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Abstract

Multiword units play an important role in language learning and use. It was proposed that
learning from such units can facilitate mastery of certain grammatical relations, and that
children and adults differ in their use of multiword units during learning, contributing to
their varying language-learning trajectories. Accordingly, adults learn gender agreement
better when encouraged to learn from multiword units. Previous work has not
examined two core predictions of this proposal: (1) that children also benefit from
initial exposure to multiword units, and (2) that their learning patterns reflect a greater
reliance on multiword units compared to adults. We test both predictions using an
artificial-language. As predicted, both children and adults benefit from early exposure
to multiword units. In addition, when exposed to unsegmented input - adults show
better learning of nouns compared to article-noun pairings, but children do not, a
pattern consistent with adults’ predicted tendency to focus less on multiword units.

Keywords: Artificial language learning; Grammatical gender; Child and adult learning

Introduction

While words are often seen as the basic building blocks of language (e.g., Pinker, 1991),
there is recent theoretical interest and empirical support for the idea that multiword
units also play an important role in language learning and use (Abbot-Smith &
Tomasello, 2006; Arnon, 2010; Arnon & Christiansen, 2014; Bannard & Matthews,
2008; Croft, 2001; Goldberg, 2006; Lieven, Salomo & Tomasello, 2009; Wray, 1999).
This insight is shared by construction-based approaches to language structure (e.g.,
Croft, 2001; Goldberg, 2006); usage-based approaches to language learning (e.g.,
Tomasello, 2003); and emergentist approaches to language processing and
representation (e.g., Elman, 2009; McClelland, 2010). Under all of these accounts,
multiword sequences are integral building blocks of language. We use the term
multiword unit here to refer to sequences larger than a single lexical word: using the
term ‘unit’ for such sequences does not mean that they are stored holistically, but
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that there is a representation for both the larger sequence and the individual words (see
Arnon & Cohen-Priva, 2014; Baayen, Hendrix & Ramscar, 2013, for two different
possible implementations).

Such units are seen as important building blocks for learning grammatical relations
and are predicted to impact first language learning (Abbot-Smith & Tomasello, 2006).
Supporting this prediction, multiword information impacts children’s correct and
erroneous early productions (Kirjavainen, Theakston & Lieven, 2009; Lieven et al.,
2009). For instance, young children are more accurate at repeating higher frequency
four-word phrases (Bannard & Matthews, 2008), while slightly older children make
fewer over-regularization errors in frequently encountered multiword phrases (Arnon
& Clark, 2011). Moreover, like single words, early-acquired phrases show Age-of-
Acquisition effects: when presented with phrases that are equally frequent in adult
speech, adults respond faster to early-acquired phrases compared to the later acquired
ones (e.g., take them off-earlier vs. take time off-later, Arnon, Mccauley & Christiansen,
2017). This suggests that like words, multiword units serve as building blocks in
language learning, with early-acquired units showing privileged processing in adults.

Recent work relates the use of multiword units in learning to the differences between
children and adults in learning language. The claim is that multiword units can facilitate
learning of certain grammatical relations, and that children and adults differ in their use
of such units in the learning process (Arnon, 2010; Arnon & Ramscar, 2012;
Christiansen & Arnon, 2017). In brief, the proposal is that learning from multiword
units can improve mastery of certain semantically-opaque grammatical relations that
hold between consecutive words (such as gender agreement, verb proposition
pairings, and collocations) by increasing the association between the grammatical
element and the word it modifies. To give an example, learning article-noun gender
agreement in French will be easier when one first associates the entire article-noun
sequence with an object (e.g., la-balle =ball) and only then learns the meaning and
role of the individual words. Conversely, when learners first acquire vocabulary items
(balle =ball) and only then learn which articles they are supposed to appear with,
the association between the article and the noun will be weaker (see Arnon &
Ramscar, 2012 for a formal learning model demonstrating this). Multiword units can
be formed either via under-segmentation (where a multiword sequence is initially
not segmented) or chunking (where words that co-occur often together are also
represented as a larger unit). Importantly, adults are also predicted to represent both
multiword sequences and single words, with multiple factors (e.g., frequency,
meaning, age of acquisition) impacting the degree to which the sequence is processed
as a whole unit (Christiansen & Arnon, 2017).

