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Abstract: This article describes the translation and cultural adaptation process of the WRITIC (Writing
Readiness Inventory Tool in Context) into European Portuguese. We examined the content and
convergent validity, test-retest, and interrater reliability on the norm-referenced subdomain of the
Portuguese (PT) WRITIC Task Performance (TP). To establish content validity, we consulted six
experts in handwriting. Internal consistency was found with 70 children, test-retest reliability with
65, inter-rater reliability with 69, and convergent validity with 87. All participants were typically
developing kindergarten children. Convergent validity was examined with the Beery–Buktenica
Developmental Test of Visual-Motor Integration (Beery™VMI-6) and the Nine Hole Peg-Test (9-HPT).
On content validity, we found an agreement of 93%, a good internal consistency with Cronbach’s
alpha of 0.72, and an excellent test-retest and inter-rater reliability with ICCs of 0.88 and 0.93.
Correlations with Beery™VMI-6 and 9-HPT were moderate (r from 0.39 to 0.65). Translation and
cross-cultural adaptation of WRITIC into European Portuguese was successful. WRITIC-PT-TP is
stable over time and between raters; it has excellent internal consistency and moderate correlations
with Beery™VMI-6 and 9-HPT. This analysis of the European Portuguese version of WRITIC gives
us the confidence to start the implementation process of WRITIC-PT in Portugal.

Keywords: handwriting; preschool; psychometric properties; WRITIC-PT-TP

1. Introduction

Handwriting is a complex task that depends on different skills, such as cognitive,
motor, perceptual, and sensory [1], closely related to composition and literacy outcomes [2].
In our digital age, with increasing technology use in childhood, research in first-grade
children showed a decrease in overall motor skills and an increase in static pencil grip
use compared to twenty years ago [3]. Despite the increasing use of computers, tablets,
and smartphones (where children learn typing), handwriting remains an essential skill
for children to participate in school [4]. Handwriting is essential for learning reading and
spelling. The brain has close functional relationships between the reading and writing
processes [2]. James and Engelhart showed that handwriting experience influences brain
activation during letter perception. For these authors, handwriting is important for the
early conscription in letter processing of brain regions which are the basis of successful
reading and may facilitate its achievement in young children [5]. Research by Ose Askvik
et al. stated that it is vital that handwriting and drawing should be kept in a learning
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environment. This is because of the benefits of sensory-motor integration due to the larger
involvement of the senses as well as fine and precisely controlled hand movements when
writing by hand and when drawing [6]. Research in the United States shows that the time
spent on handwriting has decreased in recent years [7]. Consequently, less time spent on
handwriting means less exercise, and it becomes more difficult to automize this process.
When handwriting is not automated, working memory is continuously needed, and fewer
resources are available for cognition and text composition, affecting academic performance
and self-esteem [8]. However, a lot is still handwritten in primary school. Research in
Australia and the US shows that kindergarteners are still busy with paper-and-pencil tasks
for about an hour a day [9].

Two performance components have been identified that must be mastered before a
child can succeed with handwriting [10]: fine motor coordination [11] and visual motor inte-
gration [12]. Fine motor coordination can be tested by the Nine-Hole Peg Test (9-HPT) [13],
and visual-motor integration can be tested by the Beery–Buktenica Developmental Test of
Visual-Motor Integration (Beery™VMI-6) [14].

In Portugal, where handwriting is the first modality taught and has been dominant
throughout the years [15], a general framework of methodological guidelines is provided
that support children’s active engagement in handwriting activities, with an emphasis on
the communicative nature of handwriting [16]. Portuguese kindergartners learn prewriting
skills at the age of 5 to 6 years. During this period, children learn an appropriate sitting
posture, to handle the pencil properly, and to produce different writing patterns before they
start handwriting with cursive or block letters in first grade. In Portugal, children enter
first grade normally in the school year in which they turn six before 1 January.

Difficulties in paper-and-pencil tasks often arise early, so analyzing these skills before
entering school (grade 1) is critical to ensuring that teachers know what to do and how to
act in children who are not ready to start the handwriting learning process [17].

Handwriting readiness is a topic that needs to be deepened in early childhood litera-
ture. However, it is known that children with handwriting difficulties develop negative
experiences in this area, including frustration, self-efficacy, and low motivation [18]. Iden-
tifying kindergarten children at risk of developing handwriting difficulties may allow
early intervention to prevent handwriting difficulties and negative secondary effects in
later grades.

Depending on the country and the dysgraphia definition, difficulties range between
10% and 30% [19]. Many studies mentioned that children with handwriting difficulties have
deficits in fine motor coordination [1,20]. It also mentioned the correlation between visual
motor integration and poor handwriting [21–23]. Volman et al. assumed that fine motor
coordination and visual-motor integration are two different performance components in
children’s handwriting development [14].

WRITIC assessment was developed because no known instrument assesses all compo-
nents of handwriting readiness based on Berninger’s conceptual model [24,25]. WRITIC-
assessment evaluates handwriting readiness in the classroom context and evaluates the
child’s interest in paper and pencil tasks, the physical and social environment, and the
performance of age-appropriate paper-and-pencil tasks, such as coloring, writing patterns,
writing their own name, and copying letters and numbers. WRITIC assessment discrimi-
nates between children who are ready for instruction in handwriting and children who are
not [24]. Early identification of possible difficulties in handwriting readiness is the best way
to act if necessary [25]. If we can prepare children for the proper use of handwriting tools
in their paper-and-pencil tasks, less energy and attention are needed to achieve success.
Early intervention is the principle to achieve this goal.

