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Abstract

The aim of this study was to investigate the relationship between working memory and the production of
recursive linguistic structures in language acquisition. Particular attention was paid to the ability of children
of different ages to produce these complex structures. The following questions were posed: To what extent
are children able to produce recursive possessives, relative clauses and complex postpositional structures?
How does working memory capacity affect the use of recursive linguistic structures?

We hypothesised that the development of working memory would be closely related to the rate of lan-
guage development and that children aged 7-8 years would perform significantly better than younger age
groups in the production of recursive structures. In contrast, the results of this study showed that not only
age or sentence length, but also the complexity of the structures played a key role in children's performance.
Relative clauses (RCs), which are the longest of the three structures, performed better on memory tests than
complex postpositional structures (PPs), which are shorter but require more complex semantic relations.
These findings provide a new perspective for understanding children's language development and the acqui-
sition of recursive structures.

Sections 1, 2, 3 and 4 discuss the relationship between working memory and language, and the concept
of recursion. This is followed by a detailed description of experiments (Section 5) that analyse the acquisition
of recursive structures by children of different ages. Section 6 discusses the research findings and their implica-
tions, highlighting the role of working memory development in the development of language skills.

Keywords: working memory, production, language acquisition, recursive possessives, relative clauses,
complex PPs

1. Introduction

At the interface between linguistics and cognitive science, there is increasing attention to the study
of the links between the development of working memory and the acquisition of language struc-
tures. Working memory, which refers to the ability to store and process information in the short
term, plays a key role in language comprehension and production (Baddeley—Hitch1974). In particu-
lar, recursive structures, which make it possible to increase the complexity of linguistic expres-
sions, are considered a fundamental element of language ability (Hauser et al. 2002).

During children's language learning process, it can be observed that working memory capacity
is closely related to the rate and quality of language structure acquisition. Research by Racsmany
et al. (2005) shows that children's working memory capacity increases with age, allowing them to
acquire increasingly longer and more complex linguistic expressions.

The aim of the present study is to investigate the impact of working memory development on
the acquisition of recursive language structures, with particular attention to age-related differences
in children. The following sentences are examples of recursive structures:
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(1a) A bécsi feleség-é-nek a bicikli-je
the man wife-Poss-DAT the bicycle-Poss
‘The man'’s wife's bicycle.’

(1b) A macska azoroszlan el6tt al, ami  az elefant folott van.
the can the lion in front of  sit-3sg which the elephant aboveis
‘The cat sits in front of the lion that is above the elephant. *

(1c) A macska az elefant folotti oroszlan elétt al.
the cat the elephant above lion in front of sit-3sg.
‘The cats sits in front of the lion above the elephant.’

The research examines the production of three recursive structures — recursive possessives (1a),
relative clauses (RCs) (1b) and complex postpositional structures (PPs) (1c) — and the results pro-
vide a broader picture of how working memory capacity influences language development.

2. Working memory and language

The role of working memory in language processing has received increasing attention in psycho-
linguistic research. Working memory, as the ability to store and process information in the short
term, is essential for language comprehension and production because it allows the temporary
storage and manipulation of information generated during speech (Baddeley-Hitch 1974).

Baddeley's model of working memory is based on three main components: the phonological
loop, the visuospatial scratchpad and the central executive. The phonological loop is particularly
important for the short-term storage of verbal information such as words and sentences, while the
central executive controls the functioning of the subcomponents and allows the manipulation of
incoming information (Baddeley 2000). The efficient functioning of these components is essential
for children to acquire more complex linguistic structures such as recursive sentences.

Just and Carpenter (1992) suggest that individual differences in language processing are due
to limited working memory capacity. Children with greater working memory capacity are able to
construct and analyse multiple possible meanings simultaneously, which contributes to more suc-
cessful solutions to complex language tasks. This research shows that the development of working
memory is closely linked to the process of language acquisition.

Racsmany’s et. al. (2005) experiments show that children's working memory capacity in-
creases with age, making it easier for them to understand and reproduce longer and more complex
linguistic expressions. Research shows that working memory not only affects word learning, but
also plays a crucial role in syntactic tasks. Children with higher working memory capacity are
better able to imitate adult sentence structure and thus develop long-term templates for linguistic
expression.

This paper also addresses the fundamental question of how working memory development
contributes to the acquisition of recursive language structures, a key component of language
faculty.

3. The impact of verbal working memory development on language acquisition

The development of verbal working memory is closely linked to the process of language acquisi-
tion, a conclusion that is supported by a substantial body of research. As demonstrated by
Racsmany et. al. (2005), children's verbal working memory capacity increases with age, thereby
facilitating the acquisition of longer and more complex words, phrases and sentences. This pro-
cess is fundamental to language development, as children's verbal memory plays a pivotal role in
the acquisition of vocabulary and sentence structures.
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Some researchers, such as Gathercole and Hitch (1993), posit that younger children have a
constrained short-term memory capacity, leading to a tendency to reiterate the target stimuli per-
sistently. However, spontaneous repetition of the target stimuli is no longer observed in children
aged 7-8 years. These observations indicate that working memory capacity has a substantial
influence on the efficacy of language processing.

In the process of acquiring new vocabulary, the phonological loop serves to maintain the rep-
resentation of the new word until such time as a permanent memory trace is formed. The correla-
tion between working memory and word learning is not only evident during the early stages of
childhood, but also persists up to the age of 14 (Racsmany et al. 2005). The results indicate that
children who perform better on verbal working memory tests also perform better on syntactic
tasks. This suggests that the development of working memory contributes to the development of
syntactic competence.

The findings of this research indicate that the development of verbal working memory is
closely associated with the process of language acquisition. Children with higher working memory
capacity are better able to comprehend and construct longer and more intricate sentence struc-
tures, which in turn facilitates the advancement of their linguistic abilities. An understanding of this
process may prove invaluable in the field of language teaching, as the development of working
memory can facilitate improvements in children's language performance.

