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Abstract

Academic skill learning involves different memory systems. Procedural memory
needs repetition, while episodic memories are formed from single events and con-
cepts are stored as associative networks within semantic memory. During writing,
various cognitive, phonological and motor processes are executed through working
memory; whereas long-term memory provides the knowledge that will be recovered
during textual production. Proper functioning of these memory systems -and neural
substrates such as hippocampus and temporal cortical areas- are related to effective-
ness of composing a text. Recovery of stored knowledge is involved in the course of
expressive fluency, allowing the integration of the semantic components. Children
who can divide attention and control processes through working memory, are more
effective in writing text. During writing, working memory manipulates and keeps lin-
guistic symbols online; the phonological loop admits and retains verbal information
and performs a review that allows preserving the representations by commanding the
lexical, syntactic and semantic processes. In this chapter, we will refer to the theoreti-
cal contribution of long-term and working memory systems to children’s writing
skills, we will examine the neural substrates and cognitive development of these
systems and we will present empirical evidence of their role in high and low-level
components of the writing process.

Keywords: writing ability, writing skills, narrative texts, working memory, long term
memory, school children

1. Introduction

For some time now, neurosciences have provided evidence of the link between
memory systems’ development and school learning. Schooling requires children to
learn a wide range of academic contents as skills (from reading, writing and math to
natural and social sciences), and each of them involves different memory systems
with specific developmental trajectories and organization principles. For instance,
procedural memories are formed through practice and repetition, while a significant
event needs only one occurrence to be stored in episodic memory. On the other hand,
concepts are learned as associations maps and stored within semantic memory [1].

Learning to read requires training the visual system to recognize graphemic
patterns and connecting these orthographic inputs with phonological, semantic and
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syntax representations distributed through the brain’s language networks. Reading a
text engages coordinated processes of word decoding and language comprehension to
transform incoming visual input into a series of increasingly complex mental repre-
sentations: from word and sentence meanings to macrostructure and global aspects
of discourse [2]. During reading, semantic contents and linguistic knowledge are
evoked by visual input and retrieved from long-term memory, while working memory
provides a workplace for integrating this information and building mental models [3].
In turn, writing can be described as the combination of two processes: text generation
(or ideation) and transcription (essentially, spelling and handwriting [4, 5]. Writing
also requires searching and retrieving information from long-term memory systems,
such as grammar, text genre, world knowledge and the representation of rhetori-
cal problems, among others [6]. It has been proposed that working memory plays a
central role in planning, composing and reviewing the text [4]. Working memory
receives an information flow from many cognitive and linguistic processes, such as the
display of phonological resources. During text production, efficient writers achieve an
adequate integration of the task context and the resulting text by combining previ-
ously stored knowledge with writing planning and the textualization act itself [6].
Significant associations have been found between children memory systems’
performance and their text composition skills. Using the available information,
children who displayed more developed cognitive processes, dividing attention and
self-regulation through working memory, were more effective in writing a narrative
text [7]. In the following section, we will refer to the neuropsychological development
of these memory systems during the school years before turning to empirical evidence
of their contribution to writing skills.

2. Neuropsychological development of memory systems

According to neuropsychological models of cognitive development, the frontal
area undergoes a long period of combined synaptogenesis and synaptic pruning,
which reaches its maximum activity between 6 and 12 years of age [5, 7]. It is well
known that the functions of the frontal lobes include attentional sustaining, planning,
organizing, and the use of strategies. Frontal gray matter increases during childhood,
peaking in early adolescence, and then gradually declines. Meanwhile, temporal lobes
are engaged in language, emotion, and memory processes, and temporal gray mat-
ter peaks in late adolescence. Additionally, the hippocampus, located in the medial
temporal lobe (MTL), is critical for long-term memory storage and retrieval. There is
also evidence that the capacity of these memory systems changes vastly between the
ages of 4 and 18 years. However, there’s still an ongoing debate regarding the relations
between the observed morphometric brain changes and the developmental trajecto-
ries of these cognitive abilities [8, 9].

