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Shape vs. colour biases during adult word learning are linked to language 
experience
Sayuri Hayakawa , Siqi Ning and Viorica Marian 

Department of Communication Sciences and Disorders, Northwestern University, Evanston, IL, USA

ABSTRACT  
Children’s acquisition of category labels can be facilitated by an attentional bias toward shape. 
Here, we provide evidence that attending to shape vs. colour impacts adult word learning 
differently depending on language experience. When learning novel words for objects that 
highlighted shape or colour similarities, an attentional bias toward the linguistically salient 
visual feature facilitated learning among bilinguals, but not among monolinguals. We propose 
that bilingual experience may enhance the ability to capitalise on linguistic commonalities 
among visually similar items (i.e. positive transfer). Additionally, analyses of errors revealed that 
the tendency to sort by shape vs. colour may reflect a more general predisposition toward 
abstract, categorical processing vs. concrete, featural processing. These findings highlight the 
complex interactions between language, attention, and perception, and contribute toward 
understanding how variation in linguistic experiences and attentional biases impact learning.
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Introduction

Few English speakers are likely to have heard of an amar
gasaurus or an andesite, and yet fewer would have 
difficulty determining which is a dinosaur and which is 
a rock. Vocabulary acquisition is an incremental 
process whereby regularities in previously learned 
words can provide insight into the meanings of new 
words. For children acquiring English as their first 
language, objects’ shapes are particularly salient and 
effective cues for how to generalise learned categorical 
labels to novel exemplars (i.e. a “shape bias”; Landau 
et al., 1988; Yoshida & Smith, 2005). Although attentional 
biases toward visual features are well documented in 
early childhood, it remains unclear whether they con
tinue to influence word learning as linguistic systems 
become more complex and learners accumulate 
greater language experience. Here, we examine the 
relationship between attentional biases and adult word 
learning to determine whether individual differences in 
the salience of shape vs. colour cues, including those 
that may be linked to linguistic backgrounds, predict 
the ability to learn novel linguistic regularities and 
words.

Markman (1990) famously found that children 
operate on three assumptions as they encounter novel 
words: 1. The whole object assumption, which leads chil
dren to interpret a word as the label of a whole object 
and not its parts; 2. The mutual exclusivity assumption, 

which leads children to attach only one label to an 
object; and 3. The taxonomic assumption, which leads 
children to generalise categorical labels to objects of 
the same kind, instead of to objects that are thematically 
related. Among these, the finding that words are 
assumed to be categorical labels was expanded when 
later studies showed that shape was the preferred 
visual cue over material, texture, or size in how children 
and adults judge object categories (Landau et al., 1988; 
Yoshida & Smith, 2005). The acquisition of a shape bias 
has been shown to positively predict word learning in 
young children (Niese & Brackenbury, 2020; Samuelson, 
2002; Smith et al., 2002), ostensibly because the words 
learned during early acquisition tend to be dominated 
by count nouns, which are more likely to be organised 
by shape than other features (Samuelson & Smith, 
1999). Children with a shape bias also exhibit superior 
memory of visual objects’ shapes and worse memory 
of colour and size compared to children without a 
shape bias (Vlach, 2016), suggesting that attentional 
biases toward shape when generalizing object labels 
predict subsequent retention of shape-related visual 
information.

Less understood is the extent to which attentional 
biases impact more complex word learning at later 
stages of development. While shape-based heuristics 
may be conducive to the acquisition of many count 
nouns learned early in development, referents with 
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shared or similar labels learned at more advanced stages 
of acquisition sometimes, but not always, overlap in per
ceptual and semantic attributes other than shape (e.g. 
“bluejay,” “blueberry,” “blueprint”). Evidence suggests 
that children can override a shape bias when contextual 
information highlights alternative predictive features. 
For example, children generalise by non-shape attri
butes, such as texture, when they are made relevant 
(Graham et al., 2010), when contextual factors render 
non-shape properties more distinctive (Hammer & Die
sendruck, 2005; Landau et al., 1992), or when arbitrary 
but predictive cues direct attention toward otherwise 
overlooked features (Luna & Sandhofer, 2021). Although 
this ability to disregard shape in favour of a more rel
evant property has been shown to increase with age 
(Golinkoff et al., 1995; Graham et al., 1999), relatively 
few studies have examined how attentional biases 
impact the acquisition of more complex linguistic regu
larities. In addition to words that refer to broad cat
egories of referents (e.g. “dinosaur”), labels of 
subordinate exemplars often share some, but not all lin
guistic features with one another (e.g. “amargasaurus,” 
“lambeosaurus”). To provide a more challenging and 
ecologically valid test of adult word learning, the 
present study examines whether predispositions 
toward grouping by shape vs. colour predict the ability 
to learn shape vs. colour-based linguistic regularities 
(i.e. morphemes) embedded within otherwise distinct 
labels.

A secondary goal is to examine whether the emer
gence and impact of attentional biases in adults is mod
erated by prior language experience. According to the 
attentional learning account (ALA) (Colunga & Smith, 
2008; Samuelson & Horst, 2008), children’s attentional 
biases develop as a result of sensitivity to statistical regu
larities in the environment which provide information 
regarding the most relevant properties. Consistent 
with this perspective, the strength of the shape bias 
has been shown to vary as a function of language experi
ence. As English-speaking children are primarily exposed 
to shape-based categories (e.g. “ball,” “dog”) during 
early stages of language acquisition, perceptual and lin
guistic regularities make shape a salient cue for category 
membership. Notably, however, the tendency to gener
alise labels by shape does not develop until a child 
knows a sufficiently large number of nouns that could 
serve as a basis for learning the covariance between 
shape and category (Samuelson & Smith, 1999).

