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Abstract: The current study aimed to investigate the effectiveness of an online dynamic test in reading and writing, differentiating in 
typically developing children (n = 47) and children diagnosed with dyslexia (n = 30) aged between nine and twelve years. In doing 
so, it was analysed whether visual working memory, auditory working memory, inhibition, cognitive flexibility, and reading self-
concept were related to the outcomes of the online dynamic test. The study followed a pretest-training-posttest design with two 
conditions: experimental (n = 41), who received training between the pretest and posttest, and control (n = 37), who received 
training after the posttest. Results showed that typically developing children and children diagnosed with dyslexia in both conditions 
could improve their reading and writing accuracy scores, while the training in prosodic awareness might have tapped into children's 
potential for learning. Moreover, results revealed that in children diagnosed with dyslexia, training in the domain of writing 
competence could compensate for cognitive flexibility. However, training was not found to compensate for reading self-concept in 
children diagnosed with dyslexia. 
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Introduction 

To achieve academic success, literacy development is required in most educational environments (Lindeblad et al., 
2019). Therefore, measuring the effectiveness of literacy instruction is crucial in education. For this purpose, in 
particular, static tests are used. Static tests are standardised product-oriented tests administered after a period of 
instruction, which aim to measure the child's actual level of functioning and obtain an insight into possible gaps in 
knowledge (Petersen et al., 2016; Resing, 2000). Although these tests have clear advantages, such as a one-time 
administration format and clear-cut results used to classify and identify children (Caffrey et al., 2008), there are some 
drawbacks to using these tests for dyslexia identification purposes. For instance, it has been stated that static tests tend 
to be biased towards children with specific learning disabilities like dyslexia (Navarro & Lara, 2017; Resing et al., 
2020).  

However, as the provision of feedback is not permitted in most static test procedures (Nazari, 2012), they do not 
provide insight into the child's potential for learning, which, as critics argue, is necessary information to gain insight 
into educational needs (Jeltova et al., 2007). Therefore, researchers advocate using dynamic tests, which incorporate 
training into the testing format to measure a child's responsiveness to instruction (Resing et al., 2020). Therefore, the 
main aim of this study was to gain more insight into the effects of online dynamic reading and writing test focusing on 
phonemic awareness, prosodic awareness, writing competence and context-dependent words amongst typically 
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developing or children diagnosed with dyslexia. In doing so, this study specifically focused on the effects of online 
administration, the roles of executive functioning, and reading self-concept in uncovering the potential for learning 
reading and writing skills. Online administration was specifically focused on, as due to the COVID-19 pandemic, there 
have been significant demands on educational professionals in terms of online teaching, measurement and 
intervention.  

In this introduction, first online dynamic testing of reading and writing was discussed. After that, a brief description of 
literacy development in typically developing children and children diagnosed with dyslexia, executive functioning, and 
reading self-concept was given.  

Dynamic Testing of reading and writing 

A frequently used dynamic testing format concerns the pretest-training-posttest design (Resing et al., 2020), which 
enables tapping into the zone of proximal development (Vygotsky, 1978). The ZPD, which can be defined as the 
difference between the ability to solve a task individually, the actual zone of development, and the ability to solve a task 
after reciprocal help from a more knowledgeable other, the zone of potential development (Vygotsky, 1978), research 
employing dynamic testing of literacy and reading difficulties showed that dynamic measures of reading and writing, 
such as phonological awareness, predicted future academic achievements even better than conventional static 
measures (Caffrey et al., 2008). A drawback of dynamic testing methods is that they are time-consuming. Therefore, 
there was an interest in computerised test environments and online test methods, in which the computer is used as an 
assessment tool in a computerised test environment or as a tool to establish online contact (Ebadi & Rahimi, 2019), and 
research indicates that online dynamic tests strengthen particular skills, such as writing, reading or mathematics 
(Ebadi & Rahimi, 2019; Passig et al., 2016; Poehner & Lantolf, 2013; Puhan et al., 2007). Still, research into online 
dynamic administered reading and writing tests is scarce, and the usefulness of an online dynamic test of reading and 
writing for primary school children has not been investigated yet.  

Developing Literacy  

Elementary skills in early literacy, the ability to read and write, include phonological awareness, prosodic skills, letter 
knowledge, decoding and oral language skills (Arnoutse, 2004; Wackerle-Hollman et al., 2015). Phonological 
awareness, i.e. recognising and manipulating sounds in words, develops in several steps. First, children learn to 
understand that sentences are composed of words, words of syllables, and then rhyme sounds before segmenting 
words into phonemes, thus developing the letter knowledge necessary for reading and writing (Nicholas & Rouse, 
2021). Prosodic awareness (rhythm perception) is the child's ability to distinguish or indicate an emphasis while 
listening, speaking, reading or writing (Godde et al., 2020). In addition, executive functions such as verbal fluency, 
working memory, inhibition and affective aspects, for example, reading self-concept, may influence literacy 
development (Lindeblad et al., 2019; Serrano & Defior, 2008). However, developing literacy skills is not self-evident for 
all children.  

Dyslexia 

For children diagnosed with dyslexia, unlike typically developing children, learning phonological and prosodic skills is 
challenging. Developmental dyslexia is a specific, neurodevelopmental language-based learning disability characterised 
by continual difficulties with fluent and exact word recognition and poor decoding and writing abilities despite 
remediation, intact sensory abilities and adequate instruction (Lyon et al., 2003; Snowling, 2013). The central deficits 
underlying dyslexia include weaknesses in grapheme-phoneme knowledge, rapid automatised naming and 
phonological awareness (Kudo et al., 2015). Effective clinical dyslexia interventions are mainly psycholinguistic 
intervention methods that aim to reinforce these weaknesses, for instance, by explicitly teaching phonemics (Melby-
Lervåg et al., 2012; Tijms et al., 2021;). Furthermore, research has shown that children diagnosed with dyslexia, 
compared to their typically developing peers, often also experience difficulties with, for example, self-esteem 
(Zuppardo et al., 2020), self-perception (Gibby-Leversuch et al., 2021) and executive functioning (Johann et al., 2020).  

