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Abstract

It is vital that working memory capacity can be assessed and trained with motivating resources, in a personalized
way in children with neurodevelopmental disorders. This paper illustrates the possibility of a serious game, such
as WorM, to assess and train children’s working memory capacity. WorM was designed, developed and evaluated
through three studies (Study 1: informative, Study 2: validation and Study 3: user studies). The first two qualitative
studies employ in-depth interviews and focus group discussions, to identify, argue and validate suitable design
aspects guided by interviews from teachers and psychologists. The third study presents the usefulness of WorM
based on the Item Response Theory analysis and answers from 23 end-user, typical children. Examples of important
design aspects identified in Study 1 revealed the role of captivating interests, customization, short duration,
rewards, feedback and clear instructions for designing tasks with right images and sound effects. From these,
Study 2 enhanced the role of interactive visual feedback for correct and incorrect sorting, using images, keyboard
keys, multiple colors, or the phase of the trial. Study 3 illustrates how Correct Pepper Classification tasks show
some variability in difficulty, where the range of difficulties was higher in the game tasks than in the standardized
Childhood Executive Functioning Inventory (CHEXI) task, usually applied for identifying the NDD characteristics

in the examined users. While both instruments showed good reliability with high Person and Item Separation
Reliability and Cronbach’s alpha values, the findings of this paper suggest that serious games can offer promising
prospects to provide meaningful contexts to assess and train working memory by the WorM game.
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Introduction

Properly designed serious games can provide opportu-
nities for learning effectively and efficiently for children
with cognitive impairments. For example, for assessing
working memory capacity in children with neurodevel-
opmental disorders (NDDs) [1-3] since training working
memory can improve learning in children with NDDs [4].
In fact, games have the potential to successfully regulate
children’s cognitive abilities when used for training and
rehabilitation purposes [5]. This study answers a call for
the development of appropriate serious games specifi-
cally designed for NDD children according to their needs
and interests [6]. It also answers a call for more research
on determining software efficiency concerning the
assessment and training of cognitive skills, such as work-
ing memory [5]. Thus, we present WorM, an innovative
and calibrated serious game in accordance with children’s
needs, with a sustainable theme (eliminating food waste
within an eco-farm); and illustrate how this game reli-
ably assesses and trains working memory in children with
NDDs.

Much research has predominantly targeted adult popu-
lations and neurodegenerative conditions, such as Par-
kinson’s disease [7, 8]. Consequently, there is a limited
body of research specifically addressing neurodevelop-
mental challenges and the application of serious games
to facilitate cognitive development in children [9]. Hence,
the main theoretical contributions of the WorM serious
game lie in its application within the broader framework
of empowering children with NDD’s as independent
learners. By integrating serious games into the learn-
ing process, this research implies a theoretical founda-
tion based on the idea that motivating resources, such as
WorM, can play a crucial role in promoting the develop-
ment of independent learning skills among children with
NDD’s. This aligns with the broader educational theory
that emphasizes the importance of engaging and moti-
vating learners to foster their autonomy and ability to
identify and meet their own learning needs [10, 11].

Working memory and children with NDDs

Working memory has been defined as the capacity to
direct attentional focusing and processing towards sig-
nificant goals while avoiding distraction [12, 13]. More-
over, it has been considered as individuals’ capacity to
sustain information and process additional data [14].
Working memory has been viewed as the system or
mechanism underlying the maintenance of task-relevant
information during the performance of a cognitive task
[15-17]. In the current study we adopt the Miyake et al.
conceptual framework of working memory systems [12,
17] that identifies three executive functional components
of working memory: inhibition, shifting, and updating.
Inhibition refers to the ability to suppress irrelevant or
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distracting information. As for the shifting mechanism it
involves the flexibility to switch attention between tasks
or stimuli. Working memory updating has been defined
as the ability to dynamically modify the content of
memory according to task requests [18, 19]. This model
emphasizes that while these components are indepen-
dent, they are interrelated and contribute to the shared
variance of higher cognitive tasks such as problem-solv-
ing or complex decision-making processes.

Constraints concerning working memory are related
to learning difficulties, which can be significant, but may
be reduced by using personalized calibrated methods of
support for children [20]. Working memory capacity and
training in children with developmental disorders has
received little attention from the research community,
as opposed to children with a normative development
[21]. Moreover, from the existing previous work, work-
ing memory has been associated differently to the vari-
ous NDDs, (for a short overview of the different types of
NDD, see the next Section “An overview...”).

Neurodevelopment disorders may be regarded as devel-
opmental deficits which lessen personal, social, academic
and occupational functioning. Accordingly, the primary
kinds of NDDs comprise attention-deficit/hyperactiv-
ity disorder, autism spectrum disorder, dyslexia, intel-
lectual disability, among others. Some of the literature
has shown that children with NDDs may benefit from
game-based training [22, 23]. For instance, dyslexia has
been associated to difficulties in verbal and visuospa-
tial working memory [24], in phonological short-term
memory and phonological awareness [25], whereas read-
ing disabilities have been linked to phonological aspects
of working memory and processes related to the central
executive [26]. Children with developmental dyslexia
have revealed deficits in verbal working memory, namely
with a specific impairment in the phonological loop,
whereas children with developmental coordination disor-
der have shown deficits in visuospatial working memory
[27]. Moreover, children with specific language impair-
ments have demonstrated difficulties regarding verbal
working memory deficit and verbal short-term memory
deficit [25]. In addition, children with specific arithmetic
learning disabilities seem to have difficulty with phono-
logical loop processes, visuo-spatial sketchpad processes
and the central executive implicated in working memory
[10]. Deficits in the central executive could lead children
to have difficulties in inhibiting and updating informa-
tion, as well as shifting attention from one task to another
[10]. Regarding children with attention deficit disorders
[25], William Syndrome [28] and coordination disorders
[29], research has shown that there tends to be a difficulty
concerning visuo-spatial working memory. Furthermore,
children with Down Syndrome tend to have deficits in
short-term memory [30], whereas those with autism
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spectrum disorder may show difficulties with central
executive processes [31]. Also, comorbid children have
shown poorer performance in verbal working memory, as
well as in visuospatial working memory [27]. Considering
that comorbidity (i.e. having two or more disorders) may
be more frequent in children than previously thought, it
is essential to provide a through diagnosis of the child’s
condition to make decisions with regards assessment and
competency training [31].