The strength of the shape bias has additionally been 
found to vary by children’s experiences with different 
languages. For instance, Smith (1999) suggests that the 
typically robust shape bias observed among English- 
speaking children may be partly attributable to the 

fact that English syntax makes an obligatory distinction 
between count nouns (that tend to be organised by 
shape) and mass nouns (which are not organised by 
shape). Consistent with this proposal, the shape bias 
was diminished or even absent among children who 
speak languages that do not reliably distinguish 
between count and mass nouns (e.g. Japanese, Imai & 
Gentner, 1997; Korean, Gathercole & Min, 1997; Man
darin, Subrahmanyam & Chen, 2006; Spanish, Hahn & 
Cantrell, 2012). Moreover, bilingual children’s shape 
biases can be modulated by language context: 
Spanish-English bilingual children exhibit a shape bias 
when tested in English, but not when tested in 
Spanish (Schonberg et al., 2020), suggesting that both 
past experience and current language context shape 
attentional tendencies. Colunga et al. (2009) found 
that Spanish-speaking children directed greater atten
tion to objects’ material relative to age-matched 
English-speakers, suggesting that a reduced attentional 
bias toward shape can be accompanied by the increased 
salience of other properties. Together, these findings 
strongly implicate the role of prior language experience 
in the development of attentional biases in children, 
which can subsequently bolster further acquisition of 
words and categories that are meaningfully delineated 
by the attended property.

The present study

The goal of the present study was to determine the 
extent to which effects of attentional biases and 
language experience extend to adult word learning. 
Specifically, we examined whether predispositions 
toward sorting novel objects by shape vs. colour 
predict how well speakers of different languages learn 
partially overlapping labels that covary by either shape 
or colour. To increase task engagement, English mono
linguals and English-Spanish bilinguals were asked to 
imagine that they had crash-landed on an alien planet 
and needed to remember their alien hosts’ names to 
survive. Participants were presented with pictures of 
aliens that each shared a colour or a shape with a 
subset of other aliens. To obtain a measure of attentional 
bias, participants were asked to sort a first set of aliens 
into distinct social groups. Participants were then 
taught and tested on the names of a second set of 
aliens. Critically, each alien’s name partially overlapped 
with that of two others in a way that reliably corre
sponded to the aliens’ colour (e.g. three aliens with 
green heads named Bondil, Boncas, and Bonmet) or 
shape (e.g. three aliens with square heads named 
Bondil, Boncas, and Bonmet) in a between-subject 
design.
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Based on prior literature suggesting that an atten
tional shape bias facilitates word learning (Niese & 
Brackenbury, 2020; Samuelson, 2002; Smith et al., 
2002) and enhances memory for objects’ shapes 
(Vlach, 2016), we may expect participants with a 
shape bias to exhibit superior learning when item 
shapes reliably correspond to linguistic features of 
their labels (e.g. when the names of all aliens with 
square heads began with “Bon”). We may likewise 
expect participants with an attentional colour bias to 
exhibit superior learning when item colours are reliably 
associated with linguistic features. The opposite predic
tion could be made, however, based on research 
showing that learning can be impeded by overlapping 
visual forms of referents (Ishii, 2013, 2015) and linguis
tic forms of labels (Kemp & McDonald, 2021; Laufer, 
1988; Lian et al., 2004; Llach, 2015; Nation, 2000; 
Papagno & Vallar, 1992). To the extent that the chal
lenge of distinguishing between similar-sounding 
labels is compounded when they highlight salient 
visual similarities, we may expect that participants 
who sorted by shape would have greater difficulty 
learning shape-biased names than participants who 
sorted by colour (and vice versa).

Methods

Participants

One hundred and forty-one participants were tested. Of 
these, 67 were English monolinguals who reported no 
second language experience and 74 were English- 
Spanish bilinguals who spoke English as a native 
language and acquired Spanish between the ages of 0 
and 24 (50.1% before the age of 10). Using G*Power 
3.1 (Faul et al., 2009), power analyses were performed 
to establish the sample size. Based on the effect size of 
f2 = .27 (Ning et al., 2020), α = .05, and power = .85, the 
minimum number of participants needed was N = 55.

Monolinguals and bilinguals did not differ from each 
other in gender, age, years of education, age of English 
acquisition, self-reported English proficiency (aggre
gated across speaking, understanding, reading on the 
LEAP-Q; Marian et al., 2007), English vocabulary 
(LexTALE; Lemhöfer & Broersma, 2012), non-verbal intel
ligence (Wechsler, 1999), or verbal working memory 
(Memory for Digits of the CTOPP; Wagner et al., 1999; 
all p > .102). See Table 1 for a summary of participants’ 
demographic and language backgrounds. Informed 
consent was obtained from all participants, and the 
experimental protocol was approved by the Institutional 
Review Board (IRB) at Northwestern University 
(STU00209916).