Early identification is possible with a WRITIC assessment. Given the need and rel-
evance of translating an instrument of this nature and with these characteristics for the
Portuguese population, the translation and cross-cultural adaptation were made. When
performed well, translation and adaptation of existing assessments improve the accessibil-
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ity of construct estimation to a broader population, thus facilitating greater use in applied
research and counseling practice [26].

Translation and cross-cultural adaptation are processes that involve the assessment of
conceptual, semantic, and content equivalences of the constructs [27] to assure cross-cultural
representativeness, comparability of scores, and reliability and validity, also minimizing
confounds such as construct irrelevance [28,29]. Consequently, it is important to study
reliability and validity in the target Portuguese population.

Therefore, this study aims to examine the content validity, internal consistency, test-
retest, interrater reliability, and convergent validity with Beery™VMI-6 and 9-HPT of
WRITIC with Portuguese kindergarten children of five to six years old.

2. Materials and Methods

The original WRITIC was cross-culturally adapted from English to Portuguese. Then,
pilot testing was carried out with 88 children of five to six years old, following up the
assessment of the psychometric properties of the Portuguese version (WRITIC-PT) for
(a) content validity, (b) reliability, and (c) convergent validity.

2.1. Ethics Approval

The Évora University research ethics committee approved all the procedures. In
addition, the participants’ parents gave written informed consent, according to the Helsinki
declaration, before participating in this study. The children provided assent.

2.2. WRITIC

This instrument allows us to assess handwriting readiness in children aged 5 and 6
and aims to identify whether children are ready to learn the skill of handwriting. WRITIC
has items in three domains and six subdomains: Child (Interest and Sustained attention),
Environment (Physical and Social), and Tasks (Performance and Intensity).

WRITIC is administered in the classroom, where the influence of the context is con-
sidered. The WRITIC contains items of three domains: ‘Child’, ‘Environment’, and ‘Paper-
and-pencil tasks’. Every domain consists of two subdomains: the ‘Child’ domain includes
‘Interest’ and ‘Sustained attention’, the ‘Environment’ domain includes ‘Physical environ-
ment’ and ‘Social environment’, and the paper-and-pencil tasks domain includes ‘Task
performance’ and ‘Intensity of performance’. First, the child’s interest in paper-and-pencil
tasks is evaluated. Then, the child is encouraged to complete a drawing booklet with seven
paper-and-pencil tasks while a trained assessor observes and scores the performance and
quality of the paper-and-pencil tasks.

The subdomain ‘Task performance’ (i.e., WRITIC-TP) within the ‘Paper-and-pencil
tasks’ domain was developed as a norm-referenced part of the WRITIC. The WRITIC-TP
consists of seven items scoring the quality of paper-and-pencil tasks (tracing double-lined
paths, coloring, making arcades, making garlands, name writing, making spirals, and
copying letters and numbers) on a 3-point scale (range 0–2, maximum score: 14), and
the performance of these tasks regarding sitting posture and pencil grip: five items (type
of pencil grip, sitting posture, forearm position, distal versus proximal movement, and
another hand) are scored on a 7-point scale with a range of 0 to 6 resulting in a maximum
score of 30, and one item (wrist position) on a 5-point scale (range 0–4, maximum score: 4).
Thus, the total score ranges from 0 to 48 [24].

Research on WRITIC-TP confirmed high internal consistency (α = 0.82), significant
ability to discriminate between children with good and poor performance on paper-and-
pencil tasks (U = 11.78, p < 0.001), and excellent test-retest and inter-rater reliability, with
ICCs of 0.92 and 0.95, respectively [22]. WRITIC-TP, administered in kindergarten, is found
to be the primary predictor for handwriting quality evaluated by the Systematic Screening
for Handwriting Difficulties [23] in grade 1 [30].
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2.3. Translation and Cultural Adaptation

WRITIC was translated following guidelines for translation and validation instruments
in cross-cultural healthcare research [31–33].

After contacting the original authors and receiving their formal authorization and
training, we moved on to translations. Two bilingual translators translated the instrument
forward to the target language, followed by a consensus version performed by a third
bilingual translator familiar with the instrument. An expert performed the back-translation
to ensure that the correct meaning was obtained. Differences were discussed to get the final
version of the instrument [29,34]. To clarify some inconsistencies in this latest translation,
the document was analyzed by a group of experts in the field [35,36] until a total agreement
was reached assuming conceptual meaning [30]. Finally, pilot testing was developed with
six children in the age group for which the instrument is intended to test its application as
suggested [32,37]. Thus, it was possible to verify a good percentage of understanding [38].
These children did not belong to the recruited sample.

2.4. Participants

A total of 88 children (47 boys and 41 girls; mean age 5.44, SD 0.50) from public/private
kindergartens in the district of Évora (Portugal) were recruited during the first trimester
of the school year. Most of the children (i.e., 81 or 92%) were right-handed, 5 (5.7%) were
left-handed, and 2 (2.3%) were ambidextrous (Table 1).

Table 1. Descriptive data of participants.

n = 88 Total Group 5 Years 6 Years

Number of participants 88 (100%) 49 (55.7%) 39 (44.3%)

Number of boys 47 (53.4%) 27 (30.7%) 20 (22.7%)

Number of girls 41 (46.6%) 22 (25%) 19 (21.6%)

Right-handed 81 (92%) 45 (51.1%) 36 (40.9%)

Left-Handed 5 (5.7%) 2 (2.3%) 3 (3.4%)

Variable-Handed 2 (2.3%) 2 (2.3%) 0 (0%)

2.5. Data Collection

Data collection was conducted at three moments. For the first time, 70 children were
assessed (data were used for the study on internal consistency and interrater reliability,
although for the latter, one of the observers failed to observe one of the children, ending up
being considered only 69). The second time, we retested 65 children from the previous 70
because five children missed kindergarten on that day (data were used for the test-retest
reliability study). Finally, during the third time, in addition to the 70 children assessed the
first time, an additional 18 were assessed. However, one was excluded for not completing
all required tasks (convergent validity study).

