- £} Routledge

-1 Taylor &Francis Group

|

~ANgquUage ]_u.‘ﬁl‘ninq

wnd Development Language Learning and Development

ISSN: 1547-5441 (Print) 1547-3341 (Online) Journal homepage: www.tandfonline.com/journals/hlld20

Enhancing second language learning through
orthographical changes

Inbal Kimchi, Noga Reshef, Anna Vasileva & Inbal Arnon

To cite this article: Inbal Kimchi, Noga Reshef, Anna Vasileva & Inbal Arnon (28 Apr 2026):
Enhancing second language learning through orthographical changes, Language Learning and
Development, DOI: 10.1080/15475441.2026.2662295

To link to this article: https://doi.org/10.1080/15475441.2026.2662295

@ ©2026 The Author(s). Published with
license by Taylor & Francis Group, LLC.

A
h View supplementary material &

@ Published online: 28 Apr 2026.

\]
CA/ Submit your article to this journal &

A
b View related articles &'

View Crossmark data &'

CrossMark

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalinformation?journalCode=hlld20


https://www.tandfonline.com/journals/hlld20?src=pdf
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/15475441.2026.2662295
https://doi.org/10.1080/15475441.2026.2662295
https://www.tandfonline.com/doi/suppl/10.1080/15475441.2026.2662295
https://www.tandfonline.com/doi/suppl/10.1080/15475441.2026.2662295
https://www.tandfonline.com/action/authorSubmission?journalCode=hlld20&show=instructions&src=pdf
https://www.tandfonline.com/action/authorSubmission?journalCode=hlld20&show=instructions&src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/15475441.2026.2662295?src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/15475441.2026.2662295?src=pdf
http://crossmark.crossref.org/dialog/?doi=10.1080/15475441.2026.2662295&domain=pdf&date_stamp=28%20Apr%202026
http://crossmark.crossref.org/dialog/?doi=10.1080/15475441.2026.2662295&domain=pdf&date_stamp=28%20Apr%202026
https://www.tandfonline.com/action/journalInformation?journalCode=hlld20

Routledge

Taylor & Francis Group

LANGUAGE LEARNING AND DEVELOPMENT
https://doi.org/10.1080/15475441.2026.2662295

390311n0Y

8 OPEN ACCESS L. Checkforupdates‘

Enhancing second language learning through orthographical
changes

Inbal Kimchi(? Noga Reshef?, Anna Vasileva®, and Inbal Arnon (P

2Department of Cognitive Science, The Hebrew University of Jerusalem, Jerusalem, Israel; "Department of Psychology,
g y Y gy
The Hebrew University of Jerusalem, Jerusalem, Israel

ABSTRACT

Adults face many challenges in acquiring a second language, some of which have
been attributed to learning from more segmented linguistic units compared to
children. Children draw on both single words and multiword units (crossing
lexical boundaries) in language learning, with multiword units used to learn
about grammatical relations between words. Adults are less likely to learn from
multiword units, because of their existing knowledge of words. Indeed, when
adults are encouraged to rely on multiword units, by manipulating the auditory
input they hear, they show better learning of grammatical relations. Here, we
investigate a novel way to increase adults’ reliance on multiword units: we show
that orthographic changes can encourage reliance on larger units and facilitate
learning of grammatical relations in both adults and children learning Greek. In
Study 1, we find that adults learn article-noun gender agreement better when
the article-noun sequence is written as a single unsegmented word compared to
two separate words. In Study 2, we replicated these findings, again showing that
learning article-noun agreement from multiword units enhances performance
for article-noun agreement, but does improve generalization of the learned
grammatical classes to noun-adjective agreement. In Study 3, we find that
children (ages 7-11) also show better learning of article-noun agreement when
exposed to unsegmented text. These findings provide further support for the
benefit of learning grammatical relations from multiword units in both children
and adults and point to new ways of enhancing second language instruction.

Introduction

Acquiring a second language is a challenging task. While adults outperform children in a wide range of
cognitive tasks, they rarely achieve the same proficiency as children learning a first language. Adults
struggle with certain aspects of a new language more than others. They demonstrate good learning
abilities during the early stages of learning (Krashen et al., 1979) and can reach high proficiency in
learning vocabulary and certain aspects of grammar (like word order, DeKeyser, 2005). However, they
have difficulty in learning morphological and syntactic regularities that come easily to children
(Clahsen & Felser, 2006; DeKeyser, 2005; Hartshorne et al., 2018; Johnson & Newport, 1989). The
discrepancy in learning outcomes between children and adults raises a puzzle: What advantages do
children acquiring their first language possess in comparison to adults learning a second language?
Addressing this question would shed light on the process of first language acquisition and generate
novel insights on how to help adults learn a second language, a task of great importance in an
increasingly multi-lingual world (Gorter, 2013; Stein-Smith, 2021).
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A large body of research investigates the various factors that impact second language learning.
These include learners’ predictions based on prior experience (Pickering & Garrod, 2013); transfer
from their first language (Jarvis & Pavlenko, 2008; McManus, 2021); their motivation to learn (Ai
et al., 2021); and the way adults’ cognitive abilities differ in important ways from those of children
(Elman, 1993; Felser & Clahsen, 2009; Newport, 1990; Ramscar & Gitcho, 2007), among others.
Here, we focus on one of these many factors, which involves the different linguistic building
blocks that children and adults learn from. The Starting Big Approach (Arnon, 2010, 2021)
suggests that some of adults’ difficulty is related to their lesser reliance on multiword units during
learning. Multiword units are defined as sequences that contain more than a single lexical word,
whose representation is influenced by factors such as frequency and semantics (Arnon, 2021;
Arnon & Christiansen, 2017). Under this approach, infants learning their first language extract
linguistic units of varying sizes from their input, including both individual words and multiword
units. These multiword units can aid learning certain relations between words. Adults learning
a second language are less likely to use multiword units as building blocks for multiple reasons: (1)
they already know what words are, (2) they know the specific words their own language uses, (3)
they are often literature, and (4) they often learn in a classroom setting and from written input. As
a result, when approaching a new language, adults may prioritize identifying and encoding
individual lexical items, potentially relying less on larger distributional units at the initial stages
of learning. The predictions of this theory are that native speakers use both word and multiword
building blocks; that children are more likely to rely on multiword units in the process of learning
compared to adults; and that learning from such units can help learn certain grammatical relations
between words (Arnon, 2010, 2015, 2021).

There is growing evidence supporting these predictions, and showing that both children and adults
are sensitive to the distributional properties not only of single words, but also of multiword units, and
utilize this information in production, comprehension, and language learning. For example, adults
recognize frequent phrases faster than less frequent ones and have better memory of them, even when
controlling for the frequencies of the individual words and substrings (Arnon & Snider, 2010;
Tremblay et al., 2011). Furthermore, adults process phrases acquired earlier during childhood faster
than later acquired ones, mirroring the Age-of-Acquisition effects for individual words (Arnon et al.,
2017). Moreover, adults produce words with a shorter phonetic duration when they are part of a more
frequent multiword unit, even when controlling for part frequency and predictability (Arnon & Cohen
Priva, 2013, 2014; Bybee & Scheibman, 1999).

