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A B S T R A C T

We tested predictions of multiple representation accounts of conceptual processing, including the proposal that
emotion information may provide a bootstrapping mechanism for vocabulary acquisition. We investigated the
influence of word valence on children’s lexical processing, presenting 40 positive words, 40 neutral words, and
40 negative words in an auditory lexical decision task (ALDT), along with 120 nonwords. We tested 99 children
across three age groups: 5, 6, or 7 years. There were no significant effects of valence on the ALDT responses of 5-
year-old children. The 6-year-old children, however, were faster to respond to negative words than to neutral
words and, for more abstract words, faster to respond to positive words than to neutral words. The 7-year-old
children were faster for positive words than for neutral words, regardless of concreteness. As such, children
showed sensitivity to word valence in lexical processing, at a younger age than had been established in previous
research. In addition, children’s language skills were related to their improved processing of more abstract
neutral words between 6 and 7 years of age. These results are consistent with multimodal accounts of word
meaning and lexical development.

1. Introduction

According to several recent proposals, conceptual knowledge is
acquired and represented in multimodal systems (Barsalou, Santos,
Simmons, & Wilson, 2008; Borghi et al., 2017; Dove, 2011, 2018; Thill
& Twomey, 2016). That is, word meanings are represented in sensory,
motor, emotion, and language systems, and different systems are rela-
tively more important for the representation of different kinds of con-
cepts. These multiple representation views stand in contrast to tradi-
tional views which assumed a single system of representation; for
instance, that word knowledge is represented in symbolic, amodal
format (e.g., Collins & Loftus, 1975) or, alternatively, could be re-
presented in the statistical relationships between words, as captured in
lexical co-occurrence (e.g., Lund & Burgess, 1996). The multiple re-
presentation views also stand in contrast to strongly embodied ac-
counts, by which it is assumed that all word meanings are grounded in
sensorimotor and emotion systems (e.g., Glenberg, 2015; Glenberg &
Gallese, 2012).

The multimodal accounts are supported by the results of recent
studies with adults, which have shown that responses in simple lexical
tasks are influenced by variables that capture the extent to which lin-
guistic, sensory, motor, and/or emotion information is associated with
word referents (Moffat, Siakaluk, Sidhu, & Pexman, 2015; Yap, Pexman,
Wellsby, Hargreaves, & Huff, 2012). For instance, Yap and Seow (2014;

also Kousta, Vinson, & Vigliocco, 2009; Vinson, Ponari, & Vigliocco,
2014) showed that adult participants’ responses in a visual lexical de-
cision task (LDT; is the letter string a real word?) were affected by word
valence, with faster responses for words with positive or negative
meanings than for words with neutral meanings. One explanation for
facilitatory effects of emotion information is that the emotion in-
formation associated with valenced words affords richer semantic re-
presentations and thus speeds lexical decisions (Pexman, 2012;
Siakaluk et al., 2016).

Some adult studies have shown a somewhat different pattern of
valence effects. For instance, in a large-scale analysis of adult LDT re-
sponses Kuperman, Estes, Brysbaert, and Warriner (2014) found that
responses were fastest to positive words and slowest to negative words,
with responses to neutral words falling in between (see also Estes &
Adelman, 2008). Although somewhat different to that described above,
this pattern still demonstrates sensitivity to emotion information in
lexical processing, and has been taken as evidence for automatic vigi-
lance to negative stimuli (Pratto & John, 1991). There is speculation
that the particular pattern of valence effects observed in adult studies
may depend on stimulus list, small effect sizes, frequency confounds,
and other factors that are not yet understood (Kuperman, 2015).

As highlighted in a handful of recent reviews (Marshall, 2016;
Pexman, 2018; Wellsby & Pexman, 2014), embodied and multimodal
accounts both raise interesting questions about development of word
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meanings, but their predictions have rarely been tested with children.
In the present study, we tested developmental predictions of those ac-
counts by investigating three proposed mechanisms for learning word
meanings: (1) the affective embodiment account, (2) the language
competence hypothesis, and (3) the nimble-hands, nimble-minds hy-
pothesis.

It has been argued that emotion information might provide an im-
portant mechanism for learning and grounding word meaning, parti-
cularly for words with less concrete meanings (Barsalou & Wiemer-
Hastings, 2005; Glenberg & Gallese, 2012; Kousta, Vigliocco, Vinson,
Andrews, & Del Campo, 2011). Word concreteness is generally defined
as the degree to which a word’s referent can be experienced through the
senses (Brysbaert, Warriner, & Kuperman, 2014), with all words falling
somewhere along a continuum from concrete (e.g., truck) to abstract
(e.g., truth). Explaining how we learn and represent the meanings of
words that don’t have tangible referents has become a central concern
in semantic research.

Kousta et al. (2011; also Ponari, Norbury, & Vigliocco, 2017) argued
that emotion provides a bootstrapping mechanism for vocabulary ac-
quisition, mapping language to felt experience, because understanding
of emotion terms is grounded in bodily experience (Winkielman,
Coulson, & Niedenthal, 2018). By this view, valence provides an em-
bodied learning experience for word meanings, especially for abstract
word meanings. Borghi et al. (2017) referred to this as the Affective
Embodiment Account. One way this proposal has been tested is by ex-
amining words’ age of acquisition (AoA), either from child production
norms or from adult ratings of AoA, as an index of concept learning.
Results have been mixed, however, with some evidence that words with
emotional meanings are acquired earlier (Kousta et al., 2011; Moors
et al., 2013) and another study showing that word valence is not related
to AoA (Thill & Twomey, 2016).

An alternative strategy for evaluating the Affective Embodiment
Account is to directly test whether children’s early lexical processing is
influenced by word valence. This was the strategy adopted in the pre-
sent study. To our knowledge, this has been tested in only one previous
study. Ponari et al. (2017; also summarized in Vigliocco, Ponari, &
Norbury, 2018) conducted an auditory lexical decision task (ALDT)
with children aged 6–12 years. A total of 48 word stimuli were selected
to achieve a factorial manipulation of valence and concreteness (8
words of each type: concrete positive, concrete neutral, etc.). Children’s
ALDT reaction times were not measured but analyses of their response
accuracy showed that effects of valence were significant only for the
8–9 year old age group, and only for abstract words (effects of valence
were marginal for concrete words). Ponari et al. inferred that only
children aged 8–9 years were are able to derive significant benefit from
valence, but noted that it was difficult to make inferences from the
results of the younger children because those children had very low
accuracy in the ALDT (< 70%). The word stimuli selected by Ponari
et al. had quite high mean AoA (in years;M=7.80), suggesting that the
younger children may not have known as many of the words’ meanings
as did the older children. As such, Ponari et al. concluded that floor
effects might have been an issue in this younger age group. Thus, to
evaluate the Affective Embodiment Account, there is a need to test
younger children with age-appropriate words to determine whether
they are sensitive to valence information in lexical processing.

