial order 9 puppet posi-
tion 9 test puppet [hippo, elephant]: test trial type,
F1,24 = 0.16, p = .69; test trial order, F1,24 = 0.25,
p = .62; puppet position, F1,24 = 1.09, p = .31; test
puppet, F1,24 = 3.48, p = .08; all interactions, ps > .15).
This suggests that infants differentiated between con-
gruent and incongruent test trials on the basis of inferred
relations between individual puppets, rather than on the
basis of specific behaviors of the dominant (hippo) or
subordinate (elephant) puppet.
An additional analysis revealed a significant interac-

tion between condition (experimental, control) and test
trial type (congruent, incongruent) on looking time to
the freeze frame test (repeated measures ANOVA: main
effect of condition: F1,62 = 8.72, p = .004, g2p = 0.12;
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interaction: F1,62 = 6.24 p = .02, g2p = 0.09), supporting
that looking time to congruent and incongruent trials
differed between experimental and control conditions. In
addition, the majority of infants in the experimental
condition (23/32; binomial test, p = .007), but not the
control condition (18/32; binomial test, p = .11), showed
relatively longer looking to the incongruent test trial.
These results provide further support for the interpreta-
tion that infants in the experimental condition reacted to
the inferred dominance relation between puppets rather
than puppet-specific dominance behaviors, for which no
TI would be required.

Analysis of infants’ looking times to the puppets’
interactions during the test videos (i.e. prior to the
freeze-frame portion) in the experimental condition
(repeated measures ANOVA: test trial type 9 test trial
order 9 puppet position) yielded no significant differ-
ence between the incongruent and congruent trials (test
trial type, F1,28 = 0.002, p = .97), indicating that dis-
crimination was not driven by differential attention to
the interactions in the two conditions. There were also no
effects of test trial order (F1,28 = 0.68, p = .42) or puppet
position (F1,28 = 0.53, p = .47), or any interactions
between any of these factors (ps > .42). There was
similarly no significant difference in looking times during
the test videos in the control condition (repeated
measures ANOVA: test trial type 9 test trial
order 9 puppet position 9 test puppet: test trial type,
F1,24 = 0.46, p = .50; test trial order, F1,24 = 0.32,

p = .58; puppet position, F1,24 = 0.24, p = .63; test
puppet, F1,24 = 0.001, p = .98; all interactions, ps > .14).

There were no significant associations of sex and age
with looking time differences between congruent and
incongruent trials in the experimental condition during
the freeze-frame portion (sex: independent samples
t-test: t30 = 0.23, p = .82; age: Pearson correlation:
r30 = .20, p = .27) or during test videos (sex: independent
samples t-test: t30 = 0.46, p = .65; age: Pearson correla-
tion: r30 = �.03, p = .90). There were similarly no effects
of these factors in the control condition during the
freeze-frame portion (sex: independent samples t-test:
t30 = �0.41, p = .68; age: Pearson correlation: r30 =
�.19, p = .29) or during test videos (sex: independent
samples t-test: t30 = �0.97, p = .34; age: Pearson corre-
lation: r30 = .18, p = .34), suggesting that boys and girls
showed TI at similar levels, and that infants as young as
10 months of age discriminated between congruent and
incongruent test trials.

Infants looked longer to incongruent than congruent
dominance interactions in the experimental condition,
suggesting that they were using TI to infer dominance
relations. That infants did not show looking time
differences in the control condition supports this con-
clusion by suggesting that looking time behavior in the
experimental condition was not driven by expectations
of puppet-specific dominance behaviors (i.e. the hippo
always displays dominant behavior, or the elephant
always displays subordinate behavior). However, exper-
imental and control conditions differed in one important
respect. The incongruent test video in the experimental
condition showed two reversals of the dominance
behaviors displayed during familiarization (i.e. both the
hippo and the elephant displayed dominance behaviors
that were the opposite from those displayed during
familiarization). In contrast, the incongruent test videos
in the control condition showed only one reversal of
dominance behavior (i.e. only the hippo or the elephant
displayed dominance behavior that was the opposite of
that displayed during familiarization; the giraffe was
novel and thus had not previously displayed any dom-
inance behavior). If infants are sensitive to these rever-
sals in dominance behavior, they may be more likely to
show discrimination of test trials in conditions where
there are two reversals (e.g. the incongruent experimental
condition) than when there is only one reversal (e.g. the
incongruent control condition). In the next experiment
we addressed this possibility directly by testing whether
two reversals of dominance behavior elicit discrimination
in the absence of a violation of implied dominance
relations (TI). Specifically, we tested whether infants
would look longer to a test trial in which a reversal of
dominance behavior was shown by both puppets
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Figure 1 An illustration of the procedures and results in
Experiment 1. Left: Screen shots of the familiarization video
(trial progression from top-to-bottom). Right: Screen shots of
the test videos for experimental and control (hippo group)
conditions in this experiment. Mean looking time to congruent
(red) and incongruent (blue) test trials (freeze-frame portion) by
condition. Error bars indicate standard error of the mean.
* indicates statistically significant difference (p < .05).
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compared to by a single puppet. Critically, in neither
condition in Experiment 2 could discrimination be based
on TI, because there was no interaction with a common
puppet.

