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Abstract

The development of writing skills is recognized as a mandatory process for initial education and the foundation of all essential learning. Writing 
skills are crucial to children's socialization and interaction with their environment as they grow. The development of writing skills has been 
linked to a complex set of key factors, but is not yet clear enough. In the context of 21st-century education, and to increase understanding of this 
phenomenon, a systematic literature review of 40 years of published studies on the subject was carried out. The results revealed how relevant 
the integration of gross and fine motor skills is, along with the use of Information and Communication Technologies (ICT). The development of 
writing skills in game-based learning environments and curricular articulation of physical education and ICT-mediated writing in early childhood 
education are also significant factors to consider.
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Introduction

A priority in educational systems around the world is the de-
velopment of writing skills in children. Writing is not only the 
way to express their emotions and feelings, but the mainstay 
of their communication and socialization development (Ak-
kaya & Kırmızı, 2010). 

There are multiple perspectives on the acquisition of writing 
skills: language proficiency (Maftoon & Seyyedrezaei, 2012; 
Tengku-Mahadi et al., 2018), global familiarization with the 
graphic code  (Kiiveri & Määttä, 2012; Romero et al., 2005), 
psychomotor condition (Barbot et al., 2012; Erdogan, 2011), 
and the laterality and direction of the stroke (León et al., 
2017; Sitnikova, 2012). However, the key factor to consider 
is progressiveness: to lay the substrate of writing skills de-
velopment it is necessary to generate enough gross motor 
patterns and eye-hand coordination in children in order to 
be able to gradually generate subsequently finer motor pro-
cesses (Gaul & Issartel, 2016).

In this regard, Smitha and Renumol (2018) defined the proper 
development of fine motor skills as what allows the school-
age child to correctly perform basic positions and move-
ments for writing. This includes the ability to make a fist, the 
proper finger-to-thumb opposition, and repetitive tapping. In 
addition, De Juanas Oliva (2014) highlighted brain lateraliza-
tion as relevant, along with its consequential strengthening 
of a preferred skillful hand to use in writing.

In such a context, teachers responsible for physical educa-
tion must work together with writing teachers. In fact, phys-
ical education activities should provide the child awareness 
about breathing, muscular tension, fatigue, and relaxation 
(Ghahari & Farokhnia, 2017); such proprioception should al-
low them to overcome adverse conditions for the develop-
ment of writing. In this regard, Weigel, Martin and Bennett 
(2010) showed family routines and resources as well as ten-
sion and stress in students as hindrance factors to proper 
writing as required by the school system.

In the absence of ICT, the child must properly develop cer-
tain basic pre-writing motor skills before learning to write. 
The main one is pictography, the exercise of drawing as an 
articulated expression of thoughts and motor development 
(Mackenzie & Veresov, 2013). However, in the context of a 
hyperconnected and increasingly digitally-mediated world, 
writing skills and their prior motor development are different 
from the ones that children acquire in traditional teaching 
contexts. The widespread use of digital and mobile devices 
such as tablets or smartphones entails a different under-
standing of writing skills.

Hence, alternative writing instruction methods based on 
the use of Information and Communication Technologies 
(ICT) have emerged. The pervasive use of keyboards and 
touch screens made writing skills a matter of distinguishing 
graphs or letters without learning the handwriting stroke, 
thus avoiding previous stages such as scribbling (Mangen & 
Balsvik, 2016; Vertecchi et al., 2016).

In this sense, Genlott and Grönlund (2013) designed the “In-
tegrated Write to Learn” method (iWTR), an experimental way 
to teach children the minimum skills required for handling 
digital devices (turning them on and off, entering and clos-
ing a text editor, using the keyboard, etc.), and later teaching 
them to write with them. Through the use of digital media 
it was possible to help the children build words, acquire a 
lexicon and then collaboratively create coherent sentences 
and texts.

An initial search on the topic showed the comparative vol-
ume of research on ICT-related writing skills vs non-ICT writ-
ing skills (Figure 1).