Executive Functions (Working Memory, Inhibitory Control and Cognitive Flexibility) 

Executive functions are higher-order cognitive skills necessary to coordinate and control everyday behaviour essential 
in curricular activities (Diamond, 2013). They are good predictors of school success (Cortés Pascual et al., 2019) and, 
more specifically, literacy development (Ribner et al., 2017). Therefore, researchers and teachers are highly interested 
in programs strengthening children's executive functioning (Johann et al., 2020). Researchers generally distinguish 
three core executive functions, working memory, inhibition and cognitive flexibility, on which higher-order functions 
are built (Diamond, 2013; Goswami, 2019). 

Working memory is defined as processing and temporally storing information or data which is no longer perceptually 
present (Diamond, 2013). Working memory is necessary to process words to comprehend a text visually (Peng et al., 
2018).  
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Inhibitory control enables one to control attention, behaviour, and thoughts. The construct is divided into response 
inhibition, responsible for suppressing a behavioural response, and cognitive inhibition, responsible for directing 
attention to relevant information (Friso-van den Bos & van de Weijer-Bergsma, 2020). Its implications for reading and 
writing seem clear: While reading or writing, one must inhibit stimuli to pay attention to what is being read or written 
(Friso-van den Bos & van de Weijer-Bergsma, 2020).  

Cognitive flexibility concerns adapting approaches or perspectives to various tasks (Diamond, 2013). Research suggests 
that cognitive flexibility is essential in early literacy development as starting readers and writers must process a 
collection of letter-sound pairs and consider various articulations of letter strings (Vadasy et al., 2022). Cognitive 
flexibility is often measured by verbal fluency tasks (Diamond, 2013). Verbal fluency describes the ability to induce 
items according to specific rules (Smith-Spark et al., 2017).  

Research showed that children diagnosed with dyslexia demonstrated weaknesses in working memory (Peng et al., 
2018), inhibitory control (Peng et al., 2018), and cognitive flexibility (Dadgar et al., 2022). In addition, reduced access to 
phonemically structured representations of speech, phonological processing and letter and semantic fluency was found 
in children diagnosed with dyslexia (Melby-Lervåg et al., 2012; Shareef et al., 2018). Moreover, the importance of 
executive functioning concerning academic achievement can also be found in its association with social-emotional 
factors; for example, weaknesses in executive functions have been associated with lower academic self-concept (Bailey 
et al., 2018).  

Reading Self-Concept 

Reading self-concept can be defined as the general image of oneself as a reader (Katzir et al., 2018). Young children 
establish reading self-concept through their degree of fast reading and reading accuracy (Katzir et al., 2018). 
Implications of low reading self-concept include avoidance of reading tasks (Grills et al., 2014), lower reading 
motivation, and, in turn, reading skills (Katzir et al., 2018).  

Surprisingly, there is little research on reading self-concept in children with dyslexia. Gibby-Leversuch et al. (2021) 
systematic review of self-perception concluded that being diagnosed with dyslexia may affect self-perception 
negatively. Furthermore, Zuppardo et al. (2020) stated that dyslexia also affects self-esteem. Moreover, whether 
reading self-concept plays a role in dynamic tests, which are expected to compensate for social-emotional factors such 
as test anxiety (Vogelaar et al., 2017) and weaknesses in executive functioning (Vogelaar et al., 2019), remains unclear. 

Aims of the Current Study 

The current study aimed to gain insight into the potential effects of an online-administered dynamic reading and 
writing test in children diagnosed with dyslexia and typically developing children. In so doing, we explored the 
potential relationships between executive functioning, reading self-concept and static and dynamic measures of 
reading and writing. The first research question addressed children's progression from pretest to posttest. We 
hypothesised that all groups of children would improve from pretest to posttest in the number of correct answers on 
phonemic awareness, prosodic awareness, writing competence, and context-dependent words (Mata & Serrano, 2019). 
More specifically, we expected that children in the experimental condition, who received training between pretest and 
posttest, would show more improvement in the number of correct answers than their peers in the control condition 
(Mata & Serrano, 2019; Navarro & Lara, 2017; Petersen et al., 2018). Concerning potential differences between children 
with dyslexia and their typically developing peers, we expected that children diagnosed with dyslexia would, in general 
as well as in both conditions, show less progression than their typically developing peers due to their general lack of 
responsiveness to treatment (Aravena et al., 2018; Mata & Serrano, 2019). 

The second research question concerned the potential relationship between static and dynamic reading and writing 
scores and executive functioning, specifically working memory, inhibition and cognitive flexibility. Pretest scores, as 
well as the posttest scores of the children in the control condition, were considered static measures, and the posttest 
scores of the children who were trained were considered dynamic measures. In general, the static reading and writing 
measures were expected to be positively associated with the executive function measures (Altemeier et al., 2008). 
Concerning the posttest of the trained children in the experimental condition, executive functioning was expected to be 
associated less strongly with posttest scores, considering that training was found to compensate for weaknesses in 
executive functions (Vogelaar et al., 2019). The scores of the typically developing children and those with dyslexia were 
analysed separately to explore potential differential correlational patterns. 