The literature has indicated that children with NDDs
need training regarding their working memory capacity
[32]. For instance, many children with autism spectrum
disorder, intellectual disability and attention deficit/
hyperactivity disorder have shown a low working mem-
ory capacity [32]. Moreover, those who have shown low
working memory capacity have also revealed a low cog-
nitive profile. Nonetheless, some children with autism
spectrum disorder or attention deficit/hyperactivity dis-
order demonstrated higher working memory capacity
than those previously mentioned. In fact, different NDDs
have been associated with different patterns of working
memory impairment [20]. This supports the notion that
children with NDDs should have personalized training in
terms of working memory capacity. As we are going to
show in Sect. 2, the different types of NDD patients need
not only different medications, but also different, and
personalized therapy [1]. While serious games promised
support for different health conditions, to tune these to
support personalized NDD therapy, would require fur-
ther research [2, 3].

Serious games and children with NDDs

It is vital that working memory capacity be assessed
and trained in children with NDDs with motivating
resources, such as serious games because little to no
digital tools are available to work with these children in
a personalized way. Children with NDDs may have defi-
cits that impact their academic performance [33]. The lit-
erature has revealed that over the last four decades, there
has been an increase in the frequency of NDDs, and web-
based interventions have the potential to improve results
and decrease related symptoms which may hinder learn-
ing [33].

A recent meta-analysis on games to train executive
functions revealed significant differences in working
memory capacity [24] between children with NDDs who
trained working memory with digital game-based train-
ing, and those who did not [1]. Moreover, game features
had extra effects on training when training content was
included. Also, digital game-based interventions revealed
no significant differences between those who played at
home and those who played in a laboratory setting. Over-
all, digital game-based interventions revealed training
effects up to 9 weeks after implementation, providing
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opportunities for cognitive function rehabilitation [1].
Moreover, a recent review [34] found that active video-
game-based interventions, where professionals were
physically in the same room or in the same virtual plat-
form at the same time as children, could improve chil-
dren’s social behavior. Another review study mentioned
that research is needed to assess the effectiveness of tech-
nology on a range of different NDDs [4], which we pro-
pose to do.

Previous research has indicated that serious games
have the potential to train and improve working memory
in children with NDDs in a ludic way within a school
context, thus providing ecological validity [35]. Accord-
ingly, serious games can inclusively increase divided
attention skills, decrease distractibility, and help improve
academic performance in reading and knowledge trans-
fer. A systematic review and meta-analysis study revealed
that cognitive interventions (e.g., with digital games) had
a positive effect on children with NDDs’ working mem-
ory [36]. Nonetheless, more research and empirical evi-
dence is needed to understand the full impact serious
games can have on children with NDDs in terms of emo-
tion recognition, anxiety reduction, stress regulation and
rehabilitation [37]. In fact, clinical evidence is needed to
understand the impact of serious games regarding the
needs of children with NDDs [3, 4, 36].

This work exemplifies current possibilities for such
games with functional prototypes supporting educa-
tion. However, further study is needed to determine the
validity of such games and connect the results to clinical
aspects. Nonetheless, we propose to present reliability
indicators of the serious game WorM with Item Response
Theory (IRT). We question whether WorM constitutes a
reliable measure to assess working memory and there-
fore, this paper focuses on the development and initial
validity of the game.

The game WorM is one of the “EMPOWER games”
included in a platform designed and developed by a
European project (no 101060918, see https://project-em
power.eu/# ). The games aim to utilize appropriate design
elements for personalized educational intervention for
students with NDDs. The interventions are developed by
game designers in collaboration with psychologists.

An overview of the most common NDDs in
childhood

According to DSM-5, Neurodevelopmental Disorders
(NDDs) [38] are considered to be thought disorders
related to working memory, attention, and concentra-
tion. Developmental delay encompasses motor, intellec-
tual, social-emotional, and speech development and can
denote disabilities like cerebral palsy, Down syndrome,
or autism. Intellectual disability in 1% of the population
entails sub-average intellectual function and ability to
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take care of self, which requires special education and
early intervention [39, 40]. Communication disorders,
present in nearly one in ten children, result in speech
and language impairment, with therapy and other forms
of communication frequently required [39]. Autism
spectrum disorder (ASD) [38] harms communication,
social interaction, and behavior, and its characteristics
include poor eye contact and repetitive behavior. Though
it is lifelong, early intervention minimizes the outcome.
ADHD [38] is expressed as inattention, hyperactivity, or
a combination of both, which persists from childhood
to adulthood. Though it cannot be cured, its symptoms
can be managed by medication and therapy. DSM-5 rede-
fined Specific Learning Disorder (SLD) in 2013 [38] to
encompass reading, writing, and math challenges com-
monly linked with dyslexia (another NDD), affecting 20%
of the population. SLD is not curable, but early treatment
and accommodations help. Movement disorders [41, 42]
intrude the brain and nervous system, interfering with
voluntary and automatic movement, balance, and coordi-
nation and generally necessitating long-term supportive
care.