Experiment 2

Methods

Participants

A new group of 32 healthy infants completed this
experiment (15 boys, Mage = 11.29 months, SD = 0.93,
Range: 9.97–13.00). An additional 5 infants failed to
complete the study due to fussiness or technical difficul-
ties. Data from 2 additional infants were discarded
because of inattentiveness during the familiarization
phase (total looking times < 10 s). Parents provided
written informed consent on behalf of their infants. All
procedures were approved by the local IRB.

Procedures

As in Experiment 1, infants were tested individually in a
dimly lit soundproof room. Infants sat in a high chair or
on his/her parent’s lap at a distance of approximately
90 cm from a large projection screen (92 9 67 cm).
Parents were instructed to keep their eyes closed and to
refrain from interacting with their infants during the
study. All parents complied. Videos were rear-projected
onto the screen at infant eye-level.

Familiarization. Each trial began with an attention-
getting stimulus that played until infants oriented to the
screen, and familiarization began with a series of 10 s
videos, depicting each of the puppets on its own playing
with the toy. This sequence was followed by two
independent familiarization videos that, as in the previ-
ous experiment, each depicted a 22 s dominance inter-
action between pairs of puppets (video 1:
hippo > elephant, then video 2: bear > giraffe). In con-
trast to familiarization in Experiment 1, only two
puppets appeared onscreen during each of these inter-
actions. Each video, which included the full interaction
sequence with pauses before and after lasted approxi-
mately 34 s. Note that each familiarization video con-
tained different puppets; therefore it was not possible to
infer transitive relations between puppets across famil-
iarization videos. Each interaction began with a puppet
playing with the toy, followed by a struggle, which ended
with the dominant puppet taking the toy and the other
puppet turning away and covering its face to indicate

disappointment. The spatial positions of the dominant
and subordinate puppets were counterbalanced across
infants.

Test phase. Test videos showed a novel interaction
between the giraffe and the hippo, two familiar puppets
that had not interacted with one another in the famil-
iarization phase. In the congruent trial, each puppet
showed the same dominance behavior as in the famil-
iarization video (i.e. hippo > giraffe). In the incongruent
trial, the two familiar puppets showed dominance
behavior the opposite of that shown during familiariza-
tion (i.e. giraffe > hippo). Test videos were 34 s long
followed by a 45 s freeze frame. The order of test trials
was counterbalanced across infants. The familiarization-
test sequence was repeated twice, once followed by a
congruent test trial and once followed by an incongruent
test trial, yielding the following sequence: familiarization
video 1-familiarization video 2-test-familiarization video
1-familiarization video 2-test.
If infants in Experiment 1 looked longer to the

incongruent than the congruent test trial in the exper-
imental condition because the puppets both displayed
opposite dominance behaviors from those shown during
familiarization, infants here should also look longer on
the incongruent than the congruent test trial because
there are also two dominance behavior reversals. If,
instead, infants discriminated novel dominance interac-
tions on the basis of an inferred relation, then they
should show no looking time differences to congruent
and incongruent test trials in Experiment 2 because there
is no inferred relation between the test puppets.
All puppet behaviors in the videos, including play

behaviors, struggles for the toy, and disappointment
behaviors were strictly choreographed to match those
presented in Experiment 1. Although the overall length
of the familiarization videos was longer in Experiment 2
than in Experiment 1 (i.e. two videos of 34 s each in
Experiment 2 vs. one video of 45 s in Experiment 1),
each individual pairwise interaction was the same 22 s
duration across the two experiments.

Looking time coding. All videos of infants’ looking
times were coded by one observer using the same coding
criteria as Experiment 1. A random sample (12 infants)
was coded by a second observer to assess reliability;
inter-observer reliability was high (r > 0.9).