De Haan et al. postulated that early damage to hippocampus impedes the normal
neural development for memory. They propose a developmental sequence in which
semantic memory is established first, and then episodic memory system gradually
emerges as a function of hippocampal development [10]. Shing et al. [11] suggest that
episodic memory is related to the development and interaction of the hippocampus
and MTL structures, as their individual functions and connectivity contribute
significantly to memory development along childhood and adolescence. Although
there is some memory capacity in the newborn, it expands in the first year of life.
And for this, the maturation of the MTL circuit and its connection with the frontal
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lobe is necessary. Memory development may involve regions of the temporal cortex
coordinating with the hippocampus in a process of increasing specialization [12].
Neuroimaging studies have shown that the patterns of prefrontal and hippocampal
activity during long-term memory tasks vary considerably between children, adoles-
cents and adults, suggesting a differential contribution of these structures to encod-
ing, consolidation and retrieval throughout development [13]. During the encoding
stage, information from secondary association cortexes is selected and organized for
long-term storage, a process that is guided and supervised by prefrontal cortex. As
prefrontal involvement gradually increases from childhood to adolescence, so does
the efficacy of this process. Memories are established within long-term memory
during the consolidation stage, as a result of hippocampal-cortical interactions
that strengthen the memory traces across the associative cortex. Since the hip-
pocampal dentate-gryus and its connectivity are not fully developed, memories are
more vulnerable to forgetting in younger children, and considerable differences in
autobiographical memory performance can be observed between 4 and 8-year-olds.
Prefrontal cortex is also implicated in long-term memory retrieval, where it elaborates
and monitors a search strategy to locate the relevant contents within declarative
memory. It has been proposed that age-related variations in memory retrieval can
be explained in terms of post-natal prefrontal development trajectories, and neuro-
imaging studies indicate that retrieval-related activity (as well as task performance)
increases in prefrontal and parietal regions when comparing children, adolescents
and young adults. On the other hand, other studies suggest that hippocampal activity
patterns during successful retrieval also differ between children and adults (the latter
exhibiting larger activity in the head of the hippocampus, the former in the tail).
Regarding working memory, there is evidence that its components, verbal work-
ing memory and visuo-spatial sketchpad show different developmental trajectories.
In addition, it seems that visuo-spatial working memory develops at different rates,
suggesting that visual and spatial information processing may be supported by
different brain subsystems. A variety of factors, such as brain growth, increases in
knowledge, strategy use, and speed of information processing, as well as changes in
the rate of deterioration of memory traces, would contribute to the differences in this
development process [14]. Neuroimaging studies signal the frontal and parietal areas
as the neural substrates for visuospatial working memory in children, adolescents,
and adults [15]; while verbal memory depends on the activation of the frontal lobe
in children and adolescents [16]. Converging neuroimaging evidence indicates that
prefrontal and parietal volume and structural connectivity predict the developmental
trajectory of working memory performance [17, 18]. Furthermore, frontoparietal
activation during working memory tasks has been associated with age-related
performance increases in children and adolescents [19, 20]. Some longitudinal studies
have revealed that the speed of execution of cognitive processes —such as visuo-
perceptual and auditory skills - increases substantially in childhood and then declines
in adolescence; and agree that there are various sets of resources that influence the
performance of working memory [21, 22].

3. The role of long-term and working memory in children’s writing skills:
evidence from neuropsychological studies

Along with reading, writing is a distinctively human and highly complex skill of par-
amount importance for academic achievement (and daily life activities as well) [23, 24].
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Writing encompasses both low-level lexical, orthographic and graphomotor processes
involved in individual word transcription and high-level processes, such as planning,
translating and reviewing [23, 25]. Text redaction requires considering the goal of the
message and the intended readers’ capacity (their reading skills and previous knowledge
on the subject), in order to select and organize the most appropriate syntactic struc-
tures and lexical items to convey it. In this way, writing planning engages long-term
memory access to retrieve information about world knowledge, topic, text genre, as
well as vocabulary, grammar and stylistic rules [7, 23, 25]. In addition, working memory
provides a workspace where this flow of information can be integrated and structured to
generate the text according to the writer’s goals. Not only is working memory involved in
manipulating and keeping track of the several representations required to build the text,
but it is also necessary to temporarily store syntactic, semantic, lexical and orthographic
information while writing its sentences [26]. Working memory also interacts with other
executive functions [27] through the writing process, such as cognitive flexibility (to
alternate between different goals, strategies and text representations) and inhibitory
control (to suppress retrieval of irrelevant information or interference from distracting
stimuli) [28, 29].