The following section will examine the concept of recursion and demonstrate how verbal
working memory facilitates the acquisition of recursive language structures.

4. Recursion

Recursion represents a fundamental aspect of linguistic structures, enabling the production of
complex sentences and phrases from a finite set of elements. The faculty of language in a broad
sense (FLB) comprises a set of systems that build on the sensorimotor and conceptual-intentional
dimensions. In contrast, the faculty of language in a narrow sense (FLN) is a set of abstract linguis-
tic computational systems. These systems permit the generation of potentially infinite expressions
from a finite number of elements, as postulated by FLN theory. Indeed, as posited by Chomsky and
colleagues (Hauser et al. 2002), recursion represents a pivotal element of the faculty of language
in a narrow sense (FLN), which is indispensable for grasping the distinctive characteristics of hu-
man language.

The recursive nature of language permits the embedding of phrases ad infinitum, thereby en-
dowing human language with the capacity to generate highly complex expressions. The absence
of this mechanism is a defining characteristic of human language, in contrast to animal communi-
cation, which typically lacks recursive structures. It can be argued that recursion represents a fun-
damental feature of human language, contributing to linguistic creativity and the expression of
complex meanings.

The merge operation, as proposed by Chomsky, whereby larger units are created from smaller
linguistic elements, plays a pivotal role in the construction of syntactic structures. An understanding of
the asymmetric nature of the merge operation, which allows the creation of syntactic objects
(phrases), is essential to the exploration of the structure of language (Chomsky 1993).

The concept of recursion in linguistics can be interpreted in a number of ways, which are im-
portant to distinguish. The differences between Chomsky's merge operation and more specific
phrase embeddings assist in comprehending the processes through which linguistic structures are
formed and operate.

The merge operation proposed by Chomsky (1993) represents a fundamental building block
of syntactic structures. In a merge, two elements are combined to create a new syntactic object.
These elements may be a lexical unit (e.g. a word) or an existing syntactic object. The aforemen-
tioned process can be illustrated as follows:
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In the context of two given entities, designated as a and b, the merge operation
generates a novel entity, g, which is defined as g = {d{a,b}}. Here, d represents the
label of the newly formed structure.

The asymmetric nature of the merge operation is of paramount importance, as it enables the for-
mation of a syntactic hierarchy, whereby the newly created unit (d) functions as a label for the
syntactic structure, while the additional elements (a and b) constitute its constituents. It can be
seen, therefore, that the merge operation is not only necessary for the construction of linguistic
expressions, but also forms the basis for the generation of syntactic structures.

A more detailed analysis of recursion can be seen within the context of phrase arrangement.
In this context, recursion denotes the hierarchical embedding of syntactic structures, whereby a
syntactic component of a specific type (e.g. possessive or relative clause) is embedded in a syn-
tactic phrase of a comparable type. This approach permits the construction of complex linguistic
structures comprising an infinite number of phrases (e.g. 1a, b and c).

The syntactic embedding of the possessive structure (1a), the relative clauses (1b) and the
complex postpositions (1c¢) demonstrate how more complex structures can be created from existing
elements. The objective of this article is to examine the connection of the acquisition of these three
structures and working-memory development.

The principal distinction between Chomsky's concept of merge and the more precise notion
of phrase structure recursion is that, whereas merge describes the process of combining syntactic
elements, the latter is essential for grasping the hierarchical and intricate structure of linguistic
expressions.

As a fundamental structural feature of language, recursion exerts a considerable influence on
the process of language acquisition. In the context of children's language development, the acqui-
sition of recursive structures typically occurs at a later stage than the acquisition of basic language
elements. The comprehension and utilisation of recursive sentence structures are inextricably
linked to the advancement of working memory, which facilitates the formation of more intricate
linguistic expressions in children.

Furthermore, this section emphasises that the acquisition of recursive structures constitutes
a pivotal aspect of the development of linguistic competence, a point that will be substantiated by
the findings of our experiments in subsequent sections.

5. The experiments

In this section, four experiments are presented, three of which investigate the acquisition of the
production of three recursive structures, while the fourth is a working memory test applicable to all
three structures.

It is already established that recursive structures emerge at a relatively late stage in the acqui-
sition process. The extant cross-linguistic literature (Roeper—0Oseki 2018; Hollebrandse—Roeper
2014) suggests that, although the onset of production of recursive structures may vary across
structures and languages, production typically commences between 7 and 9 years of age.

Several factors may account for this delayed emergence, including the development of
children’s working memory capacity, as well as the complexity and length of recursive structures.
With respect to structural complexity, all three target structures (1a, b, and c) involve the same
number of actors (e.g. man — wife — bicycle; cat - lion — elephant) and exhibit embedding, rendering
them comparable in terms of hierarchical complexity.

At the same time, the three structures differ in the grammatical means by which recursion is
expressed. Recursive possessives and complex postpositional structures primarily rely on mor-
phological marking, such as case suffixes and postpositions, whereas relative clauses express re-
cursion through functional elements, most notably relativizers. Thus, while the structures are
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comparable in terms of hierarchical complexity and number of thematic roles, they differ in their
morphosyntactic realization.

In addition to these grammatical differences, the three structures also vary in length. If struc-
tural length — operationalized as the number of words children are required to produce — plays a
decisive role in the acquisition of recursive structures, a specific order of acquisition can be pre-
dicted. Two predictions are formulated as explicit, testable hypotheses in the following section.

5.1. Hypotheses

H1 (Complexity-equivalence hypothesis):
If hierarchical complexity is the primary determinant of acquisition, no systematic differences
are expected across the three structures.

H2 (Length-based acquisition hypothesis):
If the length of a recursive structure is a decisive factor in the acquisition process, children will
acquire recursive possessives earlier than complex prepositional phrases, and complex prepo-
sitional phrases earlier than relative clauses.

5.2. Participants

A total of 213 children between the ages of 4 and 9 participated in the trials. Of these, 69 children
participated in the experiment testing complex PPs, which included kindergartners and school stu-
dents between the ages of 4 and 8.