WorM: a working memory assessment and training
game

Initial game conceptualization

The game WorM was developed according to a sound
theoretical background and according to the suggestions
of experts who work with these children. The cogni-
tive theory behind the construct we addressed as work-
ing memory in terms of updating in the game, is based
on [37] executive functions model. Specifically, working
memory/updating is one of the core components, along
with shifting and inhibition. WorM was inspired by a
standardized Corsi block computerized task that was
developed by Milner [43], and as described by Macizo et
al. [44], we added a concurrent task to the visual-spatial
task. Concretely, we incorporated the insights provided
by Macizo et al. [44], specifically in the development of
phonological and visuospatial working memory tasks for
children with NDDs.

While processing the spatial location and updating,
children had to sort peppers that appeared on the screen
according to a specific criterion. This addition increased
the demands of the task, while not allowing for visual
rehearsal strategies or visual fixations. A computerized
task was conducted with children with autism spectrum
disorder, ages 5-13 years, with a mean age of 8.55 years
(SD=2.3). In this study, the authors measured the num-
ber of trials correctly recalled up to the maximum block
point. Scores were computed in percentages.

WorM was designed as a single player game with
a sustainable theme that assesses and trains working
memory in children with NDDs. The sustainable theme
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approaches eliminating food waste as a goal for the player
in an Eco Farm. Children must sort ripe peppers from
those that are not and those that have a worm so none
are wasted. While doing this, they have a concurrent
task. Also, they need to remember the sequence of loca-
tions from which they are supposed to pick up the ripe
peppers (see Fig. 1). The child’s objective is to pick up yel-
low peppers as they are ripe, while considering the order.
They tap the peppers. Also, they must also sort the ripe
peppers from those that have a worm, by clicking on the
left key for the good peppers that go into the crate and
then to the market, and the right key for the peppers with
a worm, that need to be salvaged, cut and cleaned. These
peppers get transformed into pepper sauce or pickled
peppers.

Specifically, children see 9 pepper plants that are in the
vegetable garden (the lot is 16 x 16 cm). The stimuli that
appear on the screen are a pepper plant with only one
green pepper, a pepper plant with only one yellow pep-
per, and a pepper plant with only one yellow pepper that
has a worm. The peppers change colors from green to
yellow (1 s), gradually, one by one in random order. The
pepper turns from green to yellow and back to the color
from the start. The child sorts the peppers by clicking
on the left and right keys. The plants with green peppers
remain until 500 ms after the sequence was completed.
Then a barn door is presented on the screen for 15 s.
Afterwards, the screen with the pepper garden appears.
On this screen the child touches each pepper plant in
the order it turns yellow (ripens). For each sequence of
2-7, there are 5 trials per each sequence length. Times
and task sequence followed Macizo et al’s [44] instruc-
tions. Difficulty is used as a measure of feasibility by
observing how children manage challenging tasks pro-
gressively. Incorrect answers (e.g., sorting mistakes) and
performance trends provide insights into whether tasks
are appropriately for the child’s ability. The difficulty level
increases by increasing the number of peppers in the
sequence: Level 1: 2 peppers (5 trials for 2 items); Level
2: 3 peppers (5 trials for 3 items); Level 3: 4 peppers (5
trials for 4 items). Level change occurs when children
answer 3 out of 5 correctly from the previous sequence.
In summary, WorM assesses working memory through
the number of correct responses (e.g., correctly recalling
sequences or sorting peppers accurately), also consider-
ing the difficulty level of the tasks, which adjust dynami-
cally based on performance, thus, enabling children to
train their working memory capacity according to their
needs. In other words, the game is calibrated according
to each child’s needs during gameplay.

The total correct trials can be computed. A correct trial
is one in which the child recalls the yellow peppers in the
correct order. Concurrently, the child must sort the items
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Fig. 1 Instructions for players with examples of a ripe pepper, a pepper with a worm and a green pepper to choose from and then sort in the correct

order of appearance

that have ripened, based on whether they have a worm
or not. Subsequently, the answering accuracy is recorded.

Scoring

Raw data were used to feed the algorithms which man-
age players’ scores. Specifically, we used children’s num-
ber of correct pepper classification, the correct selection
and sorting of those peppers, as well as the longest sorted
sequence of correct peppers sorted correctly. More infor-
mation is available in the data analysis section of the user
study.

Study 1 - informing game conceptualization
Participants and procedures

Ethical approval was obtained for all three studies from
the Ethics Committees of ISCTE-IUL and Babes-Bolyai
University. Group interviews with 4 to 6 participants each,

were conducted to explore the perspectives of expert
teachers and independent specialists regarding the useful-
ness and requirements of resources designed to enhance
the executive functions of children with NDDs. Specifi-
cally, these interviews sought to extract insights into the
essential features recommended by these experts for
integration into the developmental phase of EMPOWER
games. The interview script in appendix 1 also has a sec-
tion on emotional skills and other cognitive dimensions
and is part of a larger study, therefore the current study is
restricted to working memory only which included ques-
tions 1, 2, and 3.

Participants were recruited based on specific criteria out-
lined by Etikan et al. [45], and the majority were selected
due to their experience in working with children with
NDDs. A total of 32 experts, comprising 29 females and
3 males, agreed to participate, with 19 being Portuguese
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nationals and 13 Romanian nationals. The participants
included 14 teachers, 10 trained psychologists, 5 psy-
cho-pedagogues, and 3 individuals with diverse training
backgrounds.

Confidentiality and voluntary participation were
emphasized, and all audio from the focus group inter-
views was recorded with participants’ consent. The data
anonymization process occurred at this stage. Each inter-
view, lasting approximately 60 min, took place online via
Zoom, with participants being interviewed in their native
language, either Portuguese or Romanian. Due to the
confidential nature under the European Union data pro-
tection laws, all data is being stored in Donders Institute
for Brain, Cognition, and Behaviour’s Repository at Rad-
boud University. Once material has been published, data
may be anonymously shared upon request.