This proposal relates the facilitative role of multiword units on learning to adults’
well-documented difficulty with mastering certain aspects of a second language.
Adults’ prior linguistic knowledge, and in particular their knowledge of words, and
their experience with seeing words in written form can reduce their reliance on
multiword units in the learning process. This can have detrimental consequences for
learning a set of consistent grammatical relations (like gender agreement), that adults
are known to struggle with (Nesselhauf, 2003; Siyanova & Schmitt, 2007; Wray,
1999). The idea that adults rely less on multiword units, and that such units can
facilitate learning is supported by several lines of research. Literate adults show
increased attention to words as units of processing compared to illiterate adults
(Havron & Arnon, 2017a), a pattern that is also found when comparing pre-literate
and literate children (Havron & Arnon, 2017b). Moreover, not knowing how to read
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is associated with better learning of agreement patterns compared to vocabulary items
in an artificial language, consistent with a bigger focus on multiword units (Havron,
Raviv & Arnon, 2018). That is, experience with written words (in orthographies
where they are separated by spaces), which adult learners have, seems to lead to
increased reliance on single word units.

In addition, there is growing evidence that unit size impacts learning outcomes, with
early exposure to multiword units facilitating adult learning of certain grammatical
relations. A series of artificial language learning studies showed that adult learning of
article-noun gender agreement can be facilitated when adults are exposed first to larger
units (Arnon & Ramscar, 2012; Siegelman & Arnon, 2015). The domain of
grammatical gender was chosen because gender agreement is notoriously difficult
for adults to learn (Dewaele & Véronique, 2001; Holmes & de la Batie, 1999; Scherag,
Demuth, Rosler, Neville & Roder, 2004), but mastered by children with relative ease
(Bassano, Maillochon & Mottet, 2008; Karmiloff-Smith, 1979; Slobin, 1985).
Psycholinguistic findings further suggest that native speakers treat the article and the
noun as a more cohesive unit than do L2 learners (Carroll, 1989; Chevrot, Dugua &
Fayol, 2009; MacWhinney, 1978), and are more capable of using the information on the
article in a predictive way (e.g., Lew-Williams & Fernald, 2007, 2010). If part of the
difference between child and adult learners is related to the different building blocks
that they use, then manipulating adults’ input in a way that directs them to multiword
units (promoting more “child-like” learning) should improve learning outcomes.

In line with this prediction, early exposure to multiword units was shown to improve
learning of grammatical gender agreement among adult learners. Adults learned
article-noun pairings better in an artificial language when exposed first to multiword
utterances and only then to noun labels, compared to the reverse order (Arnon &
Ramscar, 2012). A second study refined the experimental manipulation by presenting
participants first with either unsegmented sentences (without pauses between words)
or segmented sentences (with pauses), and by adding a more direct assessment of
the units that learners were extracting (Siegelman & Arnon, 2015). Early exposure to
unsegmented utterances — where participants had to learn segmentation and structure
simultaneously - was beneficial for learning article-noun pairings. On the individual
level, participants who treated the article-noun as less segmented showed better
learning. A similar advantage was found in adult English speakers learning
classifier-noun associations in Chinese: outcomes were better when participants were
exposed first to multiword sequences (Paul & Griiter, 2016).

The findings so far suggest that learning from multiword units can be beneficial,
but they are based only on adult learners, leaving it an open question whether
children also benefit from early exposure to multiword units. If such units play a
facilitative role in learning more generally, we should see similar benefits in
children. Only one previous study examined children’s learning of a similar artificial
language (Havron et al,, 2018), but its focus was on the impact of literacy on
learning, and so it only looked at exposure to unsegmented input and did not
compare learning from segmented and unsegmented input. That is, previous work
did not test the prediction that children’s learning will also be facilitated in the
unsegmented condition compared to the segmented condition. This study found an
effect of literacy on learning, with preliterate children showing better learning of the
article-noun pairing compared to the noun labels, and literate children showing a
reduction of this “agreement advantage”. This pattern of results - the relatively
greater success of pre-literate children on article-noun trials - stands in contrast
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with results from adults. Adults consistently showed a noun-advantage in previous
studies: they were overall better at learning the noun labels compared to the
agreement patterns, even in the unsegmented condition (Arnon & Ramscar, 2012;
Paul & Griiter, 2016; Siegelman & Arnon, 2015; Havron et al, 2018). The
difference in the noun-advantage between children and adults is consistent with
studies showing that adults have less difficulty learning vocabulary items compared
to grammatical relations in a second language (MacWhinney, 2005; Paul & Griiter,
2016), and may reflect a difference in their reliance on multiword units. Literate
children, like adults, focus more on single words (the noun labels) even in the
unsegmented condition, leading to a reduced agreement advantage, while
pre-literate children in the same input condition rely more on multiword units,
leading to better learning of the article-noun pairings compared to learning of the
nouns. These findings suggest that the relative success at learning the article-noun
pairings and the vocabulary items can capture developmental changes in the relative
impact of words vs. multiword units in learning. If this is true, we should see
differences in the relative learning of the two between children and adults. In
particular, we expect that when exposed to unsegmented input — where learners can
impose their own segmentation strategies — adults will show a noun advantage while
children will not. This prediction was not directly tested before since child and
adult learning was not compared.