The use of ICTs in learning has shown positive effects on 
children’s motor development (Strand & Nielsen, 2017), and 
a very high potential to transform teaching in primary ed-
ucation (Martínez Parejo, 2016). However, it is necessary to 
develop a better understanding of the effects and relation-
ships between motor development, writing skills and the use 
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of ICT. This systematic review of scholarly literature on writing 
skills aimed to identify commonalities between the use of ICT 
and the development of gross motor skills. By articulating cur-
ricular and didactic trends in both areas, a paradigm shift may 
emerge in primary education.

Method

This review followed the steps by Lavallee, Robillard & Mirsal-
ari (2014), as shown in Figure 2:

Planning the Review

In this first step, the team established the purpose of the re-
view, the type of documents to be reviewed, and the sources 
to retrieve them. The review focused on key factors for the 
development of writing skills, particularly to identify which of 
them are acquired through the development of gross motor 
skills and which are susceptible to be obtained directly with 
ICT. The search was limited to research articles published in 

Scopus-listed journals, since the Scopus database has the 
highest coverage of high-impact indexed publications in the 
social sciences. Additionally, the strict application of peer re-
view processes and rigorous acceptance and rejection criteria 
make Scopus journals high quality sources for a scholarly lit-
erature review.

Guiding Questions for the Review

Three main guiding questions were defined as review drivers: 
(1) What are the key factors in the development of writing 
skills? (2) Which of those key factors are directly linked to the 
development of gross motor patterns? and, (3) Which of those 
key factors may be augmented through the use of ICT?

Search Strategy Definition

First, the Scopus database was queried by type of document 
and subject, restricting results to articles in the social scienc-
es. The following search criteria and boolean operators were 

Figure 1. Comparative of Writing Skills Research with/without an ICT Component 
Source: Own elaboration based on Scopus data

Figure 2. Review Method
Source: Own elaboration



491

ICT-driven Writing and Motor Skills: A Review / Patiño, Calixto, Chiappe, & Almenarez

chained and then queried over Scopus: ("writing skills" OR 
"writing competencies") AND (LIMIT-TO (DOCTYPE, "ar") 
OR LIMIT-TO (DOCTYPE, "ip")) AND (LIMIT-TO (SUBJAREA, 
"SOCI")).

Article Selection 

The initial criterion for article inclusion was the presence of 
the search terms either in the title or in the abstract. The 
second criterion was that each article included results of a 
study on the subject area. Based on the results of an initial 
search, only articles published in the last 40 years were fi-
nally included.

The initial search yielded 3,505 documents, for which a rep-
resentative sample was calculated (n= 347) with a 95% reli-
ability and 5% error. Then, a first filtering limited the search 
to "articles and articles in press" (n= 2517), and a second 
filtering by subject area limited results to "Social Sciences" 
(n= 1868). The articles were sorted by number of citations 
in descending order to ensure the highest level of accept-
ance by the academic community. Filtering by subject area 
guarantees to stay within the framework of educational re-
search, which in turn is labeled under "Social Sciences".

After the filtering processes reduced the corpus (N= 1868), a 
proportional sample was determined (n= 180). The reduced 
sample kept the proportionality of articles per year, as fol-
lows:

• From 1978 to 1998: 18.33% (n=  33).

• From 1999 to 2006: 31.66% (n= 57).

• From 2007 to 2018: 50% (n= 90).

Data extraction and synthesis

In an in-depth reading process, key ideas were extracted 
from each reviewed article, and added to the analysis ma-
trix after having been approved. The data in this matrix was 
sorted by publication time, organized in time periods, and 
then terminologically unified and categorized. Additionally, 
a co-occurrence analysis was conducted to identify terms 
with the highest frequency of appearance and connections 
between those key ideas.

As a triangulation process, an adequate level of inter-rater 
assessment for the dataset in the analysis matrix (Warrens, 
2013) was established. Key ideas were extracted by two 
different observers, whose results were checked by deter-
mining their mutual Cohen’s Kappa coefficient (k= .538). An 
82% of agreement was established from there. After nine 
(9) items were identified to be in disagreement between ob-
servers, they were excluded from the overall analysis. 