WRITIC assessment took place in the classroom as suggested by the authors, with the
child sitting on their chair at the desk and with other children in the classroom.

2.6. Procedures
2.6.1. Content Validation

The selection of experts to review and discuss this instrument was based on individual
expertise with the topic to be studied [39]. Six experts in handwriting (psychomotor
and occupational therapists), who have professional experience working with preschool
children, answered the questionnaire once.

Content validation procedure with WRITIC-PT was studied through a Delhi study [40].
We used a Likert scale scored between 1- and 4-points regarding consensus in rele-

vance, coverage, and clarity of items, as was performed in the content validity study with
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the original instrument. The questionnaire was composed of thirty-one items related to the
three domains of WRITIC (Table 2).

Table 2. Identification of items by area of analysis in the questionnaire for content validation.

Child
Item 1–6 Child’s Interests

Item 7 Sustained Attention

Environment
Item 8–9 Physical environment

Item 9 Social environment

Paper-and-pencil tasks

Item 10–13 Pencil Grip

Item 14–24 Sitting Posture

Item 25–31 Quality of paper-and-pencil tasks
Note: CVC values accepted to consider the quality of an aspect, or an item judged should be greater than 0.80 [34].

2.6.2. Reliability

The main goal of reliability is to understand the consistency of the test scores [41]. We
studied internal consistency, test-retest reliability, and inter-rater reliability to assess this
psychometric property.

Internal Consistency

Internal consistency describes the extent to which the items in a test measure the same
concept or construct. Internal consistency measures correlations between different items on
the same test. Internal consistency was established with 70 children.

Test-Retest and Inter-Rater Reliability

To determine the test-retest reliability of WRITIC-PT, the device was administered, and
after three weeks, it was re-administered under the same conditions in the same group of
children. To evaluate inter-rater reliability, two different raters observed the same children
simultaneously.

Test-retest reliability was established with 65 children, and inter-rater reliability with
69 children.

2.6.3. Convergent Validity

Convergent validity assesses how two different instruments manage to collect the
same information. Although convergent validity is not equivalent to construct validity, it
is one piece of evidence used to judge the construct validity of the measure [42]. When
possible, the collection of data to obtain the convergent validity should be carried out
in the same time space of test-retest and inter-rater reliability. This study established
convergent validity with 87 children. With this study, we used the same instruments on
performance components as the authors of the WRITIC assessment used in the original
convergent validity study by correlating WRITIC with Beery™VMI-6 and with 9-HPT with
the dominant hand (as the original study).

The Beery™VMI-6 is commonly used to assess visual-motor integration [43] and gives
essential information on the development of visual and motor abilities. In the visual motor
integration test, children must copy a sequence of 21 images from a model (beginning with
simple lines and progressing to complex geometric shapes). In the visual perception subtest,
children must identify each item’s identical match from a set of similar figures. In the motor
coordination subtest, children must trace the interior of the 21 geometric figures without
crossing over the shape´s border [22]. Beery et al. [14] stated good psychometric properties,
by age group, including test-retest reliability of 0.88 and interrater reliability of 0.93. In the
psychometric study carried out with a Portuguese population, a good internal consistency
index was found for the visual perception test (Cronbach’s alpha = 0.76) and the motor
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coordination test (Cronbach’s alpha = 0.72), being at the lower limit for the visual-motor
integration test (Cronbach’s alpha = 0.68) [44].

The 9-HPT measures fine motor dexterity in terms of the number of seconds (i.e.,
completion time) the child has to place nine pegs in a pegboard and then remove them
as quickly as possible [45]. The 9-HPT presents a high inter-rater and test-retest reliability
(range, r = 0.86–0.98) [46], discriminates manual dexterity in multiple sclerosis patients
from healthy controls at a highly significant level (p < 0.05) [47], and is frequently selected
as a gold standard or reference value. It is also sensitive to treatment, which is the reason
why it is recommended for inclusion in clinical trials [46].

2.7. Statistical Analysis

Data were analyzed using the Statistical Package for the Social Sciences, version 24.0,
for Windows (SPSS Inc., Chicago, IL, USA). Tests of normality and descriptive statistics
were performed for all outcome variables as a function of age and manual preference.
Differences in the mean values between the groups for non-normally distributed measures
were examined using the nonparametric Mann–Whitney U test. Statistical significance was
set at p ≤ 0.05.

2.7.1. Content Validity

To determine content validity, we used a Content Validity Coefficient (CVC) to quantify
and interpret the judgment of items [48].

2.7.2. Reliability

Internal consistency is analyzed with the Cronbach alpha. The interpretation is based
on acceptable alpha values ranging from 0.70 to 0.95 [49].

The Intraclass Correlation Coefficients (ICC) is widely used to calculate test-retest
and inter-rater reliability. ICC values less than 0.5 indicate poor reliability, values between
0.5 and 0.75 indicate moderate reliability, and values between 0.75 and 0.9 indicate good
reliability. Values greater than 0.90 indicate excellent reliability [50].

2.7.3. Convergent Validity

To analyze the relationship among all variables, Spearman’s correlation coefficients
were calculated. The strength of the relationship was set at r < 0.25, indicating a weak
effect, r = 0.25–0.5 a moderate effect, r = 0.5–0.75 a strong effect, and r > 0.75 a very
strong effect [51].