The current study thus has two goals. The first is to ask if children also show better
learning of grammatical gender when exposed to unsegmented input compared to
segmented input, as has been found with adults in previous work. This is a central
assumption of the model put forward by Arnon (2010), that has not yet been
empirically tested. We do not predict a difference between children and adults in this
respect — learning of the article-noun pairings (but not of the nouns) should be
better for both groups in the unsegmented condition compared to the segmented
condition. The second goal is to see whether children will not show the
noun-advantage that adults show when exposed to unsegmented input. Such a
finding would parallel naturalistic findings in L2 learning and be consistent with the
idea that children and adults differ in their reliance on multiword units, leading to
differential learning of vocabulary vs. grammatical relations. It is important to note
that we do not predict that children will show better learning than adults overall.
Artificial language learning studies comparing children and adults repeatedly find
better learning among adults (e.g., Asher & Price, 1967; Ferman & Karni, 2010;
Hudson Kam & Newport, 2005; Saffran, 2001). What we expect to find is not an
overall child advantage, but a lack of noun advantage for children in the
unsegmented condition.

Method
Participants

123 participants participated in this study. 77 six-to-eight-year old children (43 girls,
mean age 7;2), and 46 university students from the Hebrew University of Jerusalem
(28 women, mean age 24;5). Six additional children were tested but excluded from
the analyses: three children had learning disabilities, and three did not understand
the task (as evidenced by their alternating first-sentence second-sentence answers
regardless of trial type or correct answer). All remaining children had no learning or
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language disabilities. Participants were randomly assigned to one of two conditions:
they were either exposed to segmented input (23 adults, 38 children) or to
unsegmented input (23 adults, 39 children). Children’s mean age did not
significantly differ between the groups (7;3 years in the segmented condition and 7;0
in the unsegmented condition), and bilingual participants were equally distributed
between groups (11 in the unsegmented and 12 in the segmented groups). All
children were tested at the Living Lab at the Bloomfield science museum in
Jerusalem following parental consent. While we do not have SES measures, the
visitors of the science museum typically come from various SES and cultural
backgrounds, and the population can be assumed to be more heterogeneous than a
sample of children coming to a university laboratory.

Materials

Children learned an artificial language similar to that used in Siegelman and Arnon
(2015, see Fig. 1 for a sample trial). We made several modifications needed for use
with children. There were fewer words to learn (eight vs. twelve in the previous
study), and the carrier phrase was shorter. Unlike previous studies, participants were
exposed to only one block of exposure: either segmented or unsegmented. This was
done to reduce the length of the experiment and enable children to complete it in
full. The artificial language had eight novel labels for concrete nouns, two articles
(“fo” and “se”), and a carrier phrase (“ferpel ti”, see Appendix A for item list). The
nouns were divided into two noun ‘classes’ and each noun only appeared with one
article. Hebrew (L1) has grammatical gender, though there is no gender agreement
with function words preceding nouns (nor following them), unlike in our artificial
language.

To ensure that learning was not affected by the gender of nouns in Hebrew, the noun
‘classes’ were balanced in terms of the gender of the Hebrew-nouns. There were no
semantic, prosodic, or phonological cues to class membership —the only cue was
distributional (which article the noun appeared with). All nouns were two syllables
long. All objects had high frequency labels in Hebrew, were all concrete, and early
acquired. The artificial language had a fixed word order: articles always followed the
carrier phrase and preceded the nouns (see example 1).

(1) Ferpel ti se geesoo
carrier phrase article noun

The same recorded token of each noun, article and carrier phrase was used throughout
the experiment. The duration of the two articles was identical to ensure they were
equally prominent. The only difference between the two conditions was the presence
of pauses between sentence parts: in the unsegmented condition there were no
pauses, while in the segmented condition there were 250ms pauses separating the
carrier phrase from the article, and the article from the noun.

