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Abstract

Digital technologies such as serious games (SG) and educational robotics (ER) are increasingly being used
to support children with learning difficulties, such as dyslexia, with the aim of improving their reading
ability, reading motivation, and computational thinking (CT). In this study we examined the effectiveness
of SG and ER as educational interventions in twenty-seven dyslexic primary school children, who were
assigned to either an SG or ER group. Before and after the intervention, a CT-test, a reading ability test, a
questionnaire about reading motivation and an interview about reading motivation were administered.
The findings indicated that both interventions led to improvements in CT, with the largest increase
observed in the ER group, although the difference between groups was not statistically significant.
Reading ability also improved: SG had a greater effect on reading existing words, while ER contributed
more to reading pseudowords. The progress within both groups was significant, but no significant
difference between the two groups was found. Neither intervention had a significant effect on reading
motivation. However, CT was found to be positively correlated with reading motivation, but not with
reading ability, and emerged as a unique predictor of reading motivation, without a direct link to reading
ability. These findings highlight the potential of digital interventions to enhance reading ability and
emphasize the importance of integrating CT into education to partially mitigate the negative impact of
dyslexia on reading. While the findings already offer valuable insights, further research is needed.
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1. Introduction

Reading is an important cognitive skill that originates in formal education [1]. However, recent
findings from the Progress in International Reading Literacy Study (PIRLS) shows declining reading
skills among Dutch children, influenced by reduced reading habits, lower socioeconomic status and
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whether the Dutch language is spoken at home [2]. Existing research indicates that children from
socioeconomically privileged families and Dutch-speaking households generally achieve better
school results [2]. The emphasis placed on reading skills at school also plays an important role. In
addition, neurobiological factors, particularly dyslexia, have a further impact on reading results.
Research shows that dyslexia affects 3-10% of Dutch primary school children and is the most
common learning disorder [3, 4]. Dyslexia refers to persistent reading and spelling difficulties
despite normal intelligence and education [5]. As a consequence, dyslexic children have difficulty
recognizing letters and sounds, deciphering words, and reading words [6], which often leads to
reduced self-confidence and motivation [7].

1.1.  Reading ability and reading motivation in dyslexic children

Reading can be an effortful activity, and it requires motivation to do it [5]. For children with
dyslexia, the reading and spelling process can even be more challenging. In addition to problems
with reading and spelling, dyslexic children also tend to be less motivated to engage in reading-
oriented activities [7]. They show more negative self-perceptions as a result of their reading
difficulties, and demonstrate a higher frequency of avoidance behavior towards reading activities in
comparison to their neurotypical counterparts [7].

To facilitate reading ability and reading motivation, specialized treatments use structured
methods and psychoeducation to support reading and emotional well-being [8]. Furthermore,
digital tools, such as serious games (SG) and educational robotics (ER), have been shown to be
effective in supporting reading development in children with dyslexia [9, 10]. Such technologies
also foster Computational Thinking (CT).

1.2.  Computational thinking

CT - problem-solving in a computer-compatible way - can significantly enhance the learning
process across multiple academic subjects, including reading ability [11]. CT encompasses more
than just problem solving based on concepts derived from the world of computer science (CS). It
provides a conceptual framework for analyzing and interpreting both natural and social
phenomena by viewing the world as a system of information processes [12].

CT was first introduced by Papert in 1980 [12]. He encouraged children to create algorithms and
computer programs from a constructionist perspective on education. His idea was that through this
process, children would develop cognitive skills that would enhance their problem-solving abilities
[13].

After CT was relegated to the background, the concept was reintroduced by Wing in 2006 [14].
Wing (2006) defined CT as the cognitive process and skillset that leverages information and tools
from computer science to address problems, devise system designs and understand human
behavior [14]. Subsequently, Selby and Woollard (2013) delineated five fundamental components of
CT, drawing from Wing's definition [15]. These components include problem decomposition
(decomposing complex problems into more manageable subcomponents), generalization
(leveraging established problem-solving methodologies to address analogous or emergent
challenges), abstraction (reducing complexity to facilitate problem resolution), evaluation
(identifying the appropriate methodology for problem resolution), and algorithmic thinking (a
strategy of determining the steps needed for problem resolution) [15]. Furthermore, the 3D
framework developed by Brennan and Resnick (2012) categorizes CT into three dimensions: (a)
computational concepts, (b) computational practices, and (c) computational, perspectives [16].