Similar effects have been observed during development: Infants exhibit quicker recognition of
nouns when embedded within familiar phrases compared to when presented in isolation (Fernald &
Hurtado, 2006). Pre-verbal infants are sensitive to multiword frequency from early on, looking longer
at phrases they hear frequently (e.g., clap your hands), compared to phrases they hear rarely (e.g. take
your hands, Skarabela et al., 2021). This indicates that they extract larger patterns alongside individual
words. Toddlers are also sensitive to multiword frequency, showing better repetition and recognition
of higher frequency phrases than lower frequency ones (e.g., Bannard & Matthews, 2008; Jones et al.,
2020). Children’s production errors are also related to the frequency of multiword units. For instance,
children are better at producing irregular plurals when they are part of a more frequent sequence (e.g.,
teeth in “brush your teeth,” Arnon & Clark, 2011) and tend to make more errors when the incorrect
strings are frequently encountered in other constructions (e.g., more errors like me do it when children
often hear correct preverbal uses like let me do it; Kirjavainen et al., 2009; McCauley et al., 2021).
Furthermore, children’s early productions include “frozen” or “formulaic” multiword expressions
(e.g., Lieven et al., 1992, 2009; Peters, 1983) and are better accommodated using a computational
model that extracts both words and multiword units (e.g., McCauley & Christiansen, 2014, 2019).
Interestingly, there is also evidence for the use of larger building blocks in children creating language:
homesigners make use of holistic gestures which are only then composed into productive parts,
alongside the use of productive parts to make larger units, suggesting that whole-to-part processes
are a learning bias children bring to language (Goldin-Meadow & Arnon, 2025).
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Additional work provides evidence that learning from multiword units can facilitate the
mastery of arbitrary grammatical relationships, such as grammatical gender. Grammatical
gender is a linguistic phenomenon found in many languages, where nouns are assigned to
specific classes and neighboring words are usually marked for agreement (Corbett, 1991).
While first language learners master such systems early and with relative ease, leveraging that
knowledge for more efficient processing (Griiter et al., 2012; Hopp, 2012, 2016; Hopp &
Lemmerth, 2016; Lew-Williams & Fernald, 2007a, 2007b, 2010), second language learners
struggle with them, even after long exposure (Scherag et al., 2004). Adult second language
learners’ ability to use articles proficiently and to rely on them to predict upcoming nouns is
inconsistent and dependent on a range of variables, like the presence of grammatical gender in
their L1 (Bordag & Pechmann, 2007; Sabourin et al., 2006), their L2 proficiency (Dussias
et al, 2013), whether the noun is assigned to the same class across languages (Hopp &
Lemmerth, 2016) and more. Under the Starting Big approach, these patterns are related to
the more segmented linguistic building blocks adults learn from: while children learn gender
agreement from larger units that are then segmented into words, adults learn the words
separately and then try to combine them. The prediction is that learning from larger units,
as children do, can enhance the acquisition of arbitrary relations between words, like gender
agreement (Arnon, 2021).

Support for this prediction comes from a series of artificial language learning studies looking at the
acquisition of gender agreement by adults. Adults showed better learning of article-noun agreement in
an artificial language when they were exposed first to full sentences and only then to noun labels on
their own (sentence-first condition) compared to hearing noun labels first and only then full sentences
(label-first condition; Arnon & Ramscar, 2012). Even though their initial input was more complex, in
that it required learning segmentation and meaning at the same time, participants in the sentence-first
condition showed better learning outcomes. The advantage of learning from multiword units was
further investigated using a similar artificial language, but conducting a more subtle manipulation of
the input learners were exposed to (Siegelman & Arnon, 2015). Here, participants either heard
unsegmented sentences (with no pauses between words) followed by segmented sentences or the
other way around. Participants who heard unsegmented-sentences first showed better learning of
article-noun agreement and were more likely to treat the article-noun initially as one unit.
Furthermore, individual learners who treated the article and noun as one unit showed better learning
outcomes. Overall, these findings support the link between larger early building blocks and better
learning of grammatical relations. Importantly, learning from multiword units is not expected to
benefit all linguistic domains: specifically, such learning is expected to facilitate learning semantically
opaque relations that hold between words (such as article-noun agreement), but may not help when
learning individual words or semantically dependent relations (like classifiers marking animacy;
Siegelman & Arnon, 2015).

Another relevant difference between children learning a first language and adults learning a second
is literacy: Adults learning a second language often know how to read and rely on written input, where
word boundaries are salient in many orthographies. Learning to read may reduce learners’ reliance on
multiword units, with negative implications for learning. Indeed, adults with higher literacy levels in
their first language showed better segmentation abilities in a second language (Havron & Arnon,
2016). Furthermore, as participants’ literacy in their second language improved, their segmentation
also improved (Havron & Arnon, 2016). Similarly, literate children outperformed preliterate children
in segmentation tasks (Havron & Arnon, 2017). Literacy can also have consequences for learning:
Preliterate children learned article-noun pairings better than they learned individual words, suggesting
a more chunked representation of the article-noun sequence, while literate children and adults
exhibited the opposite pattern (Havron & Arnon, 2020; Havron et al., 2018). Taken together, these
findings underscore the influence of literacy on language learning and segmentation, and support the
notion that as learners become literate, their reliance on multiword units may decrease, leading to
different learning patterns and outcomes.
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The current study

The benefit adults show in learning grammatical gender agreement from unsegmented input together
with the impact of literacy on segmentation, raises an intriguing question: Could adult learning of
grammatical relations between words be improved by simply changing the way they are written? In
other words, will exposure to article-noun sequences written as one word facilitate learning article-
noun agreement? In this paper, we address this by investigating the impact of subtle orthographical
changes on learning and generalization of grammatical gender agreement in adults and children
learning Greek. While artificial languages are valuable for experimental control, they often lack the full
complexity and variability found in natural languages (Hay et al., 2011). By using Greek, a natural
language with grammatical gender and gender-based article-noun agreement, we aim to test the
impact of multiword units in a more realistic learning environment.

In Study 1, we look at adults’” learning of article-noun agreement in Greek to see if learning is
improved when learners are exposed to unsegmented written input — where the article and noun are
written as one word — compared to segmented written input — where they are written as two words (as
in actual Greek). An additional auditory-only condition is included as a control, allowing us to
benchmark learning against prior work that used auditory input alone. Our primary prediction is
that exposure to unsegmented written input will lead to better learning of grammatical relations than
exposure to segmented written input. We further predict that both written-input conditions will yield
better learning than the auditory-only control condition. In Study 2, we ask if exposure to unseg-
mented written input can also support generalization of the grammatical relations to another linguistic
domain. We do this by exposing learners to article-noun agreement but testing them also on noun-
adjective gender agreement. The underlying question is whether the advantages gained from exposure
to less segmented input extend beyond the immediate domain being learned (in this case article-noun
agreement) to facilitate generalization more broadly. In Study 3, we extend our findings to child
learners, and ask whether this subtle orthographic manipulation will also facilitate learning in literate
children (ages 7-11). Our prediction is that children will also exhibit improved grammatical learning
outcomes in the unsegmented written input condition. If borne out, the studies will provide additional
support for the benefit of learning from larger units and show the value of utilizing unsegmented
written input as an effective instructional strategy, not only for adult language learners but also for
literate children.

