
Evaluation of User Experience,
Cognitive Load, and Training
Performance of a Gamified Cognitive
Training Application for Children With
Learning Disabilities
Adel Shaban1,2*, Elaine Pearson1 and Victor Chang1

1Department of Computing and Games, School of Computing, Engineering and Digital Technologies, Teesside University,
Middlesbrough, United Kingdom, 2Department of Curricula and Teaching Methods, Faculty of Education, Fayoum University,
Fayoum, Egypt

This study presents a gamified application for children with learning disabilities, designed to
train and improve their working memory capacity. The application takes the form of a
treasure hunt and is designed according to a framework incorporating a set of guidelines
derived from accessibility, usability, and cognitive load theory principles, and from
gamification techniques. The aim is to motivate and engage the children in working
memory-training activities and exploit their working memory capacity. The main focus of
this study is the evaluation of the cognitive load level induced by the application, the
children’s perceived experience, and their training performance over the training period. A
sample of 12 Egyptian children with learning disabilities completed a five-week training
period using the application, followed by an evaluation process. The evaluation took the
form of a simple usability survey, an unstructured observation, and a cognitive load
measurement scale. The purpose was to evaluate the children’s perceived experience,
assess the level of cognitive load experienced in each of the activities, and measure the
expected improvement in the children’s training performance. The results revealed that all
the children enjoyed playing the gamified application, were eager to participate in the daily
training, and the cognitive load experienced during the training was found to be generally
appropriate, although some areas for improvement were identified. Finally, the children’s
training performance and their perceived experience were better in the gamified activities
with a lower cognitive load level.

Keywords: cognitive load, evaluation, gamification, learning disabilities, training performance, user experience,
working memory training

INTRODUCTION

User experience (UX) as one of the concepts of human–computer interaction (HCI) and its
evaluation in the games particularly developed for children have become recently an interesting
topic for many researchers (Rico-Olarte et al., 2017). UX is a wide field that studies the whole
experience of a user with a product, a system, or a service. This field usually focuses on issues such as
usability, ergonomics, cognitive load, and affective experiences. Therefore, HCI concepts,
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incorporating UX, were originally proposed to ensure that the
user interface of a system is easy to use, functional, and enjoyable
in addition to reducing the memory load for the users
(Hermawati and Lawson, 2016).

Thus, a successful user interface must respect the limits of
human cognitive processing (Tracy and Albers, 2007) and in turn
try to diminish the cognitive overload to improve usability and, as
a result, can also free upmental resources that could be directed to
maximize understanding of the educational content, especially
for individuals with a deficiency in working memory capacity
(Tracy and Albers, 2007; Hollender et al., 2010). A clear example
of those individuals with a deficiency in working memory
capacity is children with learning disabilities (Swanson and
Siegel, 2001; Maehler and Schuchardt, 2016). These children
also often have a lower level of motivation (Zisimopoulos and
Galanaki, 2009; Saputra, 2015); therefore, they can be supported
using three approaches: training their limited working memory
capacity (MacCormack and Matheson, 2015), developing
effective learning environments that minimize the cognitive
overload that might hamper learning (MacCormack and
Matheson, 2015), or designing engaging and motivational
gamified applications (Saputra, 2015). The challenge in
designing such applications is to consider the needs of this
group of children (e.g., less demanding tasks), motivation (e.g.,
embedding appropriate game elements and improving their
experience with the application), and the cognitive
characteristics (e.g., limited working memory capacity)
(Cooper, 1998; Ottersen and Grill, 2015).

Few gamified applications exist that are designed according to
specific guidelines for children with learning disabilities.
Therefore, this study works on combining the fields of HCI
and accessibility with principles of gamification to produce a
gamified application specifically to improve the working memory
capacity of children with learning disabilities. The current
application, “The Treasure,” was designed according to a
framework incorporating a set of guidelines (as shown in the
Supplementary Figure S1, and Supplementary Table S1)
derived from HCI, accessibility, gamification techniques, and
cognitive load theory. It explores how these concepts can be
successfully applied to reduce the cognitive load level while
maintaining the challenge and motivation for those children to
focus on achieving the tasks in a fun and engaging way. The
developed application takes the form of a meaningful story with
six gamified activities to train verbal, visuospatial, and executive
functions of the WM. The Treasure application was designed as a
contest between a passive virtual competitor (the pirate) and the
child. The child plays against the pirate to collect the treasure
through correct responses; the goal is to beat the pirate and win
the treasure.

There is little research about evaluation of gamified cognitive
training applications regarding user experience, particularly for
children with learning disabilities. To illustrate, Marcelle et al.
(2018) revealed that COGMED, which is considered the most
common commercial working memory training program, was
developed by “leading neuroscientists” using a top-down expert-
driven method, and none of end-user validation research was
implemented to assess the trainees’ experience. This study also

indicated the significance of active end-user involvement in the
development process of the cognitive applications, which can
prevent deployment of intolerable training models. Hence, for
children with learning disabilities, it is reasonable to evaluate
these applications in terms of cognitive load to ensure that such
applications do not overload their limited working memory, and
the user experience to ensure that those applications are easy to
use, functional, and enjoyable, and thereby motivate their
engagement.

Therefore, the aims of this study are to fill the research gap
identified in the previous paragraph by the following:

1. Develop a gamified working memory training application to
explore how best to support children with learning disabilities
to improve their working memory capacity.

2. Evaluating the user experience, the induced cognitive load
level, and the children’s training performance, and identifying
if there are any intercorrelations.

3. Improving the application’s design based on the evaluation
process outcome.

RELATED WORK

While there are some conventional and commercial applications
to train the working memory (WM), the conventional ones are
frequently considered tedious or repetitive which deeply affects
the user’s motivation to learn and consequently the potential for
learning transfer (Pereira et al., 2015), and the available
commercial ones (e.g., CogMed) often cannot support their
impressive beneficial claims sufficiently with empirical
evidence (e.g., (Owen et al., 2010; Hulme and Melby-Lervåg,
2012; Shipstead et al., 2012). Therefore, some researchers such as
Ninaus et al. (2015) incorporated a set of particular gamification
elements, for example, points, setting, or progression bars, into a
conventional WM training system to motivate university
students; the results revealed that the performance and
efficiency in a WM task can be enhanced. In addition, Prins
et al. (2010) found that working memory training with game
elements considerably enhances motivation, training
performance, and working memory for children with ADHD.
Conversely, other studies revealed that gamification could
increase the cognitive load level by inducing unneeded stress
or new cognitive demands and distract the trainees from the main
purpose (Katz et al., 2014; Nebel et al., 2016; Turan et al., 2016).
As a result, embedding gamification elements into working
memory training applications of children with learning
disabilities should be used with caution, meeting their needs
and characteristics, not overloading working memory or taxing
their cognitive abilities.