Another explanation for children’s word learning is that they are
able to derive meanings from their experience with language, including
their knowledge of co-occurrence information in linguistic input
(Vigliocco et al., 2018). That is, aspects of a word’s meaning can be
extracted from the linguistic context in which it is used. Vigliocco et al.
(2018) argued that while this information would be relevant for
learning both concrete and abstract words, it would be a particularly
important mechanism for learning abstract words, for which meanings
cannot be mapped to referents in the physical environment (also
Vigliocco, Meteyard, Andrews, & Kousta, 2009; Vigliocco, Ponari, &
Norbury, 2017). Similarly, it has been argued that the meanings of

neutral words, particularly neutral words without concrete referents,
could be acquired through language, by their use in the context of other
words (Howell, Jankowicz, & Becker, 2005).

As such, linguistic experience should be important to children’s
acquisition of abstract word meanings, and we refer to this here as the
language competence hypothesis. To our knowledge, this possibility has
been tested in only one previous study. Ponari, Norbury, Rotaru, Lenci,
and Vigliocco (2018; also reported in Vigliocco et al., 2017) examined
whether children with developmental language disorder (DLD) found
abstract words to be particularly challenging. Despite having the ex-
pected language deficits, the children with DLD did not show dis-
proportionately poor performance for abstract words relative to con-
crete words. The authors took these findings as evidence that language
competence is not the primary driver of abstract word learning. Instead,
they inferred that both typically developing children and children with
DLD are likely able to learn abstract and concrete meanings through
affective and sensorimotor associations.

Vigliocco et al. (2018) argued, further, that the Affective Embodi-
ment Account could be complementary with a role for language com-
petence, for development of an abstract vocabulary. In particular, “A
likely scenario is one in which while emotional grounding plays a key
role early in development, linguistic information becomes essential
later on” (p. 537). The suggestion is that emotion information might
help children to begin to represent the differences between abstract and
concrete words. In particular, the fact that abstract emotion terms refer
to internal states may help children to create a framework for abstract
concepts (Ponari et al., 2018). Once this framework is established,
language competence becomes the key factor to help children derive
word meanings from patterns in language use (Vigliocco et al., 2017).
As yet, there is no empirical evidence for this proposed tradeoff in
abstract word learning, wherein there is early reliance on emotion in-
formation and later support from language skills, but we tested this
proposal in the present study, by investigating the relationship of
children’s language skills to their reliance on emotion information in
lexical processing of abstract words.

In addition to linguistic and emotion information, multiple re-
presentation views of conceptual knowledge propose that sensorimotor
information is important to understanding word meanings (e.g.,
Barsalou et al., 2008; Dove, 2018). In support of this position, there is
evidence that children’s early fine motor or manual dexterity skills are
related to their language skills (e.g., Grissmer, Grimm, Aiyer, Murrah, &
Steele, 2010; Pexman & Wellsby, 2016). Two recent studies have pro-
vided more specific support for the role of sensorimotor information in
vocabulary acquisition. Suggate and Stoeger (2014) tested the nimble-
hands, nimble-minds hypothesis: the notion that children who have more
advanced fine motor skills will have richer sensorimotor interactions
with objects, and thus will show more advanced understanding for
terms referring to objects that afford easy interaction. To quantify this
aspect of object information, Suggate and Stoeger used the body-object-
interaction (BOI) dimension (Siakaluk, Pexman, Aguilera, Owen, &
Sears, 2008). High BOI words refer to objects with which the human
body can easily interact, whereas low BOI words refer to objects with
which the human body can less easily interact. In a sample of 3–6 year
old children, Suggate and Stoeger found that children’s fine motor skills
were more strongly related to their accuracy on a receptive vocabulary
test for high BOI words than for low BOI words. In a subsequent study,
Suggate and Stoeger (2017) also found that children’s fine motor skills
were related to their speed to point to pictures of high BOI objects, in
that children with more advanced fine motor skills tended to point to
pictures of named high BOI objects more quickly than did children with
less advanced fine motor skills. They concluded that children’s voca-
bulary development is initially grounded in their sensorimotor experi-
ence before it becomes more abstract. While these relationships be-
tween fine motor skills and knowledge of high BOI words have been
observed by Suggate and Stoeger in receptive vocabulary accuracy and
pointing latencies, they have not been tested in the conventional lexical

T.C. Lund, et al. Cognition 190 (2019) 61–71

62



processing task (lexical decision, or auditory lexical decision as in the
Ponari et al., 2017, study) but we did so here.