Results

Bibliometric results

The reviewed articles (N= 180) were published in 87 journals 
in a relatively homogeneous manner. Most journals contrib-
uted only one article to the reviewed corpus (60.9%; n= 53), 
while 20.7% of them (n= 18) contributed two articles, and an-
other 6.9% (n= 6) contributed three articles. The remaining 
ten journals were the most relevant: 4.5% (n= 4) contributed 
4 articles, 1.15% (n= 1) contributed 5 articles, 3.45% (n= 3) 
contributed 6 articles, another 1.15% (n= 1) contributed 7 
articles and finally, another 1.15% (n=1) contributed 15 ar-
ticles.

Table 1 showed the top ten journals by article contribution, 
with their impact factors and location on the SCImago jour-
nal rank (SJR) quartile scale, an indication of the quality of 
the consulted sources.

Additionally, Table 2 shows the 2017-2018 set of articles 
with their key ideas and impact factor.

A qualitative categorization process with co-occurrence 
analysis was conducted (Figure 3), which showed that writ-
ing skills were directly related to gross motor skills.

Key ideas related to the development of writing skills

The data analysis yielded a set of 55 key ideas related to the 
development of writing skills. Figure 4 shows the top 10 key 
ideas by frequency of appearance in the reviewed articles.

It is also worth mentioning both the topical wide scope of 
those key ideas and their scattering among the articles re-
viewed: five (5) key ideas (9.1%) appeared between 20 and 
86 times; eight (8) key ideas (14.5%) appeared between 10 
and 19 times; thirteen (13) key ideas (23.6%) appeared be-
tween 5 and 9 times; sixteen (6) key ideas (29.1%) appeared 
between 2 and 4 times; and, thirteen (13) key ideas (23.6%) 
appeared only once.

To begin with, Hier and Eckert (2016), Maldarelli, Khars, 
Hunt and Lockman (2015), Ahmed, Wagner and López 
(2014), Olinghouse and Graham (2009), considered that 
handwriting (6.7%) represented a very important factor in 
the development of writing skills insofar as it contributes to 
fluency. Handwriting develops the quality and direction of 
the stroke, as well as the quality of the graphs and line trac-
ings, which later lead to better reading. As the child’s graphs 
evolve from scribbling to proper writing, the brain is better 
trained in shape recognition, hence improving its own read-
ing and, progressively, the quality of the spelling.

Table 1. Top 10- Journals with more articles reviewed

Journal Articles by 
journal

JCR 
impFctr

SJR 
impFctr

SJR 
Quartile

Reading and Writing 15 1.837 1.462 Q1

Journal of Educational Psychology 7 4.433 3.459 Q1

Early Childhood Education Journal 6 0.927 0.597 Q2

Journal of Second Language Writing 6 3.324 2.657 Q1

Journal of Writing Research 6 N/A 1.035 Q1

Computers & Education 5 4.538 2.323 Q1

British Journal of Educational Psychology 4 2.057 1.399 Q1

Journal of School Psychology 4 2.299 1.751 Q1

Learning and Individual Differences 4 1.420 1.129 Q1

Written Communication 4 1.267 0.730 Q1

Source: Own elaboration based on Scopus and WoS data
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Table 2. Key ideas by article 2018-2017

Source Key ideas in article

Field-
Weighted 

Citation 
Impact

(Suggate et al., 2018) Cognitive and social skills, graphomotor or neuromotor skills, fine motor skills, early reading / emerging 
reading 6.22

(McMaster et al., 2018) Planning, review, writing strategy, early writing / emerging writing, transcription, text generation and 
composition 5.11

(Belet Boyacı & Güner, 
2018) Skills list, joy of writing, authentic material 1.02

(Spengler et al., 2018) Skills list, cognitive and social skills 4.28

(Sauvé et al., 2018) Skill/ability, skills list, cognitive and social skills, planning, review, writing strategy 3.05

(Pennington et al., 2018) Interrelations and change, ICT mediation, disability, differences between written and spoken 2.64

(Gutiérrez-Fresneda, 2018) 
Skill/ability, skills list, grammar or spelling, handling punctuation, early writing / emerging writing, pho-
nological awareness & phonology, written code & written language, oral language / oral narrative, speed 
nomenclature

0.77

(Aghajani & Adloo, 2018) ICT intermediation, joy of writing, internet as a writing tool, text generation and composition 1.02