Our final research question involved the potential relationship between static and dynamic measures of reading and 
writing and the static measure of reading self-concept. Generally, the static reading and writing measures were 
expected to be positively associated with a lower reading self-concept (Durik et al., 2006). Concerning the posttest 
scores of the trained children, it was expected that reading self-concept would be associated less strongly with the 
dynamic posttest scores. This would imply that the dynamic test could compensate for social-emotional factors 
(Vogelaar et al., 2017). The scores of the typically developing children and those with dyslexia were again analysed 
separately to explore potential differential relationships. 
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Methodology 

Participants 

The sample consisted of 78 participants (35 boys and 43 girls) with a mean age of 10.6 (SD = .76; 9-12 years). The 
children diagnosed with dyslexia (n = 30) were recruited by OnderwijsAdvies, an educational advisory service and 
dyslexia treatment institute in the Netherlands. The typically developing children (n = 48) were recruited from regular 
mainstream primary schools in the province of Zuid-Holland. Moreover, all children diagnosed with dyslexia were 
diagnosed with single severe dyslexia and belonged to the weakest 10% on reading or writing tests compared to their 
age-mates. The total distribution of children with and without dyslexia over the two conditions is displayed in Table 1.  

Design and Procedure 

This study had an experimental pretest-training-posttest design with two conditions: control and experimental, as can 
be seen in Table 1. The study consisted of two sessions: During the first session, a preliminary online assessment 
consisting of the Picture Span and Digit Span of the Wechsler Intelligence Scale for Children-V-NL (WISC-V-NL; 
Wechsler, 2014), Stroop-Color-Word test (Stroop, 1935), Ideational Fluency, part of the Revisie Amsterdamse Kinder 
Intelligentie test (RAKIT-2; Resing et al., 2012), and the Reading Self-Concept Scale (Chapman & Tunmer, 1995) were 
administered. The online dynamic reading and writing test was administered during the second session. Prior to the 
first session, children were distributed over the control and experimental conditions by employing a randomised block 
design based on age and gender. Children in the experimental condition received training between the pretest and 
posttest. The children in the control condition received training after finishing the posttest to provide the children in 
the control group the opportunity also to receive training. Trained master's students in Psychology collected the data 
under the authors' supervision. Microsoft Teams was used to administer all online tasks. 

Table 1. Schematic Overview of the Design of the Study 

  Session 1: 
30 minutes 

Session 2: 
60-75 minutes 

  Preliminary 
Assessment 

The online dynamic test of reading and writing: 
Pretest Training Posttest Training 

Experimental 
Condition 
(n=41) 

Children diagnosed with 
dyslexia (n=16) 

X X X X - 

Typically developing 
children (n=25) 

X X X X - 
 

Control 
Condition 
(n=37) 

Children diagnosed with 
dyslexia (n=14) 

X X - X X 

Typically developing 
children (n=23) 

X X - X X 

Note 1. The preliminary assessment consisted of the following instruments: Picture and Digit Span of the WISC-V-NL, 
Stroop-Color-Word test, Idea Production of the RAKIT-2 and the Reading Self-Concept Scale.  

Instruments 

Picture Span Wechsler Intelligence Scale for Children-V-NL (Wechsler, 2014): The Picture Span measures visual working 
memory. As part of the Picture Span, children are shown a series of objects, after which they have to remember from a 
new series of objects the objects they were shown previously and in which order. The subtest takes 10 minutes, 
contains 26 items of increasing difficulty level, and has a test-retest reliability of r = .60 (Wechsler, 2014).  

Digit Span Wechsler Intelligence Scale for Children-V-NL (Wechsler, 2014): Digit Span measures auditory working 
memory. It consists of three subtests: Digit Span Forward, Digit Span Backward, and Digit Span Sequencing, which 
takes up to 10 minutes. Each subtest consists of nine items with an increasing difficulty level. After a sequence of 
numbers is provided to the child, the child is asked to repeat this verbally. Depending on the type of the subtest, the 
child was asked to repeat the sequences forward, backwards or from the smallest number to the largest. The Digit Span 
task has a test-retest reliability of r =. 79 (Wechsler, 2014).  

Stroop-Color-Word Test (Stroop, 1935): In about five minutes, the Stroop-Color-Word test measures the inhibition of a 
prepotent reading response to engage a naming response. With 100 stimuli each, three cards must be read correctly as 
fast as possible during the test. The names of the colours red, green, yellow, and blue are written out in black on card 
one. Card two shows rectangles in these colours. The words red, green, yellow, and blue are printed in mismatched 
colours on card three. Interference will occur on the last card, where the dominant reaction should be inhibited in 
naming the colour rather than reading the word. The difference in time between the third and second cards was used to 
measure inhibitory ability. A lower score means a better inhibitory ability. The test-retest reliability of the Stroop-
Color-Word-Test is r = .68 (Van der Elst et al., 2008). 
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Ideational Fluency (Resing et al., 2012): The Ideational Fluency subtest measures ideational verbal fluency in about five 
minutes. Within one minute, the child has to answer five questions as quickly and realistically as possible. For example, 
a question could be: What do you see in a zoo? It measures the ease and speed with which new ideas and corresponding 
answers can be produced within a specific category. The test-retest reliability is r = .82 (Resing et al., 2012). In the 
current study, ideational fluency was considered a measure of cognitive flexibility (see e.g. Diamond, 2013). 