At present, there are several definitions of the concept of CT. However, a unified definition does
not yet exist [17]. Nevertheless, scholars agree that CT skills encompass algorithmic thinking,
navigating various levels of abstraction, breaking down problems into manageable parts, and
representing data through models [18].

CT can be stimulated by means of plugged-in environments and unplugged environments. The
primary feature of unplugged programming is that it involves activities conducted without the use



of ICT, like board games, use of paper or experiences with one's own body [19, 20]. Unplugged
programming environments appear to hold significant promise in influencing CT [21]. Research

indicates, for instance, that unplugged activities lead to lower cognitive load, as the focus is on CT
concepts rather than on (new) digital technologies [22].

In contrast to unplugged environments, plugged-in environments use computer-based tools and
programming environments via, for instance, computers, tablets or tangible technologies (such as
robots) to introduce children to the concepts of CT [21]. Using robots, children can create and
program a sequence of instructions by, for example, scanning codes or pressing buttons [23].
Tactile programming of robotic systems teaches children logical thinking and simple programming
concepts, such as sequences, loops, and patterns [24, 19]. These tactile technologies also stimulate
children’s interest in learning [25].

1.3. Serious games

SG are defined as a mental contest played with a computer, according to specific rules, that use
entertainment to enhance learning objectives [26]. The primary objective of this tool is educational,
with the playful aspect of the activity being secondary. SG are designed to facilitate the acquisition
of competencies and skills [27, 28]. They are proven to be effective educational tools and not only
motivate but also support the development of hard-to-teach skills. SG allows teachers to simulate
real-world tasks, encouraging learning through doing or playing, risk-taking, and diverse learning
approaches with minimal consequences for failure. They provide immediate feedback, aiding
reflection [29].

SG also engages children cognitively, motivationally, behaviorally, and socially, improving
learning outcomes, such as reading and spelling skills in children with dyslexia [30, 31]. Research
also indicates that SG can have a positive impact on phonological awareness, and consequently
letter recognition and motivation in dyslexic children [31, 32]. Phonological awareness is a skill
that is crucial for learning to read, because it helps children understand how sounds correspond to
letters and letter combinations in written language [3, 4].

Although serious games differ from traditional learning environments, their interactive and
problem-solving nature incorporates elements that closely align with the core components of CT,
such as problem decomposition, generalization, abstraction, evaluation, and algorithmic thinking
[15, 19, 20, 21]. This makes SG potentially valuable tools not only for domain-specific learning but
also for supporting CT development [44].

1.4. Educational robotics

ER emerges as a specialized section within social robotics, a subfield within robotics. It is,
among other things, dedicated to examining how robotic engagement can enhance and facilitate
learning processes in humans [10]. Research indicates that ER has a significant impact on academic
achievements by making subjects more concrete, allowing children to play an active role in the
learning process, and stimulating interest, attention, and motivation in children [33].

ER also holds significant potential to improve learning in children with dyslexia [34]. It can
support dyslexic children in educational challenges, providing direct feedback [34]. Furthermore, a
meta-analysis on selected papers reporting ER activities with children diagnosed with
neurodevelopmental disorders (including dyslexia), where children had the opportunity to program
robots, has shown that the majority of these studies demonstrated enhancements in performance,
in terms of learning objectives, in children' engagement, and in interaction with peers [10].

Similar to SG, ER enables children to engage in CT-activities, such as problem solving, and
decomposition [11, 19]. Despite their differing design philosophies, both environments therefore
hold potential for supporting CT development, albeit in different ways [11, 19, 44].

Given their potential to stimulate reading ability and reading motivation via the impact of CT,
SG and ER may offer promising interventions for dyslexic children. Although the
two environments differ in nature (with SG often being designed primarily as games and
ER as



structured learning tools), this variety offers an opportunity to explore whether different types of
environments can facilitate CT development through different pathways. However, research -
especially in Dutch contexts and in this combination -is limited. This study aims to investigate how
CT, via SG or ER, can enhance reading ability and motivation in children with dyslexia.

