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Abstract: Q-learning off-policy control algorithm with a model-free learning and simple Q-
functions has become the foundation of many other reinforcement learning algorithms. It
selects actions according to €- greedy policy, in which a performance degradation may occur
because of the random actions selected by € probability. This paper proposes two approaches
to enhance the online and early episodes (Interim) performance of Q-Learning applied to the
cliff walking task. The first (OIV Q-Learning) initializes optimistic values to good actions and
pessimistic values to bad actions, to increase the exploration rate on the high rewarded
actions. The second (BLA Q-Learning) eliminates the bad actions from selection when using
the € probability, thus avoiding the performance degradation. The algorithms were
implemented and tested using Java Burlap Library and JDK. Results have shown noticeable
performance enhancement of OIV over conventional Q-Learning (about 14%, with € = 0). The
BLA algorithm achieved about 4.7% higher performance than Q-Learning, especially at early
episodes, and converged earlier (20%) to the optimal values. BLA algorithm can get best
results in a stationary environment, where the rewards are static.

Keywords: RL, Q-Learning, Optimistic, Bad actions, Exploration.

l. INTRODUCTION AND RELATED WORK

Reinforcement learning (RL), one of methodologies of machine learning, is used to describe and
solve how an intelligent agent learns and optimizes the strategy during the interaction with the
environment [1]. To be more specific, the intelligent agent acquires the reinforcement signal
(reward feedback) from the environment during the continuous interaction with the environment,
and adjusts its own action strategy through the reward feedback, aiming at the maximum gain
[2]. RL algorithm is divided into two major types: a model-based RL algorithm underknown
transition probability and a model-free RL algorithm under unknown transition probability [3].
Q-learning uses an off-policy control that separates the deferral policy from the learning policy
and updates the action selection using the Bellman optimal equations and the e-greedy policy
[4]. Unlike other reinforcement learning algorithms, Q-learning has simple Q-functions, hence it
has become the foundation of many other reinforcement learning algorithms [5].

Most of the RL contributions aim to find solutions for the exploitation and exploration dilemma.
And many researchers have been dedicated to improving the exploration efficiency problem of
the traditional Q- Learning algorithm. In [6], the Q-Learner agent assumes high value for
unobserved state-actions to drive itself towards new experience. Also, [7] has investigated
modifying the bias term of a Q-function to induce optimistic initialization. Additionally, [8]
proposes an approach that combines a greedy actor update with a pessimistic estimate of the
critic which leads to the avoidance of actions that the agent does not know about.

Recent research [9] uses metric information about the state-action space to estimate which
transitions are still unexplored, and explicitly maintains the initial Q- value optimism for the
corresponding state-action pairs. In recent years, several efforts have sought to improve the online
learning performance of Q-learning in grid-world tasks such as Cliff Walking. For instance, [11]
examined the effect of hyperparameters in the Cliff Walking environment, showing that learning-
rate and discount-factor settings have a large impact on convergence speed and policy stability in
Q-learning. Meanwhile, [12] proposed a risk-sensitive Q-learning variant using optimal transport
theory to penalize transitions into high-risk states, demonstrating that reducing visits to such states
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can accelerate policy stabilization in grid-world settings. More recently, [13] demonstrated how
embedding Q-learning objectives into an offline in-context RL framework across many GridWorld
datasets improves performance markedly, suggesting the effectiveness of goal-aligned updating
even outside purely online settings. Together these works span approaches that tune
hyperparameters, modify learning updates for risk, and integrate Q-learning objectives into broader
learning frameworks — all of which inform our present study of two specific strategies to enhance
the online performance of Q-learning in the Cliff Walking task.

To the existing knowledge, this is the first study that suggests the usage of both optimistic and
pessimistic initial values. In addition, this is the first study that proposes the elimination of
selecting bad actions during Q-Learning.

I[l.  THE CLIFF WALKING TASK

In the CIliff Walking Task, the agent has to move from the start [S] to the goal [G], while
avoiding stepping into the cliff (grey area in Fig 1).

This is a standard un-discounted, episodic task, with start and goal states, and the usual actions
causing movement up, down, right, and left. Reward is -1 on all transitions except those into the
region marked CIiff. Stepping into this region incurs a reward of optimal path -100 and sends the
agent instantly back to the start [10].