Reading Self-Concept Scale (Chapman & Tunmer, 1995): The Reading Self-Concept Scale is a self-assessment 
questionnaire that measures reading self-concept. The scale consists of 30 items matching three subscales: perception 
of reading skills, reading difficulties, and attitudes towards reading. The items are formulated as questions, such as 'Is 
reading difficult for you?'. The questions are read aloud to the children, where they answer on a five-point scale: 'yes, 
always', 'yes, often', 'not clear/not sure', 'no, not often' and 'no, never'. The test takes approximately 5 minutes. Each 
answer is scored from one to five, where one represents low self-esteem when reading and five represents high self-
esteem when reading. The full-scale score is calculated from the average of the 30 items, ranging from one to five. The 
internal reliability of the entire Reading Self-Concept Scale is α = .89 (Chapman & Tunmer, 1995).  

Online Dynamic Reading and Writing test (Mata & Serrano, 2019): The dynamic reading and writing test, initially 
developed in Spanish and translated and cross-translated into Dutch for the current study, aims to assess children's 
potential for learning reading and writing skills. Two of the four subtests cover basic reading skills: phonemic 
awareness and prosodic awareness. The two other subtests focus on writing skills, specifically knowledge of writing 
rules and homophones. The dynamic reading and writing test can be administered in about 60 to 80 minutes . Each 
subtest consists of three phases. The child solves the task independently in the test's first (pretest) and third (posttest) 
phases. The task at the posttest is the same as at pretest. For motivation, each subtest is stopped after three consecutive 
errors. The second phase consists of individual training: extra instruction and practice with the assistance of an adult in 
which the child is challenged to improve posttest scores. The training is standardised and administered hierarchically: 
training starts at an abstract level and ends at the task-specific level for each subtest.  

Subtest 1: Phonemic Awareness: This reading subtest covers phonemic awareness of the type synthesis. In about 15-20 
minutes, it evaluates the child's ability to construct words by identifying smaller units (phonemes). For example, which 
word will you get if you hear m/e? Fourteen words are presented in sounds, and the child must determine which word 
has been said while they cannot see the examiner's mouth. The training consists of four hints: Creating sentences with 
words presented on cards, dividing words into syllables, marking phonemes on cards, and finally, making (nonsense) 
words by throwing dice with syllables, vowels and consonants. The internal consistency of this subtest is α = .89 (Mata 
& Serrano, 2019).  

Subtest 2: Prosodic Awareness: This reading subtest measures prosodic awareness and evaluates in about 15-20 
minutes whether the child hears the emphasis in a word. After hearing eighteen words, the child has to determine 
which sound group is emphasised. The training consists of four hints: Tapping the table and pointing out the loudest 
tap, clapping words and counting the syllables, pointing out the loudest syllable on a card by putting a red plug and 
practising with cards, giving the child a starting point to find the emphasised sound group. The internal consistency of 
this subtest is α = .87 (Mata & Serrano, 2019). 

Subtest 3: Writing Competence: This writing subtest evaluates writing competence in 15-20 minutes using phonological 
and writing rules in words and sentences. Twenty-five words are dictated to the child. Every word is said twice. The 
training consists of four hints: Discussing writing rules with cards circling the same letter clusters, completing words 
and verbs and practising with sentences to create an awareness of the link between graphemes and phonemes and the 
Dutch writing rules. The internal consistency of this subtest is α =.83 (Mata & Serrano, 2019). 

Subtest 4: Context-Dependent Words: This writing subtest measures the child's orthographic ability to determine the 
correct form of a homophonic word in about 15-20 minutes. Homophonic words sound the same but have distinct 
meanings and spellings. Therefore, the context of eighteen sentences with a missing word must be used to determine 
the missing word's correct spelling. The correct answer is given in a row of three words, a word slightly similar to the 
homophones and the two homophones. During the training, nine pictures of word couples that sound the same, only 
with different writing and meaning, are presented. The hint focuses on the differences in the graphemes of the two 
homophones as the pictures fade into two or three letters in six steps. The internal consistency of this subtest is α .62 
(Mata & Serrano, 2019). 
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Statistical analyses:  

Before answering the research questions and investigating potential initial group differences, a one-way MANOVA was 
conducted. The dependent variables in this analysis included age, pretest scores on preliminary assessment tests, 
including visual and auditory working memory, inhibition, cognitive flexibility and reading self-concept, and the 
dynamic reading and writing pretest scores. The independent variables included Condition (experimental versus 
control condition) and Subgroup (typically developing children versus children diagnosed with dyslexia). Furthermore, 
a chi-square analysis was conducted to investigate whether boys and girls were equally distributed across the two 
conditions and subgroups. 

Test-retest reliability for all dynamic reading and writing subtests was calculated separately using Pearson correlations 
for the experimental and control conditions.  

To answer the first research question, Repeated Measures of Multivariate Analysis of Variance (RM MANOVA) were 
used. Session (pretest versus posttest) was included as a within-subjects factor, and Condition (experimental condition 
versus control condition) and Subgroup (typically developing versus diagnosed with dyslexia) as between-subjects 
factors. In addition, accuracy scores on subtests of Phonemic Awareness, Prosodic Awareness, Writing Competence, 
and Context-Dependent Words served as the dependent variables. 

To answer the second and third research questions, Pearson product-moment correlations were included between the 
pre-and posttest reading and writing performance measures of the typically developing children and children 
diagnosed with dyslexia on the one hand and the executive function measures and reading self-concept on the other. In 
these analyses, children with dyslexia and the typically developing children were analysed separately. Furthermore, the 
assumptions of normality and homogeneity were checked for all dependent variables.  