Since writing skills are gradually learned and improved by practice, a further
distinction should be made between novice and more experienced writers. Since
novice writers’ transcription is not fully developed, their working memory is eas-
ily overloaded by orthographic coding or graphomotor processing, thus reducing
cognitive resources available for higher-level writing processes. Having automatized
transcription, more experienced writers can devote additional cognitive resources
to goal-setting, interlocutor awareness, stylistic adequacy and rhetorical concerns
[30]. As aresult, novice writers tend to adopt a knowledge-telling approach, recalling
and transcribing contents from their semantic memory, while expert writers display
knowledge-transforming strategies, further elaborating on their retrieved contents to
meet their rhetorical goals [31].

While most neuropsychological language models have focused on the contribu-
tions of working memory, executive control and semantic memory, a specific role
for the hippocampal-dependent declarative memory system in supporting online
language processing has been proposed [32]. Duff & Schimdt claim that the hip-
pocampal system is engaged during language comprehension and production, due
to its capacity for relational binding, representational integration, flexibility, and
maintenance. These capabilities would not only be involved in declarative memory
consolidation, but they would also provide support for the integration of multimodal
information that takes place while understanding or generating speech. While their
hypothesis is mostly grounded on evidence from online language processing deficits
in patients with hippocampal amnesia, further support can be found in neuroimaging
studies of reading and writing. During a creative writing task, Shah et al., [33], found
that motor and visual areas for handwriting were activated, along with cognitive and
linguistic areas. A right-lateralized activation pattern was observed in the hippocam-
pus, temporal poles and bilateral posterior cingulate cortex, which was associated
with episodic memory retrieval, free-associative and spontaneous cognition, and
semantic integration. This is congruent with another recent study, which concluded
that hippocampal activity contributed to binding and consolidation of incoming
information with global context and world knowledge in expository text compre-
hension [34]. Furthermore, a series of EEG studies of handwriting and drawing in
children and adults found desynchronization effects within the alpha and theta bands
that were interpreted as evidence of hippocampal involvement [35, 36].
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Considering the theoretical links between working and long-term memory
systems and writing skills, it becomes apparent that these processes need to be taken
into account to explain their acquisition through development. Nevertheless, despite
several lines of research addressing lower-level processes, writing has been consid-
erably understudied when compared to reading, particularly among school-aged
children [23, 37]. The need for additional research in the Latin American context
is emphasized by the fact that children redaction skills have been declining in the
region through the last decade, with around 50% of primary school students showing
difficulties to generating meaningful texts [38] and 30% exhibiting low performance
when applying stylistic resources and conventions [39]. Therefore, in order to bridge
the gap in latin american studies of writing skills, a series of studies have been con-
ducted to examine the contribution of long-term and working memory to high and
low-level writing processes among Argentinean primary school children [7, 24].

3.1 The role of long-term memory and working memory in lower-level writing
processes (translating)

As we mentioned before, [25] seminal model describes writing in terms of three
interactive processes: planning, translating and reviewing. Planning implies goal-
setting, building and organizing a representation of the text schema, according to
these goals. Translating refers to the process of transforming those ideas into written
language. While it encompasses transcription (spelling and handwriting), it goes
beyond it, since it also requires syntactic and lexical-semantic selection to generate
the text’s sentences. Berninger et al. [40], distinguished two components in the trans-
lating process: text generation and transcription. The former is the transformation
of ideas into language representations in the working memory. The latter transforms
those representations into written language, through the low-level skills of spelling
and handwriting. Finally, reviewing requires evaluating the written text to identify
errors and eventually revising it to better fulfill the writing goals.

Transcription has been the most widely studied aspect of translating [23, 41, 42].
It is acquired during the first school years, and it remains a reliable predictor of the
quality of children’s texts through primary school [41, 43]. Transcription is gradu-
ally automatized throughout children’s development, freeing cognitive resources
for higher level processes such as planning and reviewing, and thus enabling more
efficient and elaborate writing strategies [44]. Primary school is a crucial period
for learning to write. During the middle primary school years, translating processes
begin to automatize, while planning and reviewing develop gradually. These writ-
ing skills gains seem to be linked to the development of several cognitive abilities,
such as long-term memory retrieval, working memory and executive functions and
visuospatial skills. While long-term memory provides the semantic content for the
text, as well as relevant linguistic and world knowledge, it also stores lexical and
syntactic information required for building and organizing sentences [23]. Working
memory provides a workspace for planning, translating and reviewing processes, and
executive functions allow for self-regulation and strategic management of cognitive
resources during writing. It has been shown that working memory, inhibitory control
and cognitive flexibility are consistent predictors of writing outcomes among primary
school children [44-46]. Visuospatial skills are crucial for transcription graphomotor
processes [47], but they can also assist reviewing in more experienced writers [48].
The aim of Moreno et al. ‘s 2022 [24] study was to examine translating processes
(transcription and expressive sentence writing), and their association with long term
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memory, executive functions and visuospatial skills in 3rd to 5th grade Argentinean
children.