In the present study we examined children’s lexical processing,
measuring their responses in an ALDT. We focused on younger children
than in the Ponari et al. (2017) study (groups of 5-, 6-, and 7-year-olds),
using a large set of words (40 positive words, 40 neutral words, 40
negative words) that were chosen to be familiar for children in this age
range (AoA M=5.35). With the larger word set, we hoped to have
enough correct ALDT responses to permit analyses of both reaction
times (the primary behavioral measure in the lexical processing lit-
erature) and accuracy. The words within each valence type were mat-
ched for frequency and several other lexical dimensions and varied in
concreteness values. We did not manipulate concreteness categorically,
in the way that Ponari et al. did, because we found this wasn’t feasible
given the younger age range we wanted to test, the large number of
items we wanted to include, and the lexical factors we wanted to match
across word types. It is estimated that the average 5-year-old vocabu-
lary contains less than 20% abstract words, and that children of this age
are just beginning to develop their knowledge of abstract word mean-
ings (Ponari et al., 2017). This limits the number of familiar words with
very abstract meanings to choose from. In addition, we wanted to
match our stimuli for AoA, yet AoA tends to be higher for abstract
words than for concrete words (Ponari et al., 2017; Thill & Twomey,
2016), and our preliminary checks on the potential item set suggested
that the matching of AoA for concrete and abstract words would not be
possible. As such, we elected to examine the effects of valence on
children’s lexical processing across positive, neutral, and negative word
types, and included both concreteness and AoA as continuous variables
in our analyses. We did not include frequency and other lexical vari-
ables as predictors in the analyses because these variables were not
significantly different for more concrete and more abstract words (all
p > .27). Given the age-sensitive nature of the valence effects observed
in Ponari et al. (recall that they found valence effects in only one in-
termediate age group), we expected that valence effects might be
somewhat different in the three age groups tested. To fully evaluate this
possibility, we planned analyses of each age group (5-, 6-, and 7-year-
olds) separately for effects of word valence. We also tested the inter-
action of age and valence in the overall analyses. Further, based on the
Affective Embodiment Account, we hypothesized that there might be an
interaction of valence and concreteness. Indeed, Ponari et al. found
somewhat different valence effects for concrete and abstract words.
Finally, we assessed children’s language and fine motor skills, and these
measures allowed us to test additional theoretical predictions, outlined
above, related to the language competence hypothesis and the nimble-
hands, nimble-minds hypothesis.

2. Method

2.1. Participants

A total of 99 children participated in the study, including 35 5-year-
old children (M=5;6, SD=0;2, 21 female), 34 6-year-old children
(M=6;5, SD=0;3, 15 female), and 30 7-year-old children (M=7;5,
SD=0;3, 15 female). All children were recruited through our partici-
pant database and received a small toy and a pencil case for partici-
pating. Two participants (one 5-year-old female and one 6-year-old
female) were excluded from the analyses for failing to score above
chance for ALDT accuracy (chance performance was 50% accuracy).
Ten additional participants were excluded by a response criterion de-
scribed in the Results section. Thus, 87 participants were included in
the analyses.

2.2. Stimuli

Word stimuli for the ALDT were 40 positive words (e.g., cake, heart),
40 neutral words (e.g., map, nest), and 40 negative words (e.g., jail,

trash). Word valence was determined based on published norms
(Warriner, Kuperman, & Brysbaert, 2013). All words were mono-
syllabic. Words were selected such that the three word sets differed in
mean valence, but were not significantly different on a number of other
factors that might influence ALDT performance (Table 1): number of
phonemes, phonological Levenshtein distance (PLD, a measure of
words’ phonological similarity or confusability, Yarkoni, Balota, & Yap,
2008), children’s spoken frequency for the 72–83month age range
(from the ChildFreq norms, which are extracted from the CHILDES
database, as described in Bääth, 2010), Grade 2 print frequency (Zeno,
Ivens, Millard, & Duvvuri, 1995), adult log SUBTLEXWF word frequency
(Brysbaert & New, 2009), age of acquisition (Kuperman, Stadthagen-
Gonzalez, & Brysbaert, 2012), imageability (Cortese & Fugett, 2004),
and concreteness (Brysbaert et al., 2014).

In addition, we selected a set of 120 monosyllabic nonwords (e.g.,
darb). We chose nonwords from the English Lexicon Project (Balota
et al., 2007) such that they were matched to the word stimuli for onset
phoneme and number of phonemes, so that these factors could not be
used as a cue to the decision.

A female speaker recorded word and nonword ALDT stimuli in a
sound attenuated chamber. Once recorded, sound files were edited with
the program Praat (Boersma, 2001) to ensure that there were no sig-
nificant differences in sound file length across word types, or between
words and nonwords. Three adult listeners who were naïve to the study
purpose listened to the sound files and reported what they heard to
ensure that each file was interpreted as intended.

2.3. Procedure

Participants were tested in our university laboratory. They sat in
front of a computer wearing headphones. The experimenter sat beside
the participant, and also wore headphones. Sound files were presented
one at a time through both the participant’s and the experimenter’s
headphones using E-Prime presentation software (Schneider, Eschman,
& Zuccolotto, 2001). Sound files were presented in a different random
order for each participant. The computer screen was blank except for a
small central fixation cross. Participants were told that they were
playing a game in which they were word detectives. A response box
with red and green response buttons was placed in front of participants.
Participants were instructed to place their index fingers on the red and
green buttons, and to press the red button when they heard a fake word
and the green button when they heard a real word, pressing the button
as soon as they decided. To ensure understanding of the game, parti-
cipants were first presented with a practice block consisting of ten trials
(five words and five nonwords). After each response, the experimenter

Table 1
Mean characteristics of word stimuli, as a function of word type (standard
deviations in parentheses).

Word type

Positive Neutral Negative p for effect of
word type

Word characteristics
Valence 7.18 (0.43) 5.47 (0.87) 3.14 (0.68) < .001
Number of phonemes 3.33 (0.62) 3.50 (0.68) 3.35 (0.62) .42
PLD 1.26 (0.28) 1.29 (0.32) 1.22 (0.27) .56
Child spoken

frequency
76.25
(104.97)

108.63
(171.24)

71.98
(90.73)

.38

Grade 2 print
frequency

85.55
(60.44)

87.73
(72.61)

81.18
(61.37)

.90

Adult word
frequency

3.58 (0.52) 3.45 (0.45) 3.55 (0.50) .49

Age of acquisition 5.16 (1.18) 5.62 (1.57) 5.26 (1.23) .27
Imageability 4.64 (1.48) 4.67 (1.45) 4.64 (1.21) .99
Concreteness 3.45 (1.20) 3.72 (1.05) 3.78 (0.86) .34

Note. PLD=phonological Levenshtein distance.
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pressed a button on a standard keyboard to proceed to the next item.
Following the ALDT, children completed the Peabody Picture