Findings/Results  

Prior to conducting our analyses, assumptions for normality were checked through the Kolmogorov-Smirnov test. The 
findings indicated that assumptions were met for age D (48) = .977, p > .05, cognitive flexibility D (48) = .991, p > .05, 
reading self-concept D (48) = .971, p > .05, Prosodic Awareness D (48) = .911, p > .05 in typically developing children. In 
children diagnosed with dyslexia, assumptions for normality were met for age D (30) = .970, p > .05, reading self-
concept, D (30) = .973, p > .05, Prosodic Awareness, D (30) = .941, p > .05 and Writing Competence D (30) = .960, p > .05 
for children diagnosed with dyslexia. Furthermore, assumptions for homogeneity were checked through Levene's test. 
The assumptions for homogeneity check indicated that assumptions were met for age F ( 1,76) = 1.30, p > .05, cognitive 
flexibility F ( 1,76) = .024, p > .05, reading self-concept F ( 1,76) = .352, p > .05, Phonemic Awareness F ( 1,76) = .639, p 
> .05, and Prosodic Awareness F ( 1,76) = .124, p > .05). 

Initial Group Comparisons 

To investigate potential initial group differences, a one-way MANOVA was conducted. An analysis of the multivariate 
effects revealed no significant differences in these variables between the children in the two conditions (Wilks' λ = .95, 
F(5,70) = .687, p = .64, ηp2 = .05). The multivariate Subgroup effect was however, significant, Wilks' λ = .44, F(5,70) = 
17.56, p < .001, ηp2 = .56). The univariate between-subjects Subgroup effects in combination with a visual examination 
of the mean scores revealed that children diagnosed with dyslexia had lower scores on visual working memory, 
(F(1,74) = 13.08, p <.001, ηp2 =.15), auditory working memory (F(1,74) = 16.40, p <.001, ηp2 = .18 ), inhibition (F(1,74) = 
11.10, p = .001, ηp2 =.13 ) and reading self-concept (F(1,74) =70.40 p = <.001, ηp2 =. 49), but not on cognitive flexibility 
(F(1,74) = 1.17, p = .28, ηp2 = .02). Means and standard deviations can be found in Table 2. The chi-square analysis 
revealed a similar distribution of boys and girls across conditions (χ2(1) = 2.70, p = .10) as well as across subgroups 
(χ2(1) = .52, p = .47).  

Table 2. Mean Scores and Standard Deviations of Preliminary Investigation (Executive Functions and Reading Self-
Concept) per Condition and Subgroup 

  (1)  
Control 

Condition 

(2)  
Experimental 

Condition 

(3)  
Typically 

developing 

(4)  
Diagnosed 

with dyslexia 

(5) 
Total 

n  37 41 48 30 78 
Visual Working 
Memory 

M 
SD 

31.78 
7.12 

31.54 
6.58 

33.65 
5.67 

28.47 
7.31 

31.65 
6.80 

Auditory Working 
Memory 

M 
SD 

27.03 
6.71 

26.59 
5.83 

28.81 
6.41 

23.57 
4.33 

26.79 
6.23 

Cognitive 
flexibility 

M 
SD 

71.78 
17.25 

74.68 
17.50 

71.67 
16.84 

75.93 
18.07 

73.31 
17,33 
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Table 2. Continued 

  (1)  
Control 

Condition 

(2)  
Experimental 

Condition 

(3)  
Typically 

developing 

(4)  
Diagnosed 

with dyslexia 

(5) 
Total 

Inhibition M 
SD 

60.19 
22.88 

68.00 
28.12 

57.10 
24.62 

75.80 
24.01 

64.30 
25.90 

Reading Self-Concept M 
SD 

3.67 
.57 

3.55 
.62 

3.93 
.40 

3.08 
.48 

3.61 
.60 

Psychometric Properties of the Online Dynamic Reading and Writing Test 

The psychometric properties of the online dynamic reading and writing test were analysed. Positive, strong 
correlations between pretest and posttest scores were found for all subtests in the control condition (Phonemic 
Awareness: r(35) = .79, p < .001; Prosodic Awareness: r(35) = .76, p < .001; Writing Competence r(35) = .96, p < .001; 
Context-Dependent Words: r(35) = .94, p < .001), indicating sufficient test-retest reliability. In the experimental 
condition, significant positive correlations between pretest and posttest scores were again found for all subtests 
(Phonemic Awareness: r(39) = .61, p < .001; Prosodic Awareness: r(39) = .68, p < .001; Writing Competence r(39) = .93, 
p < .001; Context-Dependent Words: r(39) = .47, p < .001), indicating sufficient test-retest reliability. Fisher's r-to-z 
transformations were performed to investigate if these correlations differed significantly between the two conditions. 
No or almost significant differences were found for subtests of Phonemic Awareness (z = 1.58, p = .057), Prosodic 
Awareness (z = .74, p = .230), and Writing Competence (z = 1.04, p = .150). The correlation between pretest and 
posttest scores was larger in the control condition than in the experimental condition for the subtest Context-
Dependent Words (z = 5.02, p < .001), providing a first indication of training effectiveness. Cronbach's alpha coefficients 
were calculated to analyse the internal consistency of the subtests at the pretest with scores ranging from α = .54 for 
the subtest Phonemic Awareness, α = .66 for the subtest Writing Competence, α = .70 for the subtest Context-
Dependent Words and finally α = .93 for the subtest Prosodic Awareness.  