Measures - focus group interview script

We developed a semi-structured interview script spe-
cifically for this study (Appendix 1) comprising four dis-
tinct sections to elicit participants’ perspectives on the
cognitive abilities of children with NDDs. Additionally,
we sought insights into the tools currently employed by
experts and identified areas where resources may be lack-
ing in the assessment and promotion of cognitive compe-
tencies in primary school-aged children with NDDs.

The first section of the script included introductory
and background questions, providing interviewees with
information about the study, its relevance, and objec-
tives. The second section focused on exploring cognitive
factors and tools applicable to children with NDDs. The
last section served to conclude the interviews, ensuring
participants were informed of the session’s conclusion
and reinforcing the commitment to ethical-deontological
care throughout the process.

Data analysis

Content analysis, following the methodology outlined
by Braun and Clarke [46], was employed to analyze the
focus group interviews with the NVivo software. This
approach involved a detailed examination of the tran-
scripts to discern common themes and patterns of sig-
nificance relevant to our research questions. The six-step
process proposed by Braun and Clarke [47] guided our
thematic analysis, encompassing familiarization, coding,
theme generation, theme review, definition and naming
of themes, and the production of the final report.

The content analysis was conducted with an induc-
tive approach due to the exploratory nature of this
study. Themes were identified by reading the interviews,
encompassing those derived from existing literature and
those emerging directly from the collected data. These
themes were then organized into codes. To enhance the
reliability of our analysis, themes underwent adjustments
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through a process of data familiarization. To ensure fur-
ther reliability, the involvement of two external judges,
as suggested by Amado [48], was incorporated into the
analysis process. The intraclass correlation revealed
100% agreement between the two judges. This agreement
indicates that the judges consistently assigned the same
codes to the themes under analysis without discrepan-
cies, reflecting perfect inter-rater reliability.

Results

The purpose of the focus group interviews was to explore
and gain a better understanding of the participants’ per-
spectives on the utilization and needs of resources in
their field of expertise. The content analysis led to the
development of a concept map, showing relevant themes
and their respective categories [46]. Figure 2 depicts the
topics related to the participants’ perceptions of activities
they conduct with children to improve working memory
assessment and training. Below are the identified themes
and sub-themes from the content analysis, along with
select examples from the experts’ discussions.

Regarding the resources the experts mentioned that
they used when working with children with NDDs to
assess and train working memory, the most prevalent
were digital or online tasks (49,1%) “World Wall. It is
used online (...)", followed by games (19,3%) “We can turn
a puzzle into a game” and worksheets (19,3%) “(...) spot
the difference, using a pen and paper”and the least preva-
lent were Picture cards (12,3%) “(...) a game of naming
pairs, in which they had to select the image that was the
same” This indicates that technological tools are com-
monplace in accessing and training working memory,
and that besides being widely used, they are also motiva-
tional for children.

The specialists mentioned various features they
deemed important when working with children with
NDDs to assess and train working memory. Within the
features, the most prevalent were captivating/specific
interests (23%), these are the characteristics that are
attractive to children, that appeal to their interests: “start
with something playful, something attractive, something
children love nowadays: the Pokémon, the Batman, or
the pink world of unicorns, which many girls like, or it
can even be just animals or themes that are important to
work with them”” The second most prevalent was custom-
ization (22%), meaning that the game should be adapted
to the needs of the child, being “Suitable for the child’s
age and with tasks presented at increasing levels of diffi-
culty” The third most prevalent was the duration (13,4%)
of the tasks, with mentions that “the tasks should be
short” With a lower prevalence, the experts mentioned
rewards (10%) “In every activity I do, I always use posi-
tive reinforcement’; using images (8,5%) “(...) a game of
naming pairs, in which they had to select the image that
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Digital/Online

Resources

Activities to assess and
train working memory

Features

Feedback [

Customization ‘

Images

Performance
Instructions

Rewards

Captivating/
Specific
Interests

Fig. 2 Experts’ perceptions of resources and features to inform game conceptualization

was the same “ and sound (8,5%) “Use the sound right or
wrong”; “(...) captures their attention for the fact that it
sounds good, it scratches their ear for music’; receiving
feedback (8,5%) “Provide immediate feedback” and giving
instructions (6,1%) “In terms of memory, I am thinking

about the dictations given to them in some classes”

Discussion

In conclusion, Study 1 provided valuable insights to guide
the conceptualization of the EMPOWER games aimed at
enhancing working memory in children with neurodevel-
opmental disorders (NDDs). Through ethically approved
focus group interviews with 32 experienced profession-
als—including teachers, psychologists, and psycho-peda-
gogues from Portugal and Romania—the study identified
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key features necessary for effective cognitive training
tools. Thematic analysis revealed that digital tools are
commonly used and well-received due to their motiva-
tional appeal. Experts emphasized the requirement to
integrate those elements that match children’s specific
interests, personalized material, and short task time.
Additional factors such as reward, visual and auditory
stimulation, simultaneous provision of feedback, and
clear instructions were also emphasized as desirable. The
findings name the feasibility and inclination of experts
and form a reliable foundation for establishing motivat-
ing and operational working memory intervention in
children with NDDs.

Study 2 - validating game development

We performed a Focus Group interview with a Task
(Appendix 2) to assess the face and content validity of
the game. This interview script was also elaborated spe-
cifically for this study. The interview’s main objectives
included:

(1) To know the participants’ perceptions about
integrating technological tools in the education
process of children with NDDs.

(2) To acquire information about the adequacy of the
games’ characteristics.

(3) To know the participants’ perceptions about the
adequacy of the game (working memory) concerning
cognitive competencies in children with NDDs.