R=-1

S The Cliff G

Fig 1. The Cliff Walking Task Environment

I1l. PROPOSED APPROACHES
A. Optimistic Initial Values

Rather than assigning default initial values (zeros) to all action-state pairs of the task and
then apply the ordinary Q-Learning algorithm, optimistic initial values are used instead,
taking into account to vary the variance between the initial values for “good” and “bad”
actions, i.e., assigning lower values to the bad actions in particular states. These are the
surrounding states of the cliff, with the actions leading to fall into it.
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Empirical results applying the Q-Learning algorithm showed that the algorithm learns
values for the optimal policy, that which travels right along the edge of the cliff.
Unfortunately, this results in its occasionally falling off the cliff because of the “epsilon-
greedy” action selection, causing worse online and early steps performance than other
algorithms (e.g. SARSA) [10]. In this research paper, two approaches are proposed aiming to
enhance the online and early steps (Interim) performance of the Q-Learning algorithm,
applying them to the cliff walking task.

The first approach studies the effect of using optimistic initial values for the high rewarded
actions while using pessimistic initial values for the low rewarded actions. The second approach
investigates the performance of eliminating the actions causing high value decrease from being
selected due the € probability. Detailed explanations of the proposed solutions are described in
the next two sections.

This variation of the initial values is supposed to increase the exploratory rate of better
actions, especially at the early steps of learning, and hence allows to visit those state-action pairs
an infinite number of times. Thus, approaching optimality earlier.

B. Black-Listed Actions

In this approach, the agent keeps track of the “bad” actions it selects during learning and
records them in a “Black-List”. A Bad action in a particular state causes a significant
degradation of that state-action pair value. Those Black-Listed actions are then excluded from
selection when the agent encounters their sates again.

Recall that in Q-Learning, a random action can be selected according to the probability ¢,
the black-listed actions will not be selected even with the randomness probability of selection.
This should decrease value degradation, and hence approach the optimal values earlier.

IV. METHODOLOGY

To evaluate the proposed approaches, which are updated versions of the traditional Q-
Learning algorithm, the algorithms are developed and applied to the walking cliff task. The
updated algorithms are described below.

A. Optimistic Initial Values (OIV Q-Learning)

The state-action pairs values are all initialized to (High), except for the pairs leading to fall
off the cliff are initialized to (Low). The Pseudo code for the OIV Q-Learning is shown in fig 2.

10
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Optimistic Initial Values Q-Learning Algorithm

Parameters: q, €, high optimistic value H, low optimistic value L For each (S,a):
If(taking a leads to cliff) Initialize Q(S,a) to L
Else
Initialize Q(S,a) to H End for
Loop for each episode:
nitialize S
|Loop for each step of episode:
Choose A from S according to e-greedy Take action A, observe R,S’
Q(S, a) = Q(S, a)+x [R +y maxq Q(S', @) - Q(S, a)]
NEa Y
Until S is terminal

Fig 2. Pseudo code for the OIV Q-Learning

B. Black-Listed Actions (BLA Q-Learning)

In this approach, when the agent encounters a state- action pair for the first time, it computes the
difference between the current and the updated state-action value, and stores this pair into a black
list if the difference is below some given threshold.

Whenever the agent encounters the same state again, it selects an action according to the e-
greedy policy, in which a random action can be selected with a probability €. At this step, and
before actually taking the selected action, the agent searches the black list for this state-action
pair. If it is found in the list, this means that this action at this state has been taken before and
caused an observable value degradation and then black listed.

This is where the agent makes a decision of not taking this action, and continue to the next
iteration to select another action, until it selects an action that is not black listed and take it to
continue the Q-Learning algorithm steps.The Pseudo code for the BLA Q-Learning is shown in
fig 3.

11
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Black-Listed Actions Q-Learning Algorithm

Parameters: a, €, A: threshold of value degradation Initialize L, a list to record
bad actions
Loop for each episode:
nitialize S
| oop for each step of episode:
Choose A from S according to e-greedy Search List L for A
If not found
Take action A, observe R,S’ CurrentValue= Q(S,a)
Q(S, a) > Q(S, @)+ [R +y max. Q(S', a) = Q(S, a)]
If Q(S,a)-CurrentValue < A
Store tuple (S,a) inL
s>
Until S is terminal

Fig 3. Pseudo code for the BLA Q-Learning

C. Testing Environment and Tools
The proposed algorithms were developed and tested using Java programming language,

Burlap RL Library, and Matlab. The Burlap Library was used to import the cliff walking task
environment, while the detailed two updated Q-Learning algorithms are developed using JDK
1.8.

Whereas the numerical results were investigated via Netbeans 8.2, the figures and final
results were plotted using Matlab2018 for better visualizations.