Therefore, the cognitive load imposed by the gamified
application should be evaluated to ensure that the application
induces an appropriate level that does not tax the cognitive
abilities of children with learning disabilities. Measuring
cognitive load is considered one of the constant challenges in
scientific research, and the common approaches can be divided
into three categories: subjective, objective, and
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psychophysiological measures. Both the objective and
psychophysiological measures are intrusive and could disturb
the learner and increase the load; in addition, the
psychophysiological measures are known of its difficulty and
its high cost (Klepsch et al., 2017). The subjective ratings scale
developed by Paas (1992), as one of the subjective measures, was
used in this study because it is easy to use, cost-effective, and does
not intrude upon the task, and the previous results showed that it
is a reliable measure (Paas, 1992; Joseph, 2013).

In addition, the motivational aspects of the gamified
application should be evaluated to ensure a rewarding user
experience. There is no consensus regarding what is the best
method of UX evaluation (Rico-Olarte et al., 2017), where this
selection process relies on the purpose of the developed system or
technology. There are several methods such as video recording,
direct observation, and survey method. This systematic review
study (Rico-Olarte et al., 2017) divided the UX evaluation
methods into subjective and objective ones, and the results
indicated that the most commonly used methods are the
subjective ones.

Also González et al. (2009) divided the usability (one of UX
concepts) evaluation methods into qualitative and quantitative
ones; the results showed that both methods are needed:
quantitative evaluation is required to get numerical values that
represent the usability level, while qualitative evaluation is
required to identify any usability problems. Therefore, both a
usability survey (subjective quantitative) and an unstructured
observation (subjective qualitative) were used in this study.

While training on particular tasks, people typically progress
through several levels by practice. The improvement in the
training performance on the trained tasks can result from
task-specific practice, rather than actual improvement in the
users’ abilities (Shipstead et al., 2012). The human
performance can be predicted by other measures such as the
usability and the cognitive load.

However, there is no consistency regarding how cognitive load
relates to the usability (one of the UX concepts). Some studies
measured the cognitive load to test the usability of the websites,
aiming to recognize the areas of high cognitive load and thereby
enable the Web designers to understand the causal factors and
improve the design and functionality (Tracy and Albers, 2007;
Albers, 2011). Other studies also attempted to enhance the
website usability by minimizing the cognitive load level such
as Longo et al. (2012); Reis et al. (2012), and the results revealed
that better usability can be perceived in the case of a lower
cognitive load level.

On the other hand, other studies considered both concepts as
non-overlapping or not fully overlapping constructs but can be
used together for better prediction of human performance. For
example, some researchers, such as Longo (2018), investigated the
intercorrelation between the perception of usability and the
cognitive load induced by a set of tasks and their impact on
the user’s performance using three websites: YouTube,
Wikipedia, and Google. The results revealed that both usability
and cognitive load could be jointly employed to explain the
human performance. In particular, the experienced cognitive
load seems to explain the human performance better than the

perception of usability. Hence, in this study, the UX, the training
performance, and the cognitive load level will be measured
separately, and their intercorrelation will be examined.

COGNITIVE LOAD

Cognitive load refers to the amount of working memory
resources used to process new information; however, our brain
has a limited amount of these cognitive resources (Cook, 2009).
Thus, a poor design can easily exhaust this limited power, and
therefore, a successful user interface must respect the limits of
human cognitive processing (Tracy and Albers, 2007).

Cognitive load theory differentiates between three kinds of
cognitive processing demands that occur in the working memory
during learning: intrinsic, extraneous, and germane cognitive
load. A potential problem is that the processing demands
evoked by the learning task may exceed the processing
capacity of the working memory—a situation known as
cognitive overload (Mayer and Moreno, 2003), so the
cognitive load theory supports the design of educational
interfaces that effectively minimize the learner’s load.

The cognitive load theory principles were one of the
components that were embedded in the framework; according
to it, the current application was designed. This framework which
was described in Pearson and Shaban (2019; Shaban and Pearson,
(2019) incorporated a set of guidelines that covers the following:

1. Learning Environment (interface and interaction): To
decrease extraneous cognitive load through well-designed
activities and interface layout, and excluding non-essential
material.

2. Tasks or Activities (learning materials): To manage the
intrinsic cognitive load by simplifying the presented
material and avoiding complexity.

3. User: To foster the germane cognitive load (free up more
mental resources used to process new information and acquire
knowledge).

The description for the framework and the suggested
guidelines is shown in the Supplementary Figure S1, and
Supplementary Table S1.

GAMIFICATION

Gamification is a technique where designers insert game design
elements and techniques in non-game (real-world) contexts to
enhance desired behaviors (Deterding, 2012). The main goal of
gamification is to invoke the same psychological experiences as
games. Three gamification principles such as mechanics,
dynamics, and emotions (MDE framework) can be defined,
depending on the game design literature (Hunicke et al., 2004;
Robson et al., 2015).

Mechanics (the game elements) include goals, rules, contexts,
boundaries, and the types of interactions used by game designers.
They are divided into setup, rule, and progression mechanics,
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which are the main aspects not only for games but also for the
gamified experience.

Dynamics are the types of behaviors generated by the players
while engaging in the gamified experience such as competition,
cooperation, and cheating. While the mechanics are set by the
designer, the dynamics are related to the player actions when he
follows the chosen mechanics.

Emotions depict the in-demand emotional states
(psychological outcomes) evoked among individual players
when they interact with a gamified experience (Stieglitz et al.,
2017). These emotions can be positive such as excitement,
amusement, and wonder, or negative feelings such as
disappointment at loss.

Therefore, the use of game elements only should not be
considered as gamification. This use must be associated with
the desired psychological and behavioral outcomes (Hamari et al.,
2014).