(4) To acquire information about the advantages and
disadvantages regarding the use of technological
games in training executive functions.

(5) To identify possible problems when using the games
with children with NDDs.

(6) To acquire feedback about the usefulness and
usability of the games.

(7) To acquire feedback regarding most suitable end-
users and how the feedback is provided to end-users.

Participants

The participants of the focus group were 4 speech thera-
pists and 8 special education teachers from the School
Center for Inclusive Education Maria Montessori Con-
stanta, Romania, a public institution that provides edu-
cational services to children with special needs. The
mission “Maria Montessori” school is to encourage, sup-
port and improve the potential of children in partnership
with their families to build independent life skills for an
efficient social integration. The focus group was online,
and every member had the opportunity to complete the
reflection sheet individually and express their opinions.
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Resources
The resources used were a reflection sheet specifically
designed for this study (Appendix 3), a focus-group inter-
view script elaborated for this study and a tablet with the
WorM game.

The focus-group interview script included the follow-
ing questions:

1. What do you think about integrating technological
tools in the education process of children with
NDDs?

2. Have you ever used technology in your regular
classes? Please give examples.

3. Please share with me your thoughts about the game
and the notes you wrote down while playing the
game.

4. Do you foresee any problems when assessing and
training children with this game? If so, explain which.

5. Considering the children who you work with, which
are the characteristics (what type of children, in
terms of age, diagnosis, cognitive abilities) that we
should consider when recruiting children in our
studies and who you think can benefit most from the
game?

6. How useful do you consider the game, in terms of
assessing and training executive functions? What
other types of cognitive processes and behavior do
you believe that this training could help?

7. Do you think the game can predict these children’s
academic performance, and/or social and emotional
competencies?

8. How could you use the information extracted from
the game in your everyday work?

9. What type of feedback do you want the game to
produce?

10.How should feedback be given to the children
through the game?

11.We are finishing our interview. Do you want to add
something, or is there any other relevant aspect you
want to address?

12.You may have access to general data from this first
study. If you are interested, you can provide us with
your email contact.

Procedures

Interviewees were informed about the work to be car-
ried out, the relevance of the study and its objectives.
Interviewees’ collaboration was requested, and ethical
guidelines and procedures adopted in the game’s devel-
opment and future application, as well as anonymity
of participants’ identity were communicated. More-
over, participants were informed of the confidential-
ity of the interview and data processing. The interview
was recorded in audio with the authorization of the
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participants to gather information and to be destroyed
after data analysis. Written consent to participate was
given by participants.

Participants were first asked two general questions
regarding the use of technology in the education of
children with NDDs and case studies they may want to
share. Participants were then given a reflection sheet
and a tablet with the WorM game. Each participant had
a reflection sheet to provide feedback to the interviewer.
The group of interviewees then performed a task, which
consisted of playing the game as a group and filling out
the reflection sheet for a period of 10 min. After finish-
ing, the focus group interview resumed with 6 questions
to foster further group reflection regarding the task and
specifically, concerning the game itself. Then, the inter-
view was finalized with 3 final questions which fostered
final comments from the participants and enabled the
interviewer to thank them for their participation.

Data analysis

In this paper, we present the results of a preliminary anal-
ysis of the validation session. NVivo software was used
to investigate sub-categories of the main categories that
emerged in the specialists’ discourse during the session.

Results

The main aspects that were mentioned included the
type of feedback given to participants, design features,
such as colors, level differentiation, training for children.
Specifically, the specialists mentioned that the WorM
should provide visual feedback when sorting is done cor-
rectly and when it is wrong. They also referred to includ-
ing pictures of the specific peppers on the baskets when
collecting them so that it is easier for children to know
which pepper goes in which basket. Since the game can
be played on a tablet, but also on a computer, the special-
ists suggested having keys A and F from the keyboard for
the children to respond to the stimuli. Moreover, the par-
ticipants of the focus group also suggested having pep-
pers of different colors, other than just yellow and green.
In terms of the levels of the game, participants reported
that the first level could have no worms in the peppers,
including them only in levels 2 and 3. Furthermore, the
participants suggested including a training session for
children if they make 3 consecutive mistakes, as a rein-
forcement for them to keep playing. Also, the focus group
participants considered that more visual feedback should
be included in the game, especially when the answers are
correct and wrong.

The participants also registered on their reflection
sheet whether they disagreed, agreed more or less, or
agreed with different statements regarding the game,
namely:
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a. If the game reached its objective of assessing and
training working memory in children with NDDs.

b. If the range of difficulty was appropriate for children
with NDDs.

c. If the response time was adequate.

d. If the colors were appropriate.

These results can be seen in Fig. 3.

Most participants agreed more or less, followed by
those who agreed totally, and lastly, those to disagreed
that the game reached its objectives (80%, 20%, 0%
respectively), that the range of difficulty was appropriate
(70%, 30%, 0% respectively), that the response time was
adequate (60%, 30%, 10%, respectively) and that the col-
ors were appropriate (80%, 20%, 0%, respectively). Based
on the results obtained, we tried to clarify the objec-
tives of the tasks, providing clearer and more objective
instructions to reduce the perceived level of difficulty.
There was also a concern to improve the definition of the
images and the quality of the design and playability in the
interaction between users and the game.