N mean age sd
4-year-olds 10 4;5 0.65
5-year-olds 14 5,6 0.36
6-year-olds 13 6;5 0.24
7-year-olds 18’ 7,5 0.36
8-year-olds 14 8;4 0.29

Table 1. Participants — complex PPs

A total of 72 children participated in the experiment to test the acquisition of relative clauses. The
participants were divided into five age groups ranging from 4 to 8 years of age.

N mean age sd
4-year-olds 11 4,0 0.49
5-year-olds 10 5,7 0.312
6-year-olds 18 6,6 0.43
7-year-olds 15 7,6 0.35
8-year-olds 18 8;5 0.36

Table 2. Participants — relative clauses

The recursive possessive structure acquisition experiment involved 72 children, who were divided
into five age groups from 4 to 8 years old.

T At the age of eight, a greater proportion of children have completed the task. This finding is based on the
number of second graders in the class. The decision not to reduce the number of children was taken so as
not to exclude any participants who were capable of completing the task. The sole criterion applied was the
attainment of a minimum of 10 children within each age group.
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N mean age sd
4-year-olds 13 4,4 0.65
5-year-olds 10 5,8 0.36
6-year-olds 16 6;5 0.24
7-year-olds 14 7;8 0.36
8-year-olds 19 8;5 0.29

Table 3. Participants — recursive possessives

A total of 108 children participated in the working-memory test. In order to ascertain how the data
varied between ages 8 and 9, it was necessary to include 9-year-olds as well. The 9-year-olds were
actually the 8-year-olds in the earlier three structure experiments.

N mean age sd
4-year-olds 23 4,4 0.24
5-year-olds 18 5;5 0.62
6-year-olds 15 6;10 0.39
7-year-olds 18 7;3 0.25
8-year-olds 15 8,6 0.36
9-year-olds 19 9;3 0.55

Table 4. Participants — working-memory test

The duration of each trial was 20-30 minutes, depending on age. Responses were recorded on
camera for subsequent review and analysis.

5.3. Methodology

The methodological approach was determined by the aim of the research, which was to explore
the relationship between working-memory and the acquisition of recursive language structures.

5.3.1. The methodology of the experiments on the acquisition of the three recursive structures

The methodology of the experiments conducted for the acquisition of the three recursive structures
is outlined below. For the complex postpositional structure and relative clauses, a wooden bus and
cardboard animals were utilised. Prior to the commencement of the experiment, it was ascertained
that the children were familiar with the animals. The bus was then presented, with emphasis placed
on the observation of details, particularly the disparities between the front and rear of the vehicle.
The experimental framework entailed a narrative premise, in which the animals embarked on a
journey, with the children's role being to ensure the correct animals were seated on the bus.

The experiment encompassed eight preliminary tasks, eight test sentences, and eight filler
sentences. The purpose of the preliminary tasks was to facilitate the children's comprehension
that the experimenter would introduce an animal and they would be tasked with determining its
designated seat. During the warm-up test, the experimenter made a true statement in four in-
stances and a false statement in one (e.g. the frog sat down above the pig, but it was claimed that
it sat down under the pig). In total, five bus journeys were acted out, and the participants were in-
formed in advance which animals would eat what. Each participant was assigned a specific food
item that matched their predilection (e.g., a dog was assigned a bone, a cat was assigned milk,
etc.). The experimenter's role entailed providing the animal with its designated food and subse-
quently guiding it to the location where the food had been placed.



80 AGNES LANGO-TOTH

In each trial, an alternative option was made available to the children, (e.g. there was visual
stimuli about the place: in front of the pig (that is) under the dog instead of in front of the pig that
is under the elephant).
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Figure 1. The visual layout of the experiment on complex postpositions and relative clauses

As illustrated in Figure 1, the arrangement of elements on the bus is represented by the following
example: the fly and the cheese symbolise the test elements, with the fly being consumed by the
frog, thereby occupying the position in front of the pig under the elephant. Upon observing the par-
ticipant's placement of the animal, the experimenter inquired about its designated location. The
majority of respondents indicated that the animal had been positioned in front of the pig. The ex-
perimenter then pointed out that there was another pig on the bus that was under the dog, and
asked again where they had seated the frog. They answered that it was ideally in front of the pig
under the elephant, or in front of the pig that is under the elephant.

In the recursive possessive study, a wooden house (Figure 2) contained various fairy tale crea-
tures, their animals, and various foods and ingredients of the animals.

Figure 2. The visual layout of the experiment on recursive possessives
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The narrative was about a plush doll's birthday celebration, where the children were tasked with
baking a cake for the doll. During the experiment, while the researcher collected ingredients from
the doll's house, the children were instructed to say who did the items selected and placed in their
basket belong to. In the course of the study, we structured the tasks in a sequential manner, with
the children progressing from the upper levels of the house to the lower levels.

The purpose of these preliminary tasks was to ensure that the children comprehended the
subsequent task and to encourage the application of possessive language in their responses to
the experimenter's questions. The experimenter was instructed to refrain from using possessive
language during the test tasks, but was permitted to pose additional questions. For example:

2) Experimenter: Now, tell me what we took!
Participant: The apple.
E: OK, but who does the apple belong to?
P: The duck.
E: And who does the duck belong to?
P: To the witch.
E: Then what have we taken?
P: The witch's duck’s apple.

After gathering the necessary ingredients, a simulated baking process was carried out, and the
cake was given to the dummy.

5.3.2. Methodology of memory tests fitted to the three recursive structures

Two distinct methodologies were employed in the memory test: one measured digit span and the
other measured sentence repetition. The digit span test, as articulated by Racsmany et al. (2005),
is an in-depth assessment of short-term memory capacity and functions as an exemplary evalua-
tion of declarative memory, drawing upon Ullman's (2001) model. Participants were tasked with
memorising sequences of numbers devoid of any discernible regularities.