Materials

Alien pictures
A total of 24 alien figures were created, 12 in each of two 
sets, Set A and Set B (see Figure 1 for the alien figures). 
Within each set, 9 were experimental items and 3 were 
filler items. Each alien figure was created from 3 basic 
geometric shapes (e.g. square, circle, and triangle) and 
two black dots as eyes. Each experimental item had 
one primary color (red, blue, or green), one secondary 
color (yellow, magenta, or cyan), and one tertiary color 
(red + magenta, yellow + green, or blue + cyan) in its 
design based on the RGB color scale (Labrecque, 2020). 
To ensure that the two sets of aliens did not differ signifi
cantly in their appearances, the same geometric shapes 
and colors were used to construct the aliens across Sets 
A and B. Within each set, there were 3 color designs as 
well as 3 shape designs, so that each of the 9 experimen
tal aliens had the same color design as two other aliens, 
and the same shape design as another two aliens.

Pseudoword names
Twelve pseudowords were created as names for the alien 
figures, which corresponded to either the shape or colour 
of the aliens’ visual appearances. The 9 experimental 
items each consisted of two 3-letter syllables, with one 
shared root and one unique stem. The position of the 
shared root and unique stem in the pseudowords was 
counterbalanced, with half of the participants learning 
pseudoword names with the shared root at the onset of 
the word and half learning pseudoword names with the 
shared root at the end of the word. See Table 2.

All bigrams and biphones in the pseudowords were 
legal in both English and Spanish (CLEARPOND; Marian 
et al., 2012). Average bigram, biphone, and single 
letter frequencies were matched across groups and 
languages (between-condition t-tests ps > .05). This 
was done to ensure that all pseudowords had compar
able levels of difficulty, and that nothing in the pseudo
words themselves would unfairly advantage or 

Table 1. Demographic and language backgrounds of 
monolinguals and bilinguals.

Monolingual Bilingual

N 67 74
Gender (% Female) 53.7% 43.2%
Age 28.13 (4.27) 27.09 (4.38)
Years of Education 15.45 (2.52) 15.05 (2.91)
English AoA (years) 1.33 (1.30) 1.28 (1.23)
Spanish AoA (years) – 8.49 (5.95)
English Self-Reported Proficiency (0–10) 9.63 (0.70) 9.66 (0.55)
Spanish Self-Reported Proficiency (0–10) - 6.37 (2.51)
English Vocabulary (LexTALE) 87.84 (14.03) 86.55 (12.58)
Spanish Vocabulary (LexTALE-Esp) - 52.04 (21.19)
Matrix Reasoning T Score (WASI) 25.79 (3.27) 24.77 (4.09)
Memory for Digits (CTOPP) 14.37 (5.96) 14.72 (5.34)
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disadvantage either the English-speaking monolingual 
group or the English-Spanish bilingual group in word 
learning.

Procedure

This study was administered online as a Qualtrics survey 
on the CloudResearch platform (formerly TurkPrime). 
The experiment consisted of an attentional bias test 
section and a name-learning section. In the attentional 
bias test section, participants were introduced to the 
study with the following instructions: “Imagine your 
spaceship has just crash-landed on an unfamiliar 
planet. You wake up and see aliens around you. In 
order to survive on this planet, you will have to interact 
with these aliens.” Participants were shown one of the 

two sets of aliens (either Set A or Set B) and were 
instructed to sort the 9 experimental items into three 
distinct social groups based on their best guess by drag
ging and dropping each into one of three boxes.

During the name-learning section, participants 
learned the names of the remaining set of aliens with 
shared roots (i.e. phonological overlap) that either corre
sponded to the aliens’ colours (colour-biased condition) 
or their shapes (shape-biased condition). In the colour- 
biased condition, alien figures that shared colour pat
terns also shared one syllable in their names. In the 
shape-biased condition, alien figures that shared shape 
patterns shared one syllable in their names.

Participants learned the pseudoword alien names in a 
three-step learning session (see Figure 2). In the first 
step, participants saw the alien figures and their names 

Figure 1. Alien figure sets A and B.

Table 2. Pseudoword alien names with phonological overlap position counterbalanced.
Onset Phonological Overlap Rime Phonological Overlap

Bon- Bonmet Boncas Bondil -bon Metbon Casbon Dilbon
Las- Lasnop Lasgec Lasbif -las Noplas Geclas Biflas
Mep- Mepsan Meplig Meptob -mep Sanmep Ligmep Tobmep
Fillers Fimpud Sucrow Patfik Fillers Pudfim Rowsuc Fikpat
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on the screen one at a time, each for 10 s, and were 
instructed to memorise them. This step was repeated 
three times to ensure learning. According to the testing 
effect, acquisition of new information is facilitated by 
being tested on the material (Roediger & Karpicke, 2006). 
Using a dynamic testing paradigm in which feedback is 
given after the initial test (Grigorenko & Sternberg, 1998), 
in the next learning step, participants were shown the 
same 12 aliens one at a time, but their names appeared 
on the screen 5 s after the picture onset for a duration of 
5 s. Participants were instructed to try to recall the alien’s 
name in their head when each of the aliens first appeared, 
and then to compare their answer with the correct answer. 
In the third learning step, alien figures appeared on the 
screen without names one at a time, and participants 
were asked to type the alien’s name in a box using the key
board. After their response was submitted, the correct 
name appeared on the screen for 5 s. When all three learn
ing steps were completed, participants were tested on 
their memory of the alien names. During the testing 
stage, participants saw alien figures without their names, 
and were asked to type the names, but no feedback was 
given after responses were submitted. The order of presen
tation of the aliens was switched in each step of the word 
learning and testing session.

After completing the two experimental sections, par
ticipants were given a battery of language and cognitive 
background tasks.