The MDE framework aids in illustrating how the game
designers and individual players perceive a gamified
experience differently (Robson et al., 2015). Game
designers focus on selecting appropriate mechanics (game
elements), followed by a focus on anticipating dynamics
(behavioral outcomes), and, last, on players’ emotions
(psychological outcomes). For players, on the other hand,
emotions are most important. The emotions and the
associated dynamics (their actions) are more important
than the rules (the mechanics or elements) that make
them positive (Robson et al., 2015). In good gamified
experiences, players’ emotional states and the evoked

dynamics (their behaviors) shape the mechanics that
control play, and vice versa.

In this study, since the participants often have a lower level of
motivation and have a limited working memory capacity, a set of
appropriate gamificationmechanics (context, goals, points, levels,
incentives and rewards, virtual competitor, virtual helper, and
progress reports) was applied to engage and motivate them
intrinsically along with minimizing the load on their working
memory capacity. It is expected that using those game mechanics
will induce challenge (the dynamics) between the child and the
virtual competitor and thereby evoke positive emotions such as
achievement, enjoyment, and satisfaction toward the gamified
application.

DESIGN AND IMPLEMENTATION OF THE
GAMIFIED APPLICATION

The Web-based gamified application was developed using a
design framework incorporating a set of guidelines derived
from HCI, cognitive load theories, and gamification techniques
(see the Supplementary Table S1). These guidelines were
selected to ensure that task presentation promotes ease of use
(diminish extraneous load); manage interactivity and complexity
of the working memory tasks relevant to learners’ experience
(manage intrinsic load), and help users to devote mental
resources to the main tasks (increase germane load).

Hence, the developed application, “The Treasure” takes the
form of a meaningful story with six short gamified activities

TABLE 1 | Set of screenshots for the six activities of the developed application.

Activity Screenshot Activity Screenshot

Faces: The child sees and memorizes a pirate
face before hiding some of his features then
selects the correct features to complete the
pirate face.

Map: The child sees and memorizes locations
of a set of treasure chests on a map before
hiding them then selects them correctly.

Letters: The child listens to and memorizes a
set of letters then selects them in reverse order.

Numbers: The child listens to and memorizes a
set of numbers then selects them from the
smallest to the biggest in order.

Compass: The child listens to and memorizes
one of the four directions, and then sees a
compass. The task is to answer (yes or no) if
the direction the child heard matches the
compass and then the child clicks on the
direction he has just heard.

Tools: the child sees and memorizes some
images hanging on a rope in a specific order
before being hidden and swapped then selects
them correctly.
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(Numbers, Compass, Map, Letters, Tools, and Faces) (see
Table 1). Each activity has its own goal as well as points,
levels, and incentives to keep them engaged and interested
over time. The child plays against the pirate to collect the
treasure through correct responses; the goal is to beat the
pirate and win the treasure. A virtual competitor is used
instead of external competition with others (such as using
leader boards) in addition to increasing the competitive time
to cut the competition anxiety and thereby lower the cognitive
load (Hwang et al., 2013).

Points, in the form of golden stars, are used to increase players’
enjoyment, and they are a highly suitable game mechanic for
gamified cognitive testing (Hanus and Fox, 2015). The child gets a
golden star for each correct response (level), and the child must
achieve a score of > 80% (approximately 24/30 golden stars in all
six activities) to win the treasure.

The levels of the activity indicate the child’s progress where
each activity has five levels, and the difficulty level increases as the
child proceeds to higher levels. A virtual assistant in the form of a
parrot helps the users throughout the application, and provides a
simulated example before each activity.

Other options include audio support and a reporting function
to show the child’s progress. Finally, the idea of “mandatory fun”
can reduce intrinsic motivation; therefore, children have the
autonomy to choose to participate or not in the training
(Hanus and Fox, 2015).

After the designing process of the application, it was developed
and became accessible for both the trainer and the target users
using the following URL (http://www.wm-app.net/welcome.
aspx). The training took place at a computer laboratory in a
primary school in Egypt where the computers were connected to
the Internet. Each child in the training group (12 children)
engaged in daily training, 20–35 min per day, 5 days per week
over the period from 11th of April to 16th of May (approximately
5 weeks)—a total of 27 sessions. Each child also engaged in the
evaluation process after finishing the training. The procedures of
the study were approved by the Ethical Committee of Fayoum
University, Egypt, with written consent from parents, and the
children participated voluntarily.

EVALUATION METHODS AND
PROCEDURES

Participants
Asample of Egyptian children, diagnosedwith learning disabilities and
aged 8–9 years, was chosen to form the experimental sample group.
Those children with learning disabilities are operationally defined as
“children who have scores below the 25th percentile on standardized
reading and/or mathematics achievement measure meanwhile they
have general IQ scores on standardized tests above 85” (Swanson and
Sáez, 2003). A combined method was adopted based on the cutoff
scores to select the participants as follows:

Academic Tests
Two academic tests (Arabic and math) were authored and
statistically standardized by using a random sample (30 Egyptian

students of third grade) to evaluate the suitability of the tests and
determine the tests’ percentiles. The calculated reliability coefficients
of both tests are excellent (0.97 and 0.95 for Arabic and math tests)
and can be used with a high level of confidence. Based on the
previous results, Arabic and math tests were reapplied on 55
children, aged 8–9 years, in the third grade to identify the
students who have poor academic achievement in Arabic and/or
math (<25th percentile) compared to their peers. Finally, according
to the results, only 26 students whose scores were less than 25
percentiles and agreed to participate in the study were chosen.

Intelligence Quotient (IQ) Test
The abbreviated battery of the fifth edition of the
Stanford–Binet Intelligence Scale was applied on 21 out of
26 students to test the sample IQ (the other five students
disagreed to continue in the diagnosing process, so they were
excluded). The students with at least average intelligence
(85–110) were selected. As a result, 16 participants were
diagnosed as having learning disabilities depending on the
former criteria; low academic achievement and their IQ test
scores on Stanford–Binet Intelligence Scale above 85 and less
than 110. Finally, 12 of those 16 students formed the
experimental group who completed the training and the
evaluation process, with parental consent.