The memory test was designed to assess children’s short-term memory and language processing
abilities. Racsmany et al. (2005) provide insight into a more detailed exposition of the Hungarian digit
span test. However, it should be noted that this method alone does not provide a comprehensive pic-
ture of the success of children aged four to nine years in repeating sentences with different syn-
tactic structures, and therefore an additional methodology had to be developed.

The average number of syllables in the test sentences was counted. The results obtained
are as follows: 13 syllables (3a) for postpositional structures without instructions, 17 (4a) for the
relative clauses and 10 syllables (5a) for recursive possessives. Utilising these data, number se-
quences of 17, 13 and 10 syllables were constructed.

The presentation will follow the order outlined in the paper: it starts with digit span and sen-
tence repetition tests focusing on postpositional structures (3a—b), continues with results on rela-
tive clauses (4a-b), and ends with recursive possessives (5a-b).

(3a) A nyuszi (iljén le) az egér elé6tti medve f6lé. (13 syllables)
the rabbit (should sit down) the mouse infrontof  bear above
‘The rabbit should sit down above the bear in front of the mouse.’

(3b) tizenkettd, tizenkilenc, ~ hdrom, tizenegy (13 syllables)
twelve, nineteen, three, eleven
(4a) A majom a malac elé (iltle), ami  azelefant alatt van.

the monkey  the piginfront of (sat down)that the elephant underis
‘The monkey sat down in front of the pig that is under the elephant.’ (17 syllables)
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(4b) tizenkettd, tizenkilenc, tizenharom,  tizenoét, kilenc (17 syllables)
twelve, nineteen, thirteen, fifteen, nine
(5a) (Tegylik a dobozba)  akirdly kutya-ja-nak a liszt-jé-t! (10 syllables)
Let's put the box-IN  the king dog-Poss-DAT the flour-Poss-Acc
‘Let’s put the king's dog's flour into the box.’
(5b) tizenhdarom,  tizenkilenc,  kett6 (10 syllables)

thirteen, nineteen, two

Based on the obtained syllable counts, we created numerical sequences ((3b), (4b), (5b)) and sen-
tences with matching syllable patterns. The sentences can be further divided into those that meet
the criteria for recursive tests ((6a), (7a) and (8a)) and those that do not exhibit recursive embed-
ding ((6b), (7b) and (8b)).

(6a)

(6b)

(7a)

(7b)

(8a)

(8b)

A nyuszi (iliénle)  az egér elétti medve f6lé. (13 syllables)
the rabbit (sit down) the mouse in front of bear above
‘The rabbit should sit down above the bear in front of the mouse.’

A Télapé ajandék-ot tesz a csizma-ba. (13 syllables)
Santa Claus present-ACC put-3sg the boot-ILL.
‘Santa Claus puts presents into the stockings.’

A majom a malac elé (iilt le), ami azelefant alatt van.
the monkey  the pigin front of (sitdown) that the elephant under is
‘The monkey sat down in front of the pig that is under the elephant.’ (17 syllables)

A tanité néni  irds-ra tanitja a didk-ok-at. (17 syllables)
the teacher  write-SUBL  teach-3sg the student-PI-ACC
‘The teacher teaches the pupils to write.’

(Tegyiik a doboz-ba) akiraly kutya-ja-nak  a lisztjét!
(Let’s put the box-IN) theking  dog-Poss-DAT the flour-Poss-ACC

‘Let’s put the king’s dog's flour into the basket.’ (10 syllables)
A boszorkany macska-ja fekete. (10 syllables)
the witch cat-Poss black

‘The witch’s cat is black.’

The experiment comprised a total of four complex PP sentences, four relative clauses and four recur-
sive possessives. The remaining four sentences were devoid of embedding, and solely corresponded
in syllabic count to the test sentences (6b, 7b, and 8b).

Participants were provided with a list corresponding to either PP only, RC only, or recursive
possessive only. This approach enabled children to apply the language structures in the appropriate
context. The subsequent section will focus on the discussion of the results, where a detailed analysis
will be provided on the participants' performance in the different tasks.

5.4. Results

In this subsection, a summary of the results on the production of complex PPs, relative clauses
and recursive possessives is provided. The objective of this research endeavour was twofold:
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firstly, to explore the means by which children acquire these linguistic structures, and secondly, to
investigate the differences between children of different ages.

5.4.1. Results of the acquisition of the three recursive structures

Firstly, the focus will be on the correct, recursive answers. In the experiment, two comparisons
were made per condition: the first one always included the complete relative clauses (RCs), while
the second one included the production of relative clauses aggregated with the dialogue-sensitive
responses (see charts 1 and 2).
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Chart 1. Correct answers of the 3 structures

As illustrated in Chart 1, four-year-olds demonstrate an ability to produce the entire structure in the
recursive possessive. However, no significant difference is observed between the rates of success-
ful production of the three structures in the five- and seven-year-old groups. Conversely, the six?-
and eight-year-old® groups demonstrate a marked tendency to produce accurate responses for
recursive possessives, in contrast to their responses for RCs and complex PPs.

In Chart 2, the recursive responses of the experiment for RCs are now aggregated with the
relative clauses produced as a whole and the dialogue-sensitive responses. Consequently, the pro-
duction of RCs has shown an increase.

2y2(1) = 7.8091, p < 0.01**
3%2(2) = 7.5947, p < 0.05*
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Chart 2. Correct answers of the 3 structures and dialogue sensitive answers

Research has shown that four-* and six-year-olds demonstrate a higher level of proficiency in
answering questions related to relative clauses (RCs) and recursive possessives. In contrast, five-
year-olds® demonstrate a higher level of proficiency in identifying RCs, surpassing their perfor-
mance in recognising possessives or complex PPs. The seven-year-old group demonstrated equivalent
proficiency in the production of all three structures. In contrast, the eight-year-olds® demonstrated a
marked tendency to produce a greater number of recursive possessives in comparison to complex
PPs or RCs.