Study 1: will learning from unsegmented written input facilitate mastery of
article-noun agreement in a second language?

In this study, we investigate the impact of manipulating written input on learning grammatical gender
in Greek. We do this by teaching Greek to adult Hebrew speakers in one short session. We focus on
how well they learn the agreement between gender-marked articles and nouns. We compare the
effectiveness of three kinds of input: 1) audio input accompanied by segmented text where the article
and noun are separated by spaces (as in standard Greek orthography), 2) audio input accompanied by
unsegmented text where the article and noun are written as one word, and 3) audio-only input without
written stimuli, as has been used in prior work on learning an artificial gender system (e.g., Siegelman
& Arnon, 2015), and is included here as a control baseline. By examining these different conditions, we
ask whether adding a written input improves performance, and more importantly, whether exposure
to less segmented written input can facilitate learning grammatical relations.

Method
Participants

A total of 88 adult participants participated in Study 1. All participants were undergraduate
students, native Hebrew speakers without learning or language disabilities and with no prior
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knowledge in Greek. They were randomly assigned to the three conditions. We removed six
participants whose native language was not Hebrew (to maintain control over the gender of
the nouns we labeled in Greek when translated into Hebrew), six who reported they had
ADHD or other learning disabilities, and one who had previous knowledge of Greek. After
these exclusions, we had 75 participants in total (mean age: 24 years, sd: 2.39, age range:
20-33, 55 females, 18 males and 2 others), 25 in each condition. The sample size was
determined based on previous studies (Havron et al, 2018; Havron & Arnon, 2020;
Siegelman & Arnon). Prior to participating, participants signed a consent form agreeing to
take part in the experiment. Participants received either 10 NIS or course credit as compensa-
tion for their participation.

Materials

Stimuli

Mirroring previous studies, participants were exposed to 12 Greek nouns, belonging to two gramma-
tical classes: six feminine nouns, and six neuter nouns. All nouns had two syllables (see full list in
Supplementary Materials S1). Each noun appeared with a gender-marked article (“mia” for feminine
nouns and “ena” for neuter nouns). Participants saw pictures of objects and heard sentences in Greek
describing them. All sentences followed a fixed structure, beginning with viepo (I see), followed by the
correct article (which varied based on the noun’s gender) and the noun (see Example 1). The sentences
were generated with Google Translate and edited with WavePad Sound Editor to ensure consistency in
the duration of the auditory stimuli. A native Greek speaker went over all sentences to ensure
accuracy. (All materials from all three studies are openly available at our OSF page: https://osf.io/
qnmsv)

Example 1 : Greek sentence

Viepo mia myti
| see a nose
carrier phrase article noun

To eliminate the potential influence of participants’ prior knowledge of Hebrew, a language that also
has a grammatical gender system, each of the noun classes included an equal number of feminine and
masculine nouns in Hebrew (so that knowledge of Hebrew would not help in learning the noun
classes). Half of the Greek neuter nouns were feminine in Hebrew, while the other half were masculine,
and the same held for the Greek feminine nouns. The objects associated with these nouns were all
labeled using frequent Hebrew words. Furthermore, special attention was given to ensure that none of
the Greek words resembled Hebrew ones, as well as ensuring that there is no similarity in roots with
known European or English words. All pictures of the objects were matched for size and presented on
a white background without other distracting elements.

Experimental conditions

We used three conditions to investigate the influence of orthography on learning grammatical gender
agreement: (1) an audio-and-segmented-text condition where participants also saw the sentence
written, with the article and noun written as two separate words (e.g., mia myti); (2) an audio-and-
unsegmented-text condition where the article and noun were written as a single word (e.g., miamyti);
and (3) an audio-only condition where participants saw pictures and heard a sentence describing them
in Greek.
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Procedure

The experiment consisted of two stages: an exposure phase and a testing phase. Prior to the start of the
experiment, participants were informed that they would be learning a new language and were asked to
provide demographic data. To make sure participants did not have prior knowledge of Greek, and to
verify the functionality of the speakers or earphones, participants were requested to translate record-
ings of sentences in various languages, including Greek, Hebrew, and English. Participants were then
informed that they would be learning Greek words, which they would be tested on later. The entire
experiment lasted less than 15 minutes.

Exposure Phase

Participants in all three conditions were exposed to the same visual and auditory stimuli, with the only
difference being the written input. In all conditions, participants were exposed to each of the 12 nouns
four times, leading to 48 sentences in total.

Testing Phase

Learning was assessed using two-alternative forced-choice trials. On each trial, participants saw
a picture and heard two sentences, with no written input, and were asked to select the correct sentence.
Participants could replay each recording up to two times before selecting their answer (the answer
buttons were not available until each recording was played at least once). Half of the trials assessed
participants’ knowledge of the article-noun pairings (article trials): on these trials, the incorrect
sentence had the correct noun but an incorrect article (e.g., vlepo mia myti vs. vlepo ena myti). The
other half tested knowledge of noun-object matching (noun trials), and the incorrect recording had
the wrong noun label but the correct article (e.g., vlepo mia myti vs. vlepo mia zéni). Each of the 12
objects appeared as a target once in an article trial and once in a noun trial, resulting in 24 trials in
total. The order of trials was randomized for each participant.

Results + discussion

We excluded participants who exhibited low levels of learning. Following Siegelman and Arnon
(2015), we removed individuals who scored less than two standard deviations below the mean (in
their respective condition) on the noun trials (accuracy was generally high in this condition, suggest-
ing very low performance indicates inattention to the task). This led to the exclusion of three
participants, one participant in the audio-only condition and two participants in the audio-and-
unsegmented-text condition. Participants in all three conditions showed learning of the noun labels
and the article-noun agreement (were above chance, t-test compared to 50% chance, all p’s <.001, see
Table 1).

We used mixed-effect logistic regression models to test the effect of input condition on learning. In
the first model, accuracy was modeled as a function of input condition (audio-only, audio and
segmented-text, and audio and unsegmented-text, treatment-coded with the audio-only condition
as the reference level), trial type (noun, article, effect-coded, article set as —1), and trial number (scaled
and centered), as well as the interaction between input condition and trial type. The model also had
random effects for participant and item. The models included random intercepts for participants and

Table 1. Mean accuracy in all conditions and trial types. The table shows the mean
proportion of correct answers for participants in the relevant conditions.

Article Noun Total
Audio-only .65 (sd: 0.15) .89 (sd: 0.10) 77
Unsegmented-text .88 (sd: 0.09) .97 (sd; 0.06) 93
Segmented-text 74 (sd: 0.17) .97 (sd: 0.06) .86

Total .76 94
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for stimuli (the maximal random effect structure justified by the design that converged; Barr et al,,
2013). Models were fitted using the Ime4 package in R (Bates, 2010), and the ImerTest package was
used to obtain significance test for fixed effects coefficients (Kuznetsova et al., 2015).