Assessment Methodology
To verify the purpose of the study, a set of questions was drawn
up as follows:

1. What are the children’s perceptions and experiences with the
application?

2. What is the expected improvement in children’s training
performance after a five-week training period?

3. Do the gamified activities induce an appropriate level of
cognitive load?

4. What is the effect of the cognitive load level imposed by the
application on the children’s training performance?

5. What is the effect of the cognitive load level imposed by the
application on the children’s perceived experience?

6. What are the proposed solutions based on the evaluation’s
outcomes?

A mixed-method of evaluation, qualitative, and quantitative
approaches was applied after a five-week training period on the
experimental group:

1. User Experience: To evaluate the children’s experience with
the application, a simple usability survey (quantitative and
qualitative) and an unstructured observation (qualitative)
were performed.

2. Training performance: The children’s training performance
in each activity was evaluated using the average sum scores
of the stars achieved by the children over all training
sessions.

3. Cognitive load level: A subjective ratings of mental effort was
used to assess the cognitive load level in each activity of the
application.
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4. The SPSS package was used to analyze and evaluate the
responses of the user experience survey, the cognitive load
scale, and children’s training performance and to identify if
there is a correlation among them.

Usability Survey
The usability survey consists of two parts: a closed-ended
questionnaire (quantitative), focusing on the general
impression and feedback, and an interview-based
questionnaire (qualitative), concerning the user experience and
suggestions for the activities.

Closed-Ended Questionnaire
This part of the questionnaire included initially 16 closed-
ended questions developed by the researcher based on the
suggested guidelines for developing the current application
(see the Supplementary Table S1) and the examples
provided in the studies of (Nielsen, 2000; Seo and Woo,
2010). The children were individually (one-to-one) asked to
rate the survey questions on the standard three-point Likert
scale (1 � disagree, 2 � not sure (neutral), and 3 � agree) or
they could select one of the three smiley faces. During
implementation of the survey, the required instructions
were given to the children such as reading and explaining
each question along with a Likert scale to help them give the
appropriate feedback.

Interview-Based Questionnaire
This part included five open-ended questions developed by the
authors based on the examples provided in Seo and Woo, (2010)
usability study. During the interview, the children were asked
three questions individually about their experience with the
application such as “What games do you like to play? and
Why?”, “What are the games you do not like to play? and
Why?”, and “What do you like most about the treasure
application?” In addition, two other questions regarding their
desired amendments and suggestions for the application were
asked. Finally, a good opportunity was provided to the children to
discuss their responses and suggestions for the application with
the researchers.

The interview-based questionnaire was transcribed and
then analyzed using a thematic analysis research method
(using Nvivo 12). In total, 133 codes were applied to data
under four global themes to summarize the five questions of
the interview. The four global themes are preferred activities,
unpreferred activities, the best thing about the application, and
suggestions for improving the application. These four global
themes were suggested to assist the evaluation of children’s
perceived experience.

The overarching thematic map for the interview is designed
(as shown Figure 1), using Nvivo 12, to provide an overview of
the four global interview’s themes and individual thematic
networks. Additionally, a visual representation of reasons for
preferred and unpreferred activities, the best thing about the
application, and children’s suggestions for improving the
application activities is given in Table 2.

Content Validity of the Usability Questionnaire
(Closed-Ended and Open-Ended)
The usability survey’s content was validated by a set of
professionals in educational technology and HCI (4
researchers). First, the initial copy of the usability survey was
presented to them individually and then the researchers were
asked to review and score of each item on a four-point scale (1:
not relevant; 2: somewhat relevant; 3: quite relevant; and 4: highly
relevant) regarding their relevance and clarity. A content validity
index (Polit and Beck, 2006) was calculated based on scoring of
the four researchers. Only items with a content validity index
score of 1 were retained.

Regarding the closed-ended usability survey, 5 out of 16
items were deleted, and two items were reworded to be
understandable for children. Regarding the interview-based
questionnaire, the question “what are the most attractive
features in treasure application?” was reworded to “what
games do you like to play? Why?” The final copy of the
usability survey (closed-ended), including the children
responses, is given in Table 3.

Reliability Analysis of the Usability Questionnaire
(Closed-Ended)
The closed-ended usability survey was applied after the
training period on the experimental sample group to assess
the children’s experience after engaging with the application.
First, the closed-ended usability survey results were analyzed
through data aggregation and statistical analysis (e.g.,
frequency, mean, and standard deviation) using the SPSS
package. By using the psych package in R (Revelle, 2019;
Revelle, 2020), the survey achieved a substantial reliability
degree with a Cronbach’s alpha (α) 0.91 and Omega Polychoric
covariance matrix 0.95, which indicates that the closed-ended
survey is consistent and acceptable in evaluating the children’s
experience with the gamified application.

Unstructured Observation
The unstructured observation method was used to observe the
engagement of each child with the application as an indicator of
the user experience. In every training session during the five-week
training period, all the children were observed to determine
which of the activities they enjoyed playing and chose to start
the sessions with; what were the activities they did not enjoy and
delayed playing until last; the children’s reactions and comments
on aspects of the application; and their desire or reluctance to
continue with the training. Any competition between the children
and the pirate (virtual competitor), and their reaction (positive or
negative) to the application generally were also observed and
recorded. Finally, the facilitator wrote a report at the end of the
training for each child.

The unstructured observation was transcribed and then analyzed
using thematic analysis research method. In total, 99 codes were
applied to data under three global themes to summarize the
unstructured observation report. The three global themes are
activities found to be easy, activities found to difficult, and
strategies. These three global themes were suggested to assist the
evaluation of children’s perceived experience.
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The overarching thematic map for the unstructured
observation is designed (as shown in Figure 2), using Nvivo
12, to provide an overview of the three global unstructured
observation’s themes and individual thematic networks.

A Subjective Ratings Scale (Cognitive Load Scale)
The subjective ratings scale developed by Paas (1992) is
considered as one of the most well-known subjective cognitive

load measures. This is a 9-point Likert scale to rate the cognitive
load level (Turan et al., 2016). Since the experimental group of
this study has learning disabilities, the 9-point Likert scale was
simplified to a 3-point Likert scale (1: easy, 2: a bit difficult, and 3:
very difficult) in addition to providing three smiley faces to help
the children to select the most appropriate response for the
difficulty level (cognitive load). Each child was asked
individually the following question “How easy or difficult did

FIGURE 1 | Overarching thematic map for the interview-based questionnaire shows the four global interview’s themes and its individual thematic networks.
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you find the game of . . ..?” for the six activities. The children were
required to rate each activity (easy, a bit difficult, or very difficult
to play), or they could select the appropriate smiley face to
represent their experience.