Procedure

The study was approved by the ethics committee of the psychology department at the
Hebrew University of Jerusalem. Children were told that they were going to learn an
alien language. On each trial, they saw a cartoon alien point at objects, and heard
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Figure 1. A sample exposure trial from the experiment

the alien tell them what these objects are called in their language (see Figure 1 for an
example). Children were asked to repeat the alien’s utterance in order to enhance
their learning. After they repeated each sentence, the next trial commenced. There
were 32 exposure trials (each of the eight objects was described four times), each
lasting about ten seconds.

Following the exposure phase, the alien reappeared on the screen and participants
were told that it would say two sentences: one is correct in the language and one has
a mistake in it. They had to decide which of the sentences was correct. In each trial,
the alien pointed at an image and said two sentences that described it. In half of the
test trials, the incorrect sentence was wrong because the noun-label did not match
the image on the screen (noun trials), and, in the other half, the incorrect sentence
had the wrong article (article-noun pairing trials). In all noun trials, both the correct
and incorrect noun label came from the same noun ‘class’ (meaning the article was
correct for both). After the children gave their oral response, the experimenter
pressed the button corresponding to the answer given, and the next trial
commenced. Each participant was tested on the same input they heard in the
exposure phase: unsegmented sentences in the unsegmented condition and
segmented ones in the segmented condition. All correct sentences had already
appeared in the learning phase (no generalization was required). There were 16 test
trials: one article-noun pairing and one noun trial-type for each of the eight objects.
The order of incorrect and correct answers was counterbalanced.

The exposure phase lasted for about five minutes, and the testing phase about three
minutes. Students (adult group) were tested in our laboratory, after signing consent
forms. They were given class credit or payed $2.5. Their procedure was the same as
for children except that adults pressed the button for themselves.

Results

Overall, participants showed learning of both the nouns (69.41%) and the article-noun
pairings (61.57%, they were above chance for both, p <.001). The mean performance
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Table 1. Means and standard deviations (in brackets) for the different groups and conditions.

Segmented (% correct) Unsegmented (% correct)
Article Noun Article Noun
Children 53.51 (n.s.) (20.92) 65.46%*** 62.24** (18.42) 55.45. (p =.09)
(19.64%) (19.61)
Adults 63.04** 84.23*** 72.28*** 84.78***
(18.65) (14.21) (14.58) (16.41)

(7 0.05-.1, “* =<.05, **’ =<.01, “***'=<,001)

per condition and trial type for each age group is shown in Table 1 (significance codes
refer to above-chance learning as tested by a t-test). All cells showed above chance
learning except for children’s learning of article-noun pairings in the segmented
input condition. See Figure 2 for the full distribution of scores in the different
conditions, trial types and age groups.

Each dot represents a participant’s performance on one type of trial (so there are two
dots for each participant, one for the noun trials and one for the article-noun pairing
trials), bold lines represent the mean, boxes cover one standard deviation from the
mean.

The effect of unit-size on learning in children and adults

To examine the effect of unit-size on learning in children and adults, we ran a logistic
mixed model using the Ime4 package in R (version 1.1-12, Bates, Maechler, Bolker &
Walker, 2014). p-values were generated based on model comparisons using a
“leave-one-out” method whereby the full model is compared to a model excluding
each factor in turn. The significance values are reported based on a Chi-square
comparing the full model with the nested model to see whether adding the factor
leads to a significantly improved model. All fixed effects were sum coded (every level
is compared to the grand mean). The dependent variable was accuracy on each trial
(as a binary measure), and the fixed effects were age group (adult vs. child), trial
type (article-noun pairing vs. noun), condition (segmented vs. unsegmented), article
(se vs. fo), and gender (male vs. female). We included an interaction between trial
type and condition, to test our prediction that the unsegmented condition will
facilitate learning of article-noun pairings (more than nouns). To examine whether
this is indeed the case for both age groups, we included a three-way interaction
between age group, trial type and condition. If both groups show a differential effect
of input on learning article-noun pairings vs. learning nouns, this interaction should
not be significant'. Given our prediction about the larger noun-advantage for adults
in the unsegmented condition, we predict an interaction between group and
trial-type, such that adults will show a larger noun-advantage. The interaction
between condition and group was included for sake of completeness of the model,
but we do not have any predictions about it. The model included random intercepts

"Though a significant triple interaction could also stem from a difference between the two age groups in

their performance on noun trials in the different conditions - such a result would be orthogonal to our
hypotheses.
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Figure 2. Performance on each condition and trial type for the two age groups

for item and participants (the maximal effect structure that allowed it to converge, Barr
et al,, 2013) and had low collinearity (all VIF values < 1.19, see Table 2).