The subsequent analysis of errors will provide insights into other mechanisms of production
of the three structures.

Errors due to omission
Complex PPs RCs of certain components other z
of the structure
4-year-olds 3(2.4%) - 101 (82.1%)’ 19 (15.5%) 123
5-year-olds 23 (11.7%) 9 (4.6%) 163 (83.2%)® 1(0.5%) 196
6-year-olds 1(0.6%)° 13 (7.6%) 152 (88.9%)° 5(2.9%) 171
7-year-olds 93 (46.8%) 1(0.5%) 97 (48.7%) 8 (4%) 199
8-year-olds 97 (65.1%)" 1(0.8%) 51 (34.1%) - 149
Table 5. The production data for complex PPs

4%%(2) =16.879, p < 0.007***

5%?(2) =17.918, p< 0.0071***

6%?(2) =7.5947, p < 0.05*

7%2(2) =109.59 p < 0.007***

8

° Six-year-olds demonstrate a lower level of saturation compared to five-year-olds. This phenomenon can be
attributed to the observation that, at the age of six, these children produce a greater number of relative
clauses (which are otherwise the correct response to the situation) in comparison to PP. However, when the
performance of five and six-year-olds is compared (correct answers are given by PP+RC; see Table 1), the
difference in performance disappears (x2 (1) =2.678,p = 0.1017, n.s.).

0%2(2) =141.12 p < 0.007***

x%(1) =9.6875 p < 0.01**
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Asiillustrated in Table 5, children aged four to six frequently produce only some of the components
of the structure, rather than the entire structure. Conversely, for seven-year-olds, there was no sta-
tistically significant difference between the production of individual components of the structure
and the production of the whole structure. By the age of eight, a marked transition emerges, with
children demonstrating a substantially higher level of production of the entire structure in comparison
to its constituent parts. This progression in production is evident from the parts of the structure to
the whole.

In the context of the production of relative clauses, three distinct categories of adequate responses
are anticipated. (In the case of complex postpositional structures, children produced only complex
PPs and some relative clauses). Participants produced some complex PPs, RCs, and there were
also dialogue-sensitive responses regarding RCs. For instance:

(9a) E: Hova iltetted a békat?
Where did you put the frog?
P: A malac elé.
In front of the pig.
E: Melyik malac elé?
In front of which pig?
P: Ami az elefant alatt van.

That is under the elephant.

In example (9a), children produce the target structure, but this requires an intervening "Which?"
question. This possibility can be attributed to the dialogical nature of the experiment and is there-
fore considered a sufficient response. Conversely, for complex PPs (9b), a dialogue-sensitive
response is not considered grammatical.

(9b) KV:  Hova liltetted a békat?
Where did you put the frog?
R: A malac elé.
In front of the pig.

KV:  Melyik malac elé?
In front of which pig?
R: *Az elefant alatti.
The elephant under.
/Az elefant alatti malac elé.
In front of the pig under the elephant.

In the context of the RCs, responses that yield the relative pronouns are designated as dialogue-
sensitive responses. Table 6 provides a comparison of the three types of possible responses and
the errors due to omission of the components of the structure.

Dialoque-sensi- Errors due to omis-
Complex PPs RCs 1al0g sion of components z
tive responses
of the structure
4-year-olds - - 36 (20.6%) 139 (79.4%)? 175
5-year-olds - 19 (13.8%) 27 (19.6%) 92 (66.6%)" 138
6-year-olds 15 (6.1%) 47 (19.3%) 67 (27.5%) 115 (47.1%) 244

X2(1) = 34.574, p < 0.007***
13%2(2) = 50.305, p < 0.007***
¥2(3) = 35.374, p < 0.007***
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7-year-olds | 18 (11.7%) 55 (35.7%) 12 (7.8%) 69 (44.8%)'5 154
8-yearolds | 46(28.9%) | 100 (62.9%)' - 13 (8.2%) 159

Table 6. RCs' production data

A comparison of the correct results and incorrect answers reveals that children under the age of
eight primarily produce partial structures, with the capacity to generate RCs emerging from the age
of eight onwards.

Table 7 presents a case where dialogue-sensitive responses and RCs are aggregated, as dia-
logue-sensitive responses containing the relative pronoun are also classified as correct responses.

RC+ dialoque- Errors due to omission
Complex Ps 109 of certain components z
sensitive
of the structure
4-year-olds - 36 (20.6%) 139 (79.4%)" 175
5-year-olds - 46 (33.3%) 92 (66.7%)® 138
6-year-olds 15 (6.1%) 114 (46.8%) 115 (47.1%) 244
7-year-olds 18 (11.7%) 67 (43.5%) 69 (44.8%) 154
8-year-olds 46 (28.9%) 100 (62.9%)° 13 (8.2%) 159

Table 7. RC production data with dialogue-sensitive responses

In this case, children aged four and five produced only parts of the target structure. No significant
disparities were observed in the performance of six- and seven-year-olds when considering the
production of parts of the structure, the production of dialogue-sensitive responses, and RCs. By
the age of eight, the majority of children have attained the ability to produce the target structure in
its entirety.

Omission of certain
Correct answers components of the Other z
structure
4-year-olds 42 (23.5%) 125 (69.8%)%° 12 (6.7%) 179
5-year-olds 16 (10.4%) 117 (76%)?! 21 (13.6%) 154
6-year-olds 80 (41%)% 75 (38.5%) 40 (20.5%) 195
7-year-olds 72 (48%)% 50 (33.3%) 28 (18.7%) 150
8-year-olds 145 (92.9%)* 2 (1.3%) 9 (5.8%) 156

Table 8. Production data for recursive possessives

=39.17, p < 0.0071***

=45.766, p < 0.007***

=35.574, p <0.007***

11.156, p < 0.007***

42.083, p < 0.007***

= 64.075, p < 0.007***

=82.074, p < 0.007***

2242(2) =7.505, p < 0.05* (The significance value is determined by comparing the correct and incorrect an-
swers with the other answers. However, it should be noted that there is no discernible difference between the
correct and incorrect answers.).