Validity and Reliability of the Simplified Cognitive Load Scale
To validate the simplified cognitive load scale, the reviewers (four
researchers) reworded the cognitive load scale’s question “How
easy or difficult did you find the activity of, for example,
Numbers?” to “How easy or difficult did you find the game of,
for example, Numbers?” In addition to that, the option of “2
neutral” was amended to “2: a bit difficult” to be meaningful for
the children, as shown in Figure 3.

The simplified cognitive load scale was applied after the training
period on the experimental sample group to assess the cognitive load

level imposed by each activity. First, the results were analyzed
through data aggregation and statistical analysis (e.g., frequency,
mean, and standard deviation) using the SPSS package. By using the
psych package in R (Revelle, 2019; Revelle, 2020), the scale achieved a
substantial reliability degree with Cronbach’s alpha (α): of 0.54 and
Omega Polychoric covariance matrix of 0.82, which indicates that
the simplified cognitive load scale is consistent and acceptable in
evaluating the level of cognitive load in the activities.

EVALUATION

Once all the evaluation methods have been carried out, the
collected data have been analyzed to answer the following
research study questions:

TABLE 3 | Children’s responses on the close-ended usability questionnaire.

N Items

Disagree (1)(%) Neutral (2)(%) Agree (3)(%)

Mean Sd

Designing the application

1 The games page (home page) interface is easy to navigate 8 0 92 2.83 0.58
2 The treasure application is visually appealing 0 8 92 2.92 0.29
3 I think my friends would like to play this application’s games 8 8 83 2.75 0.62
4 Using three images as a password eased to login the application 8 8 83 2.75 0.62
5 It was easy to learn to use the application 8 25 67 2.58 0.67

Application’s activities

6 I enjoy playing the games 0 8 92 2.92 0.29
7 I like the story of the application as a contest to get the treasure 0 8 92 2.92 0.29
8 The games were too hard to play (negative item) 83 8 8 2.75 0.62

Feedback and instructions

9 The training video, before each game, helped me how to play the games 0 8 92 2.92 0.29
10 I think the parrot voice is clear and friendly 0 8 92 2.92 0.29
11 Positive feedbacks such as: excellent, good work . . . motivated me to keep playing 17 0 83 2.67 0.78

TABLE 2 | Children’s response in the interview based question.

Interview
(children’s responses)

Reason of liking the app’s activities Easy to play (33%); to win the treasure (50%); I can memorize the numbers quickly (8%); I can play them very well (8%).

Reason of disliking the app’s activity Letters activity: I found difficulty playing it (25%).
I always forget the recalled letters (8%); I cannot get many stars (8%); I made some mistakes (8%).
Faces activity: I found a difficulty to remember the faces’ parts (17%).
Tools activity: I made some mistakes (8%); I do not fully remember the images after being swapped (8%).
Map and Compass: technical problem related to interruption in the Internet connection (8%).

The best thing about the application To be the winner and get the treasure (50%); getting the treasure to get a prize (award) (8%); the parrot help (8%); the
application makes me exciting while playing (8%); the activities I like to play (17%); the activities which I play them very well
such as the Map and compass (8%).

Suggestions for improving the application Changing the Letters game with another easier game (42%); I like to get the treasure all the time (8%); I hope if the parrot only
says two or three letters in letters game (8%); solving the internet problem (8%); replacing letters with numbers in the Letters
game (8%); I would like to change the Tools game (8%).
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FIGURE 2 | Overarching thematic map for the unstructured observation shows the three global unstructured observation’s themes and its individual thematic
networks.
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What are the Children’s Perceptions and
Experiences With the Application?
The usability survey and the unstructured observation were used
to identify the children’s perceptions and experiences as follows:

Usability Survey
The closed- and open-ended usability survey was conducted to
assess the children’s experience after engaging with the
application. Generally, it is obvious that the majority of
children (86.5%) perceived a good experience with the
gamified application compared to only 5% did not
perceive that.

Regarding the application’s design, more than 90% of
children reported that the navigation throughout the
application was easy, and the application is visually
appealing. Similarly, the majority of the children thought

that their friends would like to use this application, and
using three images as a password eased to login the
application. This means that using a visual password (as
shown in Figure 4) was helpful because it mitigated the
burden of creating and memorizing text password (minimize
text input). Finally, around two-thirds of children indicated that
it was easy to learn to use the application.

In regard to the application’s activities, the vast majority of
children enjoyed playing the activities and liked the story of the
application as a contest to get the treasure. This indicates that
using the meaningful story (treasure hunt), in the form of a
contest with the virtual competitor (the pirate), as a gamification
element motivated the trainees to engage in the training. On the
other hand, only 8% of children stated that it was too hard to play
the application’s activities.

In terms of the feedback and instructions, more than 90% of
children agreed that the training video before each activity was
helpful, and the parrot voice was clear and friendly. This means
good design with appropriate gamification element (e.g., virtual
helper) can be useful for those children, as well as providing them
with instant support during the learning process could be helpful.
Similarly, more than 80% of children reported that the positive
feedback provided throughout the training helped them keep
playing the application’s activities.

These results taken together suggest that the gamified
application is well-designed with relevant support and
appropriate to train, motivate, and engage these children. The
interview-based questionnaire was applied, and the responses
were analyzed to identify the children’s perceived experience
during the training period.

By using Nvivo 12, the children’s responses regarding the
preferred and unpreferred app’s activities were analyzed, as

FIGURE 4 | Visual password consisting of nine images from which the user selects three images to form his own password.

FIGURE 3 | Simplified cognitive load scale (a subjective rating scale).
Three smiley faces were used to represent the children’s opinion (easy, a bit
difficult, and very difficult) about the experienced cognitive load level imposed
by the application.
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shown in Figure 5. In terms of the preferred activities, it is
obvious that all the children (100%) liked the Numbers activity
themost. In addition to that, more than three-quarters of children
reported that they liked the Compass, Map, Tools, and Faces
activities. By contrast, the Letters activity was found to be the least
preferred one, as it was preferred by around 40% of children.