Relative to the audio-only condition, accuracy was significantly higher in both written-
input conditions. Performance was higher in the audio and segmented-text condition (f = 1.04,
SE=0.26, p<.001) and highest in the audio and unsegmented-text condition (p=1.44, SE=
0.26, p<.001). As in previous studies, the effect of trial type was also significant, with nouns
learned better than article-noun agreement (94% vs. 76%, p=0.78, SE=0.11, p <.001). Trial
number was not significant (p =-0.03, SE=0.07, p=.72) (see Table 2; Figure 1). The fact that
nouns were learned better than articles indicates that participants were not simply selecting
the more familiar sentence: in noun trials, both sentences had been heard before (both were
grammatical) while in article trials, one sentence was unfamiliar, yet they performed better
overall on the noun trials, suggesting that correct selection indicates learning. The interaction

Table 2. Effects of input condition, trial type, trial number, and the interaction between input condition and
trial type on accuracy.

Predictor Estimate Std. error p-value
Input-Condition (segmented-text) 1.04 0.26 <.001
Input-Condition (unsegmented-text) 1.44 0.26 <.001
Trial type (noun) 0.78 0.11 <.001
Trial number -0.03 0.07 72
Condition (segmented) XTrial type (noun) 0.53 0.22 .02
Condition (unsegmented) xTrial type (noun) -0.08 0.22 .70
100
o i
T 75 2
% L] Trial Type
&l A
ICle
S 50
n
25
0
Audio Only Unsegmented Segmented
Condition

Figure 1. Accuracy by trial type across conditions.

between input condition and trial type differed across written-input conditions. The advantage
of segmented text over audio-only was larger for noun trials than for article trials (f =0.53,
SE=0.22, p=.016), whereas the advantage of unsegmented text did not differ by trial type (p
=-0.09, SE =0.22, p=.70), indicating that unsegmented input facilitated learning more across
the two trial types (see Table 2; Figure 1).
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Table 3. Effects of input condition, trial type, trial number, and the interaction between
input condition and trial type on accuracy.

Predictor Estimate Std. error p
Condition (unsegmented) 0.19 0.16 23
Trial type (noun) 1.00 0.14 <.001
Trial number 0.02 0.10 .85
Condition xTrial type —-0.31 0.14 .02

To test our main prediction about the facilitative effect of unsegmented text vs. segmented
text in learning article-noun agreement, we ran another model, looking only at the two
written input conditions. This model had condition (unsegmented-text vs. segmented-text,
effect-coded, segmented set as —1), trial type (noun and article, effect-coded, article set as —1),
the interaction between them, and trial number (scaled and centered) as fixed effects and
random intercept for participant (the maximal random effect structure justified by the design
that converged; Barr et al., 2013). As predicted, the effect of condition was not significant (B
=.19, SE=0.16, p =.23), but the interaction between condition and trial type was (p =-.31, SE
=0.14, p=.02): Learning was better in the unsegmented-text condition for articles, but not for
nouns, as expected if the relation between them is learned better from multiword units (see
Table 3). As in the first model, the effect of trial type was significant with better learning of
nouns compared to article-noun agreement in both conditions (f=1.00, SE=0.14, p <.001)
Trial number was not significant (f=.02, SE=0.10, p =.85).

To further explore the interaction between input condition and trial type, we ran two
additional models, looking at noun learning and article learning separately. Each model had
a fixed effect of input condition (unsegmented-text vs. segmented-text, effect-coded, segmen-
ted set as —1) and trial number (scaled and centered), and random intercepts for participants
and item. Looking only at the article trials, the effect of input condition was significant, with
better learning of articles in the unsegmented-text condition (p=.50, SE=0.14, p <.001). No
such difference was found when looking at noun trials (p=-.16, SE=0.43, p=.70). These
findings are in line with previous ones, and with the theoretical prediction: Learning from
multiword units facilitates learning of the relation between the article and the noun, but not
the noun itself.

In sum, the findings indicate better learning outcomes when participants had both audio and visual
input compared to audio alone. More importantly, the subtle change of writing the article and noun as
one word led to better learning of the relation between them, as expected if it enhanced treating them
initially as one unit.

Study 2: does learning from unsegmented text facilitate generalization of the noun
classes?

This study had two goals. The first was to replicate the findings from Study 1, using a larger
set of stimuli and another participant sample. The second was to ask if exposure to unseg-
mented written input will facilitate generalization of the grammatical relations to another
domain. That is, we ask whether such learning led to better mastery of the grammatical classes
themselves (which noun belongs to which gender class), which will lead to better performance
on gender agreement with other elements in the sentence. Specifically, we exposed participants
to article-noun agreement during the learning phase (as in the previous study) but tested them
also on noun-adjective gender agreement (which they had not been exposed to). We want to
see if learning from larger linguistic units fosters better generalization of the noun classes,
thereby facilitating agreement patterns with additional elements. To do this, we compared
learning from auditory + written input in two conditions: unsegmented-text, where the article
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and noun were written as one word, and segmented-text, where they were written as two
separate words.

Methods
Participants

A total of 81 participants participated in this study. We excluded one participant whose native
language was not Hebrew, resulting in a sample of 80 participants, 40 in each condition (mean age:
24 years, sd: 2.05, age range: 19-31, 59 females and 21 males). All participants were undergraduate
students, native Hebrew speakers without learning or language disabilities and with no prior knowl-
edge in Greek. Prior to participating, participants were provided with a consent form and agreed to
take part in the experiment. They received either 20 NIS or course credit as compensation for their
participation.

Materials

Learning article-noun agreement

As in the previous study, participants learned Greek nouns, belonging to two noun classes (feminine and
neuter), and appearing with two different articles (mia for feminine nouns, ena for neuter nouns).
Participants were exposed to 16 nouns (not 12 as in the previous study), evenly split between feminine
and neuter genders. As in the previous study, all noun labels had two syllables, were frequent in Hebrew,
and the gender of the nouns in Hebrew was balanced (see Supplementary Materials S2 for the full item
list). The sentence structure followed the same fixed word order as in Study 1, where all sentences started
with the carrier word viepo (“I see”) followed by a grammatical article (which varied based on the noun’s
gender) and finally, a noun. Recordings were obtained from Google Translate and edited with the
WavePad Sound Editor application to ensure consistency in the duration of the auditory stimuli. Pictures
of objects were matched for size to maintain uniformity. All the pictures were presented on a white
background and without other distracting elements. In this Study, unlike in Study 1, the pictures of the
nouns in the first exposure stage were entirely white, as shown in Figure 2(A). This was done in
preparation for the second exposure learning stage, where participants would learn about colors. As in
Study 1, participants in both input conditions were exposed to each of the 16 nouns four times, presented
with the same object and audio stimuli, with the only variation being the written stimuli. Then, they were
tested on the article-noun pairings (16 article trials, each object appeared once), and the noun-object
matching (16 noun trials, each object appeared once).

A: White object used in  B: Red object used in the ~ C: Green object used in
the first exposure phase  second exposure phase the second exposure phase

Figure 2. Pictures used in Study 2.
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kokkino kokkini b

Figure 3. Exposure to the red color labels.

Looking at generalization to noun-adjective agreement

In the second part of the study, we exposed participants to noun-adjective gender agreement, using
color adjectives. Greek adjectives vary by gender in a systematic way: the ending “-0” is used for neuter
gender and the ending “-i” for feminine gender (e.g., Green: neuter: prasino, feminine: prasini). In this
part, participants were explicitly informed that the Greek language offers two distinct ways to express
each color, saw the two adjective forms written and listened to them pronounced in Greek (see
Figure 3).