Results and discussion

Mean looking times in the freeze frame test did not differ
between the incongruent (M = 6.96 s, SD = 8.49) and
congruent (M = 7.91 s, SD = 9.56) trials (repeated
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measures ANOVA: test trial type [congruent, incongru-
ent] 9 test trial order [congruent first, incongruent
first] 9 puppet position [left, right]: main effect of test
trial type, F1,28 = 0.24, p = .63).1 There were no signif-
icant effects of test trial order (F1,28 = 0.55, p = .46) or
puppet location (F1,28 = 2.40, p = .13), but there was a
significant two-way interaction between these factors
(F1,28 = 8.43, p = .007, g2p = 0.23). This interaction
indicates generally longer looking times by a subgroup
of infants, but importantly, no difference in looking
time to congruent and incongruent test trials. There
were no other significant two- or three-way interac-
tions (all ps > .20). These results indicate that infants
did not reliably discriminate test trials on the basis of
two behavioral reversals. It is possible that this failure
to discriminate was driven by infants’ failure to
remember the pairwise exchanges between puppets.
Compared to Experiment 1, there was an increase in
the number of puppets (4 instead of 3), number of
pairwise interactions (3 instead of 2), and overall
duration of familiarization videos (68 s instead of 45 s)
that could have increased memory load. Data from a
separate group of infants run in a memory control
condition (see footnote 1) suggest that infants recalled
the pairwise interactions for the four puppets when
presented within this familiarization sequence. Criti-
cally, this suggests that the looking time differences
between the experimental and control conditions in
Experiment 1 cannot be explained by the number of
dominance behavior reversals across the two condi-

tions, providing further support for TI as the basis of
the effect in Experiment 1.

General discussion

We found evidence of TI for social dominance in infants.
Infants showed TI in a task in which the presentation of
familiarization and test videos precluded location or
direction cues as determinants of looking time. In
addition, results from the control condition of Experi-
ment 1 and from the follow-up Experiment 2 precluded
the possibility of alternative strategies based on individ-
ual dominance behaviors rather than the inference of
transitive dominance relations. That infants looked
longer to the incongruent compared with the congruent
trial in the experimental condition of Experiment 1
indicates that infants between 10 and 13 months of age
can infer third-party dominance relations between indi-
viduals who have not directly interacted with one
another, but are organized in a linear hierarchy.

Evidence of TI in nonhuman animals and older
children has historically relied on extensive training of
premise pairs (A > B, B > C, etc.; Bryant & Trabasso,
1971; Lazareva & Wasserman, 2010). In the present
study, infants showed evidence of TI after only a single
exposure to each of the relevant premise pairs. Our TI
paradigm involved relations among only three puppets,
which likely imposed a lower memory load than typical
tasks involving five or more items. The difference in the
number of premise pairs between the present study and
previous studies may have contributed to infants’
success. It is also possible that the physical layout of
the premise pairs in our paradigm facilitated creation of
a spatially organized representation, which others have
proposed supports TI (Huttenlocher, 1968; Johnson-
Laird, 1999; Mou et al., 2014; Robson et al., 2014).
Human adults (Gazes, Lazareva, Bergene & Hampton,
2014) and 16-month-old children (Mou et al., 2014)
perform better on TI tasks when provided with visual
feedback on the linearity of the relations between items,
suggesting an important role for spatial organization in
the mental representations on which TI are based. In
addition, 16-month-olds show evidence of TI (Mou
et al., 2014) and 15-month-olds remember dominance
relations between premise pairs (Mascaro & Csibra,
2014) only when facilitated by linear ordering of the
pairs or the items during training. Mascaro and Csibra
(2014) presented infants with familiarization videos of
social dominance interactions that followed a linear
structure consistent with transitivity (e.g. A > B, B > C,
C > D) or a circular structure that violated transitivity
(e.g. A > B, B > C, C > A). Although this paradigm was