Regarding the unpreferred activities, half of the children stated
that they do not like the Letters activity, 17% of the children did
not like the Faces and the Tools activities, and only 8% said that
they do not prefer both the Map and Compass activities. The
children preferred some activities such as (Numbers, Compass,
Map, Tools, and Faces) because these activities are easy to play,
and the children managed to get more stars and thereby get the
treasure, as illustrated before in Table 2. In contrast, 58% disliked
playing the Letters activity because of its difficulty (memorizing
many letters and recalling them in reverse order), and
consequently, it was difficult to get more stars. The most
motivating aspect identified by the children was their trials to
win the treasure. Finally, when asked, the children recommended
that the Letters activity should be changed to make it easier to
play. They suggested three solutions; cutting the number of letters
required to be remembered and recalled; or recalling letters in
order, rather than in reverse order; or replacing the letters with
numbers.

Unstructured Observation
The unstructured observation method was used to evaluate the
children’s engagement and thereby the user experience during the
five-week training period. The unstructured observation was
transcribed and then analyzedusing thematic analysis researchmethod.

By using Nvivo 12, the unstructured observation report was
analyzed, as shown in Figure 6. In terms of the activities which
were noticed to be played smoothly during the training period, it is
obvious that all the children (100%) played the Map and Compass
activities easily. Similarly, it was observed that 92 and 75% of children
played the Faces and Numbers activities smoothly, respectively.
Likewise, nearly 70% of children found the Tools activity was easy

to be played. This is because the children regarded themselves as being
in a race with the pirate, whichmotivated them to compete hard to get
the treasure. Generally, all the children were willing to play the
activities and found them interesting and exciting.

Regarding the activities which were noticed to be difficult to be
played during the training period, the results showed that all the
children struggled to play the Letters activity, especially the higher
levels, that they would delay playing until last. This is because the
children failed to repeat the letters in reverse order, some of them
used to recall the letters in order, and some of them could lose
their patience while listening to the letters. It was also noticed that
narrating the letters distracted some children during playing.
Similarly, 33% of children found difficulty playing Tools activity
because they were found to be impulsive during memorizing the
places of images, particularly while playing the higher levels, so
they would delay playing it until last.

At the beginning of the training, 25% of children found
difficulty playing the Numbers activity because they struggled
either to differentiate between the smallest and the biggest
numbers or to put them in order. Therefore, they were
supported by watching some tutorial videos on how to sort
numbers in order during the training period. Similarly, one of
the children could not identify the directions of the Compass
activity, so the child was advised to watch the training videos (the
simulated examples before each activity).

However, the children didmanage to find their own strategies to
cope with difficult activities. For example, in the Letters activity,
some of the children tried to use their hands with each finger
resembling one letter to memorize the letters—a situation known
as using an external memory tool (Budiu, 2018). Similarly, in the
Tools activity, some of them named each image and made a rhyme
(repeat as a song) to remind themselves with the images. Finally, in
the Faces activity, the children used the colors of faces’ parts such as
red hat, green eyes, and black mustache to help themselves in
memorizing the faces’ parts. These strategies could be used to
support such children with learning disabilities during their daily
activities or educational process. Therefore, a combination of a

FIGURE 5 | Preferred and unpreferred app’s activities according to the children’s responses on the interview-based questionnaire.
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WM training and some effective strategies such as rehearsal
strategies and simplifying the learning activities could be helpful
for those children to meet their WM needs and minimize the WM
overload.

Generally, the trainer noticed that some children showed some
behaviors particularly during playing the Letters, Tools, and Faces
activities. For example, some of the children were found to be easily
distracted all the time, some of them could lose their concentration
quickly, and others were noted to be impulsive during playing the
application’s activities. Hence, it is recommended that those
particular learning group should be provided with a quiet
learning environment, or at least minimizing the background
noise is favorable to avoid their easily distraction.

What Is the Expected Improvement in
Children’s Training Performance After a
Five-Week Training Period?
The Wilcoxon signed-rank test, a non-parametric SPSS test, was
used to identify the expected improvement in the children’s
training performance after engaging in the training. The
expected improvement in each activity was identified by
comparing the children’s training performance at the
beginning and at the end of the training period. The average
sum scores (the collected stars) of the first four training sessions
for each of the six activities represented the pretraining
performance, and the average sum scores of the last four
training sessions represented the post-training performance.
The results indicated that the mean scores for the six activities
are higher in the post-training performance (mean � 15.75) than
the mean scores for the six activities of the pretraining
performance (M � 8.51). Also, the Wilcoxon test showed that
Z value � 3.062, and p < 0.05, whenever the calculated Z-value is
greater than the Z-table value (1.96), which indicates that there is
a statistically significant difference between the pre- and post-
training performance in favor of the training performance with
higher mean scores (post-training performance), that is, the

children’s training performance in all application activities
improved after engaging in the training period. Similarly, as
shown later, Figure 7 demonstrates how greatly the children’s
training performance improved in each of the six activities after
the training period.

Do the Gamified Activities Induce an
Appropriate Level of Cognitive Load?
The subjective ratings of mental effort scale were applied to each
child individually to measure the cognitive load in each activity. The
individual responses from each child for the six activities were
recorded and analyzed using the SPSS package. The descriptive
analysis of the data (children’s responses) revealed that the cognitive
load mean value of the six activities is 1.47 with a standard deviation
(S.D) of 0.35 (seeTable 4). This means the cognitive load level of the
six activities ranges between low to moderate (1 < 1.47 < 2).
Generally, more than two-thirds of the children considered the
application as easy, whereas only 13% rated it as very difficult to be
played. This means the current gamified application did not cause a
high cognitive load level because it did not overload their working
memory capacity. In detail, the cognitive load level was the least in
three activities (Numbers, Compass, andMap), with a cognitive level
around 1, and was the highest in the Letters activity, with a cognitive
level just below 3, andwasmoderate in the Tools and Faces activities,
with a cognitive level just below 1.5. To conclude, the cognitive load
level in the six activities can be considered as appropriate except in
the Letters activity, which was high.