Adults were overall better than children (8= 0.45, SE = .06, p <.001), consistent with
previous artificial language learning studies (e.g., Ferman & Karni, 2010). As in
previous studies, performance was overall better on noun trials than on article-noun
pairing trials (8=-0.28, SE =.06, p <.001). The effect of condition was not significant
(8=0.05, SE=.06, p=.4), but there was a significant interaction between condition
and trial type (6=0.14, SE=.06, p=.01), as was found in previous uses of this
paradigm. To explore this interaction, we ran two additional restricted models on
each trial type separately. The restricted models had the same effect structure as the
full model (without a random slope for trial type). As predicted, manipulating initial
exposure had a different effect on learning nouns vs. article-noun pairings. Learning
the article-noun pairings was better in the unsegmented condition compared to the
segmented one (8=0.2, SE=.08, p=.007), replicating previous results on the
facilitative effect of larger units for learning article-noun pairings (Arnon & Ramscar,
2012; Siegelman & Arnon, 2015). In contrast, learning the nouns did not differ
between the two conditions (8=-0.09, SE=.09, p=.33). The interaction between age
group and trial type was significant in the full model (8=-0.21, SE=.06, p <.001).
The restricted models described above (that is, one model including only
article-noun pairing trials and a second model including only noun trials) permit us
to explore the nature of this interaction. We find that the effect of age group is
larger (as can be seen from the coefficient values) in the model run on noun
trials, (8=0.66, SE =.1, p <.001) than in the model run on article-noun pairing trials
(6=0.25, SE=.08, p=.001): adults were better than children on both trial types but
the effect seems larger for noun trials. The effect of gender in the full model
was marginally significant with boys showing better performance (8=0.22, SE=.12,
p=.07), possibly due to the unequal distribution of boys and girls in our sample.
None of the other effects reached significance.
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Table 2. Mixed effects logistic regression model for both conditions and age groups (effects of interest in

bold)
Model
B SE z comparison p
(Intercept) 0.85 0.14 5.98
Group - adult 0.45 0.06 7.28 < 0.001
Trial-Type - pairing —0.28 0.06 —5.06 < 0.001
Condition - unsegmented 0.05 0.06 0.85 4
Determiner - se —0.08 0.14 —0.55 .59
Gender - boy 0.10 0.06 1.78 .08
Group - adult by Trial-Type - pairing —0.21 0.06 -3.77 < 0.001
Group - adult by Condition - 0.07 0.06 1.12 27
unsegmented
Trial-Type - pairing by Condition - 0.14 0.06 2.58 .01
unsegmented
Group - adults by Trial-type -pairing by —0.04 0.06 —0.77 44

Condition - unsegmented

To ensure that the effect of condition on learning was not driven only by adult
learners, we ran a second analysis looking only at the performance of children. Note
that, while the triple interaction between age group, condition, and trial type was not
significant in the full model, this does not necessarily mean that both groups show
the predicted interaction between condition and trial type. Since testing this
interaction in children is one of the main goals of this study, we also analyzed
children’s results separately. This model included the same fixed and random effects
as the full model, all sum coded (without age group, since we are only looking at
children, see Table 3). This time, however, we also controlled for children’s age (as a
centered variable).

As in the full model, the effect of condition was not significant, but, as predicted,
there was a significant interaction between condition and trial type, showing that the
effect of condition was different for noun-labels and article-noun pairings (8=0.19,
SE=.06, p=.003). A restricted model, comparing the effect of condition only for
article-noun pairings trials, showed that learning of article-noun pairings was better
in the unsegmented condition (8=0.18, SE =.09, p =.05), supporting our hypothesis
that children also benefit from early exposure to unsegmented input. Taken together,
these findings replicate previous results with adults and extend them to children:
both age groups showed better learning of article-noun pairings in the unsegmented
condition.