Discussion

The focus groups from study 1 informed game develop-
ment in Study 2. Specifically, study 1 played a crucial
role in informing the conceptualization of the game by
extracting expert insights on the essential features for
enhancing executive functions in children with NDDs,
which then guided Study 2 in validating the game’s devel-
opment, ensuring its design, usability, and feedback
mechanisms aligned with specialists’ recommendations.
Both studies make relevant contributions to the develop-
ment of gamified interfaces that enable the conception
and design of games for the assessment and develop-
ment of children with neurodevelopmental disorders.
In particular, the development of gamified tasks must
comply with a set of criteria that promote greater adapt-
ability and personalization and engagement through
greater interactivity [5]. The samples using therapists
and teachers of children with special educational needs
reinforced the importance of multimodal feedback that
integrates multisensory feedback and a therapeutically
relevant game that takes into account the very specific
characteristics of this target audience [6]. However, one
major limitation of these two studies is their small sample
size, suggesting the need to move forward with a study 3
that incorporates a larger sample and allows quantitative
information and infer conclusions about other psycho-
metric dimensions relevant to the study.

Study 3 - User pilot of worm

Participants

Participants in our user study included 23 children with
NDDs (Table 1) (M,, = 10.78, SD=1.65, 69,6% male)
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Fig. 3 Results pertaining to the items of the reflection sheet

Table 1 Item/person map of the CHEXI working memory
variables and children’s reported working memory capacity by
teachers

List of Neurodevelopmental Disorders

Bipolar disorder

Intellectual disability (moderate)

Attention deficit

Hyperactivity disorder

Learning disorder

Hyperkinetic disorder

Autism

Developmental delay
Polymorphous emotional disorder
Severe language delay

Selective mutism

ECl sequelae

Dyslexia

Dysphasia

School acquisition disorder
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from Romania and Portugal, as this game is being devel-
oped within the context of a European study and hence,
we have data from these two countries. The sample was
similar in terms of numbers, with 52% being Romanian.

Resources

A touch screen tablet with the WorM game was used
(described above), along with a standardized task. The
standardized task was the first subscale regarding chil-
dren’s difficulty with working memory capacity (e.g.,
“Has difficulty remembering lengthy instructions.’) of the

= Agree More or Less
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Child Executive Functioning Inventory (CHEXI), which
includes 9 items. Special education teachers filled in this
subscale regarding the children’s difficulty with working
memory capacity on a Likert-type scale from 1 (definitely
not true) to 5 (definitely true). The higher the score, the
more difficulty with working memory capacity the child
is perceived to have by their special education teacher or
psychologist. This instrument has been validated for the
Romanian and Portuguese child population with good
psychometric properties [49].

Procedures

All children, including their parents, gave consent to
participate in this study and all ethical and deontologi-
cal procedures were adopted according to the European
Commission guidelines for ethical conduct and data
protection in projects. Children played the WorM game
individually with their special education teacher sitting
next to them in a quiet room. Teachers filled in the sub-
scale of the CHEXI regarding working memory.

Data analysis

We aimed to investigate if these children encountered
difficulty during gameplay and sought to confirm the
reliability of the items incorporated in the serious game.
Additionally, our objective was to explore their teach-
ers’ assessment of their students’ working memory
capacity and help improve this capacity. Following the
approach of prior studies [50], we opted to compute IRT,
which allowed us to gain a deeper understanding of the
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children’s performance in terms of their working memory
capacity. Furthermore, Rasch analysis using Winsteps 3.9
was employed to assess the quality of the game’s tasks
and to comprehend how their teachers rated the chil-
dren’s working memory capacity. IRT has emerged as an
alternative to the traditional approaches of classical test
theory (CTT). Simply put, unlike CTT, whose statistics
and item parameters are dependent on the character-
istics of the tests and samples, IRT considers these two
parameters independently. For example, it allows us to
overcome a common error in psychometrics, which is
that the greater the number of items, the greater the reli-
ability of the scales and the smaller the number of items,
the lower the reliability. Because in IRT participants and
items are calibrated on the same scale, it makes it easier
to interpret the items assessed. Unlike CTT, in which val-
ues tend to be biased in favor of mean values, the logit
measures used in IRT do not assume uniformity of values
across all the items in a scale [51]. The rationale behind
IRT lies in its ability to assess the likelihood of a person
with a particular ability succeeding on a specific item,
considering its level of difficulty. This contrasts with the
classic approach to testing which uses percentile scales
that consider performance in relation to the sample
group [51].

This analysis facilitated the estimation of the children’s
and their respective teachers’ scores on a one-dimen-
sional logit scale, enabling an evaluation of the properties
of each task embedded in the game, as well as in the stan-
dardized task’s items, respectively. The Rasch polytomous
methodology was applied, respectively to examine the
children’s and teachers’ ratings. The Partial Credit Model
(PCM), an extension of the Rasch model for polytomous
items [52], was employed for linear measures of observa-
tions on ordinal scales. The PCM formula for this study
is log(Pnik/Pni(k1))/ Hn bitki, where Pnik represents the
probability of person n responding in category k when
encountering item i. Furthermore, Pni(kl) is the prob-
ability of the response being in category k1, whereas Hn
signifies an individual’s ability, bi denotes the difficulty
(or, as framed in this study, children’s working memory
capacity and teachers’ level of rating, respectively) of item
i, and tki is the step calibration in the rating scale thresh-
old, defined as the position equivalent to the equal prob-
ability of responses in adjacent categories k1 and k [53].

In this study, each working memory task/trial was
based on the number of correct items and the teachers’
ratings were assessed on a continuous scale, as men-
tioned in the game description and resources section,
respectively. A higher score in the game indicated greater
working memory capacity, whereas a lower score indi-
cated lower working memory capacity. Conversely, a
higher score in the standardized task (5) indicated more
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difficulty with working memory capacity, whereas a lower
score indicated less difficulty (1).