2 %2(2) =12.877, p < 0.01** (The significance value is determined by comparing the correct and incorrect
answers with the other answers. However, it should be noted that there is no discernible difference between
the correct and incorrect answers.).

2 %2(2) =159.97, p < 0.007***
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The responses exhibited by the four- and five-year-old groups were characterised by the omission
of specific components of the structure. In contrast, the six- and seven-year-old groups demonstrated
comparable rates of production for both the complete structure and its constituent parts. However,
it was observed that alternative forms of response were notably less prevalent compared to the
two aforementioned categories. In contrast, eight-year-olds demonstrated a higher level of profi-
ciency, producing a significantly higher number of recursive possessives in comparison to in-
complete or alternative responses.

5.4.2. Results of the memory tests fitted to the three recursive structures

Firstly, the results of the digit span test are presented in Chart 3. Given that the order in which the
experiments were presented in the article was PPs first, followed by RCs and then possessives, it
was decided that this order would be maintained, although it should be noted that the number of
syllables corresponding to possessives was the shortest in the sentence repetition and digit span
tests (and it was placed last in diagram 3), reflecting the PP, RC, possessive order. This order has
thus been adhered to in discussing the results of the memory tests.

1009 === =-=mmmmmm oo ooooooooooooooo
OPPs (13)
80,80%
__________________________________________________________________ _. BRCs (17
80% 77.30% (17)
[v)
66,00% MW Possessives
_____________________________________________________________ (10)
60% 51,90%
p<0,001***
7,10%
40% ---mmmmmm g Rgm o 0% -l
4,709 33,30%
34,70% ®30,60% p<0,05*
25,00%
20()0 ,,,,,,,,,,8 ,,,,,,,,,,,,,,,,, S J— 4 ,_| - - = -
10,90% g 309, p<0,001***
()() o I ’_‘ ‘ ‘. I
4-year-olds 5-year-olds 6-year-olds 7-year-olds 8-year-olds 9-year-olds

Chart 3. Digit span test regarding the 3 structures

As illustrated in Chart 3, four-year-olds and six-year-olds demonstrated an ability to repeat 10-syllable
number sequences. Five-year-olds?, seven-year-olds?®, eight-year-olds?’ and nine-year-olds?®
demonstrated a higher level of success in repeating 10-syllable number sequences than longer ones.

Notably, only eight-year-olds demonstrated proficiency in repeating 17-syllable number se-
quences, albeit at a comparatively low rate. For 13-syllable number sequences, older children
demonstrating higher rates of repetition. This finding indicates a statistically significant difference
between age groups?’. In the case of the 10-syllable number sequences, a discernible distinction
emerges in the performance of four- and five- and six-year-olds, and between five- and six-year-olds
and eight- and nine-year-olds. The success rate of repeating the number sequences increases with
age, thereby reflecting the preliminary hypotheses.

2542(1) = 16.208. p < 0.007 %+
26 y2(1) = 12.973, p < 0.007***
2742(2) = 65.218, p < 0.007***
28 %2(1) =5.9864, p < 0.05*

29 ¥2(3) = 33.556, p < 0.007***
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The subsequent aspect to be addressed is a summary of the data from the sentence repetition
task, as illustrated in Chart 4.

40% --{ t-453057-- - ----

85,40% mpps (13)
0% mRes (17)
B W Possessives
| _. (10
p<0,001*** I o -
209 p<0,01%** I p<0, 1 p<0,05* -
p<0,001*** “

4-year-olds S-year-olds 6-year-olds 7-year-olds 8-year-olds 9-year-olds

0%

Chart 4. Sentence repetition task regarding the 3 structures

Four-year-olds®® demonstrated a higher level of success in reproducing sentences comprising 10
and 13 syllables. In contrast, five-*! and eight-year-olds3? demonstrated a greater ease in repro-
ducing 10-syllable sentences as compared to 13- and 17-syllable sentences. For six-year-olds®3, a
clear distinction emerged in their ability to repeat all three syllable structures: The most successful
were found to be sentences of 10, then 13 and finally 17 syllables. In contrast, seven-year-olds3
demonstrated an equal aptitude in repeating 13- and 17-syllable sentences, yet found 10-syllable
sentences to be the most manageable. In the ninth year, no discernible difference was observed
between the three syllable structures.

However, a notable distinction emerged in the analysis of the 13-syllable sentence repetition
task, where the success of four- and nine-year-olds®® in repeating sentences was observed. For the
17-syllable sentences, the variation in performance is attributable to the difference between four-,
five-, and six-year-olds, on the one hand, and seven-, eight-, and nine-year-olds, on the other. In the
case of 10-syllable sentence repetition, the observed difference can be attributed to the perfor-
mance of four-year-olds® and all other age groups.

In Chart 5, a comparison is made between sentences with complex PPs, which, despite their
13-syllable length, are not structurally complex. The chart illustrates the successful repetition rates
of these two structures.

=9.9132, p < 0.01**

= 23.336, p < 0.007%*
=8, p<0.05*

21.289, p < 0.01**
12.259, p < 0.01%*
11.248, p < 0.05*
34.348, p < 0.007 %

W W W
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W 13 syllable
complex PP

M 13 syllable non-
complex PP

p<0,001*** p<0,001***
T

4-year-olds S-year-olds 6-year-olds 7-year-olds 8-year-olds 9-year-olds

Chart 5. Sentence repetition: PPs

In addition, four-%’, five-%, six-3°, seven-%9, eight-*' and nine-year-old children*?> demonstrated a
higher level of success in repeating 13-syllable, structurally non-complex PPs when compared to

complex PPs.

In Chart 6, a comparison was made between the success rate of repeating simple sentences

of 17 syllables and the success rate of repeating relative clauses of 17 syllables by age group.