3. Results

The results by age on the sub domains task performance and intensity performance of
the WRITIC are shown in Table 3 and by hand preference in Table 4:

Table 3. Task and intensity performance results by age.

n = 88 5 Years (n = 49) 6 Years (n = 39)

Task Performance 40.76 ± 3.35 42.21 ± 5.48
Intensity of Performance 20.67 ± 3.32 21.77 ± 3.33

Table 4. Task and intensity performance average results by hand preference.

n = 88 Right-Handed
n = 81

Left-Handed
n = 5

Ambidextrous
n = 2

Task Performance 41.43 ± 4.37 43.80 ± 3.27 34 ± 3.00
Intensity of
Performance 21.20 ± 3.36 22.60 ± 1.67 16 ± 0.00
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3.1. Content Validation

The CVC for the entire instrument, considering the average for each of the three
aspects judged—relevance, coverage, and clarity—was 0.93.

Table 5 shows the CVC results for each item (Item 1–6: Child; Item 7: Sustained
Attention; Item 8–9: Environment; Item 10–13: Pencil Grip; Item 14–24: Sitting Posture;
Item 25–31: Paper-and-Pencil Tasks).

Table 5. Content Validity Coefficient (CVC) results for each item in three aspects judged for
Content Validation.

Item Relevance Coverage Clarity

1 0.9 0.9 0.79 *

2 0.96 1.00 0.96

3 0.83 0.79 * 1.00

4 0.96 0.92 0.83

5 1.00 0.96 0.88

6 0.88 0.79 * 1.00

7 1.00 0.92 0.92

8 0.96 0.92 0.83

9 0.96 0.88 0.92

10 1.00 0.96 0.83

11 1.00 0.96 0.92

12 1.00 0.96 1.00

13 1.00 0.96 0.96

14 0.96 0.92 0.88

15 0.96 0.96 1.00

16 0.92 0.96 0.96

17 0.92 0.92 0.92

18 0.92 0.92 0.92

19 0.92 0.83 0.79 *

20 0.92 0.92 0.83

21 0.92 0.96 0.88

22 0.88 0.92 0.88

23 0.92 0.92 0.92

24 0.92 0.92 1.00

25 1.00 0.96 0.96

26 0.96 1.00 0.96

27 1.00 0.96 0.88

28 0.96 0.96 0.88

29 1.00 1.00 1.00

30 0.92 0.88 0.92

31 1.00 0.92 1.00
* Values that present CVC < 0.8 suggest that the item may present some type of distortion or problem in the
judged aspect.

In content validation, it was found that practically all items had scores above 0.8. Item
1 (How often do you color or do you make a drawing outside of school either at home or
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somewhere else?), item 3 (“How well do you think you are at drawing and coloring?”),
item 6 (“How well do you think you are at ‘Writing’?”), and item 19 (shoulder position)
had one aspect under 0.8 (0.79).

3.2. Reliability
3.2.1. Internal Consistency

The sample of 70 children gave us the first evidence for internal consistency on the
subdomain ‘Task Performance’ (Cronbach’s alpha of 0.72), the norm-referenced subdomain.
Cronbach’s alpha indicates good internal consistency if it is higher than 0.7 [52].

On the other criterion-referenced subdomain, ‘Intensity of Performance’, we found a
Cronbach’s alpha of 0.563, which means poor reliability. Through the analyses, we observed
that if the item ‘Distance Nose-Desk’ were excluded, Cronbach´s alpha would be 0.717.

3.2.2. Test-Retest and Inter-Rater Reliability

As can be seen in Table 6, test-retest reliability had good reliability on the norm-
referenced subdomain ‘Task Performance’ with an Intra-class Correlation Coefficient (ICC)
of 0.879 (p < 0.001). On the other criterion-referenced subdomains—‘Interest’, ‘Sustained
Attention’, and ‘Intensity of Performance’—we found reliability with ICCs ranging from
0.652 to 0.719 (p < 0.001).

Table 6. Test-retest reliability ICC values.

n = 65 1st Evaluation 2nd Evaluation ICC 99%IC

Task Performance 42.08 ± 4.37 41.51 ± 4.42 0.88 [0.77–0.94]
Intensity of Performance 21.77 ± 2.97 21.35 ± 2.77 0.72 [0.46–0.85]
Interest 8.91 ± 2.14 9.15 ± 1.96 0.67 [0.37–0.83]
Sustained Attention 1.89 ± 0.40 1.88 ± 0.41 0.65 [0.33–0.82]

On the subdomains ‘Physical environment’ and ‘Social Environment’, we found an
ICC of 1 (p < 0.001). The lack of changes in the environment over time justifies these results.

We found an excellent inter-rater reliability on the norm-referenced subdomain ‘Task
Performance’ with an ICC of 0.925 (p < 0.001) and an excellent inter-rater reliability on the
criterion-referenced subdomain ‘Intensity of Performance’ with an ICC of 0.829 (p < 0.001).

3.3. Convergent Validity

We found statistically significant differences when we compared different ages. Six
years-old children achieved more points on average on the norm-referenced subdomain
‘Task Performance’ and Intensity of Performance.’ When we compared results using the
Mann–Whitney Test, we verified statistically significant differences in the norm-referenced
subdomain ‘Task Performance’ (U = 691.000; p < 0.005) and in the quality of results in
the criterion-referenced subdomain ‘Intensity of Performance’ (U = 700.500; p < 0.005).
Children aged six years achieved more points on average in both tasks.

We did not find statistically significant differences when we compared right-handed
and left-handed children.

When we compared results using the Mann–Whitney Test, we did not verify sta-
tistically significant differences in the norm-referenced subdomain ‘Task Performance’
(U = 137.000; p > 0.005) and in the quality of results in the criterion-referenced subdomain
‘Intensity of Performance’ (U = 163.000; p > 0.005).