Differences between child and adult learning from unsegmented input

To test our prediction that children and adults will show different learning patterns
given the same input, we looked at the data from children and adults in the
unsegmented condition. We focus on this condition because it does not impose a
specific segmentation, and is therefore more suitable for exploring differences in
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Table 3. Mixed effects logistic regression for children

Model

¥ij SE V4 comparison p
(Intercept) 0.40 0.13 3.08
Condition - unsegmented —0.01 0.07 —0.14 .89
Trial-Type - pairing —0.07 0.06 -1.16 24
Determiner - se —0.07 0.13 —0.53 .6
Gender - boy 0.12 0.07 1.75 .08
Age (centered) 0.05 0.08 0.60 0.55
Condition - unsegmented by 0.19 0.06 2.99 .003

Trial-Type - pairing
Table 4. Mixed effects logistic regression for unsegmented condition
B SE z Model comparison p

(Intercept) 0.90 0.17 5.32
Trial-Type - pairing —0.14 0.08 -1.75 .08
Group - adult 0.53 0.09 5.87 < 0.001
Gender - boy 0.08 0.09 0.90 37
Article - se —0.03 0.16 -0.21 .67
Group - adult by Trial-Type - pairing —0.26 0.08 -3.19 .001

segmentation biases. We predicted that adults will show a noun advantage in this
condition, while children will not. We ran a mixed-effect logistic regression model to
examine this prediction. The model had trial-type, age-group, article (se vs. fo), and
gender as fixed effects (all sum coded), as well as the interaction between age-group
and trial-type. The model included random intercepts for item and participant and
had low collinearity (all VIF values < 3.18 see Table 4).

Age affected performance, with adults showing better learning overall (8=0.53,
SE =.09, p <.001). Participants showed marginally better performance on noun trials
(8=-0.14, SE=0.08 p=.08), but this was qualified by a significant interaction with
age group (8=-0.26, SE=0.08 p<.001). To test this interaction, we ran two
restricted models, which included the same effect structure as the full model, but
each included only one age group (so had no random slope of age group). As
predicted, adults were significantly better on nouns compared to article-noun
pairings (B=-.41, SE=0.14, p=.003), but children were not (f=0.12, SE=.09,
p =.19). That is, children did not show the noun advantage found in adults. These
results show different learning patterns for children and adults, with adults
succeeding more on vocabulary, as was previously found in natural language learning.

To summarize our results, we found that article-noun pairings were learned better
by both adults and children when they were exposed to unsegmented input
(compared to segmented input). Adults showed a noun advantage in the
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unsegmented condition, consistent with an increased focus on word units. Children, in
contrast, showed similar learning of the article-noun pairings and the nouns.

Discussion

The current study was motivated by a recent theoretical proposal suggesting that one of
the factors that make children better than adults at learning certain grammatical
relations is their greater reliance on multiword units (Arnon, 2010; Arnon &
Christiansen, 2014; Christiansen & Arnon, 2017). We asked two questions extending
prior work: (1) Do children, like adults, show better learning of grammatical gender
when exposed to unsegmented input compared to segmented input? If multiword
units play a facilitative role in language learning, then children should also show this
effect. (2) Do children and adults show different learning patterns of vocabulary and
article-noun pairings when learning from unsegmented input? Adults are better at
learning vocabulary items than certain grammatical relations in natural language
(MacWhinney, 2005; Paul & Griiter, 2016), a pattern that is replicated in artificial
language learning studies (Arnon & Ramscar, 2012; Siegelman & Arnon, 2015).
If children do not show a similar vocabulary advantage, this would be consistent
with a greater reliance on multiword units on their part, since this way of learning is
predicted to facilitate learning of article-noun pairings, but not vocabulary.

Regarding our first question, we found that, like adults, children learn article-noun
pairings better when learning from unsegmented input. Our findings replicate previous
studies on adults (Arnon & Ramscar, 2012; Siegelman & Arnon, 2015), and extend
these findings to children. These findings highlight the importance of larger building
blocks in language learning (Arnon, 2010; Christiansen & Arnon, 2017) and support
usage-based claims about the relation between the input learners receive and their
learning trajectories (Tomasello, 2003). Performance on article-noun pairings was
better for both children and adults in the unsegmented condition compared to the
segmented one. This condition was meant to simulate “child-like” language learning
by having learners learn segmentation, meaning and structure simultaneously - as
infants normally do. Our findings thus complement existing evidence that children
make use of multiword units in natural language learning (e.g., Arnon & Clark,
2011; Bannard, Lieven & Tomasello, 2009; Bannard & Matthews, 2008), by showing
that such units can also facilitate learning of novel grammatical relations. The idea
that the nature of early building blocks impacts learning outcomes draws inspiration
from two previous accounts of the difference between child and adult learning:
Newport’s less-is-more theory (1990) and Elman’s starting-small theory (1993).
However, our account differs from them in predicting that learning structure,
segmentation and meaning simultaneously —as children do-will result in more
multiword building blocks compared to adults.