D. Parameters, and Performance Metrics
For the OIV QLearning algorithm, the High initial value was set to (+5), while the Low initial

value was set to (-5). The € parameter was first set to zero, to allow the optimistic initial values
exploration process, as well as, to better investigate the effect of using such initial values. In
addition, the experiment has been repeated with a 0.1 value for €.

For the BLA Q-Learning algorithm, the threshold (A) was set to (-10), while € was varied.
The algorithm was applied with a small value of € as well as with a large value of €. Finally,
the performance of the different experiments have been evaluated using the average of the
sum of rewards of episodes.
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V. RESULTS AND DISCUSSION
All experiments results have been reported for the first 200 episodes, to emphasize the effects
of the proposed algorithms to the early episodes. Of course, all experiments reach the optimal
values while increasing the number of episodes, and decaying the € value.
For each experiment, the sum of rewards of each episode is reported and then averaged over 10
runs.

A. OlV Q-Learning

Fig 4 shows a comparison between the traditional Q-Learning algorithm, with an & value of 0.1
and the proposed QIV Q-Learning, with an & value of 0, and all state-action pairs were
initialized to (+5).

50 r

=100

P
[=1
=

AvgRewardSum

-250 1

-300

Q-Learning-e=0.1
OptimisticQ-Learning-e=0

-350 ' ' : '
0 50 100 150 200 250

Episodes

Fig 4. Average Reward sum of Q-Learning and OIV with unified initial values

As shown in the figure, the OIV Q-Learning had noticeable increase in the average sum of
rewards, especially after about 10 episodes. This is due the initial optimistic values which
increased the exploratory rate and the selection of new actions probability, and hence
approaching the optimal values earlier than traditional Q-Learning. Note that before episode 10, a
huge degradation in the average sum of rewards occurred. This is because of the “bad” actions
that have been initialized to the same high value (+5), and hence increasing the
probability of selecting them. After a while, the values were updated appropriately and the
performance improved.
Now, applying the same algorithm with the variations in the initial values as stated and
described before, the following fig 5 resulted in.
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Fig 5. Average Reward sum of Q-Learning and OIV with different initial values

As expected, the very early episodes performance increased, due to the low initial values
given to the “bad” actions. Thus, decreasing the probability to explore them. Also, the
impact of using the € parameter along with the optimistic initial values was investigated

and the result is shown in fig 6.

50T

‘;Wv it bi hWI
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-200
— Q-Learning-e=0.1
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250 . . . .
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Fig 6. Average Reward sum of Q-Learning and OIV with €=0.1
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Obviously, with € =0.1, the chance of selecting random actions with probability e dominates the
effect of using optimistic values. That’s why the two algorithms in the previous figure performs
almost the same.

B. BLA Q-Learning
To investigate the effect of using various values of &, the experiments have been performed

using small and large values of .

The next fig 7 shows the results of applying both Q- Learning and the proposed BLA Q-
Learning algorithms, with a large value of € (0.3).

0

=50

=100 ¢

-
n
=

AvgRewardSum
o .
=

=250 1

-300 1
— Q-LeamningLe

BLA Q-LearningLe

-350 : : !
0 50 100 150 200 250

Episodes

Fig 7. Average Reward sum of Q-Learning and BLA with Large €

The figure shows an increasing performance, especially at the early episodes, precisely after
about 8 episodes. Before that, the “bad” actions have not been black listed yet, and thus have
been tried and caused significant degradation.

While both algorithms approach optimal values in the long run, values are stabilized sooner in
the BLA algorithm (after about 150 episodes). This is due the elimination of “bad” actions even
with the existence of e.

In contrast, fig 8 shows the results of performing both algorithms with a small value of € (0.01).

15
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Fig 8. Average Reward sum of Q-Learning and BLA with small €

The figure shows a slight improvement of BLA Q- Learning over the Q-Learning algorithm.
With a small g, the probability of selecting a random action decrease, and hence the advantage

of eliminating those random actions becomes less useful.

VI. CONCLUSION
Two approaches to enhance the online and interim performance of Q-Learning algorithm

were proposed in this paper. The two variants were applied to the cliff walking task to be
evaluated and compared with the conventional Q-Learning algorithm.

The performance metric that has been evaluated and compared is the average sum of
rewards for each episode over 10 runs. The OIV Q-Learning algorithm, using both optimistic
and pessimistic values and with very low value of € (= 0) increased the performance by at
least 14% compared to Q-Learning. On the other hand, using the same algorithm with
larger values of € increased the performance by at most 1.5%. Thus, to make the better use

of OIV Q-Learning, the € should be very low.