This validity measures whether constructs that theoretically should be related to each
other are related to each other. The correlations observed to establish convergent validity
were moderate, with r ranging from 0.39 to 0.65 (Table 7).
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Table 7. Results of correlations between two different instruments (Beery™VMI-6 and 9-HPT)
and WRITIC.

n = 87 a Visual Motor Integration Visual Perception Motor Coordination 9-HPT

Task Performance 0.65 ** 0.39 ** 0.55 ** −0.40 **

** The correlation is significant at the 0.01 level. a One of 88 children was excluded.

4. Discussion

With the current research, which we did after developing the translation and cultural
adaptation process of the WRITIC into European Portuguese, we determined the content
validity, test-retest, and interrater reliability and the convergent validity with the Beery-
VMI and 9-HPT on the norm-referenced subdomain of the Portuguese (PT) WRITIC Task
Performance (TP).

The project started with the translation and cultural adaptation of WRITIC, made by
two bilingual translators, followed by our psychometric research.

Content validity was obtained after a high agreement amongst the expert panel. It
became clear that the high consensus in the Portuguese version is in line with the original
Dutch instrument [24].

Regarding internal consistency, we were able to verify a good Cronbach’s alpha for
the norm-referenced subdomain ‘Task Performance’ and a poor Cronbach’s alpha for the
criterion-referenced subdomain ‘Intensity of Performance’. Our scores were relatively
lower when compared with the original study [24]. This may be since the sample size in our
study was smaller than in the original study, considering that Cronbach’s alpha coefficient
has been criticized by some authors, mainly because it is influenced by sample size and
also by the instrument number of items [49,51]. Despite the relatively lower results of the
Portuguese study, the internal consistency for the subdomain referenced to the norm in the
literature [52] was satisfactory, which means good reliability. Still, it is essential to analyze
the evolution of the Alpha as the sample increases.

On test-retest and inter-rater reliability, we conclude that the WRITIC-PT is stable over
time and between raters. We obtained good results on the norm-referenced subdomain
‘Task Performance’, allowing us to see similar and positive results on the norm-referenced
subdomain when compared with the original study [24].

On test-retest reliability, we observed that the WRITIC domain ‘Child’ had slightly
lower results (the subdomain ‘Interest’ ICC is 0.67; the subdomain ‘Sustained Attention’
ICC is 0.65). This may have happened because the ‘Child’ domain involves answering
opinion questions based on the child’s sustained attention and reaction to external stimuli,
which can influence the child’s behavior differently on the two occasions and, consequently,
our results.

On inter-rater reliability, we obtained excellent results that sustained our study, despite
having two evaluators. These results align with the ICCs of the original study [24].

On convergent validity, we found a good correlation between WRITIC-TP (Task
Performance) and BeeryTMVMI-6 and a moderate correlation with the 9-HPT. Compared
with the original study, these results support the construct of handwriting readiness of
WRITIC-PT [24].

In the future, we want to increase the sample in different parts of the country and
apply it to children flagged as having weaknesses in handwriting skills.

5. Limitations and Future Directions

The current study needs to be interpreted considering both its strengths and limita-
tions. Firstly, the stability of the sample size was difficult to maintain during the study.
Furthermore, for future studies, we suggest recruiting a higher number of participants to
be able to carry out more robust statistical procedures.

Assessing children in their classroom environment gives researchers realistic context
and data. On the other hand, this type of assessment can also cause some noise in the
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observations when the test is administered. Furthermore, WRITIC-PT should be performed
over a digitized table to get additional temporal, spatial, and kinematic data to complement
data and go through a highly consistent analysis.

Finally, we intend to continue the studies on WRITC-PT with typically developing
children and children with atypical development.

6. Conclusions and Implications for Practice

Translation and cross-cultural adaptation of WRITIC into European Portuguese was a
successful work conducted with the collaboration of authors in the Netherlands and the
students and teachers at Évora University.

In this study, we established internal consistency on the subdomain ’Task Performance’
and obtained high to excellent test-retest and inter-rater reliability values. We determined
convergent validity and found good (with BeeryTMVMI-6) to moderate correlations (with
9-HPT) tests that underpin the construct proposed by WRITIC. This gives us confidence in
using WRITIC-PT when assessing the handwriting readiness for the writing of children
aged 5 and 6 years. The fact that these two tests are partly related to WRITIC-PT suggests
that both instruments are valuable additional instruments to WRITIC-PT. In the case of non-
handwriting readiness, according to WRITIC-PT, it is recommended to assess performance
components in a second step with BeeryTMVMI-6 and 9-HPT.

The Portuguese WRITIC is a valuable new assessment to evaluate handwriting readi-
ness and gives a new understanding of the writing competence of Portuguese children
before entering school. This instrument is valid and reliable and should be used to identify
children who are not ready for handwriting. It assists in the goal of timely intervention for
5- and 6-year-old children and, thus, prevent handwriting difficulties in later grades.

This research provides a promising step toward quantifying handwriting readiness
in Portuguese children, giving us the confidence to start the implementation process of
WRITIC-PT in Portugal.

Author Contributions: Conceptualization, A.R.M., P.D. and F.M.; methodology, A.R.M., P.D., M.H.
and L.d.V.; validation, A.R.M., P.D. and F.M.; formal analysis, A.R.M., P.D., M.H., L.d.V. and
F.M.; investigation, P.D.; resources, A.R.M., M.H. and L.d.V.; data curation, A.R.M. and P.D.;
writing—original draft preparation, A.R.M. and P.D.; writing—review and editing, A.R.M., P.D.,
F.M., M.H. and L.d.V.; visualization, A.R.M., P.D. and F.M.; supervision, A.R.M. and F.M.; project
administration, A.R.M. and F.M. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declara-
tion of Helsinki and approved by the Ethics Committee of the University of Évora (protocol code
GD26111/2019).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Acknowledgments: We thank Ana Rita Silva and Miguel Duarte for their support during data collection.