(Sulak, 2018) ICT mediation, internet as a writing tool, writing in elementary teaching Not yet

(Puranik et al., 2018) Skill / ability, early reading / emerging reading, parents teaching writing, early writing / emerging writing, 
oral language and oral narrative 0.79

(Weston-Sementelli et al., 
2018) Text generation essays, reading and writing combination 0.71

(Zhang & Quinn, 2018) Early writing / emerging writing, emerging literacy 1.54

(Spencer & Petersen, 2018) Early writing / emerging writing, transcription, written codes & written language, oral language and oral 
narrative Not yet

(Koutsoftas, 2018) Skill / ability, skill, phonological awareness & phonology 2.03

(Guo et al., 2018) Early reading / emerging reading, grammar and spelling, early writing / emerging writing, combination of 
reading and writing, individualized instruction Not yet

(Berninger et al., 2017) Disability, dyslexia, dysgraphia 7.53

(Jiménez, 2017) Skill / ability, disability, early writing / emergent writing, transcription, text generation and composition, 
spelling 3.76

(Bingham et al., 2017) Early writing / emergent writing, text generation and composition 6.52

(Camacho & Alves, 2017) Skill lists, parents teaching writing, early writing / emerging writing, text generation and composition 1.24

(Justice et al., 2017) Early reading / emergent reading, emergent literacy 0.83

(Sinaga & Feranie, 2017) Fine motor skills, quality of writing, writing skills with adults 2.90

(Liao et al., 2015) Satisfaction, skill / ability, Skill lists 5.99

(Zhang et al., 2017) Skill / ability, Skill lists, grammar or spelling, Early writing / emergent writing, text generation and compo-
sition, phonological awareness and phonology, emergent literacy 1.24

(Pavelko et al., 2017) Satisfaction, skill / ability, Skill lists, disability, Early writing / emergent writing, text generation and compo-
sition, authentic material, oral language and oral narrative 0.54

(Daffern et al., 2017) Skill lists, ICT mediation, grammar and spelling, punctuation management, text generation and composi-
tion 0.41

(Korth et al., 2017) Skill lists, Early writing / emergent writing, emergent literacy 0.66

(Birketveit & Rimmereide, 
2017) Skill lists, illustrated books 0.55

(Rodríguez Fuentes & Galle-
go Ortega, 2017) ICT mediation 0.62

(Jafarigohar & Mortazavi, 
2017) Skill lists, Cognitive and social skills Not yet

At older ages, fluency was understood as a skill for proper 
reading through an adequate intonation that obeys punctu-
ation marks. Fluency is also the writing skill meaning proper 
grammar and composition, along with lexical proficiency as 
required by the subject and audience.

Adding to the above, coherence in writing (18.9%) understood 
as the ability to proficiently convey meaning in written texts 
was mentioned in studies as a key factor for evidencing the 
development of writing skills (Bigozzi & Vettori, 2016; García-
Sánchez & de Caso-Fuertes, 2005; Mäki et al., 2001).
McMaster, Kunkel, Shin, Jung and Lembke (2018), Gutiér-
rez-Fresneda (2018) and Puranik, Phillips, Lonigan and Gibson 
(2018) studied early/emerging writing and reading (11,1% and 
7,8%) and confirmed that there may be considerable individu-
al differences among preschoolers in terms of emerging liter-

acy performance. They distinguished two different but inter-
related domains: knowledge of the alphabet and phonological 
awareness.

Early knowledge of the alphabet was found to be a key fac-
tor in the development of later reading and writing, but the 
process draws upon multiple interrelated developmental ar-
eas (Dickinson & McCabe, 2001; Zaretsky et al., 2009). This 
includes development of gross motor skills, pictography and 
enjoyable, playful learning; children who receive positive stim-
uli learn to read and write faster. 

In that sense, Troia, Shankland and Wolbers (2012), Mikulski 
(2006), Mutlu, Cimpolat and Süğümlü (2019) and Christensen 
(2004) showed that recreational and motivational activities are 
positively linked to the development of literacy. While the mo-
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tivation to write can be substantially weaker than the moti-
vation to speak or read, such challenging activities usually 
have a positive effect on the process.