The sample study consisted of 168 healthy 8-11-year-old children from the 3rd
(n =56), 4th (n = 59) and 5th (n = 53) primary school year. The children completed
the following battery of psycholinguistic and neuropsychological tests:

* Translating writing skills: Transcription and sentence expressive writing
were assessed with the Writing Fluency and Writing Samples subtests of the
Woodcock-Johnson III Test of Achievement, respectively [46]. The first test
requires writing sentences or paragraphs prompted by different stimuli, where
the second one requires fast sentence writing in response to pictures. A compos-
ite expressive writing score can also be calculated.

* Long-term memory access and retrieval: Long-term memory was assessed with
the Retrieval Fluency subtest from the Woodcock-Johnson III battery [46], a
semantic verbal fluency task.

* Working memory: the Auditory Working Memory subtest from the Woodcock-
Johnson III battery was applied [47].

* Visual attention: Visual attention was evaluated with the Magellan Visual
Attention Scale [49, 50].

* Planning: was evaluated with the Porteus Maze Test [51].

* Visuo-spatial skills: Visuospatial organization was examined with the Rey
Complex Figure Test [52].

Statistical analysis of writing outcomes indicated that children’s writing fluency
(but not sentence writing) improved as grade increased (F = 12.86, p < .001). These
developmental effects were also observed for all cognitive functions, since each grade
group exhibited better scores than the lower ones (F’s > 3.46, p’s < .035). Regarding
the correlations between translating and cognitive processes, writing fluency was sig-
nificantly associated with long-term and working memory, planning (.267 < r < .325,
p’s <.001) and visuospatial skills (rho = .235, p < .01), while sentence writing was
specifically associated with working and long-term memory (r’s > .160, ps < .05). A
composite expressive writing score was calculated from both subtests to examine the
contribution of memory and executive processes. A hierarchical regression model
explained 18.2% of this expressive writing score (see Table 1), indicating working
memory, long-term memory and visuospatial skill as predictors (.146 < f < .220,

p’s <.05).

The observed effect of grade on transcription processes is consistent with the
automatization of orthographic coding that is proposed to take place across elemen-
tary education [29, 53], and with the previously reported improvement of writing
skills that starts in the fourth grade [44]. Performance also increased with grade for
memory systems, visuospatial skill and executive functions (as a consequence of both
schooling and neurocognitive development), and the observed correlations point out
the contribution of different cognitive systems to writing skills along the primary
school years [29, 41, 45].
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Models F R? DR? B Standar Error b 1-b f?
Setp1 7965 (1166) 046 .040 311 .048
Planning -.599 .035 214

Spet2 9.210%* (2165) 100 .090 739 11
Planning .084 .034 183"

WM .036 .011 236

Step 3 8.615** (3164) 136 120 .886 157
Planning .072 .034 .158*

WM .026 .012 169*

LTM .014 .005 203

Paso 4 9.039** (4163) 182 161 973 222
Planning .053 .034 115

WM .022 .012 146*

LTM .013 .005 191

A% .018 .006 220**

Note: WS: Writing Sample, WF: Writing Fluency, WE: Written Expression; VP: Visuoperception; WM: Working
Memory; LTM: Long-Term Memory. * < .05; ** < .01

Table 1.
Hierarchical regression of Planning, Working Memory, Long-Term Memory and Visuoperception on Written
Expression.

It is worth noting that working and long-term memory, along with visuo-
spatial skill, were the main predictors for expressive writing skills according to
the regression model. It has been claimed that working memory is engaged for
the integration of lexical-semantic and syntax processes in sentence building
during writing [7, 23, 42, 54, 55], and it has been shown that children with higher
working memory performances produced texts of better quality and syntactic
complexity [41, 45]. Furthermore, it has been proposed that working memory is
directly related to the text generation component of the translating process [56].