Results

Effects of language background on attentional 
bias

The effect of language background on attentional bias 
was first examined using a generalised linear model 

with sorting group as a binomial outcome variable (0  
= grouped by colour, 1 = grouped by shape) and 
Language Group (monolingual, bilingual) as a fixed 
effect. Language Group was contrast coded and 
weighted by the number of participants to compare 
Monolinguals (−0.48) to Bilinguals (+0.52). Consistent 
with an attentional shape bias, a significant intercept 
term indicated that a greater proportion of participants 
sorted by shape (vs. colour) than would be expected by 
chance, Estimate = 0.48, SE = 0.17, z = 2.75, p = .006. The 
proportion of participants who sorted by shape did 
not significantly differ between English Monolinguals 
(61.2%) and English-Spanish Bilinguals (62.2%), Estimate  
= 0.04, SE = 0.35, z = 0.12, p = .906.

Effects of language background and attentional 
bias on word learning

Separate generalised linear mixed effects models were 
designed to examine effects of language background 
and attentional bias on the successful acquisition of (1) 
shared roots (e.g. Bondil, Boncas; Meplig, Mepsan) 
and (2) unique stems (e.g. Bondil, Boncas; Meplig, 
Mepsan) of alien names. For each model, accuracy for 
each three-letter cluster was coded as a binomial 
outcome variable (0 = incorrect, 1 = correct). Fixed 
effects included Language Group (Monolinguals −0.48 
vs. Bilinguals +0.52), Naming Condition (Colour-biased 
shared roots: −0.5 vs. Shape-biased shared roots: +0.5), 
and Bias Match between the naming condition and 
attentional bias (Mismatch, e.g. participants with a 
colour bias learning shape-biased names: −0.5 vs. 
Match, e.g. participants with a shape bias learning 
shape-biased names: +0.5). The models additionally 
included the maximal random effect structure, consist
ing of random intercepts for participant and set, as 

Figure 2. A schematic representation of the name-learning procedures.
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well as by-set random slopes for Language Group, 
Naming Condition, and Bias Match.

Shared roots
Significant interactions emerged between Naming Con
dition and Group, Estimate = −2.39, SE = 0.84, z = −2.83, 
p = .005, as well as between Bias Match and Group, Esti
mate = 2.55, SE = 0.84, z = 3.04, p = .002. Follow-up tests 
by Naming Condition revealed that English monolin
guals (M = 0.61, SD = 0.49) outperformed English- 
Spanish bilinguals (M = 0.53, SD = 0.50) when learning 
the shared roots of shape-biased names, Estimate =  
−1.33, SE = 0.64, t(1256) = −2.06, p = 0.039, while bilin
guals (M = 0.66, SD = 0.47) outperformed monolinguals 
(M = 0.54, SD = 0.50) when learning colour-biased 
names, Estimate = 1.14, SE = 0.55, t(1256) = 2.06, p = .039.

Follow-up tests by Bias Match revealed that English- 
Spanish bilinguals learned the shared roots of alien 
names significantly better when there was a match 
between naming condition and attentional bias (e.g. 
shape-biased participants learning shape-biased 
names) than when there was a mismatch (e.g. colour- 
biased participants learning shape-biased names), Esti
mate = 1.49, SE = 0.60, t(1256) = 2.49, p = .013. In 

contrast, monolinguals showed a nonsignificant numeri
cal tendency to learn shared roots better when there 
was a mismatch than a match between naming con
dition and attentional bias, Estimate = −1.13, SE = 0.6, 
t(1256) = −1.88, p = .059 (see Figure 3). Accuracy on 
filler items did not differ between monolinguals and 
bilinguals, Estimate = 0.36, SE = 0.12, z = 0.30, p = .766, 
suggesting that group differences were specific to 
items containing phonological-visual overlap rather 
than reflecting general differences in task engagement 
or learning ability.

Unique stems
As was the case for the acquisition of shared roots, sig
nificant interactions emerged between Naming Con
dition and Group, Estimate = −2.39, SE = 0.88, z = −2.72, 
p = .007, as well as between Bias Match and Group, Esti
mate = 2.20, SE = 0.89, z = 2.52, p = .012. Follow-up tests 
by Naming Condition revealed that English monolin
guals (M = 0.50, SD = 0.50) outperformed English- 
Spanish bilinguals (M = 0.42, SD = 0.50) when learning 
the unique stems of shape-biased names, Estimate =  
−1.48, SE = 0.67, t(1256) = −2.19, p = .029, while bilin
guals (M = 0.49, SD = 0.50) showed a nonsignificant 

Figure 3. Mean accuracy for shared roots of names by Language Group and Bias Match. English monolinguals learned the shared 
roots of alien names marginally better when there was a mismatch between naming condition and the participant’s attentional 
bias (dark gray; e.g. colour-biased participants learning shape-biased names) than when there was a match (light gray; e.g. shape- 
biased participants learning shape-biased names). In contrast, English-Spanish bilinguals learned shared roots significantly better 
when there was a match than a mismatch between naming condition and attentional bias. Error bars represent standard errors. 
*p < .05, ∼p < .06.
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numerical advantage over monolinguals (M = 0.36, SD =  
0.48) when learning colour-biased names, Estimate =  
1.06, SE = 0.57, t(1256) = 1.85, p = .065.