2. Methodology

This study focused on children aged 9-13 with a formal diagnosis of dyslexia, enrolled in grades 5-
8 of Dutch primary education. Among the participants were also children who had been referred to
BCO Onderwijsadvies en ondersteuning (BCO) for dyslexia assessment or treatment. Given the
possibility of comorbid conditions [3], children with other learning or neurological developmental
disorders were not excluded. Participants were assigned on a quasi-experimental basis to one of
two research groups: Asgaard Saga (SG) or Ozobot (ER). Group allocation was not random but
based on predefined criteria. Children registered at BCO were assigned to the SG group, as the SG
is part of the organization’s treatment materials and is only available in that setting. Children
recruited through schools were assigned to the ER group. It is important to note that children
registered at BCO also attend schools in the same region as children of the ER group. This
allocation procedure was chosen to ensure the practical feasibility of implementing the
intervention within the available timeframe and the accessibility of materials across settings.

During both the pre-test and post-test, all children were presented with a number of
questionnaires and tests. First, a ‘Reading motivation questionnaire’ (Vragenlijst leesmotivatie) was
administered. This questionnaire contains 14 multiple-choice questions about intrinsic and
extrinsic reading motivation, reading behavior at home and at school, and asks children to rate
their answers from very positive to very negative [35]. Depending on their age, the children also
completed either the Beginners Computational Thinking Test (BCTt) (aimed at children aged 5-9)
[36] or the Computational Thinking Test (CTt) (aimed at children aged 10-16) [37]. The BCTt and
CTt are questionnaires in which children have to solve a number of pictorial problems based on
Brennan & Resnick's 3D framework [38], with an emphasis on computational concepts,
computational perspectives, and computational practices [37]. In addition, the One Minute Test
(EMT) and Klepel-R were administered to all children. Both tests are reading tests but focus on
different aspects of the reading process. The EMT focuses on word recognition using real words,
while the Klepel-R uses pseudowords to assess decoding skills—the ability to convert written text
into spoken language [39, 40]. Finally, the study concluded with an interview with each child about
reading motivation, covering motivation, reading preferences, reading environment, and reading
ability. The combined duration of the questionnaires and tests for both the pretest and posttest was
120 minutes.

During the experiment, the children in the ER-group received six weekly lessons of 30-45
minutes at school, during which they played a custom-designed board game with Ozobot - a
programmable educational robot that responds to color codes or Scratch programming language
(https://ozobot-benelux.nl/). Using code stickers, children guided Ozobot to collect cards with
reading and spelling assignments from the SG Asgaard Saga (figure 1). A rotation schedule ensured
equal playtime. Each session lasted between 30 and 45 minutes and was supervised by the
researcher. During the first session, children were divided into groups of four and received a
5-minute introduction to the use of the Ozobot. In addition, each following session began with a
5-minute instruction period related to the specific board game used in that session. Children from



the SG group played Asgaard Saga individually for 30-45 minutes each week (figure 2). This SG for
the treatment of dyslexia integrates phonological training, letter-sound mapping, spelling rules,
and reading fluency, grounded in scientific and psychological principles [40, 41, 42]. Players
complete challenges as warrior avatars and earn rewards to help in-game villagers (https://asgaard-
saga.nl). Sessions were supervised by the child’s therapist. During the first session, the children
received a short instruction of 5 minutes on how to use the game.

Figure 1: Boardgame using Ozobot.
Figure 2: Asgaard Saga (photo by Petra Lenssen).