What Is the Effect of the Cognitive Load
Level Imposed by the Application on the
Children’s Training Performance?
To identify the effect of the cognitive load level on the children’s
training performance, the average of cognitive load level imposed by
each activity for the entire experimental sample group and the
children’s training performance (the average of the stars achieved by

FIGURE 6 | Activities found to be easy or difficult according to the results of the unstructured observation.
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all children over all training sessions in each activity) were analyzed.
The children’s training performance has markedly varied with the
induced cognitive load, as shown in Figure 8. It is clear that the

children’s training performance was high in the first three activities,
Numbers, Compass, and Map (with a low cognitive load level), and
was moderate in the Tools and Faces activities (with a moderate

TABLE 4 | Descriptive analysis of the cognitive load for the six activities.

1 = Easy (%) 2 = A bit
difficult (%)

3 = Very difficult
(%)

Mean S.D

Faces activity 58 42 0 1.4 0.5
Numbers activity 100 0 0 1.0 0.0
Tools activity 58 42 0 1.4 0.5
Compass activity 92 8 0 1.1 0.3
Letters activity 0 25 75 2.8 0.5
Map activity 92 8 0 1.1 0.3
Average 67 21 13 1.47 0.35

FIGURE 7 | Children pre–post training performance in each activity. It compares between the average of the children’s sum scores in the first four tries (as a
pretraining performance), and the last four tries (as a post-training performance) for the entire experimental sample group in each activity.

FIGURE 8 | Cognitive load level vs. the children’s training performance. It compares between the average of cognitive load level imposed by each activity for the
entire experimental sample group and the children’s training performance (the average of the stars achieved by all children over all training sessions in each activity).
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cognitive load level). Conversely, the training performance was low
when the cognitive load level was high in the Letters activity, which
reflects the high level of challenge of this activity.

In addition to that, the induced cognitive load level by each
activity was compared with the amount of improvement in the
children’s training performance in each activity, as shown in
Figure 9. The amount of improvement in each activity was
calculated by the following equation: the post-training
performance (the achieved stars by all children in the first
four tries) minus the pretraining performance (the achieved
stars by all children in the last four tries). It is obvious that
the amount of improvement in the children’s training
performance was better in the activities with a moderate
cognitive load level than the activities with either a low or
high cognitive load level. This indicates that an appropriate
level of challenge is required to motivate those children as
happened in the activities with a moderate level of cognitive
load such as Tools and Faces activities. On the other hand, if the
activity is highly challenging, this could hinder children from
improving their performance as in Letters activity (with a high
level of cognitive load). Also, if the activity is easy to be played and
thereby will not urge those children to perform hard, no
noticeable improvement can be seen as the training
performance of those children will be high from the beginning
as happened in Numbers, Compass, and Map activities (with low
cognitive load levels).

The effect of the cognitive load level for the six activities on the
children’s training performance for the six activities was
confirmed by using the statistical package SPSS. The results
confirmed that there is a strong negative statistically
significant correlation between the cognitive load level in the
application’s activities and the children’s training performance
for the six activities (Pearson correlation coefficient � -0.874, p �
0.023). On the other hand, the results also showed that there is a
very weak negative statistically nonsignificant correlation
between the cognitive load level in the application’s activities
and the amount of improvement in children’s training

performance for the six activities (Pearson correlation
coefficient � −0.179, p � 0.734).

What Is the Effect of the Cognitive Load
Level Imposed by the Application on the
Children’s Perceived Experience?
To identify the effect of the cognitive load level on the
children’s perceived experience, the results of the cognitive
load scale and the results of the usability survey (interview-
based questionnaire part) were analyzed. In detail, the
average of the cognitive load level for each activity was
compared with both the preferred and unpreferred
activities. The average of cognitive load level for each
activity was measured by calculating the average of ratings
for each activity by the experimental sample group. The
preferred activities were identified by the number of
children who liked playing the activities, and on the other
hand, the unpreferred activities were identified by the
number of children who did not like playing the activities.

The statistical package SPSS was used to identify the
correlation between the cognitive load level of each activity
and the preferred and un-preferred activities. Regarding the
correlation between the cognitive load level in each activity
and the unpreferred activities, the results indicated that there
is a very high positive statistically significant correlation between
the cognitive load level in each activity and the number of
children who did not like playing the activity (Pearson
correlation coefficient � 0.995, p � 0.00). This means that the
children did not prefer playing the activities with a high cognitive
load level.

On the other hand, the results indicated that there is a very
high negative statistically significant correlation between the
cognitive load level in each activity and the preferred activities
(Pearson correlation coefficient � −0.995, p � 0.00). This means
that the children liked playing the activities with a low cognitive
load level.

FIGURE 9 | Cognitive load level vs. the amount of improvement in children’s training performance. It compares between the induced cognitive load level by each
activity and the amount of improvement in the children’s training performance (the difference between post- and pretraining performance) in each activity.
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Additionally, based on the unstructured observation results, it
is clear that all the children enjoyed the activities with less
cognitive load (e.g., Map and Compass) and preferred to start
playing with those activities more than the activities with a
moderate (e.g., Tools) or high cognitive load level (e.g.,
Letters), which children preferred to delay until last. This
could suggest that the lower the cognitive load level induced
by the application, the better user experience there will be.

Taking the results of the aforementioned questions, it is
clear that the lower the cognitive load level the gamified
application induces, the better training performance and user
experience there will be. This suggests that the users’
perceived experience and the induced level of cognitive
load could be a good predictor for the users’ training
performance. Generally, the gamified applications
developed for children with learning disabilities should be
designed with an appropriate cognitive load level (moderate
level) to motivate them, improve their training performance,
and enhance their perceived positive experience.

What Are the Proposed Solutions Based on
the Evaluation’s Outcomes?
According to the results of the evaluation of the children’s
perceived experience, the children’s training performance,
and the cognitive load level induced by the gamified application, the
children faced some difficulties during the training in three activities:
Letters, Numbers, and Compass. Starting with the Letters activity,
the children suggested three solutions to make it easier:

1. Cutting the number of the letters required to be remembered
and recalled.

2. Recalling the letters in order, not in reverse order.
3. Replacing the letters with numbers.

Three cognitive psychology experts at Fayoum University in
Egypt advised the solution of “replacing the letters with
numbers” because the numbers are easier to be remembered
than the letters, and the other two suggested solutions would
change the nature of the Letters activity.

In terms of the Numbers and Compass activities, it was
suggested that children could be better supported by
embedding a set of training videos on how to sort numbers
and how to identify the four directions.