After learning the color terms, participants saw a picture of a colored object (green or red) and
heard a sentence describing it. The sentence included a carrier phrase, a gender-marked article,
a gender-appropriate color adjective and a noun (e.g., vlepo mia kokkini myti, see Example 2). We
used the colors green (neuter: prasino, feminine: prasini), and red (neuter: kokkino, feminine: kokkini).
We modified the white images using the Lunapic color editor application (see Figure 2(B), 2(C)).

After learning the color terms, each participant saw a colored version of four randomly selected
objects (two neuter and two feminine) out of the 16 previously learned objects (so that each participant
was exposed to different objects) and heard their description in Greek. Each participant saw each
object four times, twice in red and twice in green. Unlike in the previous part, participants were only
exposed to the auditory stimuli in both conditions. We did not add written input since the adjective
appears between the article and the noun in Greek, which would have made the differentiation
between the article-noun salient. Each participant heard a total of 16 sentences (four objects heard
four times).

Example 2: Greek Sentence for Second Exposure

Vlepo mia kokkini myti
| see a red nose
Carrier phrase article color word noun

We then tested their generalization of the correct gender-marking on the adjectives by testing them on
the remaining 12 objects: If they learned the generalization of the noun classes (and the appropriate
way to mark that on adjectives) they should be able to select the correct adjective form even for nouns
they did not hear with color adjectives before. Participants completed 32 two-alternative forced-choice
trials: They saw a picture of a colored object, heard two sentences, and had to select the correct one.
Participants could replay each recording up to two times before making their selection (and could not
respond before each recording was played at least once). Twenty-four of the trials were adjective-
generalization trials: They assessed participants’ ability to select the correct gender-marked adjective
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for the 12 nouns they had not heard with adjectives. On these trials, the correct sentence had the right
gender-marked adjective (e.g., kokkini myti) and the incorrect one had the wrong gender-marked
adjective (e.g., kokkino myti). Each of the 12 objects appeared twice, once in each color. Participants
also completed eight color-trials which tested their learning of the color terms themselves. On these
trials, the incorrect sentence had the wrong color term (e.g., kokkini myti vs. prasini myti). Eight
objects appeared in the color trials, four red objects and four green objects, selected randomly for each
participant.

Procedure

Prior to the start of the experiment, participants were informed that they would be learning a new
language and were asked to provide demographic data. As in Study 1, participants were requested to
translate recordings of sentences in various languages, including Greek (to assess language familiarity),
Spanish, and English (as distractors), to assess language familiarity and to verify the functionality of
the speakers or earphones. After this, participants were informed that they would be learning Greek,
which they would later be tested on. The entire experiment lasted less than 30 minutes. Participants
were randomly assigned to one of two input conditions: unsegmented-text or segmented text. The
experiment consisted of four parts: the first two were identical to study 1 and involved exposure to the
language and testing of article-noun pairings, whereas the third and fourth involved exposure to
colored objects and testing of adjective-generalization.

Results + discussion

As in the previous study, we excluded participants who scored less than two standard deviations below
the mean noun accuracy within their respective condition. This led to the exclusion of five partici-
pants, two in the unsegmented-text condition, and three in the segmented-text condition.

Learning article-noun agreement

Participants showed learning in all conditions and trial types (participants were above 50% chance, see
Table 4, t-test comparing to chance, p’s <.001). Accuracy in this study was lower when compared to
the same conditions in Study 1, which may be driven by the increased number of stimuli (12 nouns in
Study 1 vs. 16 here).

We used mixed-effect logistic regression models to test the effect of input condition on learning.
The first model had fixed effects of input condition (unsegmented-text, segmented-text, effect-coded,
segmented set as —1), trial type (noun, article, effect-coded, article ser as —1), and trial number (scaled
and centered), as well as the interaction between condition and trial type. The model also had random
effects for participant and item (the maximal random effect structure justified by the design that
converged; Barr et al., 2013). As in Study 1, and as predicted, the effect of input condition was not
significant (p = —.006, SE = .07, p = .94), but the interaction between input condition and trial type was,
with better learning of the article-noun agreement in the unsegmented-text condition (p = -.27, SE =
0.07, p <.001). There was also an effect of trial type, with higher accuracy on noun trials compared to
the article trials (f = 1.01, SE =.07, p < .001) (see Table 5; Figure 4). The effect of trial number was also
significant (p =-0.12, SE = 0.05, p =.03), with lower accuracy on later trials.

Table 4. Mean accuracy in all conditions and trial types. The table presents the mean
proportion of correct answers for participants in the relevant conditions.

Article Noun Total
Unsegmented text .71 (sd: 0.12) 91 (sd: 0.09) 81
Segmented text .59 (sd: 0.13) .95 (sd: 0.08) 77

Total .65 93
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Table 5. Effects of input condition, trial type, trial number, and the interaction between
condition and trial type on accuracy.

Predictor Estimate Std. error p
Input condition (unsegmented) —0.006 0.07 .94
Trial type (noun) 1.01 0.07 <.001
Trial number -0.12 0.05 .03
Input condition xTrial type -0.27 0.07 <.001
100
o 75
m .
o Trial Type
1)
@ [=] Noun
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3
n
25
0
Unsegmented Segmented
Condition

Figure 4. Accuracy by trial type across conditions.

We ran two additional mixed-effect logistic regression models to deepen our understanding of the
interaction, looking separately at article and noun trials. The models had input condition (unseg-
mented-text and segmented-text, effect-coded, segmented set as —1) and trial number (scaled and
centered) as fixed effects, with random intercepts for participants and items. Looking at the article
trials, the effect of input condition was significant, with better learning in the unsegmented-text
condition (f=.26, SE=0.07, p <.001). No such difference was found for the noun trials, in fact,
accuracy was somewhat higher in the segmented-text condition (f =-.30, SE=0.17, p =.07). In both
models, trial number was not significant (p =-.11, SE =0.06, p=.07; $ = —.11, SE=0.11, p = .34). That
is, as in the prior study, and as predicted, learning of article-noun agreement, but not of the nouns
themselves, was better when presented as a single word rather than two separate words.

Noun-adjective agreement

Participants showed good learning of the color terms in both conditions (were over 90% accurate at
selecting the correct color term in both conditions) but did not show learning of the adjective-noun
agreement (were not above chance, p > .10, see Table 6).

Again, we ran a mixed-effect logistic regression model to analyze the results, with input condition
(unsegmented-text and segmented-text, effect-coded, segmented set as —1), trial type (color and
adjective, adjective set as —1), the interaction between them, and trial number (scaled and centered)
as fixed effects and random intercepts for participant and item (the maximal random effect structure
justified by the design that converged; Barr et al., 2013; see Table 7). The effect of condition was not
significant (f =.14, SE =.09, p =.10), and neither was the interaction of condition and trial type (B
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Table 6. Mean accuracy in all conditions and trial types. The table presents
the mean proportion of correct answers for participants in the relevant

conditions.
Adjective Color Total
Unsegmented-text .54 94 74
Segmented-text .53 91 72
Total .54 93

=.12, SE=.08, p =.14). The effect of trial type was significant, with much higher accuracy on color
trials than the adjective trials in both conditions (p = 1.24, SE =.08, p <.001) (see Table 7; Figure 5).
The effect of trial number was not significant (p =.03, SE =.05, p = .49).