3. Main findings

All analyses were performed with SPSS, version 30. Data from children who missed taking either
the pretest or post-test, or could not fully participate in the various interventions, were not
included in the analysis. The results of the pre- and post-test on the BCTt or CTt, the “Vragenlijst
leesmotivatie’ and the EMT and Klepel-R were entered into SPSS for quantitative data analysis. To
investigate whether two plugged-in interventions (SG and ER) could potentially promote reading
ability and reading motivation influenced by the impact of CT, the means of pre- and post-test
scores on the CT tests, EMT, Klepel-R, and the reading motivation questionnaire were calculated
for each experimental group, and subsequently compared. Due to the limited number of
participants per test, the BCTt and CTt could not be analysed separately. Consequently, it was not
possible to conduct direct comparisons between the subcategories of both questionnaires. Instead, a
combined total score based on both tests was calculated. To facilitate comparability across
measures, total scores on CT, EMT, and Klepel-R were converted to percentages prior to analysis.
Also, multiple two way mixed ANOVA’s were performed, in which both interventions served as
independent variables. The post-measurements on CT, reading and reading motivation were used
as independent variables.

Data obtained from the reading motivation interviews were explored and coded based on
recurring themes. After transcription, participant responses were manually grouped based on
thematic similarity. This process led to the identification of recurring themes, which were
categorized accordingly. Within each theme, the frequency of specific types of responses was
counted to provide insight into the prevalence of different perspectives. These frequencies formed
the basis for a quantitative interpretation of the qualitative findings, allowing underlying patterns
and distinctions between participants to emerge.



Both interventions led to improvements in CT, with the largest increase observed in the ER
group (Ozobot: 2.00% increase; Asgaard Saga: 1.81% increase), although the difference between
groups was not statistically significant (F(1, 25) = .001, p = .974, partial 12 = .000). Reading skills also
improved: SG had a greater effect on reading existing words (Asgaard Saga: 5.17% increase; Ozobot:
3.05% increase), while ER contributed more to reading pseudowords (Asgaard Saga: 2.40% increase;
Ozobot: 2.98% increase). Progress within both groups was significant (EMT: K1, 25) = .227,886, p .<
.001, partial 52 = .602; Klepel-R: K1, 25) = 20.709, p .< .001, partial n2 = .453) but no significant
difference was found between them (table 1).

Table 1
Differences in computational thinking (CT), reading ability, and reading motivation
Variable Asgaard Saga (SG) Ozobot (ER)

M  SD Range M  SD Range

Pre-test: CT: BCTt (25
items) / CTt (28 items)
(percentage correctly solved
tasks)

Post test: CT: BCTt (25
items) / CTt (28 items)
(percentage correctly solved
tasks)

Pre-test: EMT words read
correctly (Percentage of 116  31.22 11.74 13.79 - 50.86 39.72  12.30 18.97 - 61.21
items)

Post test: EMT words read

correctly (Percentage of 116  36.39  9.99 19.83 — 49.14 4277 12.73 22.41 - 69.83
items)

Pre-test: Klepel-R words

read correctly (Percentage 15.15 3.46 9.48 - 20.69 15.72  7.42 6.03 — 31.90
of 116 items)

Post test: Klepel-R words

read correctly (Percentage 17.55 4.51 12.07 - 27.59 18.70  8.34 6.03 - 37.07
of 116 items)

Pre-test: Reading

motivation questionnaire 31.79 5.35 20.00 - 38.00 31.77 5.50 21.00 - 43.00
total (maximum score is 50)

Post test: Reading

motivation questionnaire 31.00 5.97 21.00 — 41.00 3131 7.75 17.00 — 41.00
total (maximum score is 50)

71.05 18.82 21.43 - 96.00 54.82 24.80 7.14 - 96.00

72.86 22.10 28.57 — 96.00 56.82 23.40 17.86 — 88.00

M = average, SD = standard deviation, range = spread in measurement

Neither intervention had a significant effect on reading motivation (K1, 25) = .042, p = .840, partial
n2 = .002). However, CT was positively associated with reading motivation (pre: r (23) = .460, p =
.016; post: r(23) = .513, p = .006), but not with reading ability, and emerged as a unique predictor of
reading motivation (F(1, 25) = 8.94, p = .006, R* = .263), without a direct link to reading skills (table
2).

Table 2
Regression analysis



Predictor

CT

Dependent variable

R? B

t

p

EMT (existing words)

Klepel-R (pseudo words)

Reading motivation questionnaire

Reading motivation questionnaire with EMT

Reading motivation questionnaire with Klepel-R

.018
.005
.263
318
277

-.136
-.068
513
.545
521

-0.69
-0.34
2.99
3.20
2.99

.500
737

.006*
.004*
.006*

R* = explained variance; f = standardized regression coefficient (beta); ¢t = t-value regression
analysis; p = p-value regression analysis; * = statistical significance.