Vocabulary Test (PPVT-4; Dunn & Dunn, 2007) and manual dexterity
subscales of the Bruininks-Oseretsky Test of Motor Profiency-2nd Edi-
tion (BOT-2; Bruininks & Bruininks, 2005). The BOT includes five
manual dexterity subscales: drawing dots in circles (BOT-Dots), picking
up pennies and transferring them into a box (BOT-Pennies), placing
small pegs into a board (BOT-Pegs), sorting cards (BOT-Cards), and
stringing blocks on a shoelace (BOT-Blocks). Each subscale task is
performed in two 15-second trials (excluding dots which is performed
once). Parents completed the Children’s Communication Checklist-2
(CCC-2; Bishop, 2006). This caregiver-report measure is comprised of
70 items divided into 10 scales (A: Speech, B: Syntax, C: Semantics, D:
Coherence, E: Initiation, F: Scripted language, G: Context, H: Nonverbal
communication, I: Social relations, J: Interests) to assess children’s
communication difficulties and pragmatic language. Caregivers are
asked to rate the frequency with which their child displays each item’s
statement, ranging from 0 (less than once a week, or never) to 3 (sev-
eral times i.e. more than twice a day, or always). A General Commu-
nication Composite (GCC) score is calculated by summing scaled scores
of scales A-H. Four participants’ CCC-2 Checklists (data for two 5-year-
old and two 6-year-old participants) were not scored due to incomplete
or missing parent responses. Mean scores for each task are included in
Table 2.

2.4. Supplementary material

The data analyzed in this study are available here: https://osf.io/
9a5ng/.

3. Results

Analyses consisted of mixed effects regression models. Models were
computed using the “lme4” package (Bates, Maechler, Bolker, &
Walker, 2015) in the statistical software R (R Core Team, 2017). In each
model, we took a confirmatory approach, and fit all fixed effects of
interest. We developed each model’s random effects structure using the
approach suggested by Bates, Kliegl, Vasishth, and Baayen (2015). This
was as follows:

1. We began with a model containing all possible random effects. For
cases in which this did not converge, we fit a simpler model that
omitted correlations among random effects. This was done using the
“afex” package in R (Singmann, Bolker, & Westfall, 2015).

2. We then used the “RePsychLing” package in R (Baayen, Bates,
Kliegle, & Vasishth, 2015) to perform a principal components ana-
lysis on this random effects structure to determine the number of
random effects that could be specified (i.e., the number of compo-
nents explaining> 1% of variance) while achieving model identi-
fication. Beginning with the highest order random effect with the
least amount of variance, we removed random slope effects until we

reached a model that contained the number suggested by the prin-
cipal components analysis.

3. If correlations among random effects were retained up to this point,
we then compared models with and without correlations among
random effects using likelihood ratio tests (LRTs) to determine if
they were warranted.

4. We then tested the inclusion of every remaining random slope effect,
beginning with the highest order effect with the least amount of
variance, using LRTs.

5. Finally, if there were no correlations among random effects, we
tested whether the model could be improved by their inclusion using
LRTs.

Code for this entire process, for each model, is available here:
https://osf.io/9a5ng/. We only report the results of the model con-
taining the final random effects structure in the text. Note that models
always included random subject and item intercepts to deal with non-
independence. Continuous predictors were always mean-centered.

Analyses were only carried out on real word trials as these involve
the manipulation of word valence. Nonword response data were not
analyzed further, but mean latencies and accuracy for nonword re-
sponses are presented in Table 2. We removed three words with an
overall accuracy below 50%: rise (49.48%), tramp (42.27%), and whip
(38.14%), from all analyses. In addition, as in Ponari et al. (2017), we
conducted a signal detection analysis to determine whether any of the
participants had a bias towards responding either “word” or “non-
word”. We computed a Criterion C for each participant, using “word”
responses to real words as hits, and “word” responses to nonwords as
false alarms. We excluded participants with a Criterion C value greater
or less than 1.5 standard deviations from the mean of their age group.
This led to the exclusion of four 5-year-olds, four 6-year-olds, and two
7-year-olds. Lastly, we removed all trials with a reaction time less than
200ms (0.12% of remaining trials) or greater than 3000ms (5.46% of
remaining trials) as we judged these to be outliers.

3.1. Reaction times

We used mixed effects linear regression models to analyze children’s
reaction times. These analyses were only carried out on trials that re-
sulted in a correct response. In addition, after removing incorrect trials,
we removed trials with latencies greater than 2.5 standard deviations
from each participant’s mean (2.73% of remaining trials). We used the
“lmerTest” package (Kuznetsova, Brockhoff, & Christensen, 2017) to
generate p-values for models’ fixed effects.

3.1.1. Affective Embodiment Account
Our first set of analyses explored the relationship between valence

and concreteness in reaction times.

3.1.1.1. All ages. We began with an analysis of reaction times for all
age groups. See Table 2 for average reaction times by age group and

Table 2
Mean participant characteristics and ALDT responses (standard deviations in parentheses), as a function of age group (N=87).

5-year-olds (n=30) 6-year-olds (n=29) 7-year-olds (n=28)

PPVT4 (Raw Score) 117.60 (15.53) 132.59 (15.77) 145.11 (16.13)
BOT2 (Point Score) 16.47 (3.08) 19.76 (2.50) 22.46 (3.65)
CCC2 GCC 82.36 (11.31) 81.70 (15.07) 85.79 (9.99)
ALDT word accuracy (%) 78.47 (14.65) 90.33 (5.93) 94.32 (3.61)
ALDT word reaction time (ms) 1473.33 (235.31) 1364.88 (133.47) 1329.40 (181.29)
ALDT nonword accuracy (%) 72.45 (18.80) 87.25 (11.70) 86.97 (10.99)
ALDT nonword reaction time (ms) 1605.23 (306.62) 1618.63 (205.80) 1601.95 (201.78)