Follow-up tests by Bias Match revealed that English- 
Spanish bilinguals learned the unique stems of alien 
names significantly better when there was a match 
than a mismatch between naming condition and atten
tional bias, Estimate = 1.39, SE = 0.62, t(1256) = 2.23, p  
= .026, while accuracy for monolinguals did not signifi
cantly vary by match, Estimate = 0.93, SE = 0.62, t(1256)  
= 1.5, p = .135 (see Figure 4). In contrast to bilinguals 
who exhibited a match advantage in both the shape- 
biased (Ms = 0.48 for matched and 0.29 for mismatched 
conditions) and colour-biased (Ms = 0.57 and 0.43) 
naming conditions, a marginal three-way interaction 
between Group, Bias Match, and Naming Condition, Esti
mate = 3.13, SE = 1.76, z = 1.77, p = .076, revealed that 
the effect of Bias Match differed across Naming Con
ditions for monolinguals. Specifically, monolinguals 
learned shape-biased unique stems significantly better 
when there was a mismatch (M = 0.71, SD = 0.46) than 
a match (M = 0.39, SD = 0.49), Estimate = −2.21, SE =  
0.93, t(1256) = −2.38, p = .017, but learned colour- 
biased unique stems comparably well when there 
was a match (M = 0.39, SD = 0.49) or a mismatch (M =  

0.33, SD = 0.47), Estimate = 0.35, SE = 0.83, t(1256) =  
0.42, p = .678.

Effects of language background and attentional 
bias on word learning errors

In our final set of analyses, we investigated the impact of 
language experience and attentional bias in greater 
detail by examining whether there were systematic 
differences in the types of errors participants made 
during the name learning task. Each error for the 
shared and unique portions of alien names was first 
coded as one of three types of mistakes: (1) “swap,” indi
cating that the shared or unique portion of a name was 
swapped for a different alien’s name, (2) “partial,” indi
cating that some, but not all letters of the shared or 
unique portions of names were correctly recalled, and 
(3) “wrong,” indicating that the shared or unique 
portion was either left blank or was incorrect. Each par
ticipant’s total number of errors per category was 
entered as a continuous outcome variable in a linear 
mixed effects model. Fixed effects included Language 
Group (monolingual vs. bilingual), Naming Condition 
(colour-biased vs. shape-biased), Bias Match (match vs. 
mismatch), Word Part (shared root vs. unique stem), 

Figure 4. Mean accuracy for unique stems of names by Language Group and Bias Match. English-Spanish bilinguals learned the 
unique stems of alien names significantly better when there was a match between naming condition and the participant’s attentional 
bias (light gray; e.g. shape-biased participants learning shape-biased names) than when there was a mismatch (dark gray; e.g. colour- 
biased participants learning shape-biased names). English monolinguals did not significantly vary by match. Error bars represent stan
dard errors. *p < .05.
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and Error Type (swap, partial, wrong), plus all inter
actions. The model additionally included a random inter
cept for participant and by-participant random slope for 
Word Part. Error Type was sum-coded to compare swap 
errors (Contrast 1) and partial errors (Contrast 2) to the 
grand mean. Significant effects of error were followed 
up with pairwise comparisons of each error type.

A significant main effect of the partial error contrast, 
Estimate = −0.38, SE = 0.08, t(664.99) = −4.79, p < .001, 
revealed that participants made significantly fewer 
partial errors (M = 1.06, SD = 1.26) compared to both 
swap errors (M = 1.56, SD = 1.83), Estimate = −0.51, SE =  
0.14, t(532) = −3.6, p < .001, and incorrect responses (M  
= 1.73, SD = 2.13), Estimate = 0.66, SE = 0.14, t(532) =  
4.68, p < .001. A significant interaction between the 
partial error contrast and Word Part, Estimate = −0.44, 
SE = 0.16, t(665) = −2.73, p = .006, revealed that while 
participants made comparable partial errors for the 
shared and unique parts of names, Estimate = −0.04, 
SE = 0.2, t(598.46) = −0.19, p = .852, they were 
significantly more likely to make both swap errors, Esti
mate = 0.47, SE = 0.2, t(598.46) = 2.35, p = .019, and incor
rect responses, Estimate = −0.78, SE = 0.2, t(598.46) =  
−3.93, p < .001, for the unique than shared parts of 
names.

A significant interaction between Bias Match and the 
swap error contrast indicated that participants were sig
nificantly more likely to make swap errors when the 
naming condition mismatched (M = 1.85, SD = 2.07) vs. 
matched (M = 1.32, SD = 1.58) participants’ attentional 
biases, Estimate = −0.52, SE = 0.24, t(398.26) = −2.22, p  
= .027. The likelihood of making partial and full errors 
did not vary by Bias Match, p > .261. Finally, a significant 
four-way interaction between Bias Match, Error Type, 
Naming Condition, and Group, Estimate = −1.46, SE =  
0.65, t(665) = −2.25, p = .025, indicated that while bilin
guals were generally more likely to swap names when 
there was a mismatch than a match (aggregated 
across naming conditions), Estimate = −1.20, SE = 0.33, 
t(398.26) = −3.65, p < .001, monolinguals were numeri
cally, though not significantly, more likely to swap 
colour-biased names when there was a mismatch, Esti
mate = −0.76, SE = 0.46, t(398.26) = −1.66, p = .098, and 
significantly more likely to swap shape-biased names 
when there was a match, Estimate = 1.06, SE = 0.5, 
t(398.26) = 2.14, p = .033 (see Figure 5). In summary, 
the error analyses indicate that swap errors, reflecting 
confusion between competing referents, were the 
most sensitive to the interaction between attentional 
bias and naming condition. Bilinguals exhibited more 
swap errors when attentional and linguistic biases mis
matched, whereas monolinguals with an attentional 
shape bias showed increased swap errors specifically 

when learning shape-biased names. These patterns 
suggest that bilinguals’ performance was most 
affected by congruity between visual sorting tendencies 
and label structure, while monolinguals with a shape 
bias were more prone to within-category confusion 
when visual and phonological similarities aligned.