In turn, working memory provides a workspace to manipulate those contents
retrieved from long term memory systems, which include vocabulary, gram-

mar, syntax and orthographic rules involved in sentence generation [23]. Both
memory systems interact and collaborate to allow and facilitate lower-level writing
processes, by easing the access and manipulation of the linguistic information
required to build phrases and sentences. In addition, mature visuospatial skills

are required for learning to write, and they are engaged in the automatization

of orthographic coding and graphomotor processes [47, 56]. It is then expected
that more fluent and efficient writing is linked to better visuospatial skills among
children [57].

In sum, Moreno’s study [24] indicated that working memory, long-term memory
retrieval and visuospatial skills contribute to children’s low-level translating processes
to achieve coherent and fluent sentence writing. In the following section, we will refer
to a study that examined the role of these memory systems in children’s higher-level
writing skills, analyzing different text dimensions as the outcome of planning and
reviewing processing.
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3.2 The role of long-term memory and working memory in higher level writing
processes

The following section addresses the link between higher-level writing processes
and children’s working and long-term memory systems. While lower-level aspects
of writing (such as transcription) have been more studied, there are relatively few
studies of planning and reviewing processes [23, 37, 58], and most of them have
focused on secondary and university students [59, 60]. A recent study that examined
writing planning processes among 1558 Argentinean primary school children found
that the length, quality and complexity of their narrative texts increased as a function
of grade, which indicated an effect of schooling, practice and cognitive development
[37]. Previous research further indicated that planning and reviewing skills are not
fully operational during primary school, and only contribute to text quality in older
children [61].

As we stated before, planning [25, 62] involves setting goals, retrieving and
organizing relevant contents from long-term memory and facing rhetorical problems.
Reviewing requires scanning the text for errors, evaluating if it meets writing goals
and revising when necessary. The quality of written texts can be examined by assess-
ing a range of dimensions. The microstructure refers to local meaning and includes
within and between-propositional order and coherence. The macrostructure refers to
global meaning and encompasses communicative purposes (pragmatics) and message
topics (semantics). These macrostructures can be recovered from long-term memory
to aid text building processes [63, 64].

A recent study by Moreno [7] examined the association between school-aged
children working and long-term memory system’ performance and the quality of
their narrative texts, considering micro and macrostructural dimensions. A total of
83 9-11-year-old children, from the 4th and 5th primary school grades participated in
the study. Children came from medium and low socioeconomic backgrounds, and in
some of them lived in socially vulnerable environments. The children completed the
following battery of psycholinguistic and neuropsychological tests:

* Working memory and long-term memory retrieval were assessed using the
Auditory Working Memory and the Retrieval Fluency subtests from the
Woodcock-Johnson III battery [65].

e Text quality: Children were asked to write narrative texts in response to three
pictures (a fantasy scene, a series of actions and a daily life scene). An ad hoc
instrument was designed to evaluate the quality of the texts texts along the
following dimensions: pragmatics (adequacy of text purpose and intended audi-
ence), superstructure (adequacy of canonic categories and schema of narrative
plot), macrostructure (global semantic content unity and coherence), micro-
structure (adequacy of thematic progression and cohesion between sentences),
propositional (internal structure within sentences) and orthographic (following
textualization conventions and rules). The instrument showed adequate psycho-
metric properties [7].

The quality of the children’s narrative texts was categorized for each dimension
as low, medium or high, according to their respective scores. The best performances
were observed in the pragmatics dimension, where most children obtained medium
(48.3%) or high (50.6%) scores. On the other hand, superstructure exhibited the

8



The Fundamental Role of Memory Systems in Children’s Writing Skills
DOI: http://dx.doi.org/10.5772/intechopen.110470

highest proportion of low scores (87.4%). Performance was mostly medium in the
macrostructure (47.1%) and mostly low in microstructure (77%). Medium scores were
the most frequent in the propositional (90.8%) and orthographic (71.3%) dimen-
sions. Therefore, children’s performance was medium or low in 5 of the 6 dimensions,
exhibiting greater difficulties in the superstructure and the microstructure of the
text. In addition, significant and moderate correlations were observed among all
dimension scores (.296 < rho < .808, p’s < .01), indicating that those students who
achieved a higher quality in pragmatic and contextual aspects of composition also
performed well at the structural and syntactic levels.

Regarding the associations with memory systems, significant correlations were
found between working memory and: pragmatics, superstructure, macrostructure,
and orthographic dimensions (.232 < rho < .363, p’s < .01); and between long-term
memory and: pragmatics, macrostructure, propositional and orthographic dimen-
sions (.224 < rho < .312, p’s < .01). To further examine these relations, each dimension
was analyzed with an ANOVA, considering working memory and long-term memory
performance as the predictor (categorized as low, medium or high) (see Table 2).