Conflicts of Interest: The authors report no conflict of interest. The authors alone are responsible for
the content and writing of the paper.

References
1. Feder, K.P.; Majnemer, A. Review Handwriting development, competency, and intervention. Dev. Med. Child. Neurol. 2007, 49,

312–317. [CrossRef] [PubMed]
2. Longcamp, M.; Boucard, C.; Gilhodes, J.C.; Anton, J.L.; Roth, M.; Nazarian, B.; Velay, J.-L. Learning through hand- or typewriting

influences visual recognition of new graphic shapes: Behavioral and functional imaging evidence. J. Cogn. Neurosci. 2008, 20,
802–815. [CrossRef] [PubMed]

http://doi.org/10.1111/j.1469-8749.2007.00312.x
http://www.ncbi.nlm.nih.gov/pubmed/17376144
http://doi.org/10.1162/jocn.2008.20504
http://www.ncbi.nlm.nih.gov/pubmed/18201124


Children 2023, 10, 559 11 of 12

3. Sheedy, A.J.; Brent, J.; Dally, K.; Ray, K.; Lane, A.E. Handwriting Readiness among Digital Native Kindergarten Students.
Phys. Occup. Ther. Pediatr. 2021, 41, 655–669. [CrossRef] [PubMed]

4. Kiefer, M.; Velay, J.L. Writing in the digital age. Trends Neurosci. Educ. 2016, 5, 77–81. [CrossRef]
5. James, K.H.; Engelhardt, L. The effects of handwriting experience on functional brain development in pre-literate children. Trends

Neurosci. Educ. 2012, 1, 32–42. [CrossRef]
6. Ose Askvik, E.; van der Weel, F.R.R.; van der Meer, A.L.H. The Importance of Cursive Handwriting over Typewriting for

Learning in the Classroom: A High-Density EEG Study of 12-Year-Old Children and Young Adults. Front. Psychol. 2020, 11, 1810.
[CrossRef]

7. Caramia, S.; Gill, A.; Ohl, A.; Schelly, D. Fine motor activities in elementary school children: A replication study. Am. J. Occup.
Ther. 2020, 74, 1–7. [CrossRef]

8. Limpo, T.; Alves, R.A.; Connelly, V. Examining the transcription-writing link: Effects of handwriting fluency and spelling accuracy
on writing performance via planning and translating in middle grades. Learn. Individ. Differ. 2017, 53, 26–36. [CrossRef]

9. McMaster, E.; Roberts, T. Handwriting in 2015: A main occupation for primary school–aged children in the classroom? J. Occup.
Ther. Sch. Early Interv. 2016, 9, 38–50. [CrossRef]

10. Volman, M.J.M.; Van Schendel, B.M.; Jongmans, M.J. Handwriting difficulties in primary school children: A search for underlying
mechanisms. Am. J. Occup. Ther. 2006, 60, 451–460. [CrossRef]

11. Chandler, M.C.; Gerde, H.K.; Bowles, R.P.; McRoy, K.Z.; Pontifex, M.B.; Bingham, G.E. Self-regulation moderates the relationship
between fine motor skills and writing in early childhood. Early Child. Res. Q. 2021, 57, 239–250. [CrossRef]

12. Pinto, G.; Incognito, O. The relationship between emergent drawing, emergent writing, and visual-motor integration in preschool
children. Infant Child Dev. 2022, 31, e2284. [CrossRef]

13. Mathiowetz, V.; Weber, K.; Kashman, N.; Volland, G. Adult norms for the Nine Hole Peg Test of finger dexterity. OTJR Occup.
Particip. Health 1985, 5, 24–38. [CrossRef]

14. Beery, K.E.; Beery, N.A. The Beery-Buktenica Developmental Test of Visual-Motor Integration: Administration, Scoring, and Teaching
Manual, 6th ed.; NCS Pearson: Minneapolis, MN, USA, 2010.

15. Alves, R.A.; Limpo, T.; Fidalgo, R.; Carvalhais, L.; Pereira, L.A.; Castro, S.L. The impact of promoting transcription on early
text production: Effects on bursts and pauses, levels of written language, and writing performance. J. Educ. Psychol. 2016, 108,
665–679. [CrossRef]

16. Tafa, E. Kindergarten reading and writing curricula in the European Union. Literacy 2008, 42, 162–170. [CrossRef]
17. Van Hartingsveldt, M.J.; Cup, E.H.; Hendriks, J.C.; de Vries, L.; de Groot, I.J.; Nijhuis-van der Sanden, M.W. Predictive validity of

kindergarten assessments on handwriting readiness. Res. Dev. Disabil. 2015, 36, 114–124. [CrossRef]
18. Dinehart, L. Handwriting in early childhood education: Current research and future implications. J. Early Child. Lit. 2014, 15,

97–118. [CrossRef]
19. Kushki, A.; Schwellnus, H.; Ilyas, F.; Chau, T. Changes in kinetics and kinematics of handwriting during a prolonged writing task

in children with and without dysgraphia. Res. Dev. Disabil. 2011, 32, 1058–1064. [CrossRef]
20. Smits-Engelsman, B.C.M.; Niemeijer, A.S.; Van Galen, G.P. Fine motor deficiencies in children diagnosed as DCD based on poor

grapho-motor ability. Hum. Mov. Sci. 2001, 20, 161–182. [CrossRef]
21. Pienaar, A.E.; Barhorst, R.; Twisk, J.W.R. Relationships between academic performance, SES school type and perceptual-motor

skills in first grade South African learners: NW-CHILD study. Child Care Health Dev. 2014, 40, 370–378. [CrossRef]
22. Tseng, M.H.; Chow, S.M.K. Perceptual-motor function of school-age children with slow handwriting speed. Am. J. Occup. Ther.