Finally and expectedly, both disability and impairment in 
children (10.6%) held back the development of writing skills 
(Berninger et al., 2017; Jiménez, 2017; Pennington et al., 
2018). Contrariwise, parent participation (7.2%) had a pos-
itive effect on their literacy (Camacho & Alves, 2017; Hwang 
et al., 2014; Neumann, 2014). In 2001, the World Health Or-
ganization included writing as one of the biggest problems 
for children with disabilities in school. Indeed, writing is an 
essential activity allowing students to express their know-
ledge and ideas and to participate in most of their academic 
activities. Hence, parental support is crucial for children with 
disabilities, as they strengthen socialization and literacy de-
velopment at home to complement what is difficult to im-
plement at school.

The key idea of the development of motor skills showed 
direct association with seven others, namely: development 

of skills (n= 86; 47.8%), disability (n= 19; 10.6%), handwriting 
with fluency (n=12; 6.7%), relaxation (n= 2; 1.1%), differences 
between writing and speaking (n= 2; 1.1%), anxiety levels (n= 
1; 0.6%) and out-of-school writing (n= 1; 0.6%).

On their part, key ideas related to the use of ICT were: ICT 
mediation (n= 34; 18.9%), text generation and composition / 
writing coherence (n= 34; 18.9%), parental participation (n= 
13; 7.2%), internet as a writing tool (n= 11; 7.1%), transcrip-
tion (n= 8; 4.4%), writing with adults (n= 6; 3.3%), authen-
tic material (n= 6; 3.3%), videogames as literacy tools (n= 1; 
0.6%), and, illustrated books (n= 1; 0.6%).

Drawing on neurodevelopmental theory, Wollscheid, Sjaas-
tad and Tømte (2016) asserted that one of the main factors 
in the development of basic writing skills is the improvement 
of other motor developmental skills (47.8%) which drive the 
children’s levels of attention. Children begin to create men-
tal structures while exploring the world through body move-
ment during play and locomotion; creating connections by 
these experiences will soon lead to proper development of 

Figure 3. Co-occurrence Mapping and Categorization of Key Ideas
Source: Own elaboration

Figure 4. Top 10 Most Frequent Key Ideas
Source: Own elaboration
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an enriched lexicon. That is considered a direct and prior step 
to writing (Aravena & Quiroga, 2018). Examples of the above 
process can be found in Kellogg (2008), Kim, Al Otaiba and 
Wanzek (2015) and Alevriadou  and Giaouri (2015).

Writing and ICT skills

A large number of the reviewed studies (n= 34) found that ICT 
facilitates writing development processes, beyond the opera-
tional and process perspective (Hwang et al., 2014; Pennington 
et al., 2018; Sulak, 2018). Notably positive aspects include the 
strengthening of writing skills; erasing and correcting without 
leaving a trace or breaking the paper; and, writing ideas, com-
ments and notes in the same file without messing up what has 
already been written by the student (Dalton & Hannafin, 1987; 
Yamaç & Ulusoy, 2016).

In addition to the aforementioned, other articles revealed that 
using word processors as complementary aids improves ba-
sic writing skills such as graph recognition, directional left-to-
right writing, and autonomous visual pursuit of the text line 
(Chiappe & González, 2014; Penuel, 2006). Moreover, the use 
of ICT while learning to write brings in the concept of "collabo-
rative writing", on which many students share documents and 
contribute to the same texts, either synchronously or asyn-
chronously through the use of ICT tools like wikis or Google 
Docs. Researchers observed that during the collaborative pro-
cess the less experienced writers learned from the more ad-
vanced or expert ones, and the general quality of the written 
product increased. This is mainly due to sequential and itera-
tive polishing of the drafts under multilateral supervision and 
action (Chen & Yu, 2019; Hadjerrouit, 2011; Karahasanović et 
al., 2012; Noël & Robert, 2004; Wang, 2016).

Other research has shown that students significantly improve 
their writing skills in terms of grammar, mechanics, writing 
style, and referencing after going through a peer reviewed 
process (Eaton & Wade, 2014; Fedewa & Houghton, 2017).
 