Note. PPVT4=Peabody Picture Vocabulary Test-4th Edition; BOT2=Bruininks-Oseretsky Test of Motor Proficiency-2nd Edition; CCC2 GCC=Children’s
Communication Checklist-2 General Communication Composite; ALDT=Auditory Lexical Decision Task. Means and standard deviations calculated for trials and
participants included in the analyses. Note that nonword trials were cleaned in the same manner described below for real word trials.
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Fig. 1 for overall patterns. Age of acquisition (Kuperman et al., 2012)
and uniqueness point (Luce, 1986) were included as control variables.
We also coded the onset phoneme of each word, following Balota,
Cortese, Sergent-Marshall, Spieler, and Yap (2004): we dummy coded
variables for voicing, place of articulation (i.e., one each coding for
whether the onset phoneme was a bilabial, labiodental, alveolar,
palatal, velar or glottal) and manner of articulation (i.e., one each
coding for whether the phoneme was a stop, fricative, affricate, nasal or
liquid/glide). Note that glottal and liquid/glide terms were excluded
automatically due to rank deficiency. Our variables of interest were:
valence (neutral, negative or positive; dummy coded using neutral
words as a reference category), concreteness (Brysbaert et al., 2014),
and age (5-, 6- or 7-year-olds; successive difference coded comparing
successive ages). Our a priori hypotheses led us to also include an
interaction between concreteness and valence, and between age and
valence. This analysis revealed a significant interaction between
concreteness and positive (vs. neutral) valence (p= .02). No other
interactions reached statistical significance (all p > .09), see Table 3.
Plotting this interaction suggests that positive valence is facilitatory for
more abstract words, but not for more concrete words (see Fig. 2). This
was confirmed by follow up analyses which split items based on median
concreteness. We built a model in each group of items including all
previously mentioned control variables, as well as age, with the
predictor of interest being valence. These analyses revealed a
significant effect of positive (vs. negative) valence for more abstract
words (p= .02), but not for more concrete words (p= .62)

Next, the interaction terms were removed to allow interpretation of
individual valence, concreteness, and age predictors. This revealed a
significant effect of age (6 vs. 5) in which 6-year-olds responded faster
than 5-year-olds (p= .03). There was also a significant effect of nega-
tive (vs. neutral) valence, in which responses were faster to negative
words than to neutral words (p= .045). While there was also a sig-
nificant effect of positive (vs. neutral) valence, this will not be inter-
preted as it was previously shown to interact with concreteness. See
Table 4.

3.1.1.2. 5-year-olds. Planned analyses for each age group included all
previously mentioned control variables. Predictors of interest were
valence, concreteness, and their interaction. For 5-year-olds, no
interactions reached statistical significance (all p > .14). Next, the

Fig. 1. Marginal plots for relationships of standardized concreteness and valence to reaction time in each age group.

Table 3
Linear mixed effects regression model predicting reaction time for all ages,
including interactions.

Fixed Effect B S.E. t p

Intercept 1354.10 45.22 29.94 < .001***

Control Variables
Age of acquisition 13.52 6.41 2.11 .04*

Voicing −13.31 16.95 −0.79 .43
Bilabial 67.30 35.49 1.90 .06
Labiodental 97.63 31.21 3.13 .002**

Alveolar 87.03 30.56 2.85 .005**

Palatal 109.75 42.08 2.61 .01*

Velar 77.09 36.85 2.09 .04*

Stop −31.63 23.13 −1.37 .17
Fricative 14.70 32.39 0.45 .65
Affricate −100.17 30.00 −3.34 .001**

Nasal 12.29 25.01 0.49 .62
Uniqueness Point 10.83 6.28 1.73 .09

Predictor Variables
Concreteness −25.34 10.94 −2.32 .02*

Age (6) −80.74 50.95 −1.59 .12
Age (7) −45.80 50.42 −0.91 .37
Valence (Negative) −29.64 14.18 −2.09 .04*

Valence (Positive) −27.19 14.03 −1.94 .06
Concreteness×Valence (Negative) 8.75 16.71 0.52 .60
Concreteness×Valence (Positive) 31.57 13.52 2.34 .02*

Age (6)×Valence (Negative) −46.18 26.89 −1.72 .09
Age (7)×Valence (Negative) 22.04 21.29 1.04 .30
Age (6)×Valence (Positive) −37.53 26.56 −1.41 .16
Age (7)×Valence (Positive) 1.59 21.27 0.08 .94

Random Effect s2

Item Intercept 2055.33
Item Age (6) Slope 4249.20
Item Age (7) Slope 0
Subject Intercept 32923.83
Residual 107213.22

Note. Observations= 8200; Items=117; Subjects= 87.
* p < .05.
** p < .01.
*** p < .001.
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interaction term was removed to allow interpretation of individual
valence and concreteness predictors. None of these predictors reached
statistical significance (all p > .07).

3.1.1.3. 6-year-olds. The same analysis was conducted on reaction
times for children in the 6-year-old group. This analysis revealed an
interaction between concreteness and positive (vs. neutral) valence

(p= .02). Plotting this interaction suggests that positive valence is
facilitatory for more abstract words, but not for more concrete words
(see Fig. 3). This was confirmed by follow up analyses which split items
based on median concreteness. We built a model in each group of items
including all previously mentioned control variables, with the predictor
of interest being valence. These analyses revealed a significant effect of
positive (vs. neutral) valence for more abstract words (p= .01), but not
for more concrete words (p= .57). The interaction between
concreteness and negative (vs. neutral) valence did not reach
statistical significance (p= .39). In addition, this analysis revealed a
simple effect (i.e., at mean levels of concreteness) of negative (vs.
neutral) valence, in which children responded faster to negative words
than to neutral words (p= .01). No other predictors reached statistical
significance (all p > .08), see Table 5.

3.1.1.4. 7-year-olds. The same analysis was conducted on reaction
times for children in the 7-year-old group. No interactions in this
model reached statistical significance (all p > .39). Next, the
interaction terms were removed to allow interpretation of individual
valence and concreteness predictors. This revealed a significant effect of
positive (vs. neutral) valence in which children responded faster to
positive words than neutral words (p= .02). No other predictors
reached statistical significance (all p > .10), see Table 6.

3.1.2. Language competence hypothesis
We next conducted analyses including only the more abstract of our

items, based on a median split of concreteness ratings. These analyses
included data for children in the 6- and 7-year-old groups, as there was
no evidence of valence playing a role for 5-year-olds. We examined
whether language competence contributed to differences in the pro-
cessing of abstract items of different valences. As a first step, to identify
a dimension of language competence, we performed a principal com-
ponents analysis of scores on the PPVT and each of the component
subscales of the CCC. We used an oblimin rotation as we expected
components to be correlated with one another. We extracted compo-
nents until a component had an Eigenvalue lower than 1.00. This re-
sulted in three components being extracted (see Table 7 for the pattern
matrix).

We used component 3 to quantify language competence, as it in-
cluded the child’s syntactic skills, their capacity to produce fluent and

Fig. 2. Marginal plot for interaction between standardized concreteness and positive (vs. neutral) valence in the prediction of reaction time. Negative (vs. neutral)
valence also shown for reference, but in dashed form as not part of significant interaction.