Sensitivity analyses

To assess the robustness of the primary findings, we 
conducted a series of sensitivity analyses. Specifically, 
we re-estimated the primary models while controlling 
for (1) bilingual participants’ language background, 
including proficiency and age of acquisition, and (2) 
stimulus characteristics, namely whether the manipu
lation occurred at the onset or rime of the words. 
These analyses tested whether the observed effects 
held under alternative model specifications that 
accounted for individual differences and item-level 
variation.

Bilingual language background
To determine whether bilingual language background 
measures moderated the reported effects, we re-esti
mated each primary model for the English-dominant 
bilinguals while including mean-centered measures of 
Spanish proficiency and age of acquisition as additional 
fixed effects.

Attentional bias. Supplemental analyses including 
only bilinguals revealed that attentional biases were 
not predicted by standardised measures of 
Spanish age of acquisition, Estimate = −0.40, SE =  
0.30, z = −1.34, p = .181, Spanish proficiency, Estimate  
= −0.08, SE = 0.31, z = −0.25, p = .801, or their inter
action, Estimate = −0.08, SE = 0.22, z = −0.38, p = .703. 
VIF scores indicated no issues of multicollinearity 
(all < 1.66).

Word learning. Learning performance of shared roots 
was not predicted by Spanish age of acquisition, Esti
mate = 0.37, SE = 0.41, z = 0.90, p = .366, Spanish profi
ciency, Estimate = 0.49, SE = 0.47, z = 1.06, p = .289, or 
any two-way interactions with Naming Condition or 
Bias Match (all ps ≥ .268). Although the three-way inter
action between Naming Condition, Bias Match, and 
Spanish proficiency was dropped due to possible 
issues with multicollinearity (VIF = 6.88), there was no 
evidence of a three-way interaction with Spanish age 
of acquisition, Estimate = 1.87, SE = 1.82, z = 1.03, p  
= .305 (remaining VIFs < 2.2).

Likewise, learning performance of unique stems was 
not predicted by Spanish age of acquisition, Estimate =  
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0.29, SE = 0.44, z = 0.66, p = .513, Spanish proficiency, 
Estimate = −0.03, SE = 0.48, z = −0.06, p = .956, or any 
interactions with Naming Condition or Bias Match (all 
ps ≥ .346; all VIFs < 1.97).

Word learning errors. The prevalence of errors was not 
predicted by Spanish age of acquisition, Estimate =  
−0.14, SE = 0.16, t = −0.88, p = .383, Spanish proficiency, 
Estimate = −0.13, SE = 0.19, t = −0.71, p = .482, or any 

Figure 5. Mean number of swap errors, partial errors, and wrong responses by Language Group, Naming Condition, and Bias Match. 
English-Spanish bilinguals made significantly more swap errors when there was a mismatch (dark gray) compared to match (light 
gray) between naming condition and attentional bias. English monolinguals made significantly more swap errors for shape-biased 
names when there was a match (i.e. an attentional shape bias) than mismatch (i.e. an attentional colour bias). Error bars represent 
standard errors. **p < .01, *p < .05, ∼p < .06.
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interactions with Naming Condition, Bias Match, or Word 
Part (all ps ≥ .213; all VIFs < 2.25).

Overlap position
To determine whether the position of the shared syllable 
influenced performance, we re-estimated each primary 
model including Overlap Position (onset vs. rime) as an 
additional fixed effect.

Word learning. Including Overlap Position did not alter 
the pattern of results for the acquisition of shared roots. 
Significant interactions remained between Group and 
Naming Condition (Estimate = −2.36, SE = 0.84, z =  
−2.81, p = .005) and between Group and Bias Match 
(Estimate = 2.60, SE = 0.86, z = 3.04, p = .002). There was 
no main effect of Overlap Position and no interactions 
involving Overlap Position (all ps ≥ .271).

Likewise, Overlap Position did not alter the pattern of 
results for the acquisition of unique stems. Significant 
interactions remained between Group and Naming Con
dition (Estimate = −2.35, SE = 0.86, z = −2.74, p = .006) 
and between Group and Bias Match (Estimate = 2.01, 
SE = 0.88, z = 2.28, p = .023). The marginal three-way 
interaction between Group, Bias Match, and Naming 
Condition reached significance in the updated model 
(Estimate = 3.77, SE = 1.77, z = 2.13, p = .034). No main 
effects or interactions involving Overlap Position were 
observed (all ps ≥ .09).

Word learning errors. Including Overlap Position pro
duced a comparable pattern of results to the main analy
sis. All reported effects remained significant (all ps < .05). 
The only additional effect was a significant four-way 
interaction involving the swap error contrast, Naming 
Condition, Bias Match, and Overlap Position. Although 
none of the simple effects by Overlap Position reached 
significance, the effect of Bias Match was relatively 
more pronounced for colour- than shape-biased 
names, particularly when the shared syllable occurred 
at the rime rather than the onset of the word.