Discussion

From the previous section, the researchers found a wide va-
riety of key ideas associated with the development of writing 
skills. A warning for educational researchers and practition-
ers, the main idea derived from this review was to acknowl-
edge the relevance of interdisciplinary integration around the 
development of writing. Literature showed the relevance of 
motor skills development but also warned that the aforemen-
tioned integration currently requires incorporation of ICTs. 
The emergence of new learning-to-write alternatives beyond 
motor skills development is related to the evolution of web-
based technologies and mobile devices (Lavonen et al., 2008; 
Serouri, 2017). That should be a structural part of the curricu-
lar designs for 21st century schools.

 One of the most relevant factors found in writing skills devel-
opment is the parallel learning of orthographic and grammat-
ical handling associated with phonetic exercises (Guo et al., 
2018; Spengler et al., 2018; Zhang et al., 2017).  In the early 
school years, the teacher usually conducts reading exercises 
to ensure proper pronunciation of the graphs, words, phras-
es and expressions. A child who acquires phonetic processes 
wrong tends to write wrong; bad diction is a predictor of later 
deficiencies in writing, including sentence and paragraph con-
struction (Both-de Vries & Bus, 2010; Evmenova et al., 2010). 
For example, the use of subtitled videos where the child can 
follow the reading creates an association between visual and 
hearing processing. If this is also associated with a musical 
component with rhythm tracking and gross movements, the 
child will improve or acquire proper spelling, along with better 
grammar.

It was also noticeable that the link between the development 
of writing and movement is embedded in the term "psychomo-
tor" (Barbot et al., 2012). The development of writing requires 
maintaining a proper posture and holding the crayon or pencil 
for long periods of time. Hence, the child must acquire suita-
ble muscular development and gross motor patterns in spe-
cific muscle groups. Properly carrying out these processes will 
eventually enable adequate fine motor development, the final 
motor scaffolding of writing (Bindman et al., 2014). It was also 
found that incomplete motor development at home demands 
corrective physical education processes at school for recov-
ering it and directly addressing the child’s writing difficulties.

After analyzing the results of the review, we concurred with 
the concept that to be able to write is a basic skill for the future 
learning of more complex knowledge (Flórez Romero et al., 
2006). In fact, writing is a foundation to create such a degree 
of complexity in the child’s knowledge.

In addition, we found that writing provides the means for per-
sonal reflection, thought, creativity, creation of meaning and 
exchange of ideas, as well as a complement to other modes 
of communication in a world of multimodal texts. While writ-
ing in the digital age has become increasingly complex and 
exposed to global scrutiny, being able to write efficiently with 
correct spelling, grammar and punctuation remains a funda-
mental part of being a literate writer.

Literature proved that learning to write has a progressive na-
ture, and that it is important to articulate family and school 
environments in order to achieve such a significant goal. The 
strengthening of early writing depends to a great extent on a 
good coordination of the motor, perceptive and cognitive pro-
cesses. Motivating children for this accomplishment includes 
the elaboration of creative texts relating to their tastes, inter-
ests and game routines (Liao et al., 2015; Sella et al., 2016).

The specialized literature told us that writing can be taught 
with or without technological mediations. However, much of 
the reviewed research concluded that the inclusion of Infor-
mation and Communication Technologies (ICT) was funda-
mental in the development of basic writing skills (Awada et 
al., 2019; Mohankumar et al., 2018). Especially in response to 
the expectations of education in the 21st century, these skills 
were linked to the further development of informational skills, 
understood as a set of knowledge, skills and values applied 
to the "search, recovery, analysis, treatment, communication 
and application of information" (Monereo & Badia, 2012, p. 
77). 

The revision concluded that learning to write in an increasing-
ly technologically mediated, interconnected and global world 
requires a different perspective of learning to write, perhaps a 
view where the interdisciplinary exceeds the limits of the com-
partmentalized and rigid curricula extensively used in elemen-
tary and secondary education in developing countries. 

We found that such perspective supposes the possibility of 
curricular articulation of physical education and learning to 
write in a context where the digital surroundings have a lot to 
contribute to children and young people’s learning experienc-
es. As they are growing in a networked world, playful spaces 
for learning and motivating are required in the pedagogy for 
the 21st century.
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