Regarding our second hypothesis, that when exposed to unsegmented input children
will show a different learning pattern from adults, we found that while adults showed a
noun advantage in this condition, as in previous studies (Arnon & Ramscar, 2012; Paul
& Griiter, 2016; Siegelman & Arnon, 2015), children did not. Children were in fact
numerically better on article-noun trials than on noun trials (though the effect was
not significant). This finding is in line with our predictions, and is somewhat
counter-intuitive given that it seems easier to remember that balle is a ‘ball’ in
French, than to remember that one should say la balle and not le balle. Despite this,
and unlike adults, children found it slightly easier to report that an article-noun
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pairing was incorrect than to report that a noun label did not match the object on the
screen. This pattern mirrors a recent study which found better learning of agreement
patterns than of vocabulary items in an artificial language in preschoolers (Bulgarelli,
2018), and is consistent with the idea that children are more likely to initially treat
the article-noun as one unit, making it easier to learn the correct pairing (Arnon &
Ramscar, 2012; Siegelman & Arnon, 2015). While the difference between children
and adults’ learning patterns is telling, a clear limitation of our study is that there
was no direct measure of segmentation, and so it remains unclear what types of
linguistic representations the children in our experiment extracted. One of the former
studies used with adults employed a measure of typing which was not applicable to
child participants (Siegelman & Arnon, 2015). Future studies need to assess
children’s’” segmentation using measures that can estimate the size of children’s
linguistic representations during learning.

While we treated children and adults as distinct groups, other factors beyond age are
known to impact segmentation strategies. In particular, literacy has been shown to
impact both segmentation and learning, with preliterate children showing different
result patterns from literate children. In a previous study, preliterate children showed
an advantage for learning article-noun pairings over nouns while literate children
showed similar accuracy on both trial types (Havron et al., 2018). These findings give
rise to the predictions that in the unsegmented condition: (1) preliterate children
should show an article-noun pairing advantage, (2) literate children should show no
advantage for either trial type, and (3) adults should show a noun advantage. While
we do not have information about participants’ literacy status in the current study,
our sample most likely included a mix of pre-literate and literate children. The age
range we used - six-to-eight year-olds - is the age range of the emergence of literacy
in Israel. Most six-year-olds cannot read, and most eight-year-olds can, but there are
of course large individual differences that make age only a weak proxy for literacy
abilities. The pattern we see, of a weak (non-significant) article-noun pairing
advantage, is what we would expect from a sample containing a mixture of
preliterate and literate children (with preliterate children showing an article-noun
pairing advantage and literate children not).