Table 4
Linear mixed effects regression model predicting reaction time for all ages,
without interactions.

Fixed Effect B S.E. t p

Intercept 1346.61 45.72 29.45 < .001***

Control Variables
Age of acquisition 14.66 6.23 2.35 .02*

Voicing −14.90 17.32 −0.86 .39
Bilabial 73.94 36.25 2.04 .04*

Labiodental 102.55 31.88 3.22 .002**

Alveolar 91.99 31.22 2.95 .004**

Palatal 123.11 42.69 2.88 .005**

Velar 81.92 37.63 2.18 .03*

Stop −28.86 23.45 −1.23 .22
Fricative 14.94 32.84 0.46 .65
Affricate −105.18 30.44 −3.46 .001**

Nasal 11.64 25.57 0.46 .65
Uniqueness Point 12.47 6.38 1.95 .05

Predictor Variables
Concreteness −8.88 6.35 −1.40 .17
Age (6) −108.90 48.51 −2.25 .03*

Age (7) −37.81 48.83 −0.77 .44
Valence (Negative) −29.08 14.34 −2.03 .045*

Valence (Positive) −28.72 14.28 −2.01 .047*

Random Effect s2

Item Intercept 2228.64
Item Age (6) Slope 4529.14
Item Age (7) Slope 0
Subject Intercept 32896.64
Residual 107240.84

Note. Observations= 8200; Items=117; Subjects= 87.
* p < .05.
** p < .01.
*** p < .001.
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coherent expressions, and to engage in meaningful conversation
(Bishop, 1998).1 The analysis also included all previously mentioned
control variables, as well as Age (effects coded, age 6=−1, 7= 1)
which served as a control variable in the present analysis. Predictors of
interest were component 3 scores (henceforth language competence),
valence, and their interaction. Note that two children who did not have

subscale scores on the CCC were not included in this analysis. This
analysis revealed a significant interaction between language compe-
tence and negative (vs. neutral) valence (p= .006). There was not a
significant interaction between language competence and positive (vs.
neutral) valence (p= .70), see Table 8. Plotting this interaction sug-
gests that language competence is facilitatory for neutral abstract words
but not for negatively valenced abstract words (see Fig. 4). We used the
“jtools” package (Long, 2018) in R to conduct simple slope analyses for
language competence, in neutral and negatively valenced words. This
revealed a significant facilitatory effect of language competence for
neutral items (p < .001), and a significant inhibitory effect of language
competence for negative items (p < .001).

Fig. 3. Marginal plot for interaction between standardized concreteness and positive (vs. neutral) valence in the prediction of reaction time for 6-year-olds. Negative
(vs. neutral) valence also shown for reference, but in dashed form as not part of significant interaction.

Table 5
Linear mixed effects regression model predicting reaction time for 6-year-olds.

Fixed Effect B S.E. t p

Intercept 1382.22 60.62 22.80 < .001***

Control Variables
Age of acquisition 20.52 8.86 2.32 .02*

Voicing 1.85 23.42 0.08 .94
Bilabial 18.25 48.40 0.38 .71
Labiodental 47.85 42.58 1.12 .26
Alveolar 40.99 41.55 0.99 .33
Palatal 97.31 57.72 1.69 .10
Velar 17.15 50.34 0.34 .73
Stop −28.22 31.85 −0.89 .38
Fricative −2.30 44.54 −0.05 .96
Affricate −132.79 41.33 −3.21 .002**

Nasal −11.09 34.42 −0.32 .75
Uniqueness Point 4.73 8.61 0.55 .58

Predictor Variables
Concreteness −20.93 15.16 −1.38 .17
Valence (Negative) −50.36 19.50 −2.58 .01*

Valence (Positive) −34.26 19.36 −1.77 .08
Concreteness×Valence (Negative) 19.75 23.03 0.86 .39
Concreteness×Valence (Positive) 42.78 18.70 2.29 .02*

Random Effect s2

Item Intercept 3056.10
Subject Intercept 16091.36
Residual 90922.77

Note. Observations= 2857; Items=117; Subjects= 29.
* p < .05.
** p < .01.
*** p < .001.

Table 6
Linear mixed effects regression model predicting reaction time for 7-year-olds,
without interactions.

Fixed Effect B S.E. t p

Intercept 1291.17 59.13 21.84 < .001***

Control Variables
Age of acquisition 13.60 7.38 1.84 .07
Voicing –23.76 20.56 −1.16 .25
Bilabial 56.32 42.80 1.32 .19
Labiodental 89.36 37.72 2.37 .02*

Alveolar 87.35 36.88 2.37 .02*

Palatal 121.03 50.34 2.40 .02*

Velar 70.50 44.51 1.58 .12
Stop −16.78 27.64 −0.61 .55
Fricative 18.71 38.73 0.48 .63
Affricate −69.21 36.08 −1.92 .06
Nasal 20.83 30.29 0.69 .49
Uniqueness Point 9.09 7.58 1.20 .23

Predictor Variables
Concreteness −10.49 7.52 −1.40 .17
Valence (Negative) −27.87 16.90 −1.65 .10
Valence (Positive) −41.51 16.93 −2.45 .02*

Random Effect s2

Item Intercept 2019.78
Subject Intercept 30865.36

Note. **p < .01. Observations= 2881; Items= 117; Subjects= 28.
* p < .05.
*** p < .001.

1 Supplementary analyses using the first and second components found that
they did not interact with valence.
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3.1.3. Nimble-hands nimble-minds
We next conducted an analysis that included all items for which

body-object interaction ratings (BOI; Pexman, Muraki, Sidhu, Siakaluk,
& Yap, 2019) were available (104 words). The model included all
previously mentioned control variables as well as Age. Predictors of
interest were BOI rating, BOT score, and their interaction. The analysis
revealed that the interaction was not significant (p= .80). The main
effects of BOI (p= .58) and BOT (p= .19) were also not significant.2

3.2. Response accuracy

We used mixed effects logistic regression models to analyze chil-
dren’s response accuracy. We removed trials with latency greater than

2.5 SD from each participant’s mean (2.65% of remaining trials). In the
7-year-old age group, 14 of the 28 participants had mean accuracy
greater than 95% (compared to two 5-year-olds and five 6-year-olds).
Given this ceiling effect in accuracy for the 7-year-olds we did not in-
clude their accuracy data in the analyses.