Discussion

The goal of the present study was to investigate the 
relationship between word learning and attentional 
biases among monolingual and bilingual adults. 
Research on language learning indicates that both chil
dren and adults are more likely to generalise an 
object’s label to other items with the same shape than 
to objects that share other characteristics such as 
colour, texture, or size. Among young children, an atten
tional bias toward visual shape positively predicts voca
bulary acquisition (Smith et al., 2002), likely due to the 

fact that objects’ shapes are often reliable indicators of 
linguistic categories in children’s early vocabularies. 
Here, we extended the investigation to English monolin
gual and English-Spanish bilingual adults to examine 
whether (1) predispositions toward attending to shape 
vs. colour meaningfully impact more advanced and 
complex word learning and (2) whether effects of atten
tional biases on word learning are moderated by prior 
language experience.

We found that participants were more likely to cat
egorise novel visual objects by shape than by colour. 
However, in contrast to developmental research 
suggesting that the shape bias is more pronounced for 
English monolingual children than Spanish monolingual 
children (Hahn & Cantrell, 2012), the magnitude of shape 
bias did not differ between English monolingual and 
English-Spanish bilingual adults. In other words, 
English speakers exhibited a comparable degree of 
shape bias regardless of whether an additional language 
was known. Of particular note, however, is that in 
addition to significant differences between the popu
lations tested in the present study (English monolingual 
and English-Spanish bilingual adults) and those in Hahn 
and Cantrell’s study (English monolingual and Spanish 
monolingual children), our measure of attentional bias 
reflected categorical judgments in a non-linguistic 
context. As noted, shape biases are typically observed 
when participants are taught the name of a novel 
object and are asked to determine which other objects 
the label is likely to apply to. In the present study, partici
pants exhibited a shape bias when asked to sort 
unnamed alien figures into distinct social groups, 
suggesting that the predisposition to form shape- 
based categories is not limited to the linguistic 
domain. At the same time, the use of schematic alien 
figures raises the question of whether such stimuli 
might engage face-specific processing mechanisms.

Faces are known to recruit partially specialised neural 
systems and configural processing (Gauthier & Tarr, 
2002; Kanwisher et al., 1997). However, the present 
stimuli consisted of simple geometric configurations 
with minimal facial detail and lacked individuating fea
tures typically associated with expert face processing. 
Moreover, global-local processing tendencies observed 
for objects generalise to schematic face-like stimuli 
(Gerlach & Starrfelt, 2018), suggesting that not all face- 
like patterns override broader attentional biases. Thus, 
it is unlikely that canonical face-processing mechanisms 
fully account for the observed effects.

Despite a shape bias of similar magnitude when cate
gorizing unnamed objects, the subsequent impact on 
word learning varied as a function of language experi
ence. First, we observed that regardless of the 
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attentional bias, monolinguals were more successful at 
learning shape-biased names than English-Spanish bilin
guals. To the extent that linguistic categories organised 
by shape are more salient in English compared to 
Spanish, this finding suggests that experience with 
Spanish may reduce sensitivity to linguistic shape cues, 
even among those with native English proficiency. In 
addition to overall differences in the acquisition of 
shape vs. colour-biased names, we observed that mono
linguals and bilinguals differed with respect to the 
impact of their attentional biases on learning. We pre
dicted that learning would be promoted by a match 
between attentional and linguistic biases – that is, that 
having a predisposition toward sorting by shape 
[colour] would facilitate the ability to learn shape- 
[colour-] biased labels. This was indeed the case for 
English-Spanish bilinguals, who had significantly 
higher accuracy when there was a match vs. mismatch 
in attentional and linguistic biases. This pattern was 
not observed, however, among English monolinguals, 
who showed a nonsignificant numerical tendency 
toward better performance when there was a mismatch 
than a match in attentional and linguistic biases.

The present findings raise important questions 
regarding the scope of generalization. The bilingual par
ticipants tested here were English-Spanish bilinguals, 
and English and Spanish differ in the extent to which 
early noun learning privileges shape-based generaliz
ation (Hahn & Cantrell, 2012; Imai & Gentner, 1997). 
However, the critical effect observed in the present 
study was not a shape-specific advantage, but rather a 
bias match advantage: bilinguals benefited when their 
attentional sorting bias aligned with the visual-phonolo
gical regularities embedded in the labels, regardless of 
whether that bias favoured shape or colour. This 
pattern suggests that the facilitative effect may reflect 
bilinguals’ experience managing multiple mappings 
between form and meaning, rather than exposure to a 
particular type of lexical categorization system.

Importantly, supplemental analyses indicated that 
neither Spanish age of acquisition nor proficiency mod
erated the bias match effect, suggesting that the 
observed advantage was not contingent on early acqui
sition or high proficiency in Spanish per se. Nevertheless, 
caution is warranted in extending these findings to all 
bilingual populations. Although further research is 
needed to determine the generalizability of the effect 
to more diverse language pairings, the present 
findings suggest that bilingual experience may alter 
how attentional predispositions interact with the statisti
cal structure of novel input.