Children with high working memory performance exhibited better scores than
those with low performance in the pragmatic and macrostructural dimensions
(p’s < .033), while this effect was marginally significant for superstructure (p = .053)
and orthographic (p = .056) dimensions. In turn, the high long-term memory group
outperformed the low group in the pragmatic and macrostructure dimensions
(p’s < .022), while this effect was marginally significant for superstructure (p = .054).
These results indicate that the major contribution of working and long-term memory
systems was observed in the macrostructural dimensions of the text, including
aspects such as communicative purposes topic adequacy, narrative structure and
global cohesion.

Moreno study [7] highlights the contribution of children’s working and long-
term memory systems to pragmatic and macrostructural aspects of their written
narratives, which can be understood in terms of their engagement in planning and
reviewing processes. Working memory provides a workspace for the selection and
manipulation of relevant information while maintaining the writing goals online [26].
Vocabulary, topic and world knowledge can be chosen to match the intended readers’
profile. Working memory also allows integrating the theme, characters, narrator, time
and space information into a cohesive narrative, as well as the spatial diagraming of
the text. Furthermore, working memory is engaged by text generation in the translat-
ing process, and during evaluating and revising in the reviewing process. It is worth
noting that the theorized role of working memory in writing processes bears resem-
blance to its theoretical contribution to reading comprehension [3], where it supports
the integration of long-term memory contents activated by text input to generate local
and global representations of the text.

Long-term memory retrieval is acknowledged as a fundamental step in the
planning processes, allowing episodic, semantic and linguistic knowledge into the
working memory [66, 67]. In addition, textual macrostructures rely on episodic and
semantic memories to give shape to discourse, and they are stored as templates in
long-term memory. These templates are brought into working memory to drive and
organize text planning and generation processes [63, 64, 68].

We should point out that, despite the predominance of medium and low-quality
scores among children’s narratives, Moreno [7] could still observe a significant
contribution of memory systems to pragmatic and macrostructural dimensions.

This suggests that both working memory capacity and long-term retrieval processes
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Dimension/ Working Memory M DS F gl P Dimension/ Long Term Memory M DS F gl r*
Pragmatics 191 765 3.710 2 .030 Pragmatics 2.02 73 3.567 2 .022
Low-WM (n = 19) 2.32 773 Low-LTM (n = 22) 2.22 76

Medium-WM (n = 45) 2.60 632 Medium-LTM (n = 40) 2.71 .56

High-WM (n = 19) High-MLP (n = 21)

Superstructure 670 .84 970 2.756 2 .071 Superstructure 41 .59 2957 2 .054
Low-WM (n =19) 173 1.405 Low-LTM (n = 22) 1.22 1.56

Medium-WM (n = 45) 2831 Medium-LTM (n = 40) 1.24 144

High-WM (n = 19) High-MLP (n = 21)

Macrostructure 4.61 2.320 6.338 2 .003 Macrostructure 513 241 7.091 2 .018
Low-WM (n =19) 5.95 2.092 Low-LTM (n = 22) 5.89 1.88

Medium-WM (n = 45) 713 1.506 Medium-LTM (n = 40) 6.95 1.98

High-WM (n = 19) High-MLP (n = 21)

Microstructure .83 1.042 2133 2 126 Microstructure 49 96 1.632 2 282
Low-WM (n =19) .81 1.204 Low-LTM (n = 22) 0.92 1.40

Medium-WM (n = 45) 1.60 1.765 Medium-LTM (n = 40) 1.10 1.34

High-WM (n = 19) High-MLP (n = 21)

Propositional 5.95 1.590 2944 2 .059 Propositional 546 1.40 2.485 2 145
Low-WM (n =19) 6.00 713 1.452 Low-LTM (n = 22) 6.23 1.79

Medium-WM (n = 45) 2.066 Medium-LTM (n = 40) 6.43 1.94

High-WM (n = 19) High-MLP (n = 21)

Orthographic 797 4.661 2.987 2 .057 Orthographic 8.93 3.86 2.985 2 121
Low-WM (n =19) 8.42 3.475 Low-LTM (n = 22) 9.33 4.02

Medium-WM (n = 45) 11.0 3.873 Medium-LTM (n = 40) 8.55 342

High-WM (n = 19)

High-MLP (n = 21)

KLOWIN] 3snf Uy ], 240]7] - snduwooddip]

*p < 0,05.