Further qualitative research into the differences in experience reported by children with regard to
their reading ability and motivation to read showed that the proportion of children, who indicated
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Figure 3: Selection of most common answers of the Asgaard Saga group (left) and Ozobot group

(right) on the reading motivation interview on categories
preference’, ‘reading environment’, and ‘reading ability.

Children gave responses such as: “Reading is fun when it’s exciting” and “Reading becomes more
enjoyable as I improve”. Children’s reading motivation in the ER intervention, remained relatively
stable over time. Reading preferences, in both groups relatively remained the same. Children
indicated for instance that: “The book should not be too difficult” and “A book should have pictures”

(figure 3).

‘reading motivation’, ‘reading



4. Discussion & limitations

This study found modest but non-significant improvements in CT after implementing SG and ER.
Similar results reported by Hong [43] are often linked to limited duration, intensity, and explicit
instruction. While other studies that used targeted programming or robotics interventions did find
significant CT gains [11, 19], our study did not yield comparable results. Although few studies have
specifically examined the impact of SG on CT, recent meta-analyses report increasingly positive
effects when SG are explicitly designed to develop CT [20, 44]. Such targeted interventions
typically yield to significant growth in CT. In contrast, the SG in our study focused primarily on
reading rather than CT, which likely explains the absence of significant CT effects.

The development of CT also appears to be gradual and requires structured, reflective practice
[45]. Without explicit guidance, learning remains superficial [46]. No significant effects on reading
ability or motivation were found in children with dyslexia, probably due to their greater learning
needs and the short intervention period. Although not significant, an improvement in reading skills
could nevertheless be observed within groups and between groups (SG: EMT: 5.17%; Klepel-R: 2.4%;
ER: EMT: 3.05%, Klepel-R: 2.98%). Furthermore, CT correlated positively with reading motivation,
suggesting that CT leverages the typical strengths of dyslexic learners—such as visualization,
spatial awareness, creativity, and lateral thinking—which can improve competence, self-image, and
intrinsic motivation [42, 47, 48]. The reduced linguistic demands of visual programming may
further promote positive engagement with reading [3, 47, 48].

Although this study was carefully designed, several limitations should be considered when
interpreting the results. The term ‘reading ability’ was deliberately defined broadly to encompass
various skills such as fluency, vocabulary, and decoding, but its interpretation can still vary [49,
50]. All participants had been diagnosed with dyslexia and received support at school, although the
nature and quality of that support differed between schools [3]. In addition, external influences
such as practicing at home and the regular school curriculum, may have impacted the outcomes.
The limited geographic and educational scope of the study restricts the generalizability of the
findings. The use of a quasi-experimental design without randomization or a control group affects
internal validity, and the six-week intervention period may have been too short to observe lasting
effects. Differences in intervention formats and repeated testing may also have led to bias.
Furthermore, CT was assessed using age-specific instruments with different subcategories, making
direct comparisons challenging. Finally, reading outcomes are influenced by many factors beyond
CT, including the language spoken at home and the emphasis schools place on reading
performance [2].

5. Future work

Our research findings contribute to the development of interventions that can enhance reading
ability and reading motivation. The results obtained underscore the importance of integrating CT
into current school curricula, thereby partially overcoming the impact of dyslexia on reading
performance.

6. Conclusion

This research showed that the use of SG or ER led to small improvements in CT and reading
ability. There appeared to be no clear advantage of one intervention over the other. Also, no
significant effects were found on reading motivation for either intervention, despite this being a
stated objective. However, CT was found positively associated with reading motivation and
emerged to be a unique predictor of reading motivation. This suggests that both forms of
technology are potentially valuable in the treatment of children with dyslexia. The findings of our
study contribute to the development of tailored interventions that can enhance reading ability and



reading motivation in dyslexic children. The results not only reveal implications for further
research but also underscore the importance of integrating CT into current school curricula,
thereby partially overcoming the impact of dyslexia on reading performance.
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