2000, 54, 83–88. [CrossRef] [PubMed]
23. Weintraub, N.; Graham, S. The contribution of gender, orthographic, finger function, and visual- motor processes to the prediction

of handwriting status. Occup. Ther. J. Res. 2000, 20, 121–140. [CrossRef]
24. Hartingsveldt, M.; Vries, L.; Cup, E.; Groot, I.; Sanden, M. Development of the Writing Readiness Inventory Tool in Context

(WRITIC). Phys. Occup. Ther. Pediatr. 2014, 34, 443–456. [CrossRef] [PubMed]
25. Puranik, C.S.; Lonigan, C.J. From scribbles to scrabble: Preschool children’s developing knowledge of written language. Read

Writ. 2011, 24, 567–589. [CrossRef] [PubMed]
26. Lenz, A.S.; Soler, I.G.; Dell’Aquilla, J.; Uribe, P.M. Translation and cross-cultural adaptation of assessments for use in counseling

research. Meas. Eval. Couns. Dev. 2017, 50, 224–231. [CrossRef]
27. Beaton, D.; Bombardier, C.; Guillemin, F.; Ferraz, M.B. Guidelines for the process of cross-cultural adaptation of self-report

measures. Spine 2000, 25, 3186–31919. [CrossRef]
28. Hambleton, R.K.; Merenda, P.F.; Spielberger, C.D. Adapting Educational and Psychological Tests for Cross-Cultural Assessment;

Lawrence Erlbaum: New York, NY, USA, 2005.
29. Iliescu, D. Adapting Tests in Linguistic and Cultural Situations; Cambridge University Press: Cambridge, UK, 2017.
30. van Hartingsveldt, M.J.; Vries, L. Ready for handwriting–Writing Readiness Inventory in Context (WRITIC)-theory-assessment-

recommendations; Amsterdam University of Applied Sciences: Amsterdam, The Netherlands, 2019.
31. Bartram, D.; Berberoglu, G.; Grégoire, J.; Hambleton, R.; Muniz, J.; van de Vijver, F. ITC Guidelines for Translating and Adapting

Tests (Second Edition). Int. J. Test 2018, 18, 101–134.
32. Krach, S.K.; McCreery, M.P.; Guerard, J. Cultural-linguistic test adaptations: Guidelines for selection, alteration, use, and review.

Sch. Psychol. Int. 2017, 38, 3–21. [CrossRef]

http://doi.org/10.1080/01942638.2021.1912247
http://www.ncbi.nlm.nih.gov/pubmed/33874836
http://doi.org/10.1016/j.tine.2016.07.008
http://doi.org/10.1016/j.tine.2012.08.001
http://doi.org/10.3389/fpsyg.2020.01810
http://doi.org/10.5014/ajot.2020.035014
http://doi.org/10.1016/j.lindif.2016.11.004
http://doi.org/10.1080/19411243.2016.1141084
http://doi.org/10.5014/ajot.60.4.451
http://doi.org/10.1016/j.ecresq.2021.06.010
http://doi.org/10.1002/icd.2284
http://doi.org/10.1177/153944928500500102
http://doi.org/10.1037/edu0000089
http://doi.org/10.1111/j.1741-4369.2008.00492.x
http://doi.org/10.1016/j.ridd.2014.08.014
http://doi.org/10.1177/1468798414522825
http://doi.org/10.1016/j.ridd.2011.01.026
http://doi.org/10.1016/S0167-9457(01)00033-1
http://doi.org/10.1111/cch.12059
http://doi.org/10.5014/ajot.54.1.83
http://www.ncbi.nlm.nih.gov/pubmed/10686631
http://doi.org/10.1177/153944920002000203
http://doi.org/10.3109/01942638.2014.899285
http://www.ncbi.nlm.nih.gov/pubmed/24666171
http://doi.org/10.1007/s11145-009-9220-8
http://www.ncbi.nlm.nih.gov/pubmed/22448101
http://doi.org/10.1080/07481756.2017.1320947
http://doi.org/10.1097/00007632-200012150-00014
http://doi.org/10.1177/0143034316684672


Children 2023, 10, 559 12 of 12

33. Sousa, V.D.; Rojjanasrirat, W. Translation, adaptation and validation of instruments or scales for use in cross-cultural health care
research: A clear and user-friendly guideline. J. Eval. Clin. Pract. 2011, 17, 268–274. [CrossRef]

34. Leong, F.; Bartram, D.; Cheung, F.; Geiginger, K.; Iliescu, D. The ITC International Handbook of Testing and Assessment; University
Press: Oxford, UK, 2016.

35. Munet-Vilaró, F.; Egan, M. Reliability issues of the Family Environment Scale for cross-cultural research. Nurs. Res. 1990, 39,
244–247. [CrossRef]

36. Cha, E.S.; Kim, K.H.; Erlen, J.A. Translation of scales in cross-cultural research: Issues and techniques. J. Adv. Nurs. 2007, 58,
386–395. [CrossRef] [PubMed]

37. Swami, V.; Barron, D. Translation and validation of body image instruments: Challenges, good practice guidelines, and reporting
recommendations for test adaptation. Body Image 2019, 31, 204–220. [CrossRef] [PubMed]

38. Reichenheim, M.E.; Moraes, C.L. Operationalizing the cross-cultural adaptation of epidemiological measurement instruments.
Rev. De Saúde Pública 2007, 41, 1–9. [CrossRef]