Further Work Has Been Done Based on the Proposed
Solutions and the Feedback Collected From the
Experimental Sample Group
Regarding the Letters activity, the researchers redesigned the activity
by replacing the letters with numbers because the numbers are easier
to be remembered than the letters. The redesigned Letters activity
was named Fishing, and the same experimental group played the
Fishing activity four tries to evaluate the children’s training
performance and the induced cognitive load level.

Following that, the two versions of the Letters activity were
compared regarding the children’s training performance and the
cognitive load level. Therefore, two hypotheses were tested:

1. It is expected that the Letters activity would impose a high level
of cognitive load compared to the Fishing activity.

2. It is expected that the experimental sample group would
perform better in the Fishing activity than in the Letters
activity.

To verify the first suggested hypothesis, the non-parametric
Wilcoxon test was used to analyze the scores of the cognitive
load scale (subjective ratings of mental effort) for both the Letters
and Fishing activities. The results indicated that the mean scores are
higher in the Letters activity (2.75) than the Fishing one (2.17). Also,
Z value � 2.11 and p � 0.035, whenever the calculated Z-value is
greater than the Z-table value (1.96). This indicates that there is a
statistically significant difference between the levels of cognitive load
in the two versions of the Letters activity in favor of the activity with
higher mean scores (Letters activity). This means that the level of
cognitive load is lessened in the new version where it was reduced
from high (2.75) to moderate (2.17). By looking at the results in
more detail, as shown inTable 5, it can be found that although three-
quarters of children considered the Letters activity very difficult, this
percentage is reduced to only 33.3% after amending the activity. In
addition, around 17% of children rated the new version of the
activity as easy, meanwhile no child considered the old version as
easy. By contrast, only a quarter of children considered the old
version as a bit difficult compared to a half of children rated the new
version as a bit difficult. This is most likely because they played the
new version only four times.

To verify the second suggested hypothesis, the non-parametric
Wilcoxon test was again used to analyze the sum scores of the first
four tries of the Letters activity (the achieved stars by the
children) and the total four tries of the Fishing activity (the
achieved stars by the children) to compare the children’s training
performance in both activities. The results indicated that the
mean scores are higher in the Fishing activity (mean � 11.9) than
the Letters one (mean � 3.8). Also, Z value � 3.077 and p < 0.05,
whenever the calculated Z-value is greater than the Z-table value
(1.96). This indicates that there is a statistically significant
difference between the children’s training performance in the
Letters and Fishing activities in favor of the activity with higher
mean scores (Fishing activity).

This result means that children’s training performance in the
Fishing activity was greatly better than the Letters activity. That
result can also be shown clearly in Figure 10, when comparing the
average scores for the first four tries of the Letters activity, the last
four tries of the Letters activity, and the total four tries of the
Fishing activity. It is clear that the children’s training performance
in the first four tries of the Fishing activity is better than the
children’s training performance in the first four tries of the Letters
activity or even in the last four tries of the Letters activity after the

TABLE 5 | Descriptive analysis of the Letters and Fishing activities.

1 = Easy (%) 2 = A bit
difficult (%)

3 = Very difficult
(%)

Mean S.D

Letters 0 25 75 2.75 0.452
Fishing 16.7 50 33.3 2.17 0.718
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training period. To conclude, by redesigning the Letters activity,
the level of cognitive load became lower and the training
performance became better.

CONCLUSION

Evaluation of the children’s experience, the children’s
training performance, and the cognitive load level of a
gamified working memory application was the main focus
of this study. Twelve children diagnosed as having learning
disabilities formed the experimental group of this study. The
evaluation process encompasses a simple usability survey and
an unstructured observation to identify the children’s
experience, and a cognitive load scale to assess the
cognitive load level in the application activities.

The usability survey and the unstructured observation
confirmed that the children enjoyed playing the gamified
application and were eager to participate in the daily
training. The cognitive load scale indicated that the
gamified application did not induce high cognitive load
level, except in one activity. By using the correlation
coefficient, it was demonstrated that there is a negative
statistically significant correlation between the cognitive
load level on the one hand and either the children’s training
performance or the children’s experience on the other hand. In
addition, the results showed that the users’ perceived
experience and the induced level of cognitive load could be
a good predictor for the users’ training performance. Based on
the evaluation outcomes, a set of suggestions such as
redesigning the Letters activity and incorporating a set of
training videos was recommended to improve the
application design. Based on that, the Letters activity was
redesigned by replacing the letters with numbers, with the
aim of reducing the cognitive load level and improving the
user’s training performance.

To conclude, the gamified cognitive applications
developed specifically for children with learning disabilities
must consider their characteristics, motivate the child, and
aim to reduce the cognitive load level. These applications,
with the appropriate level of cognitive load, could engage
them, improve their UX, and enhance their training
performance.

SUGGESTIONS FOR FURTHER WORK AND
LIMITATIONS

The Letters activity and its modified version (the Fishing
activity) should be applied on different sample groups for a
longer period to further investigate the user experience, the
training performance, and the induced cognitive load level.
Based on the unstructured observation carried out during
the training period, it is recommended that children with
learning disabilities could be supported during their daily
activities or educational process by using external memory
tools such as a physical scratch pad to help them get around
their working memory limitations. This physical scratch pad
will act as a “fake” working memory, rather than putting a
burden on their own working memory. The evaluation
process recruited the experimental sample group without
involving a control one; this is because the training was
performed after finishing the scholastic term, so there was no
external intervention affecting the sample group.

Furthermore, the size of the experimental sample group was
not large (12) in this evaluation because of the following:

1. Identification of the experimental sample group was an
onerous process as it required a minimum of four weeks to
apply and analyze the results of two types of tests (academic
and IQ tests) to a large group of children based on their
percentage in the community.

FIGURE 10 | Letters vs. Fishing activity. It demonstrates the children’s average scores in the first and the last four tries of Letters activity compared to the children’s
average scores in the total four tries of Fishing activity.
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2. The chosen sample group was selected from four classrooms,
so it was challenging to offer a flexible schedule for their
training.

3. The evaluation was performed after a five-week training
period with a total of 27 sessions.

4. The training took place in a school laboratory with a limited
number of computer devices, which hampered the training
process in a large group.

Nevertheless, the evaluation process was thorough,
comprehensive, and repeatable; therefore, the results can be
considered reliable.
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