All tasks in the game and all items from the standard-
ized task were examined to determine their fit to the
model (p<.01) and identify tasks/items with extreme infit
and outfit mean square residuals. We examine whether
tasks/items have infit standardized mean squares lower
than 1.5 and outfit standardized mean squares lower than
2.0, as recommended in the literature [54]. Infit refers to
a form of fit assessment that considers inlier sensitivity
and information weighting. It demonstrates increased
sensitivity to the response patterns associated with tar-
geted items for individuals, and vice versa. For instance,
infit assessments may indicate overfitting in the context
of Guttman patterns and underfitting in alternative curri-
cula or specific clinical groups with idiosyncrasies. Iden-
tifying and addressing these patterns can pose challenges
in terms of diagnosis and resolution. Outfit denotes a fit
assessment that is sensitive to outliers. It places greater
emphasis on responses to items with difficulty levels sig-
nificantly distant from an individual, and vice versa. For
instance, outfit evaluations may signal overfitting in the
context of imputed responses, and underfitting in cases
of fortunate guesses or careless mistakes. Typically, these
issues are straightforward to identify and address [55].

Results

We used an IRT approach to investigate children’s work-
ing memory capacity during gameplay. The aim was to
assess whether children encountered difficulties with the
tasks/trials presented in the game and to evaluate the
reliability of each of those tasks. We proposed to do the
same with the standardized task which was filled in by
their teachers with regards to their students.

The Correct Pepper Classification tasks in level 1
showed infit/outfit scores exceeding 1.5, and level 3
showed infit surpassing 1.5, whereas none of the stan-
dardized task variables of the CHEXI working memory
scale displayed infit/outfit scores exceeding 1.5 or z sta-
tistics surpassing 2.0, respectively, except for item 9 (“Has
difficulty remembering lengthy instructions”) [55]. The
most difficult task/trial of WorM was the Correct Pepper
Classification with Incorrect Sorting task in level 1, with
a reported/difficulty level of 1.58log, whereas the Cor-
rect Pepper Classification task in level 3 was the easiest,
registering a reported/difficulty level of -2.17log. Conse-
quently, the distribution indicated a wide range of diffi-
culty (1.58<Di < -2.17): Level 1 (2 peppers, 5 trials) as
an introductory level with minimal cognitive load, Level
2 (3 peppers, 5 trials) as an intermediate difficulty level
with added cognitive challenges, and Level 3 (4 peppers,
5 trials) as the most advanced level, requiring increased
working memory abilities. Hence forth, the varying levels
of difficulty were analysed, allowing us to examine how
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children progressed through increasingly complex work-
ing memory challenges, to provide a dynamic and adap-
tive game level structure.

Furthermore, child 10 (aged 12 female diagnosed with
moderate intellectual disability and hyperkinetic disor-
der) revealed more difficulty in terms of working mem-
ory capacity during gameplay, whereas children 13, 18, 20
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and 21 (all females with bipolar disorder aged 8, 13, 12
and 12, respectively) revealed less (Fig. 4).

The analysis of the CHEXI working memory standard-
ized task revealed that the most difficult item to report
was 19 (“Has difficulty understanding verbal instruc-
tions unless he/she is also shown how to do something”),
with a reported/difficulty level of 1.50log, whereas item
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Fig. 4 Item/person map of the WorM variables and children’s working memory capacity during gameplay
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7 (“Has difficulty coming up with a different way of solv-
ing a problem when he/she gets stuck”) was the easi-
est to report with a score of -1.14log. Furthermore, the
results of children’s reported working memory capacity
by teachers revealed that children 2, 8, 10, 12 and 20 had
infit values above 1.5 and, and child 20 also had an outfit
score and z statistics above 2.0 [56].

Concerning difficulty in reporting children’s working
memory capacity, child 3 (aged 9 male diagnosed with
moderate intellectual disability and hyperkinetic dis-
order) was the most difficult to report on with a level
of 3.94log, whereas child 20 (aged 12 female with bipo-
lar disorder) was the easiest to report on with a score of
-1.77log. The distribution illustrated an adequate range
of difficulty in the standardized task (1.50<Di < -1.14)
(Fig. 5).

We employed additional reliability indicators from the
Rasch model for working memory capacity during game-
play and children’s reported working memory capacity
by their teachers, such as Person Separation Reliability
(PSR) and Item Separation Reliability (ISR). The PSR,
was 0.84 for children’s working memory capacity dur-
ing gameplay, and 0.91 for children’s reported working
memory capacity by their teachers. The ISR for children’s
working memory capacity during gameplay was 0.97, and
0.83 for children’s reported working memory capacity by
their teachers, indicating good internal consistency/reli-
ability of the tasks/trials in the WorM game and in the
CHEXI items from the scale on working memory [57].
Furthermore, WorM revealed a Cronbach’s alpha of 0.73
and the working memory CHEXI scale showed 0.92.
Hence, both instruments performed well with the sample
presented in this study.

This study was conducted within the context of a Euro-
pean initiative, focusing on Romania and Portugal to
address cross-cultural applicability and regional differ-
ences in educational practices and neurodevelopmental
support systems. By utilizing advanced psychometric
approaches such as IRT and Rasch analysis, we gained
nuanced insights into the working memory capacities of
children with NDDs, surpassing traditional methods that
often fail to account for individual variability. Notably,
the differences in task difficulty within the WorM game
highlight the importance of tailoring game design to bal-
ance engagement and challenge, particularly for children
with varying cognitive profiles. The findings have practi-
cal implications for serious game development, advocat-
ing for iterative design processes informed by empirical
data. Furthermore, the cross-cultural lens of this study
underscores the need to explore how local educational
practices shape cognitive outcomes, offering a founda-
tion for policy recommendations aimed at improving
support for children with NDDs. Future research could
expand on these findings by incorporating larger, more
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diverse samples and longitudinal designs to track the
impact of serious games on cognitive development over
time. By addressing these areas, we aim to contribute to
the growing body of evidence supporting serious games
as effective tools for enhancing cognitive abilities in chil-
dren with NDDs.