39. Yusoff, M.S.B. ABC of Content Validation and Content Validity Index Calculation. Educ. Med. J. 2019, 11, 49–54. [CrossRef]
40. Barret, D.; Heale, R. What are Delphi studies. Evid.-Based Nurs. 2020, 23, 68–69. [CrossRef] [PubMed]
41. Livingston, S.A. Test Reliability—Basic Concepts. Research Memorandum ETS RM–18-01. 2018, 1–38. Available online:

https://www.ets.org/Media/Research/pdf/RM-18-01.pdf (accessed on 23 November 2022).
42. Carlson, K.D.; Herdman, A.O. Understanding the impact of convergent validity on research results. Organ. Res. Methods 2012,

15, 17–32. [CrossRef]
43. Coallier, M.; Rouleau, N.; Bara, F.; Morin, M.-F. Visual-Motor Skills Performance on the Beery-VMI: A Study of Canadian

Kindergarten Children. Open J. Occup. Ther. 2014, 2, 4. [CrossRef]
44. Ferreira, A.I. Desenvolvimento Das Competências Visuo -Motoras Em Crianças Ex Pré-Termo. Master’s Thesis, Universidade

Católica Portuguesa, Lisboa, Portugal, 2015; pp. 23–24. Available online: http://repositorio.ucp.pt/bitstream/10400.14/19686/1
/Tese_Final_01.11.15.docx(1).pdf (accessed on 23 November 2022).

45. Smith, Y.; Hong, E. Normative and validation studies of the nine-hole peg test with children. Percept. Mot. Ski. 2000, 90, 823.
[CrossRef]

46. Feys, P.; Lamers, I.; Francis, G.; Benedict, R.; Phillips, G.; Larocca, N. The Nine-Hole Peg Test as a manual dexterity performance
measure for multiple sclerosis. Mult. Scler. J. 2017, 23, 711–720. [CrossRef]

47. Lamers, I.; Kerkhofs, L.; Raats, J.; Kos, D.; Van Wijmeersch, B.; Feys, P. Perceived and actual arm performance in multiple sclerosis:
Relationship with clinical tests according to hand dominance. Mult. Scler. J. 2013, 19, 1341–1348. [CrossRef] [PubMed]

48. Filgueiras, A.; Galvão, B.O.; Pires, P.; Fioravanti-Bastos, A.C.M.; Hora, G.P.R.; Santana, C.M.T.; Landeira-Fernandez, J. Translation
and semantic adaptation of the attentional control scale for the Brazilian context | Tradução e adaptação semântica do questionário
de controle atencional para o contexto Brasileiro. Estud. Psicol. 2015, 32, 173–186. [CrossRef]

49. Tavakol, M.; Dennick, R. Making sense of Cronbach’s alpha. Int. J. Med. Educ. 2011, 2, 53–55. [CrossRef] [PubMed]
50. Koo, T.K.; Li, M.Y. A Guideline of Selecting and Reporting Intraclass Correlation Coefficients for Reliability Research. J. Chiropr.

Med. 2016, 15, 155–163. [CrossRef] [PubMed]
51. Marôco, J.; Garcia-Marques, T. Qual a fiabilidade do alfa de Cronbach? Questões antigas e soluções modernas? Laboratório. De

Psicol. 2006, 4, 65–90. [CrossRef]
52. van der Windt, D.A.W.M.; Terwee, C.B.; de Vet, H.C.W.; Knol, D.L.; Bouter, L.M.; Bot, S.D.M.; de Vet, H.C.W. Quality criteria were

proposed for measurement properties of health status questionnaires. J. Clin. Epidemiol. 2006, 60, 34–42. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1111/j.1365-2753.2010.01434.x
http://doi.org/10.1097/00006199-199007000-00015
http://doi.org/10.1111/j.1365-2648.2007.04242.x
http://www.ncbi.nlm.nih.gov/pubmed/17442038
http://doi.org/10.1016/j.bodyim.2018.08.014
http://www.ncbi.nlm.nih.gov/pubmed/30220631
http://doi.org/10.1590/s0034-89102006005000035
http://doi.org/10.21315/eimj2019.11.2.6
http://doi.org/10.1136/ebnurs-2020-103303
http://www.ncbi.nlm.nih.gov/pubmed/32430290
https://www.ets.org/Media/Research/pdf/RM-18-01.pdf
http://doi.org/10.1177/1094428110392383
http://doi.org/10.15453/2168-6408.1074
http://repositorio.ucp.pt/bitstream/10400.14/19686/1/Tese_Final_01.11.15.docx(1).pdf
http://repositorio.ucp.pt/bitstream/10400.14/19686/1/Tese_Final_01.11.15.docx(1).pdf
http://doi.org/10.2466/pms.2000.90.3.823
http://doi.org/10.1177/1352458517690824
http://doi.org/10.1177/1352458513475832
http://www.ncbi.nlm.nih.gov/pubmed/23407701
http://doi.org/10.1590/0103-166X2015000200003
http://doi.org/10.5116/ijme.4dfb.8dfd
http://www.ncbi.nlm.nih.gov/pubmed/28029643
http://doi.org/10.1016/j.jcm.2016.02.012
http://www.ncbi.nlm.nih.gov/pubmed/27330520
http://doi.org/10.14417/lp.763
http://doi.org/10.1016/j.jclinepi.2006.03.012

	Introduction 
	Materials and Methods 
	Ethics Approval 
	WRITIC 
	Translation and Cultural Adaptation 
	Participants 
	Data Collection 
	Procedures 
	Content Validation 
	Reliability 
	Convergent Validity 

	Statistical Analysis 
	Content Validity 
	Reliability 
	Convergent Validity 


	Results 
	Content Validation 
	Reliability 
	Internal Consistency 
	Test-Retest and Inter-Rater Reliability 

	Convergent Validity 

	Discussion 
	Limitations and Future Directions 
	Conclusions and Implications for Practice 
	References