Effect of Training 

The effect of training on children's progression in reading and writing was examined through Repeated Measures of 
Multivariate Analysis of Variance (RM MANOVA). All effects are displayed in Table 3. The multivariate results indicated 
significant Session (p = .004, ηp2 =.11) and Session x Condition effects (p = .003, ηp2 = .12). These findings indicated that 
there was a significant progression from pretest to posttest in at least one of the subtests and that there was a 
significant differential progression from pretest to posttest between the experimental and control condition in at least 
one of the subtests. A visual examination of the mean scores, as can be seen in Table 4 and Figure 1, indicated that the 
children who were trained progressed more than the children who were not, providing a first indication that training 
might be effective. Moreover, no significant Session x Subgroup ( p = .351, ηp2 = .01) or Session x Condition x Subgroup 
(p = .471, ηp2 = .01) effects were found, which, as can be seen in the mean scores in Figure 1, indicated that the typically 
developing children and children diagnosed with dyslexia, regardless of whether they were trained, demonstrated 
similar improvement in accuracy from pretest to posttest. Follow-up univariate effects at the subgroup level were 
described below. 

Table 3. Multivariate, Univariate and Between-Subject Effects RM MANOVA Outcomes 

 Wilk's λ F p ηp2 
Multivariate effects     
Session .89 8.97 .004 .11 
Session x Condition .89 9.63 .003 .12 
Session x Subgroup  .99 .88 .351 .01 
Session x Condition x Subgroup  .99 .53 .471 .01 
Univariate effects      
Phonemic Awareness     
Session  19.16 < .001 .21 
Session x Condition  .03 .857 <.001 
Session x Subgroup   1.77 .188 .02 
Session x Condition x Subgroup   .10 .759 .001 
Prosodic Awareness     
Session  .02 .897 <.001 
Session x Condition  9.02 .004 .11 
Session x Subgroup   .11 .739 .002 
Session x Condition x Subgroup   .63 .431 .01 
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Table 3. Continued 

 Wilk's λ F p ηp2 
Writing Competence     
Session  19.55 < .001 .21 
Session x Condition  .10 .758 .001 
Session x Subgroup   1.30 .257 .02 
Session x Condition x Subgroup   .52 .473 .01 
Context-Dependent Words      
Session  1.91 .171 .03 
Session x Condition  1.85 .178 .02 
Session x Subgroup   .004 .949 < .001 
Session x Condition x Subgroup   .10 .757 .001 
Between Subject Effects     
Phonemic Awareness     
Condition  1.67 .200 .02 
Subgroup  4.05 .048 .05 
Condition x Subgroup  2.37 .128 .03 
Prosodic Awareness     
Condition  .34 .563 .01 
Subgroup  2.26 .137 .03 
Condition x Subgroup  2.58 .113 .03 
Writing Competence      
Condition  .47 .496 .01 
Subgroup  56.33 < .001 .43 
Condition x Subgroup  3.51 .065 .05 
Context-Dependent Words      
Condition  1.52 .222 .02 
Subgroup  38.73 < .001 .34 
Condition x Subgroup  1.03 .313 .01 

Phonemic Awareness: The univariate effects revealed a significant Session effect (p < . 001, ηp2 = .21), but no significant 
effects of Session x Condition (p = .857, ηp2 < .001), Session x Subgroup (p = .188, ηp2 = .02), or Session x Condition x 
Subgroup (p = .759, ηp2 = .001). These findings indicate that all groups of children progressed from pretest to posttest. 
Contrary to our hypothesis, we did not observe significant differences in the level of progression between the 
experimental and control conditions. Also, contrary to our hypothesis, no significant differences in progression from 
pretest to posttest were found between children diagnosed with dyslexia and typically developing children. In addition, 
a significant between-subjects effect for Subgroup ( Phonemic Awareness, (p = .048, ηp2 = .05) indicated, in combination 
with a visual check of the mean scores, that the children diagnosed with dyslexia, as expected, in general, had lower 
scores than their typically developing age-mates.  

Prosodic Awareness: The univariate effects revealed no significant effects of Session (p = .897, ηp2 < .001). However, a 
significant Session x Condition effect (p = .004, ηp2 = .11) was found. Furthermore, no significant effects of Session x 
Subgroup (p = .739, ηp2 =.002) or Session x Condition x Subgroup (p = .473, ηp2 = .01) were found. These findings align 
with our hypothesis that children in the experimental condition would show more growth from pretest to posttest than 
children in the control condition for this subtest. This is also reflected in the scores shown in Table 3. No significant 
differences in improvement in scores from pretest to posttest were observed between children diagnosed with dyslexia 
and typically developing children. Moreover, the fact that the between-subjects effect for Subgroup was not significant 
(Prosodic Awareness, (p = .563, ηp2 = .01) demonstrated that, unlike our expectations, typically developing children did 
not outperform those diagnosed with dyslexia.  

Writing Competence: The univariate effects revealed a significant Session effect (p < . 001, ηp2 = .21). However, no 
significant effects of Session x Condition (p = .758, ηp2 = .001), Session x Subgroup (p = .257, ηp2 = .02), or Session x 
Condition x Subgroup (p = .473, ηp2 = .01) was found. These findings indicate that all children showed progression from 
pretest to posttest. Contrary to our hypothesis, we observed no significant differences between the control and 
experimental conditions. Also, contrary to our hypothesis, no significant differences in progression from pretest to 
posttest were found between children diagnosed with dyslexia and typically developing children. In addition, a 
significant between-subjects effect for Subgroup ( Writing Competence, (p = < . 001, ηp2 = .43), indicated, in 
combination with a visual check of the mean scores, that the children diagnosed with dyslexia, as expected, had lower 
scores than their typically developing age-mates.  

Context-Dependent Words: No significant univariate effects were found for this subtest. When accounting for Subgroup 
and Condition, no significant differences in improvement in scores from pretest to posttest were found. The significant 
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Subgroup between-subjects effect (Context-Dependent Words (p = < . 001, ηp2 = .34), in combination with a visual check 
of the mean scores, however, further demonstrated that children diagnosed with dyslexia, as expected, in general, had 
lower scores than their typically developing age-mates. 