Notably, the impact of attentional and linguistic bias 
congruity was not just limited to the shared phonemic 

roots, but extended to the whole word. Acquisition of 
the unique stems of labels was impacted by whether 
the shared root of the item label highlighted colour vs. 
shape similarities, even though the unique stems were 
unrelated to the items’ visual forms. Consequently, the 
English monolingual advantage observed for learning 
shape-biased shared roots extended to the acquisition 
of unique stems that were independent of both colour 
and shape. Bilinguals learned both the shared roots 
and the unique stems of alien names significantly 
better when there was a match between naming con
dition and attentional bias (when learning both colour- 
and shape-biased names). In contrast, monolinguals 
more successfully learned the shared roots and unique 
stems of shape-biased, but not colour-biased aliens 
when there was a mismatch compared to a match. 
These findings suggest that bilinguals may be better 
able to learn the correspondence between visual and 
phonological forms when items that are more intuitively 
related to each other also share linguistic features. In 
monolinguals, however, not only does the compounded 
high visual and linguistic similarity not show any facilita
tory effect on memory, but it also seems to contribute to 
more confusion between items. One possible expla
nation for the divergent effects for monolinguals and 
bilinguals may relate to differences in their ability to sup
press interference from linguistically and visually similar 
competitors during cross-modal integration of auditory 
and visual inputs (Marian, Hayakawa, et al., 2021).

Phonological and orthographic similarity between 
novel words can help or hinder learning (Bartolotti & 
Marian, 2017). On the one hand, contrasting similar 
words can facilitate learning by sharpening each rep
resentation (Baxter et al., 2022), and the acquisition of 
one form can support acquisition of similar forms by pro
viding a basis for positive transfer (Marian, Bartolotti, 
et al., 2021). During early stages of second language 
acquisition, however, words with similar phonological 
or orthographic forms can interfere with one another 
due to the fact that the novel representations are rela
tively underspecified and more easily confused with 
competitors (Kemp & McDonald, 2021; Laufer, 1988; 
Lian et al., 2004; Llach, 2015; Nation, 2000; Papagno & 
Vallar, 1992). Likewise, similarities between the physical 
appearances of novel words’ referents can increase the 
confusability of yet underspecified representations 
(Ishii, 2013, 2015). A match between attentional and lin
guistic biases could therefore compound the amount of 
interference that is experienced by increasing the per
ceived visual similarity of competitors that also have 
similar labels. Critically, however, bilingual experience 
has been shown to enhance the capacity to control 
interference from competing lexical representations 
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(Bartolotti & Marian, 2012; Kaushanskaya & Marian, 2009; 
Marian et al., 2014). Combined with the fact that second 
language learners may have developed more efficient 
strategies (Baxter et al., 2022) for managing competition, 
bilinguals may have been able to benefit from the 
increased salience of heuristic associations between 
form and meaning without undue interference from 
the increased similarity of linguistically and visually over
lapping items.

The present study presented novel labels in written 
form, which may influence the balance between ortho
graphic and phonological competition. Auditory word 
learning engages phonological working memory and 
incremental temporal processing, potentially heighten
ing sensitivity to phonological overlap and increasing 
competition among similar-sounding forms (Lian et al., 
2004; Papagno & Vallar, 1992). In spoken-word recog
nition, phonological competitors are activated dynami
cally as the speech signal unfolds (Marslen-Wilson, 
1987), which may amplify interference when items 
share initial segments. Thus, presenting labels aurally 
might strengthen competition effects associated with 
phonological overlap, potentially modulating the 
observed match and mismatch patterns. Direct compari
sons of written and auditory learning contexts would 
help clarify how modality interacts with attentional-lin
guistic congruity.

Finally, examination of participants’ errors revealed 
that while bilinguals’ tendency to swap names across 
referents most reliably varied by whether or not there 
was a match in biases, monolinguals with an attentional 
shape bias were more likely to confuse labels than those 
with an attentional colour bias. Although speculative, it 
may be the case that the tendency to sort by shape vs. 
colour reflects a more general predisposition toward 
abstract, categorical processing vs. concrete, featural 
processing. Research with English monolinguals indi
cates that young children (between 4–7 years old) are 
predisposed to conceptualise novel information in 
terms of abstract kinds (e.g. that dogs catch a bug 
called “fep”) rather than individuals (e.g. that a particular 
dog catches a bug called “fep,” Cimpian & Erickson, 
2012). Such a predisposition is conducive to shape- 
biased generalizations for many concrete nouns – 
while any given dog may be a variety of different 
colours or sizes, dogs as an abstract category can be 
described by a canonical shape. In this way, conceptua
lizing in terms of abstract kinds should increase the sal
ience of shape information, and likewise, a 
predisposition toward focusing on shape may increase 
focus on superordinate categories rather than particular 
individuals. A predisposition toward focusing on colour, 
on the other hand, may be associated with greater 

attention to individuating features, thereby reducing 
the likelihood of confusing exemplars within a given 
category.

In sum, the present study provides preliminary evi
dence that adult word learning is predicted by individual 
differences in attentional biases toward colour vs. shape. 
While having a shape bias has been shown to promote 
the acquisition of category labels among English-speak
ing children, our findings suggest that an attentional 
shape bias may instead be associated with less precise 
linguistic representations among monolingual English- 
speaking adults learning partially overlapping labels of 
subordinate exemplars. We additionally find that while 
English-speaking monolinguals and bilinguals exhibit 
similar attentional biases when categorizing unnamed 
visual objects, the subsequent impact on word learning 
differs depending on prior language experience.

We conclude that language background influences 
the impact of attentional biases in word learning. More 
broadly, we show that knowing more than one language 
shapes learning and cognition (Marian, 2023). The results 
of the present study highlight the complex interactions 
between language, attention, and perception, and con
tribute to understanding word learning throughout the 
lifespan. Notably, these findings underscore the need 
to expand research on categorization and learning to 
include speakers of multiple languages in order to 
develop accurate theories of cognition reflecting hetero
geneous groups and contexts.
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