3.2.1. Affective Embodiment
Our first set of accuracy analyses explored the relationship between

valence and concreteness in response accuracy.

3.2.1.1. Both ages. We began with an analysis of accuracy data for 5-
and 6 year-old children. See Table 2 for average response accuracy by
age group and Fig. 5 for overall patterns. The model included all
previously mentioned control variables. Our variables of interest were:
valence, concreteness (Brysbaert et al., 2014), and age (effects coded,
age 5=−1, 6= 1). Our a priori hypotheses led us to also include an
interaction between concreteness and valence, and between age and
valence. This analysis revealed a marginally significant interaction
between age and negative (vs. neutral) valence (p= .07). No other
interactions reached statistical significance (all p > .46). Next, the
interaction terms were removed to allow interpretation of individual
valence, concreteness and age predictors. This revealed a significant
effect of age, in which 6-year-olds were more accurate than 5-year-olds
(p < .001). In addition, there was a marginal effect of negative (vs.
neutral) valence, in which children were marginally more accurate in
their responses to negative than neutral words (p= .06).

3.2.1.2. 5-year-olds. Planned analyses for each age group included all
previously mentioned control variables. Predictors of interest were
valence, concreteness, and their interaction. No interactions reached
statistical significance (all p > .53). Next, the interaction term was
removed to allow interpretation of individual valence and concreteness
predictors. None of these predictors reached statistical significance (all
p > .18).

3.2.1.3. 6-year-olds. The same analysis was conducted on accuracy for
the 6-year-old group. No interactions reached statistical significance
(all p > .16). Next, the interaction term was removed to allow
interpretation of individual valence and concreteness predictors. This
revealed a marginally significant effect of negative (vs. neutral)
valence, in which 6-year-olds responded marginally more accurately
to negative than neutral words (p= .06).

3.2.2. Language competence hypothesis
As in the reaction time analyses, this set of analyses did not include

5-year olds. In addition the accuracy analyses excluded 7-year-olds. As
such, our analysis of the language competence hypothesis in response
accuracy only included data from 6-year-old children. The analysis
included all previously mentioned control variables. Predictors of in-
terest were language competence, valence, and their interaction. The
analysis revealed that the interaction was not significant for negative
(vs. neutral) valence (p= .88), nor for positive (vs. neutral) valence
(p= .82).3

3.2.3. Nimble-hands, nimble-minds
We again included all previously mentioned control variables as

well as Age, which served as a control variable in the present analysis.
Predictors of interest were mean-centered BOI rating, BOT score, and
their interaction. The analysis revealed that the interaction was not
significant (p= .72), nor were the main effects of BOI (p= .70) or BOT
(p= .87).4

Table 7
Resulting pattern matrix of the PCA.

Variable Component 1 Component 2 Component 3

PPVT 0.59
CCC: Speech −0.96
CCC: Syntax −0.84
CCC: Semantics
CCC: Coherence −0.55
CCC: Initiation 0.52
CCC: Scripted Language
CCC: Context 0.52
CCC: Nonverbal Communication 0.71
CCC: Social Relations 0.94
CCC: Interests −0.86

Note: Only loadings> 0.5 are shown.

Table 8
Linear mixed effects regression model predicting reaction time for abstract
items, for 6- and 7-year-olds.

Fixed Effect B S.E. t p

Intercept 1319.61 62.97 20.96 < .001***

Control Variables
Age of acquisition 18.23 9.10 2.00 .049*

Voicing 1.33 27.57 0.05 .96
Bilabial 29.77 50.93 0.59 .56
Labiodental 56.85 44.13 1.29 .20
Alveolar 53.75 44.43 1.21 .23
Palatal 126.01 56.32 2.24 .03*

Velar 112.78 56.59 1.99 .05*

Stop −8.98 31.49 −0.29 .78
Fricative 54.15 45.68 1.19 .24
Affricate −81.52 41.89 −1.95 .06
Nasal 6.04 34.54 0.18 .86
Uniqueness Point −10.79 9.37 −1.15 .25
Age −13.42 21.59 −0.62 .54

Predictor Variables
Language Competence −35.01 22.71 −1.54 .13
Valence (Negative) −34.43 21.80 −1.58 .12
Valence (Positive) −54.72 20.71 −2.64 .01*

Language Competence×Valence
(Negative)

37.47 13.67 2.74 .006***

Language Competence×Valence
(Positive)

5.16 13.28 0.39 .70

Random Effect s2

Item Intercept 1977
Subject Intercept 23,611

Note. **p < .01. Observations= 2813; Item=60; Subject= 55.
* p < .05.
*** p < .001.

2 Note that we also ran this analysis only including five year-olds (the age
group examined by Suggate & Stoeger, 2017) and also found no significant
effects.

3 Supplementary analyses using the first and second components found that
they also did not interact with valence.

4 Note that we also ran this analysis only including five year-olds (the age
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4. Discussion

The purpose of the present study was to test three proposals for
vocabulary acquisition, derived from current theories of conceptual
knowledge. The first proposal is that emotion provides a bootstrapping
mechanism for vocabulary acquisition. Recent results (Ponari et al.,
2017) suggested that around 8–9 years of age children show sensitivity
to word valence in their ALDT responses. Interpreting the results for
younger children in that study was complicated, however, by the low
rate of ALDT accuracy among the 6–7 year olds tested. In the present
study we also examined effects of valence on lexical processing, in
younger groups of children. We used a large set of words that were, on
average, acquired earlier than those presented in the previous study.

With these more familiar words, children in the present study had
higher accuracy in ALDT responses and we were able to examine
children’s reaction times. This is an important advance; reaction times
are the primary source of evidence about underlying processes in the
adult literature because they are less susceptible to floor and ceiling
effects than are accuracy data.

We tested for valence effects in each of our 5-, 6-, and 7-year-old age
groups and found that 6-year-old and 7-year-old children’s ALDT re-
action times were influenced by word valence. This sensitivity to
emotion information was not present in the 5-year-old children we
tested and was not significant in the accuracy analyses. Our reaction
time findings provide evidence that at 6–7 years of age children ground
word meanings via emotion systems (Kousta et al., 2011), suggesting
that sensitivity to emotion information in lexical processing can be
observed at a younger age than that inferred from previous research.