Our findings indicate that learning article-noun agreement from multiword units enhances per-
formance for article-noun agreement but does not extend to an overall improvement in the general-
ization of gender-based agreement patterns: Accuracy on noun-adjective agreement was not higher in
the unsegmented-text condition. One possibility is that the advantage of multiword units does not
facilitate noun class generalization. However, this conclusion may be premature given the generally
poor performance on adjective-noun agreement. Participants in both conditions were not above
chance in selecting the correct adjective form, making it hard to test the effect of the unsegmented
vs. segmented written input. The short duration of the learning phrase, along with the only auditory
input may have made the task too difficult. It could also be that generalization is possible only if the
noun classes were learned during the first phase, that is, only when the article-noun agreement was
learned correctly.

Table 7. Effects of input condition, trial type, trial number, and the interaction between input
condition and trial type on accuracy.

Predictor Estimate Std. error p
Input Condition (unsegmented) 0.14 0.09 .10
Trial type (color) 1.24 0.08 <.001
Trial number 0.03 0.05 49
Condition XTrial type 0.12 0.08 14
100
2
© 75
% Trial Type
@ [»] Color
Q Adjective
8 50 (=] Adj
n
25
0
Unsegmented Segmented
Condition

Figure 5. Success rates by trial type across input conditions. Bars represent mean + standard error.
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Table 8. Effects of input condition, noun learnability, trial number, and the interaction between
input condition and noun learnability on accuracy in adjective-generalization Trials.

Predictor Estimate Std. error p
Input Condition (unsegmented) —-0.01 0.06 .79
Noun Learnability (learned) 0.21 0.05 <.001
Trial number 0.06 0.05 .23
Condition xNoun Learnability 0.07 0.05 14

To explore this possibility, we excluded from the adjective-noun analysis, nouns for which
participants selected the wrong label in the noun tests or the wrong article in the article tests in the
first phase of the experiment. That is, for each participant, we identified the nouns that they
learned the noun label and the article-noun agreement for, and only used those in the analysis of
the adjective-generalization trials. This left us with 1034 trials for analysis. Looking only at those
trials, we saw an interesting pattern. We could now see evidence of learning: mean accuracy on the
adjective-generalization trials was 55% (t(461)=2.24, p =.025, compared to chance) in the seg-
mented-text condition and 58% (t(571) =3.98, p <.001, compared to chance) in the unsegmented-
text condition.

We also ran a mixed-effect logistic regression model to analyze the results, with input condition
(unsegmented-text and segmented-text, effect-coded, segmented set as —1), noun learnability (trials in
which participants correctly identified the noun label and the article-noun agreement were considered
trials were the nouns were learned, effect-coded, not learned set as —1), the interaction between them
and trial number (scaled and centered) as fixed effects and random intercepts for participant and item
(see Table 8). The effect of condition was not significant (f = —.01, SE =.06, p =.79), and neither was
the interaction of condition and noun learnability (B =.07, SE =.05, p =.14). However, the effect of
noun learning was significant in both input conditions, with higher accuracy on adjective trials when
the noun label and noun-article agreement were learned successfully (f =.21, SE =.05, p <.001). The
effect of trial number was not significant (f =.06, SE =.05, p =.23). These results suggest that once
participants mastered the article-noun agreements, they could generalize this knowledge, to a certain
degree, irrespective of the initial learning input. However, this generalization was modest in magni-
tude and should be interpreted with caution, given that accuracy remained close to chance levels.

Study 3: will learning from unsegmented written input facilitate mastery of
article-noun agreement also for children?

In this study, we want to expand our previous findings to children learning a second language,
specifically, children at the early stages of literacy acquisition (seven- to eleven-year-olds). These
ages were chosen because children at this age in Israel are typically literate and have already started
learning a second language in school (usually English). By targeting this age group, we can explore the
potential benefits of manipulating written input during the early stages of second language acquisition.
We use the same design as in Study 1: A brief 15-minute session of learning Greek, with a focus on
article-noun agreement. We hypothesize that, similar to adults, children will show better learning
outcomes when exposed to unsegmented text. This study has an additional goal.

Our previous studies did not assess participants’ attentiveness to the orthographic manipulation:
We do not know if participants noticed the written input during the learning sessions. To address this,
the current study incorporates typing trials during exposure as a way of gauging participants’
engagement with the presented written stimuli. Every few trials, participants were asked to type in
the sentence they just saw/heard. This will tell us whether they noticed the written input: Participants
are expected to type the article-noun as one word in the unsegmented-text condition and as two in the
segmented-text one. We exposed children to the exact same stimuli used in Study 1, with the following
changes. First, each sentence was presented three times, instead of four times as in the previous two
studies, to make the study shorter and more child friendly. Second, the written stimuli were presented
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in Hebrew letters (and not English), since children at this age are not expected to be fluent readers in
English. Finally, we added a reading proficiency test at the end of the study to make sure all children
could read (and would thereby be sensitive to the manipulation of the written input).

Method
Participants

Sixty-two children participated in Study 3. We excluded one participant with ADHD, and one who
was older than our upper age limit (12 years), leaving us with a sample of 60 participants (mean age:
9.54 years, sd: 1.03, age range: 7.5-11.58, 31 females and 29 males), 32 in the unsegmented condition
(mean age: 9.57) and 28 in the segmented condition (mean age: 9.62). The sample size was determined
based on previous studies (Havron et al.,, 2018; Havron & Arnon, 2020; Siegelman & Arnon). All
participants were children between the ages of 7 to 11, native Hebrew speakers without learning or
language disabilities and with no prior knowledge in Greek. Prior to participating, we obtained signed
consent for participation from each child’s parent. We also got verbal assent from each child after
explaining to about the experiment. Participants received a small token (“reward”) as compensation
for participation. The study was run at the Israeli Living Lab, a developmental lab based in a children’s
science museum.

Materials

Stimuli

The stimuli were identical to those of study 1: Children were exposed to the same 12 Greek nouns, 6
neuter and 6 feminine. The written stimuli were presented in Hebrew letters (and not English) and
included the diacritic markers of vowels (nikud, see Example 4). Children heard the sentences in one
of two input conditions: the unsegmented-text condition, where the audio was accompanied by the
article and noun written as one word, and the segmented-text condition where they were written as
two words (these are the same two conditions used in the previous two studies).

Example 4: Greek sentences in Hebrew

Segmented condition "N X NI9N
Unsegmented condition Y0 AR N9
Procedure

The experiment followed the same structure as Study 1, with the addition of typing trials during the
learning phase, and a reading proficiency test at the end. Children were seated in front of a computer
with an experimenter next to them. Prior to the start of the experiment, children were informed that
they would be learning a new language. To assess language familiarity, they were asked to translate
recordings of sentences in various languages, including Greek, Hebrew, and English. This step also
served to verify the functionality of the speakers or earphones. Afterward, participants were informed
they would be learning Greek, and would then be asked about what they learned. The experiment
lasted less than 15 minutes.