Table 4. Basic Statistics for Scores on all Online Dynamic Reading and Writing Subtests at Pre- and Posttest 

  Experimental Condition Control Condition 
  Pretest Posttest Pretest Posttest 
Typically developing children      
Phonemic Awareness M (SD) 11.96 (1.97) 12.52 (2.40) 12.04 (2.06) 12.65 (1.50) 
Prosodic Awareness M (SD) 9.68 (5.89) 10.80 (6.74) 12.26 (5.45) 10.91 (6.99) 
Writing Competence M (SD) 21.84 (2.44) 22.40 (2.69) 22.74 (1.86) 23.17 (1.47) 
Context-Dependent Words M (SD) 15.64 (1.19) 16.40 (1.32) 16.09 (1.35) 16.17 (1.07) 
Children diagnosed with dyslexia      
Phonemic Awareness M (SD) 11.44 (2.22) 12.63 (1.41) 10.29 (2.40) 11.28 (2.40) 
Prosodic Awareness M (SD) 9.19 (5.87) 11.56 (6.01) 8.43 (4.77) 6.57 (6.49) 
Writing Competence M (SD) 17.81 (3.99) 18.50 (3.60) 15.86 (4.20) 16.86 (4.87) 
Context-Dependent Words M (SD) 11.81 (4.56) 12.81 (4.23) 13.50 (3.39) 13.42 (3.08) 

 

 

Figure 1. Mean Scores of Dynamic Reading and Writing Subtests 

Note. DE= children diagnosed with dyslexia Experimental Condition, DC= children diagnosed with dyslexia Control 
Condition, TDE= typically developing children Experimental Condition, TDC= typically developing children Control 
Condition.  
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The Relationship between Static and Dynamic Reading and Writing Scores, Executive Functioning and Reading Self-
Concept 

Pearson product-moment correlations were calculated between the pre-and posttest subtests to investigate the 
relationship between the dynamic reading and writing measures on the one hand and executive function measures and 
reading self-concept on the other hand (see Table 5). Separate analyses were performed for Condition and Subgroup.  

Table 5. Pearson Product-Moment Correlation Matrix between Executive Functions, Reading Self-Concept Pretest and 
Posttest Dynamic Reading and Writing Measures (divided by Condition and Subgroup) 
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Typically developing 
children 

            

Visual Working Memory  .31* .31* .26 .20 .12 .46* .35 .36 .29 .40 .24 -.13 
AuditoryWorking Memory  .24 .17 .32* .38* .27 .06 .43* .33 .04 .30 .17 .04 
Cognitive Flexibility -.24 -.04 -.18 -.03 -.14 -.08 .23 -.16 -.28 -.10 -.08 .05 
Inhibition .10 .09 -.07 -.13 -.19 -.09 .07 .28 .05 .15 -.31 -.34 
Reading Self-Concept .12 -.18 .34* .28 -.14 -.21 .33 .27 .10 .07 .55** .08 
Children diagnosed with 
dyslexia 

            

Visual Working Memory  .22 .05 .10 -.02 .09 .16 .01 .33 .31 .03 .17 .16 
AuditoryWorking Memory  .25 .14 .44* .00 .03 .03 .40 .15 .31 .16 .27 .04 
Cognitive Flexibility .07 .17 .40* .07 -.08 .23 .02 -.14 .36 -.05 .69** .23 
Inhibition  .03 -.07 .04 -.06 .14 .42 .28 .40 -.52 -.14 -.30 .09 
Reading Self-Concept  .04 .19 -.01 -.19 .14 .27 -.10 -.09 .40 .30 .41 .10 

Note. Significance * p < .05, ** p < .01 

Overall, positive moderate relationships, as anticipated, were found between the online dynamic subtests and visual 
and auditory working memory in the typically developing children. In the children diagnosed with dyslexia, positive 
moderate relationships between the online dynamic subtests and visual working memory, auditory working memory 
and cognitive flexibility were found. Results indicated that typically developing children with stronger visual working 
memory performed better on Phonemic Awareness and Prosodic Awareness at pretest, and stronger auditory working 
memory was related to performance on Context-Dependent Words. Concerning the children diagnosed with dyslexia, 
stronger auditory working memory and cognitive flexibility were related to Writing Competence performance. In 
addition, typically developing children with a higher reading self-concept performed better on Writing Competence. In 
the children diagnosed with dyslexia, we saw an opposite outcome, where we found small negative correlations 
between reading self-concept and writing tasks. Relationships between the static reading and writing posttest 
performances of the untrained children diagnosed with dyslexia in the control condition and executive functions and 
reading self-concept were generally stronger than for the dynamic posttest performances of the trained children in the 
experimental condition. Results indicated that training in Writing Competence could compensate for weaknesses in 
auditory working memory, visual working memory and cognitive flexibility in children diagnosed with dyslexia. 
Moreover, training in Phonemic Awareness compensated for visual and auditory memory; the latter also applied to the 
training in Prosodic Awareness. Furthermore, we found that training in Phonemic Awareness in typically developing 
children seemed to compensate for visual working memory and cognitive flexibility, and training in Prosodic 
Awareness and Context-Dependent Words seemed to compensate for auditory working memory.  