53,30% 53,80% 51,30%

W 17 syllable RCs

W 17 syllable non-
RCs

p<0,001%***
0% -

4-year-olds 5-year-olds 6-year-olds 7-year-olds 8-year-olds 9-year-olds

Chart 6. Sentence repetition: RCs

=12.816, p < 0.007%*
= 6.25, p < 0.05*
=13.25, p < 0.007#**
= 36. p < 0.007 %
= 28.944, p < 0.007 %+
=11.156, p < 0.007 %%
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A statistically significant difference in the success rate of repeating 17-syllable RCs and 17-syllable
non-RCs emerges only at age four.*® Four-year-olds demonstrate a tendency to avoid embedding
and exhibit higher levels of success in repeating non-RCs. In contrast, the success rate of repeating
sentences of the two types is more evenly matched among the other age groups.

Chart 7 provides a visual representation of the success rate of possessive repetition.

61,30% 5 309 )
_______ >230%  5000%  5g 0%

50,00%
43,90% W 10 syllable recursive
40% --S---1 - e | __.  Ppossessives
W 10 syllable non-
recursive
20 - B | "7 possessives
p<0,001***

0%

4-year-olds S-year-olds 6-year-olds 7-year-olds 8-year-olds 9-year-olds

Chart 7. Sentence repetition: Recursive Possessives

A discrepancy has been observed in the repetition of recursive possessives and simple posses-
sives at age four** and six*°. At these ages, the repetition of simple possessives was found to be
more straightforward than that of recursive possessives.

The data presented in Chart 8 offers a comprehensive overview of the success rate of recur-
sive-only sentence repetition across the three constructions. By structure, it demonstrates the level
of success achieved by the different age groups in repeating all recursive sentences.

L00% = m o mm o m e m e e e e 9500% __________.
87,50%
79,20%
0% 75,00% 75,00%
/AN L I N P S tL
70,00%
60% ----mmm e T | . OPPs (13)
50,00%4
. ORCs (17)
28,10%
40% = R 30,00% B "~ mPossessi
12,50% ,00%4 l(loos)sesswes
21,40%
20% --1 (-rm---- - S --
|‘| p<0,001%**
0%
4-year-olds 5-year-olds 6-year-olds 7-year-olds 8-year-olds 9-year-olds

Chart 8. Sentence repetition regarding the 3 structures (only recursive answers)

X2(1) = 11.156, p < 0.007%**
4432 (1) = 11.156, p < 0.007%+*
x2(1) = 5.1076, p < 0.05*
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The data demonstrate that there is no significant difference in the rate of repetition of the three
recursive structures at age four only, even when differences between postpositional structures
(PPs) and relative clauses (RCs) are taken into account*. However, a marked disparity was ob-
served in the performance of five-*/, six-*® and seven-year-olds*’ in the production of recursive pos-
sessives, as compared to their proficiency in PPs or RCs.

In the group of children aged eight, the production of recursive possessives was the easiest,
with significant differences between the success rates of possessives and RCs, and RCs and PPs.
The production of PPs was found to be the most challenging for children. At the age of nine, the pro-
duction of recursive possessives and RCs was the easiest, while that of PPs was the most difficult.

The errors made by the four-year-olds were primarily due to their inability to recall the entire
target sentence, often resulting in the incorrect use of postpositions. In the case of the five-year-
olds, the most common errors were the omission of the middle component and the misuse of
postpositions. Six-year-olds' errors were typically attributable to either a failure to repeat the entire
target sentence or an inability to recall the initial segment of the sentence. Errors made by seven-
and nine-year-olds were predominantly attributed to misplacement of postpositions, while those
observed in eight-year-olds were characterised by the omission of the middle postpositions and
NP, in addition to misplacement of postpositions (e.g. in front of the cat instead of in front of the
mouse).

Four-year-olds typically demonstrated an inability to repeat the RCs, while five-, six- and eight-
year-olds were able to summarise the meaning of the target sentence in their own words. Errors
made by seven-year-olds were typically characterised by mispronunciation, while those made by
nine-year-olds were mainly characterised by the reversal of lexical items.

At the age of four, children primarily produced constructions that bore similar meanings to
recursive possessives, or else they omitted the second possessive. The number of errors observed
in five-, seven- and eight-year-olds was comparatively low. Six-year-olds demonstrated structures
with a richer morphology than the target sentence, producing a double -nAk structure and omitting
the possessive. Errors made by nine-year-olds were typically attributable to lexical item reversals.

5.4.3. Comparing the results of the memory test with the results of recursive structure acquisition

The following section presents the findings of the sentence repetition task for recursive posses-
sives (10 syllables), complex PPs (13 syllables), and relative clauses (17 syllables). The compari-
son is initiated with complex PPs, the data for which are presented in Table 9.

Production Digit span tests Sentence repetition
4-year-olds 2.4% - 28.1%%0
5-year-olds 11.7% 8.3% 37.5%%
6-year-olds 0.6% - 35%52
7-year-olds 46.8% 30.6% 20.8%
8-year-olds 65.1%54 25% 30%

Table 9. Complex PPs

0.9301, p = 0.3348, n.s.
21.693, p < 0.007 %
12.4,p < 0.07%*
40.263, p < 0.007 %
21.655, p < 0.007 %
21.606, p < 0.007 %
33.24, p < 0.007%%*
10.534, p < 0.01%*
23.855, p < 0.007 %
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Until the age of six, sentence repetition was easier than production tasks and digit span tests.
However, by the age of seven, the sequence of tasks was reversed, with production of PPs taking
precedence over the digit span test and sentence repetition. In the eighth year, the production task
was found to be the least demanding, followed by the digit span test and the sentence repetition
task. This finding suggests that, at this age, working memory does not have a significant effect on
understanding recursive structures, as the production tasks were found to be easier than the
memory tasks.

The subsequent analysis will focus on a comparison of data for the relative clauses. Table 10
shows the production of RCs.