General discussion

Empowering children with motivating resources, such as
serious games, may promote their development as inde-
pendent learners who can identify and fulfill their own
learning needs [5]. WorM offers reliable assessment and
a promising training approach regarding working mem-
ory in children with NDD’s. Our results from the user
study revealed that children with hyperkinetic disorder
may have more difficulty in responding of the game due
to physical limitations, although more research is rec-
ommended to attest this finding with a larger sample
with such characteristics. Nonetheless, the WorM game
revealed good reliability indicators (both on the game
and participants’ side), along with a standardized task,
even though it showed a wider range of difficulty than the
standardized task. Therefore, cognitive training where
individuals engage in gamified repetitive exercises or
activities involving the repetition of standardized cog-
nitive tasks may foster neuroplasticity, encouraging the
brain to adapt and enhance its cognitive functions over
time through repeated and focused exercises [58].

In this study, PCM (partial credit model) was used to
assess the difficulty of each task/trial within the game and
the standardized measure, allowing us to derive linear
measures from ordinal data. Specifically, each level in the
WorM game was structured to progressively increase in
cognitive load: Level 1 (2 peppers, 5 trials) was designed
as an introductory stage with minimal working memory
demands, Level 2 (3 peppers, 5 trials) presented interme-
diate challenges, and Level 3 (4 peppers, 5 trials) required
advanced working memory skills. These levels provided
a structured framework for assessing children’s cognitive
abilities, with PCM modelling allowing us to capture the
probability of success at each level and trial.

The results confirmed variations in task difficulty, with
the most challenging task being the Correct Pepper Clas-
sification with Incorrect Sorting task in Level 1 (1.58
log), while the easiest was the Correct Pepper Classifica-
tion task in Level 3 (-2.17 log). By incorporating PCM,
we were able to evaluate whether the response patterns
aligned with expected difficulty hierarchies and whether
specific tasks or trials exhibited misfitting response pat-
terns. Moreover, when applying PCM to the standard-
ized task (CHEXI working memory scale), we found
that most items conformed to the model’s expectations,
except for item 9 (“Has difficulty remembering lengthy
instructions”). The application of PCM enabled a direct
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comparison between children’s working memory perfor-
mance in a game-based environment and their teacher-
reported working memory abilities.

Further applications of WorM for assessment and train-
ing of children with NDDs are needed in randomized
controlled trials, nonetheless. Moreover, future research
could use WorM with other games to measure differ-
ent executive functions and emotions involved in game-
playing. Accordingly, future studies could consider the
role of individual differences, as well as children’s visual-
motor coordination to acquire a better understanding of
their effect on the efficiency of the game without ongoing
user-training [57]. Resources, such as the WorM game,
need experts to manage them and overcome obstacles
which may arise during applications, such as children’s
unexpected behavior, reactive responses of special edu-
cation teachers which compromise data gathering, high
error percentage due to poor algorithm calibration, low
signal strength, and low data transfer rate [11, 59]. More-
over, the WorM game’s accuracy in assessing and train-
ing working memory, as well as acquiring results, may
be reduced due to the difficulty children with NDDs
experience in maintaining exact mental states during
different moments in the session, as it may lead to cog-
nitive fatigue and consequent demotivation [5]. Nonethe-
less, the WorM prototype will continue to be developed
according to the specialists’ suggestions so that it may be
functional for professionals and children with NDDs.

Limitations

This study is not without limitations. Results from the
user study should be interpreted with caution and as an
exploratory approach to assessing working memory in
children with neurodevelopmental disorders, especially
due to the small sample size. Future studies should invest
in testing this game using longitudinal studies with a
larger sample size, focusing on specific NDDs. Moreover,
data was gathered from only one session per child. Future
studies should focus on ensuring that children get more
practice through more sessions so that they have further
opportunities to develop their working memory capacity.
The fact that children could play for more than one ses-
sion could also provide a more detailed account of chil-
dren’s working memory capacity, considering their daily
social and physical context. There are limitations related
to cognitive training interventions that should not be
neglected. We highlight the difficulty in transferring the
specificities of the game and the tasks associated with the
game to the classroom context and external reality. Gains
can be associated with performance in the game and not
so much with the development of cognitive skills. The
question of the impact of cognitive training in cognitive
gamified games is still very unclear and deserves further
development. Finally, each participant’s entry profile is
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very different, and conditions the approach to the game
(motivations), which can have a different impact on the
cognitive effects of participating in this type of task.
Although the main objective of this investigation was not
to pursue longitudinal tendencies of working memory
capacity, we propose that future studies could invest in
more complete and complex (with dynamic and person-
alized algorithms) longitudinal analyses, such as time
series analyses and multilevel modelling. Lastly, we did
not have specific information about the mean age and
years of experience. Future studies could provide this
information in future studies.

Conclusion

In summary, the development and evaluation of the
WorM game — a digital intervention designed to assess
and enhance working memory in children with NDDs —
demonstrated a thoughtful, evidence-based progression
through three interconnected studies. Study 1 gathered
foundational insights from experts on desirable game
features, emphasizing engagement, personalization, and
multimodal feedback. These findings directly informed
Study 2, which validated the game’s design through
expert reviews and iterative improvements. Finally, Study
3 piloted the game with children, using both behavioral
performance and standardized assessments to evaluate
its effectiveness and task quality. Despite a limited sample
size, the overall results show strong alignment between
expert expectations and children’s engagement, pointing
to the game’s potential as a valid and motivating tool for
working memory support. Together, these studies offer a
promising take-home message: with thoughtful design,
ethical rigor, and collaboration between specialists and
educators, serious games like WorM can become power-
ful, inclusive tools to support cognitive development in
diverse educational settings.
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