Discussion  

The current study investigated the usefulness of an online dynamic reading and writing test. We thereby expanded on 
the existing research on dynamic literacy testing by incorporating phonemic and prosodic awareness and knowledge of 
writing words and homophones into the online dynamic reading and writing test for primary school children. The 
results indicated that the online reading and writing training had improved the performances of typically developing 
children and children diagnosed with dyslexia on Phonemic Awareness, Writing Competence and Context-Dependent 
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Words in the experimental and control conditions. At the same time, only those trained in Prosodic Awareness 
demonstrated considerable performance improvements beyond the effect of practice, suggesting that the extra 
instruction and practice with the assistance of an adult in Prosodic Awareness might have tapped into children's 
potential for learning. Unexpectedly, children diagnosed with dyslexia showed similar performance improvement as 
their age-related peers. This is an essential finding because training effectiveness is not always found in children 
diagnosed with dyslexia, as they show persistent difficulties in reading and writing (Aravena et al., 2018). This finding 
underlines the value of reciprocal learning of reading and writing skills in children diagnosed with dyslexia. The 
unexpected performance improvement of the children in the control condition might be explained by a practice effect. 
Direct repetition and recognising test items could have improved performance scores. On the other hand, the decrease 
in scores on Prosodic Awareness might be caused by a reduction in motivation; completing this subtest twice in a row 
might have been less attractive. 

Furthermore, the current study aimed to understand the relationship between static and dynamic reading and writing 
measures and executive functioning. Our results support prior research, which indicates the importance of working 
memory concerning reading and writing skills. Indeed, reading and writing require remembering what has been read 
or heard, implicating working memory (Peng et al., 2018). 

The performances on the online dynamic reading and writing posttest seemed less dependent on executive functioning. 
This finding advocates the use of dynamic testing principles as scores were less biased by the level of executive 
functioning. Training in Phonemic Awareness and Prosodic Awareness seemed to compensate for weaknesses in 
executive functions in typically developing children and children diagnosed with dyslexia. These results are supported 
by Sadasivan et al. (2012), who found that phonological awareness training, for example, could enhance reading and 
visual working memory skills. The training content, which included teaching reading and writing skills on an abstract 
level and then working towards a concrete level, and the visually supported instructions might have contributed to the 
compensatory effect of training. This finding is intriguing, given the importance of well-developed executive functions 
in literacy development (O'Brien & Yeatman, 2021).  

In some studies, it was found that children diagnosed with dyslexia are known to experience executive functioning 
problems like cognitive flexibility (Dadgar et al., 2022). In the current study, we did not, however, find any significant 
differences in the cognitive flexibility of children diagnosed with dyslexia and their typically developing peers. Needless 
to say, this finding requires further research, but could be due to the fact that cognitive flexibility was operationalised 
as verbal fluency in the current study. Research has suggested that verbal fluency tasks rely more on children's 
vocabulary than language knowledge, allowing children with dyslexia to complete this test at a comparable level to 
typically developing children (Medina & Guimarães, 2021).  

Lastly, the current study aimed to understand the relationship between static and dynamic reading and writing 
measures and reading self-concept. However, unexpectedly, reading self-concept correlated positively with the static 
writing scores of the typically developing children. Although writing skills complement reading skills (Galuschka et al., 
2020), this finding needs further investigation. Given the effect of lower reading self-concept on motivation (Bagazi, 
2022), future studies may want to explore further the impact of explicit writing instruction on reading self-concept.  

No relationship was found between the posttest online dynamic reading scores and reading self-concept. This could 
mean that reading self-concept did not negatively affect the ability to profit from repeated practice or instruction. 
Perhaps this was due to training being too short to impact, the fact that those diagnosed with dyslexia might have no 
clear insight into their reading and writing performance (Grills et al., 2014) or the relatively young age of the 
participating children. As a strong relationship between academic self-concept and academic achievement in distance 
learners was found (Ajmal & Rafique, 2018), the online administration of the reading and writing subtests was not 
expected to affect these results.  

Conclusion 

This study contributed to the existing research on dynamic testing of reading and writing in an online environment. It 
was demonstrated that children diagnosed with dyslexia could equally benefit from online dynamic reading and 
writing training compared to typically developing children. More importantly, it seemed that online administration did 
not appear to be an obstacle to improving reading and writing performances, implying that the potential for learning 
can be assessed in an online environment. The current study provided a first indication that dynamic testing principles 
can be used successfully to gain insight into the reading and writing skills of typically developing children and those 
with dyslexia. Moreover, it seems that, to some extent, dynamic testing seems to compensate for weaknesses in 
executive functioning.  

Recommendations 

Therefore, it is recommended that teachers or educational psychologists use dynamic testing principles when assessing 
the reading and writing abilities of children who are in the process of learning to read and write, especially if they are 
known or suspected to have weaknesses in executive functions. These principles can, as the current study 
demonstrates, also be applied in an online environment, for example, in times of social distancing or if geographical 
distance is an issue to consider.  
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Furthermore, the results of this study can be interpreted as a step towards more research in the Netherlands in the 
field of (online) dynamic testing of reading and writing. In doing so, we specifically recommend that future researchers 
adjust the difficulty of the test items, which would make the online dynamic reading and writing test available for a 
wider age range. Furthermore, it is recommended that future researchers evaluate the type and amount of hints given 
in training to create a better connection between hints and the test items. Moreover, as sample size might have 
contributed to the results, future researchers should aim for a larger sample size to obtain more statistical power.  

Limitations 

Although our study might have been the first online dynamic test which combined reading and writing skills in the 
Dutch language area, the following limitations of the study should be kept in mind when interpreting the results. First, a 
ceiling effect might have occurred, especially regarding the results of the typically developing children, as the test items 
belonging to the other subtests might have been too easy for them, which left no room for further improvement from 
pretest to posttest. Second, relatively small subgroups were used due to the low number of participants.  
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