1 To test whether the non-significant effect in Experiment 2 was due to
infants’ inability to remember pairwise interactions for four puppets,
we tested a separate group of 32 infants (14 boys,Mage = 11.56 months,
SD = 0.89; Range: 10.10–13.05) in a memory control condition in
which they viewed the same familiarization-test sequence, but test trials
displayed one of the puppet pairs seen in the familiarization phase
(hippo > elephant or bear > giraffe) interacting in a way that was
either congruent (hippo > elephant or bear > giraffe) or incongruent
(elephant > hippo or giraffe > bear) with the behavior displayed during
familiarization. Videos were similar to those presented in the experi-
mental condition in Experiment 2, including change in spatial positions
from familiarization to test and the counterbalanced order of congru-
ent/incongruent test trials. A random sample (12 infants) was coded by
a second observer to assess reliability; inter-observer reliability was high
(r > 0.9). Infants trended towards looking longer to the incongruent
(M = 8.92 s, SD = 8.48) than the congruent (M = 5.46 s, SD = 6.43)
test trial (paired-samples t-test t31 = �2.01, p = .053, Cohen’s
d = 0.46). In addition, 22 of the 32 infants showed longer looking
times to the incongruent than to the congruent test trial (22/32;
binomial test, p = .015). Together, these results indicate that 10- to 13-
month-olds in our experiment remembered familiarized interactions
between two pairs of individuals. This suggests that the non-significant
difference shown in Experiment 2 was not due to infants’ inability to
remember the content of the familiarization videos.
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designed to evaluate memory in the test trials, the
authors report evidence from the familiarization trials
consistent with TI, as the final familiarization video in
the circular condition violated transitivity (e.g. C > A),
whereas the final familiarization video in the linear
condition did not (e.g. C > D). Infants in the circular
condition looked longer at the final familiarization video
(e.g. C > A) than infants in the linear condition (e.g.
C > D), suggesting they are sensitive to violations of
transitivity, as we would expect from our results. One
challenge to this interpretation is that the authors did
not compare looking times throughout familiarization so
it is unclear whether the two groups differed from one
another from the start. Nevertheless, mixed results from
different studies highlight the importance of differences
in context and training order for whether infants’
looking time is consistent (Mascaro & Csibra, 2014) or
is not consistent (Mascaro & Csibra, 2012) with TI. In
the present experiment, all three puppets appeared
simultaneously onscreen during familiarization and,
perhaps critically, were arranged in a physical line
consistent with their dominance order. While real-world
social relations are not always linear, linearity is a
prerequisite for TI (Goodwin & Johnson-Laird, 2005).
Witnessing the interactions unfold sequentially along a
linear path could have aided infants in forming a single
linear representation of the dominance relations among
all three puppets, thereby facilitating TI.
The ease with which TI is accomplished by infants

may also be dependent on the ordinal dimension tested.
At least one study found that 8-year-old children solve
TI problems with length relations more easily than with
weight relations (Perner, Steiner & Staehelin, 1981; but
see Russell, McCormack, Robinson & Lillis, 1996).
Many studies of TI have focused on the social domain,
with positive findings in the area of social dominance in
nonhuman animals (Grosenick et al., 2007; Hogue et al.,
1996; Paz-y-Mi~no et al., 2004), but equivocal results
from studies of preference (Mou et al., 2014) and social
dominance (Mascaro & Csibra, 2012, 2014) in human
children. While there is disagreement about whether
preference is a linear relationship (e.g. Regenwetter,
Dana & Davis-Stober, 2011; Tversky, 1969), dominance
relationships such as those presented in this paper tend
to be both linear and transitive (Appleby, 1983; Jackson
& Winnegrad, 1988). TI may therefore be particularly
well suited for learning this type of dominance relation
(Paz-y-Mi~no et al., 2004), but not as well suited for
learning other types of social information. TI would
allow young children to predict relations through passive
observation before they are able to personally engage in
these dominance interactions. Although the pairwise
relations described in the present study as ‘dominance’

may not capture all the complexities of real-world
dominance exchanges, the results from our experiments
suggest that infants represented the relations between
individuals rather than representing individual domi-
nance behaviors (see also Mascaro & Csibra, 2012).
Nevertheless, future research should explore whether TI
in infants generalizes beyond social dominance.
Together with research from nonlinguistic animals,

these data indicate that TI is not language dependent
but, instead, may build on basic early-developing capac-
ities for ordinal representation (Davis, 1992; Riley &
Trabasso, 1974; Trabasso et al., 1975). Consistent find-
ings indicate that highlighting the ordinality of the
relations between items improves premise pair memory
and TI performance in animals, human adults, and
human children (Gazes et al., 2014; Mascaro & Csibra,
2014; Mou et al., 2014; Roberts & Phelps, 1994).
Converging behavioral and neural evidence suggests that
TI recruits visuospatial mechanisms in posterior parietal
cortex (Prado, Chadha & Booth, 2011) and the hip-
pocampus (Zalesak & Heckers, 2009), which are shared
with nonhuman animals (Colby & Goldberg, 1999) and
which may function from early in human development
(Mareschal & Johnson, 2003; Wilcox, Haslup & Boas,
2010). The present data are therefore consistent with
phylogenetically ancient and ontogenetically early devel-
oping mechanisms of ordinal representations and spatial
processes as supportive of TI.
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