The experiment consisted of two parts: an exposure phase where participants saw objects and heard
sentences describing them in Greek, and a test phase, where they were tested on their knowledge of the
nouns and article-noun agreement. Children heard 36 sentences during the exposure phase (12 nouns
heard three times). Every six trials, participants were asked to type the last sentence they heard. If they
had difficulty using the keyboard, they wrote the sentence on paper, which was then transcribed by
a research assistant. These typing trials were added to assess participants sensitivity to the ortho-
graphic manipulation: we wanted to see if their written output matched the written input they saw.
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Following exposure, children completed a forced-choice task, identical to that of Study 1 + 2: They saw
pictures, heard two sentences describing them, and had to select the correct one. Children completed
24 test trials, half tested noun knowledge and half article-noun agreement. Following the forced-choice
task, children completed a reading proficiency assessment. We used a single-word reading test to
ensure that the literacy level of all participants was adequate. The test was developed by Shani,
Lehman, Shalem, Bahat, and Zeiger in 2006 (as cited in Reiter et al., 2011). It consists of 38 Hebrew
words (Supplementary Materials S3) spread across four pages, progressively increasing in difficulty. In
our study, each participant was presented with 20 words that were randomly selected from the original
test, so that each participant encountered five words from each difficulty level. We recorded partici-
pants’ responses using the computer’s sound system and then had a research assistant code them for
accuracy and fluency.

Results + discussion
Greek learning results

We did not have to exclude any participants because of low accuracy (under two standard deviations
from the mean noun accuracy in their assigned condition). However, as the orthographic manipula-
tion and the typing trials require sufficient reading abilities, we removed three participants who scored
less than two standard deviations below the mean in the reading test, one in the unsegmented-text
condition and two in the segmented-text condition. In addition, we excluded five more participants
whose reading scores were unavailable due to sound or recording issues or a request not to be recorded
(four in the unsegmented condition and one in the segmented condition), leaving us with 52
participants. Participants showed learning in both conditions and trial types (see Table 9, t-test
comparing to chance, p’s <.001).

We used a mixed-effect logistic regression model to analyze the results, with input condition
(unsegmented-text and segmented-text, effect-coded, segmented set as —1), trial type (noun and
article, effect-coded, article set as —1), the interaction between them, age in years (scaled and centered)
and trial number (scaled and centered) as fixed effects and random intercepts for participant and item
(the maximal random effect model that converged; Barr et al., 2013). As found for adults, the effect of
condition was not significant (p =-.02, SE =.07, p = .82), but the interaction between condition and
trial type was (p = —.24, SE = 0.06, p <.001), indicating that accuracy was higher in the unsegmented-
text condition for article trials, but not for noun trials (in fact, accuracy on noun trials was higher in
the segmented-condition than in the unsegmented one). The effect of trial type was also significant,
with overall higher accuracy in the noun trials compared to the article trials ( = .34, SE = .06, p <.001).
The effect of age (p=.12, SE=.07, p=.09) as well as the effect of trial number (f =-.09, SE =.06, p
=.14) were not significant (see Table 10; Figure 6).

We ran two additional mixed-effects logistic regression models to deepen our understanding of the
interaction, looking separately at article and noun trials. Both models had input condition (unseg-
mented-text and segmented-text, effect-coded, segmented set as —1), age (scaled and centered), and
trial number (scaled and centered) as fixed effects with random intercepts for participants and items.
Looking at article trials, the effect of input condition was significant, with higher accuracy in the
unsegmented-text condition (f=.21, SE=0.09, p=.02). The effect of input condition was also
significant in noun trials, but in the opposite direction, with better accuracy in the segmented-text

Table 9. Mean accuracy in all conditions and trial types. The table shows the mean
proportion of correct answers for participants in the relevant conditions.

Article Noun Total
Unsegmented text .68 (sd: 0.14) .72 (sd: 0.16) 70
Segmented text .58 (sd: 0.16) .81 (sd: 0.16) .70

Total .63 77
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Table 10. Effects of input condition, trial type, trial number, and the interaction between
condition and trial type on accuracy.

Predictor Estimate Std. error p
Input Condition (unsegmented) —-0.02 0.07 .82
Trial type (noun) 0.34 0.06 <.001
Age 0.12 0.07 0.09
Trial number —-0.09 0.06 14
Condition XTrial type —-0.24 0.06 <.001
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Figure 6. Success rates by trial type across input conditions. Bars represent mean + standard error.

condition compared to the unsegmented one (p=-.28, SE=0.13, p=.03). Trial number was not
significant in both models (f = —.15, SE =0.09, p = .08; = -.03, SE = 0.09, p =.75). As predicted, and
as found for adults, exposure to unsegmented-text improved children’s learning of article-noun
agreement, but not of the nouns themselves. In fact, for children, nouns were learned significantly
better in the segmented condition.

Typing trials

We wanted to make sure that participants attended to the written input by asking if their written
output matched their input condition. We excluded blank responses, single-word responses, and
instances where the article-noun phrase had less than three syllables. This led to the exclusion of 85
responses (25% of all responses). The remaining responses were classified as matching if participants
wrote the sentence with a blank space between the article and noun in the segmented condition, and if
they wrote the sentence with the article and noun as a single word in the unsegmented condition. The
results revealed that 94% of responses corresponded to the input condition, indicating participants
were well aware of the written stimuli.
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Table 11. Mean accuracy in all input conditions and trial types across studies.

Study 1 Study 2 Study 3
Article Noun Article Noun Article Noun
Unsegmented text .88 97 71 91 .68 72
Segmented text 74 97 .59 95 .58 .81

Reading test

Reading accuracy was evaluated according to the test guidelines, assigning 1 if the produced form was
fully correct and 0 it if was not (this test has a stringent coding criterion where even one mistake
renders the response fully incorrect). Three participants were excluded from analysis because their
scores were over two standard deviations lower than the mean (these are the ones we also excluded
from the analysis of the Greek learning part). Additionally, scores were not recorded for three
participants due to sound or recording issues and two participants who requested not to be recorded.
The reading scores of the remaining participants (N = 52) ranged from 70 to 100 (mean 89.89). There
was no difference in reading accuracy between the two input conditions (unsegmented: 91%, seg-
mented: 89% t(45.89) = —0.84, p = .40), indicating this could not have confounded the results.

In sum, we found that children, like adults, show better learning of article-noun agreement, but not
of the nouns themselves, when presented as a single word rather than two separate words (see
Table 11).

General discussion

We set out to investigate whether altering the written representation of words will lead to a greater
reliance on multiword units, and through that, enhanced learning of the grammatical relations
between them. Previous work has shown that starting with multiword units can enhance learning of
article-noun agreement: Adults were encouraged to rely on larger units by manipulating the auditory
stimuli to be less segmented (e.g., Siegelman & Arnon, 2015). Here, we ask whether subtle ortho-
graphic changes can lead to a similar result: we examined how changing the written representation
impacts the learning and generalization of grammatical gender agreement in adults and children
learning Greek. Our findings indicate that learning article-noun agreement is facilitated when learners
see the article-noun sequence written as one word (unsegmented written input), compared to when
they see them written as two words (as is the case in actual Greek). Over three studies, adults and
literate children showed better learning of article-noun agreement when they saw them written as one
word. Our use of typing trials during exposure (Study 3) illustrates that participants were indeed
sensitive to the orthographic manipulation, and that this influenced their perception of the article-
noun as one word or two. That is, changing the written input impacted the units that participants
relied on, and their subsequent learning outcomes. At the same time, exposure to unsegmented written
input in learning article-noun agreement did not facilitate generalization of the grammatical gender
classes to a novel domain (adjective-noun agreement).