Table 2.
Descriptive statistics and Anovas of writing dimensions, according to the groups of low, medium and high performance in Working Memory and Long Term Memory.
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allow to manage and optimize the children’s cognitive resources to achieve thematic
adequacy and semantic coherence.

4, Conclusions

Throughout this chapter, we have outlined the theoretical role of working and
long-term memory systems in producing written text, explained the relevance of the
ontogenetic trajectories of frontoparietal and MTL cortexes for the development of
these memory systems and discussed the empirical evidence of their contribution
to children’s high and low-level writing skills. We found that long-term memory
retrieval and information integration within working memory are significantly
linked to the capacity of conceiving a text, planning its redaction and solving
rhetorical problems, but are also involved in the ideation and transcription processes
that translate children’s thoughts into handwritten words. We elaborate on these
findings below.

The positive correlation of memory systems’ performance with most of the
structural dimensions of the written texts shows that working and long-term memory
contribute to the quality of the texts. These findings are congruent with previous
research indicating the importance of memory systems to integrate new learning with
previously acquired information, using it to write and solve problems [69-71].

Duff and Brown-Schmidt’ [32] proposed that the hippocampal declarative mem-
ory system contributes to online language processing given its capacity for mainte-
nance and integration of multimodal representations. In Hasson et al. [72], the medial
temporal hippocampal region, would interact with long-term memory regions, facili-
tating the consolidation of incoming information with the global context and prior
knowledge of the world. While Duff & Brown-Schmidt [32] hypothesis referred to
speech comprehension and production, it could also be extended to interpret findings
from reading and writing studies. In this way, it seems that the supplementary motor
area (SMA) and the hippocampus play a fundamental role in reading comprehen-
sion, as was shown in the study by Hsu et al. [34], since the predictive and integrative
processes unfold independently of the textual genre (narrative or expository). In the
same line, Shah et al. showed how hippocampal activation contributed to memory
retrieval and semantic integration during creative writing tasks.

Learning to write requires accessing conceptual networks mapped and stored
within semantic memory. Procedural memories of syntax and orthographic rules are
also engaged. In addition, the intervention of working memory allows choosing and
organizing the necessary information to build the text and coordinating cognitive
resources to write it [1, 7, 66, 70]. This coordination allows children to display a series
of microprocesses that come together in the composition process. That is, they can
accurately select the topic and structure according to the text genre, plan its spatial
layout, situate the actions in time and space, and place a narrator [7].

In addition, long-term retrieval of declarative, semantic and linguistic expres-
sion knowledge, allows to fulfill the pragmatic and macrostructural levels of
writing [69, 70]. Along with storage capacity, the ability to retrieve that informa-
tion efficiently aids the text planning processes. This process involves the deploy-
ment of other skills such as: identification of facts or concepts, associative thinking
and expressive fluency. These processes allow the effective transfer of enunciative
knowledge and procedures to immediate consciousness, through its connection
with working memory [66-68].

11
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On the other hand, those models focusing on textual production emphasize that
textual macrostructures organize themselves to configure a coherent text. In this
organization, episodic and semantic memories provide the necessary information, as
they are based on life experiences and stored conceptual knowledge. Consequently,
textual macrostructures are stored in long-term memory and work as templates
that, when retrieved and organized in working memory, guide the rest of the textual
production processes [63, 68, 69].

As a conclusion, we can say that the contribution of memory performance to chil-
dren’s writing skills, shows the importance of stimulating the development of these
systems within the school environment. This stimulation could be a relevant factor
in learning to write, visuospatial and motor skills, as well as in the fluency of ideas
necessary for an adequate quality of the text. The link between writing and long-term
memory is further supported by another recent study [33] that found that a hand-
writing task activated parietal and central brain areas in young adults and (to a lesser
extent), 12-year-old children. Neural activity in these areas is important for memory
and for the encoding of new information, thus providing the brain with optimal
conditions for learning. Therefore, the authors suggested that early exposure to
writing at school would help to establish brain oscillation patterns that are beneficial
for learning. In addition, sensorimotor integration along with fine, controlled hand
movements for writing are vital to facilitating and sustaining learning. These conclu-
sions are further supported by converging evidence that shows how the practice of
expressive writing can have beneficial effects on children and adults’ working [73-75]
and long-term memory [76] performance, therefore highlighting the link between
memory systems and writing skills.
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