Production Digit span tests Sentence repetition
4-year-olds - - 12.5%
5-year-olds 13.8% - 33.3%%
6-year-olds 19.3% - 30%%6
7-year-olds 35.7% - 58.3%%7
8-year-olds 62.9% 7.1% 70%58
Table 10. RCs

The data presented in Table 10 demonstrate the repetition of sentences comprising 17 syllables,
corresponding to the relative clauses. It is evident that at ages five, six and seven, sentence repeti-
tion is the most straightforward task, followed by the production task. However, at the age of eight,
no discernible difference was observed in the proportion of production and sentence repetition
responses. At this age, children demonstrated the capacity to repeat 17-syllable sentences, albeit
at a relatively low rate.

The sentence repetition column of Table 11 exclusively displays the repetition success of re-
cursive possessives, excluding 10-syllable but not recursive possessives.

Production Digit span test Sentence repetition
4-year-olds 23.5%%° 10.9% 21.4%
5-year-olds 10.4% 34.7% 75%5°
6-year-olds 41% 33.3% 60%5"
7-year-olds 48% 66% 87.5%%2
8-year-olds 92.9% 72.3% 95%°3

Table 11. Recursive possessives

) =8.0732,p<0.01**

) =2.3223,p=0.1275,n.s.
) =5.4336, p < 0.05*

) = 50.86, p < 0.007***
)=4.9,p=0.08629, n.s.

) =53.187, p < 0.0071***
) =8.4377,p < 0.05*

) = 11.645, p < 0.01%*

)

1
1
1
2
2
2
2
2
2(2) =3.6282,p=0.163, n.s.

,\,\,\,\,\,\,\,\,\



HOW WORKING MEMORY DEVELOPMENT INFLUENCES RECURSIVE STRUCTURE PRODUCTION 93

The four-year-olds demonstrated the greatest aptitude in the sentence repetition and production
tasks; however, the digit span test presented the most substantial challenge for this age group.
There was no discrepancy between the results of the digit span test and the sentence repetition
test; however, children performed better on the production task than on the digit span test. In
contrast, the production task emerged as the most challenging for five-year-olds, followed by the
digit span test and then the sentence repetition test. Notably, at age five, the ratio of the production
to the digit span task reversed compared to age four. In the six-year-old group, the digit span test
and the production task were the most challenging, followed by the sentence repetition task. For
the seven-year-olds, a significant difference was observed between the scores on the production
and sentence repetition tests and the production and digit span tests. The sentence repetition task
was found to be the easiest. In the eight-year-old group, no significant differences were observed
in performance across the three test types. The subsequent section will provide a synopsis of the
observed variations.

5.5. Discussion

The findings of this study unequivocally demonstrate a robust correlation between the develop-
ment of working memory and the acquisition of recursive language structures. The experiments
demonstrated that the capacity to produce recursive structures exhibited an increase with the age
of the children. Notably, the 6—8 age group demonstrated a marked superiority in the production
of recursive possessives, relative clauses and complex postpositional structures when compared
to younger age groups.

These findings align with the conclusions of previous research by Racsmany et al. (2005),
which substantiates the notion of a robust correlation between verbal working memory capacity and
language development. The present study observed that children with higher age (and presumably
working memory capacity) were able to use more complex recursive structures, which are essential
for enriching linguistic expressions.

A further intriguing discovery from the research was that, in addition to the length of the struc-
tures, the complexity of the structures was also a determining factor in the performance of children.
The findings indicate that subordinate clauses, which demand more intricate semantic relation-
ships, pose a significantly greater challenge for children than relatively longer yet structurally less
complex sentences. The structure A tehenet az elefant félé tessziik, ami a cica el6tt van/We put the
cow above the elephant that is in front of the cat provides a clear separation between the elements
describing the cow, the elephant and the cat, facilitating processing. Conversely, the more intricate
structure of the sentence A tehenet a cica el6tti elefant folé tessziik/We put the cow above the ele-
phant in front of the cat and the cognitive load associated with interpreting the phrase elephant in
front of the cat may impede children's ability to comprehend the task.

The processing of language by children necessitates the consideration of both quantitative
and qualitative aspects. The extent to which children encounter challenges, and the nature of the
structures with which they are confronted, can offer valuable insights into the development of their
language skills. The varying intricacy of linguistic structures and the semantic relationships inherent
within them have been demonstrated to exert an influence on children's production performance.

The findings of this research indicate that the acquisition of recursive possessives tends to
occur earlier than that of the relative clauses and complex postpositional structures. These findings
suggest that the acquisition of different linguistic structures is associated with different developmen-
tal stages. The use of recursive possessives in simpler contexts has been shown to involve less
cognitive load for children, while more complex structures, such as complex PPs, require higher
levels of working memory activity.

The present study is subject to several limitations. Firstly, the number of participants was
relatively small. Secondly, the study samples were drawn from different socio-cultural back-
grounds, which may have an impact on the generalisability of the results. It is recommended that
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future research employ a larger sample size and samples with greater homogeneity, in addition to
including an adult control group.

6. Conclusion

The present study was conducted with the objective of investigating the relationship between the
development of working memory and the acquisition of recursive language structures. The results
obtained demonstrated a clear correlation between the language development of children and their
working memory capacity, which facilitates the production of more complex recursive structures.
Notably, for children aged 6-8 years, the acquisition of recursive possessives tended to occur ear-
lier than that of the relative clauses and complex postpositional structures. This finding suggests
that the acquisition of linguistic structures is associated with different developmental stages.

The findings further demonstrate that children's performance is influenced not only by the
length of the sentences but also by the complexity of the structures. Relative clauses that demand
more sophisticated semantic relations exhibited superior performance in memory tests in compari-
son to complex PPs, thus offering a novel perspective on the study of language processing.

The present study contributes to a more profound understanding of the relationship between
working memory and language development, and it provides new insights into the process of
acquiring recursive language structures. These findings offer potential avenues for enhancing peda-
gogical practices and language teaching programmes, with the aim of supporting children’'s develop-
ment of language skills.
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