These findings show that changes in orthography, without parallel changes in the auditory stimuli,
can encourage reliance on multiword units and lead to better learning outcomes, providing further
support for their role in learning grammatical relations (Arnon, 2010, 2021). Related evidence comes
from work on how boundary cues influence the learning of dependencies. Morgan et al. (1987) showed
that cues marking phrase boundaries facilitate learning of phrase-internal dependencies by indicating
to learners which elements belong together. In the present studies, the orthographic manipulation may
have functioned in a similar way, providing a visual cue that grouped the article and noun together. In
this sense, our findings illustrate another way in which grouping elements into larger units can
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facilitate learning of the relations between them, in line with the predictions of the Starting Big
approach.

The findings also underscore the idea that learning from multiword units can be beneficial for
certain aspects of language, but not others (Siegelman & Arnon, 2015). While learning from unseg-
mented written input enhanced mastery of article-noun gender agreement, it did not aid in vocabulary
learning. Adults learned the noun labels equally well in both input conditions, while children learned
them better in the segmented input condition. This pattern suggests that the advantages of learning
from multiword units do not apply across the board: While learning from multiword units facilitates
the acquisition of semantically opaque dependencies, learning vocabulary, especially for children, may
benefit from clearer segmentation into meaning carrying units. A similar pattern was found in
Siegelman and Arnon (2015) when learning from unsegmented input facilitated the acquisition of
grammatical relations only when the article did not carry semantic information. Findings from child
language learning provide further support for the idea that multiword units help with some things, but
not others. Early reliance on highly frequent multiword patterns can result in the introduction of
errors, as in the case of me-for-I errors (e.g., “me do it”), which arise from frequent multiword
sequences in the input such as “let me do it” (Kirjavainen et al., 2009). Similarly, frequent multiword
sequences can intrude into inappropriate contexts, yielding errors of commission in children’s
spontaneous production (McCauley et al., 2021). Together, these findings show that learning from
larger units does not uniformly facilitate all aspects of learning and can, in some cases, give rise to
systematic errors during the learning process.

More broadly, the effectiveness of learning from multiword units may vary across different aspects
of second language learning, depending on whether the relation to be learned is part of a larger unit,
and whether the elements to be learned convey independent semantic information. Importantly, the
frequency and relevance of such multiword units may differ across languages, depending in part on
their morphological structure and on how grammatical relations are expressed (Arnon, 2021). As
a result, the usefulness of learning from larger units may differ across linguistic systems and learning
contexts, and may extend to other areas of language where adults typically encounter difficulties.
Orthographic manipulations similar to those studied here could potentially assist in learning classifier
systems and verb-preposition pairings, two domains where the relation to be learned holds between
adjacent words, and is semantically opaque, and that adult second language learners struggle with
(DeKeyser, 2005; Hansen & Chen, 2001; Kennedy & Miceli, 2001; Koosha & Jafarpour, 2006; Vyatkina,
2016).

Our findings also have implications for second language pedagogy: They point to the potential
benefit of adopting a “starting big” approach during teaching, which involves beginning with larger
unsegmented units. There is ongoing debate over the optimal approach to teaching a second language
(Dos Santos, 2020; Hummel, 2021). There are numerous teaching methods and strategies, each with
a different perspective on what should be emphasized. Some advocate focusing on auditory input and
prioritizing the development of listening and speaking skills. For instance, the “audio-lingual teaching
approach” (Abduh, 2016; Ausubel, 1964; Bidenko & Bespalova, 2017; Wen et al., 2018) and “task-
based language teaching” (Gindo & Kawo, 2019; Murad & Smadi, 2009) are prominent methods that
emphasize oral communication and learning through practical tasks. Others stress the importance of
incorporating written input into the learning process, with findings showing improvement in second
language skills when reading is involved in the process (Chio, 2009; Elley & Mangubhai, 1983). Our
findings suggest that each method has its advantages. Study 1 showed that adding written input can
facilitate learning by providing an additional input modality. However, starting with written forms
may hinder the acquisition of certain grammatical relations. An optimal approach may involve
combining both methods, by initially using unsegmented auditory input and only later introducing
written input. Indeed, such approaches have started to be implemented, for instance, Bidenko and
Bespalova (2017) propose a modified implementation of the audio-lingual teaching approach, starting
with auditory exercises before introducing reading activities (Bidenko & Bespalova, 2017). Developing
teaching methods that leverage the benefits of each technique may result in the most effective learning
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outcomes. By starting with oral aspects of language or unsegmented written input and introducing the
segmented written input only in later learning stages, learners may achieve better learning outcomes,
particularly in learning grammatical relations. This approach acknowledges the complexity of lan-
guage acquisition and embraces a flexible, adaptive approach to teaching, ultimately fostering greater
proficiency and fluency in second language learners.

Our findings suggest that learning article-noun agreement from multiword units improves perfor-
mance specifically for article-noun agreement but does not necessarily lead to a broader generalization
of the gender classes and gender-based agreement patterns. In Study 2, participants in both the
segmented and the unsegmented condition did not show evidence of generalizing to adjective-noun
agreement (with performance at chance in both groups). One possibility is that the lack of general-
ization stemmed from participants not fully mastering the article-noun agreement, hindering their
ability to generalize the gender classes effectively. Indeed, when looking only at successfully learned
article-noun pairings, we found modest evidence of learning, suggesting that the acquisition of article-
noun agreements may have contributed to improved performance in noun-adjective agreement tasks.
This was found in both input conditions, suggesting that once participants achieved proficiency with
article-noun agreement, they could begin to generalize this knowledge to a limited extent. However, it
is important to interpret these results in caution, as accuracy remained relatively close to chance.
Future studies could focus more directly on this subgroup of learned items to assess whether robust
knowledge of article-noun agreement facilitates more reliable generalization. Additionally, future
work should explore other types of generalization that may be supported by exposure to multiword
units, such as generalization across different determiners (e.g., from definite to indefinite articles or
demonstratives), or generalization to novel syntactic contexts.

The relatively short duration of the task (30 minutes of exposure) may have hindered the broader
generalization: future experiments incorporating longer exposure periods are needed to gain a deeper
understanding of the impact on unsegmented input on generalization. Another question arising from
the study concerns the long-term retention of the learned material. Our investigation was limited to
a single learning session lasting 30 minutes, followed by immediate testing. However, an important
open question pertains to the duration of the effect and how long it will persist beyond this initial
timeframe. Future research should examine multiple sessions across time and assess the retention of
learned knowledge over extended periods, thereby providing insights into the sustainability of the
observed effects. In addition, task complexity may play a key role in moderating the benefits of
unsegmented input. It remains unclear whether these benefits will persist under more demanding
learning conditions, with increased memory load or less consistency than the fixed frame used here.
Future studies should explore whether the observed effects hold in more complex and naturalistic
learning environments.

Overall, our findings provide novel support for the advantages of “starting big,” suggesting that
learning from multiword units can enhance learning of grammatical relations, also in adults and
literate children. The findings also open new avenues for adult language teaching methodologies,
indicating the potential of incorporating unsegmented input in learning grammatical relations.
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