In the Ponari et al. (2017) study, the only significant valence effect
was for abstract words in their intermediate (8–9 year old) age group,

Fig. 4. Marginal plot for interaction between standardized language competence and valence in the prediction of reaction time. Positive (vs. neutral) valence also
shown for reference, but in dashed form as not part of significant interaction.

Fig. 5. Marginal plots for relationships of standardized concreteness and valence to response accuracy in each age group.

(footnote continued)
group examined by Suggate & Stoeger, 2017) and also found no significant
effects.
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where accuracy was higher for positive words than for neutral words.
There is little overlap between the stimuli used by Ponari et al. and
those used in the present study (only 2 words in common), and our
effects were observed in reaction times, yet we would argue that there
is similarity in the basic pattern of sensitivity. In particular, we found
faster reaction times for positive abstract words than for neutral ab-
stract words in the present 6-year-old age group, and this is analogous
to the accuracy advantage observed by Ponari et al. for positive abstract
words vs neutral abstract words. While this pattern in similar across the
two studies, we also found some differences. In the present study, 6-
year-olds were faster (and tended to be more accurate, although not
significantly so) for negative words than for neutral words. This did not
interact with concreteness. This processing advantage for negative
words is in keeping with some findings with adults: in visual lexical
decision tasks adults have responded more quickly to negative words
than neutral words (Kousta et al., 2009; Vinson et al., 2014; Yap &
Seow, 2014). To our knowledge this has not previously been reported
for child participants. In another departure from the Ponari et al. re-
sults, the 7-year-olds we tested showed faster responses to positively
valenced words, and this too was not significantly modulated by con-
creteness.

One difference between the present study and that of Ponari et al.
(2017) that may be important to explaining the different results is that
the abstract items in Ponari et al. were numerically somewhat lower in
mean concreteness rating (M=2.51, SD=0.68) than those we con-
sidered more abstract by our median split (M=2.77, SD=0.69). As
such, the present manipulation of concreteness was likely weaker than
that in the Ponari et al. study and this might have influenced the
strength of the concreteness by valence interactions, rendering them
nonsignificant in some cases. It is also true that the present participants
were younger than those in the Ponari et al. study, so another ex-
planation is that in this younger age group valence effects tend to be
more generalized, whereas those observed in older children (e.g., the
8–9 year olds in Ponari et al.) tend to be more limited to abstract word
stimuli. Future research will be required to adjudicate between these
possibilities.

The valence effects that we observed in children’s ALDT responses
involved faster reaction times for positive and negative words than for
neutral words. While this is consistent with many of the findings from
the adult literature (e.g., Kousta et al., 2009; Siakaluk et al., 2016;
Vinson et al., 2014; Yap & Seow, 2014), we noted in the Introduction
that there is considerable variability in the particular ways in which
valence influences adult lexical processing measures, and the reasons
for this variability have not been established (Kuperman, 2015). It also
seems possible that the particular effects of valence change across de-
velopment, in the years after those tested in the present study. This will
be an important issue for future research, but testing that issue will
require different items than those used here. Since the current stimuli
were selected for the age range tested (5–7 years), these items would be
less suitable for older child and adult participants.

We also tested predictions of the language competence hypothesis,
that language experience may be important to acquisition of abstract
word meanings, particularly abstract neutral word meanings. Such
words do not enjoy the benefit of valence information to ground
meanings and must be learned via other mechanisms. We tested the
prediction that language competence is important for acquisition of
these word meanings once emotion information has already been re-
cruited to capture differences between abstract and concrete word
meanings (Vigliocco et al., 2018). Our results were consistent with this
prediction: children with a greater degree of language competence re-
sponded faster to abstract items that were neutral in valence, but not
those that were negative in valence. Further, our results suggest that the
aspects of language competence that are related to processing of ab-
stract neutral word meanings are those captured by the speech, syntax
and coherence (i.e., producing easy to understand sentences) subscales
of the CCC.

We also found an inhibitory relationship between language com-
petence and processing of words of negative valence. Although highly
speculative, we note that this could be consistent with more advanced
language users beginning to transition to the alternative pattern that is
sometimes observed for words of negative valence. That is, some adult
studies have shown that responses are slower to negative words than to
neutral words. As mentioned, the reasons for this alternative pattern are
not well understood, and the pattern is usually attributed to vigilance to
negative stimuli (Pratto & John, 1991). Our results suggest that one
factor to consider in future research on valence effects for negative
stimuli is language competence. We would suggest that related di-
mensions like executive function skills would also need to be con-
sidered, but the present findings may be useful as researchers work to
understand the conditions under which effects of positive valence are
distinct from effects of negative valence.

Finally, we tested predictions of the “nimble hands, nimble minds”
proposal (Suggate & Stoeger, 2014, 2017) and found no evidence that
children with better fine motor skills were better able to recruit sen-
sorimotor information for word stimuli in the ALDT. The fact that we
did not find support for the nimble hands, nimble minds hypothesis is
problematic for a strong embodied account, as our findings suggests
that embodied information is not always recruited in children’s lexical
processing. Although problematic for a strong embodied account (e.g.,
Glenberg & Gallese, 2012) our findings could be explained by a mul-
timodal or multiple representations account, since those frameworks
allow that there are multiple sources of information that support word
knowledge (e.g., Borghi et al., 2017; Howell et al., 2005); embodied
information is just one such source and its relevance to performance
depends on the task and the type of concept.

4.1. Conclusions

In the present study we found that even 5-year-old children de-
monstrated reasonable rates of accuracy in the ALDT. As such, the task
shows promise as a tool for exploring children’s lexical-semantic de-
velopment in future research, if the items used are familiar for children
of the age tested. The results for the present version of the task provide
new evidence that children recruit valence information in the process of
word recognition, consistent with proposals like the Affective
Embodiment Account (Borghi et al., 2017; Kousta et al., 2011) and also
with broader proposals about grounded lexical development (Dove,
2011, 2018; Howell et al., 2005; Thill & Twomey, 2016) and multi-
modal semantic models (e.g., Andrews, Vigliocco, & Vinson, 2009;
Barsalou et al., 2008; Borghi et al., 2017).
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