Importantly, we do not suggest that children cannot or do not segment multiword
sequences into their constituent parts. In fact, there is evidence that infants as young as
six-months can segment articles from unfamiliar nouns in their native language (Hohle
& Weissenborn, 2003; Shi, Marquis & Gauthier, 2006). The claim put forward in this
paper is that children initially learn article-noun pairs together, and that having initially
learned these larger units as a chunk, they retain a processing advantage over adults,
who tend to learn them as separate units. Supporting this, experiments using
pseudo-articles, similar to the ones we used in the current study, with young French
learning infants (who are already able to segment real articles from noun-phrases),
found that infants did not segment them by the end of the experiment (Shi &
Lepage, 2008; Hall¢, Durand & de Boysson-Bardies, 2008). Similarly, it takes infants
as long as 14 months to segment pronouns from verb phrases, perhaps because their
co-occurrence with verbs is less consistent than that of articles and nouns (i.e., verbs
appear after a more varied set of function and context words than nouns, Shi &
Melangon, 2010). There is therefore evidence that children do learn multiword units
early on, and only with accumulating experience are they able to extract smaller
units (see also Soderstrom, 2007).
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Another question is to what extent our study parallels natural language learning
phenomena. The current study follows a long tradition of using artificial languages
to test the acquisition of grammatical gender (e.g., Braine, Brody, Brooks, Sudhalter,
Ross, Catalano & Fisch, 1990; Brooks, Braine, Catalano, Brody & Sudhalter, 1993).
While these artificial languages do not do justice to the complexity of natural
language, they nevertheless provide valuable information about learning mechanisms
and biases. Another issue is the way our artificial gender system differs from natural
gender systems. Our gender classes did not have phonological and semantic
regularities: this was done to test our prediction that the benefit for learning from
multiword units expresses itself mainly when relations between adjacent words are
not transparently associated with such cues. This is unlike many natural language
gender systems, which tend to display some phonological and semantic regularities
(e.g., Corbett, 1991; Mirkovic, MacDonald & Seidenberg, 2005). Interestingly, when
languages have both phonological and semantic cues for class membership, children
seem to rely more on phonological information while adults rely more on semantic
information (e.g., Gagliardi & Lidz, 2014). A recent study (Culbertson, Jarvinen,
Haggarty & Smith, 2019) suggests that this reflects children’s greater ease in learning
local information (between linguistic elements) than the mapping between linguistic
and semantic information (i.e. gender class to semantic cues, or, in the case of the
current study, learning the noun to object correspondence). While grammatical
gender systems tend to have regular aspects, they also have irregular and arbitrary
aspects (as in the current study). In French, for example, a recent study documented
adults’ difficulty to use morpho-phonological cues for the assignment of grammatical
gender, suggesting at least some cases are acquired on an item-by-item basis (Ayoun,
2018). In addition, any regularity in gender class assignment must be learned from
specific examples or prototypes, which may be more easily mastered when learning
from article-noun pairs. This is not to say that gender systems do not have
functional value: a recent study (Dye, Milin, Futrell & Ramscar, 2018) found that
German gender-agreeing articles make following nouns more predictable, a function
achieved in English by the use of prenominal adjectives (e.g., in the sequence “a nice
cold beer”, nice cold makes beer predictable). These predictive relations, however, also
need to be learned. Our interest here was in whether initial exposure to multiword
units, encompassing the relation to be learned, can facilitate mastery. We looked at
gender agreement as a case study, exemplifying such a relation. Similar
semi-arbitrary relations are found in other domains of language beyond that of
grammatical gender, such as verb-preposition pairings or idioms, which adult
language learners also struggle with (e.g., Wray, 1999; Siyanova & Schmitt, 2007).

An additional concern might be that we tested participants whose L1 has
grammatical gender, which may have affected their performance. Coming from a
gender-marking language does impact the overall ease of learning a novel gender
system in natural languages (Sabourin, Stowe & de Haan, 2006); however, since we
were comparing two different input conditions within the same population of
speakers, this could not have impacted the results (whatever advantage there is to
knowing a gender-marking language, it will be the same across conditions). Also,
Hebrew does not mark gender on articles, and does not treat articles and nouns as
separate words (the definite article, ha, appears as a prefix before the noun and is
not written as a separate word): the artificial language differed from Hebrew in both
respects, so that learners could not apply their existing gender-marking (and
segmentation) knowledge to the novel language. The advantage for starting with
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unsegmented input has by now been documented in speakers of gender-marking
(Hebrew) and non-gender-marking (English) languages. Nevertheless, it is important
to systematically investigate the effect of different gender-marking systems on the
unit-size manipulation. For instance, will exposure to unsegmented input facilitate
learning in L1 speakers of Spanish, whose language treats articles and noun as
separate words? Or will the impact of prior knowledge override the impact of this
manipulation?

To conclude, the current study extends previous work in two ways. First, it shows
that, for children also, article-noun pairings are mastered more easily when learning
from unsegmented input. In doing so it highlights the importance of the larger units,
and in particular of learning segmentation and meaning simultaneously, for learning
grammatical relations. Our findings also illustrate the interesting differences in
segmentation biases between children and adults and the utility of artificial languages
in exploring them: children and adults learned differently when learning from the
same input, in ways that mirror natural language learning. That is, the type of input
impacts different aspects of language differently, and different groups of learners
differently —a finding with implications for second language teaching (see also
Barbir, Havron, Recht, Fiévet & Christophe, 2019). Learning from unsegmented
input facilitated article-noun pairings for both age groups. This pattern highlights the
importance of taking into account the learning biases of the particular population in
second language learning: what works for child learners may be different from what
works for adult learners.
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Appendix A: Stimuli for the artificial language learning task

Article Noun Meaning Hebrew Gender
Se Hekloo Chair M
Se Gorok Bike M (plural-double)
Se Geesoo Pan F
Se Etkot Hat M
Fo Jatree Clock M
Fo Panjol Bed F
Fo Sodap Scissors M (plural-double)
Fo Toonbot Table M
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