The BLA Q-Learning algorithm, with high value of € achieved better performance (at least
4.7%) compared to Q-Learning, particularly in the early episodes. Moreover, the algorithm
converged earlier enough than Q-Learning (about 20% earlier).

Decaying the value of €, achieved less performance improvement over Q-Learning (about
1%) because of the useless usage of action elimination with the existence of the low
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probability of selecting them. It is noteworthy that the BLA Q-Learning algorithm gives the
best results only in a stationary environment, in which the rewards of actions are static.

For a dynamic environment, if an action has been black listed in the early episodes and it
turns out that this action becomes “good” as the rewards change dynamically, then this
action is never going to be taken, and this of course degrades the performance.
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Employing Artificial Intelligence Applications in School Libraries
By

Ahmed Farahat EI-Agami EI-Saeed
Public Library Specialist — Damietta Directorate of Education

Abstract

Artificial intelligence (Al) represents a pivotal turning point for various information institutions, including
libraries, as its potential lies in automating procedural processes and enhancing the quality of educational
services. Most recent academic studies have focused on university libraries, creating a research gap
regarding the adaptation of these applications to the less-funded and more sensitive environment of school
libraries. This study aims to explore the application of Al in school libraries, its implementation
requirements, structural challenges, and ethical and legal risk priorities, based on an analytical analysis of
research findings on school libraries in the Arab Republic of Egypt.

The analysis revealed that the structural challenges hindering the implementation of artificial intelligence
(Al) in school libraries, such as weak infrastructure, budget constraints, and the absence of written policies,
are significantly exacerbated in the school context. From an application perspective, it is suggested that
focus be placed on low-cost intelligent cognitive systems, such as interpretable recommendation systems
to support specialized student reading, and chatbots instead of expensive physical robots. On the ethical
and legal level, the protection of minors' data and the lack of clarity regarding legal responsibility represent
the most serious risks, necessitating the immediate development of a flexible governance and legislative
framework. The study recommends a shift towards fostering an "Al culture™ among librarians to ensure
they remain as information guides rather than relying on routine, potentially replaceable technical roles.

Keywords: Al applications, school libraries
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The Role of Digital Transformation in Enhancing the Performance of Tennis Players in
Egyptian Clubs
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Abstract

This study highlights the role of digital transformation in improving the performance of
tennis players in Egyptian sports clubs. The researcher selected this topic for several key reasons,
most notably to identify the extent to which digital transformation contributes to developing the
physical and technical abilities of tennis players, to examine the current reality of digital
technology use within Egyptian clubs, and to explore the role of smart devices and applications in
supporting training processes and performance analysis.

The study also aimed to clarify the role of technical specialists within clubs in operating
and developing digital systems used in player training, as well as to investigate the impact of
applying digital analysis technologies, motion tracking systems, and biometric measurements on
performance enhancement and assisting coaches in making accurate training decisions.

The study sample consisted of 60 male and female players from different age groups.

. The findings indicated that digital transformation effectively contributes to improving
training quality by providing accurate data that support technical and physical performance
analysis. Digital technologies also increase the efficiency of training programs, improve player
monitoring, and support the development of tactical and strategic performance.

Results further revealed that the use of smart training applications and performance-
tracking systems facilitates information exchange between coaches and players, simplifies training
load planning, and enhances players’ competitive levels. In addition, the availability of technical
expertise within clubs increases the effectiveness of applying digital transformation and improves
the productivity of sports work environments.

Keywords: Digital Transformation — Tennis — Sports Performance — Smart Training — Sports
Clubs.
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Abstract

Globalization and the growing demands of the modern world have increased the need for
learners to acquire foreign language skills from an early stage of education. Consequently,
educational institutions must enhance their language-learning programmes to better prepare
students for future academic and professional pathways.

The aim of this research was to determine the effectiveness of integrating modern digital
technologies into the process of learning English among basic education students in Egypt. The
study employed expert evaluation, pre- and post-testing aligned with CEFR levels, and a student
survey based on a technology-perception model. Cronbach’s alpha was used to verify the
reliability of the questionnaires, while Cohen’s kappa coefficient and Pearson’s chi-squared test
were applied for statistical analysis.

Findings revealed that students in the experimental group—who were taught using a
variety of digital technologies—showed significantly higher improvement in their English
language skills in the final test compared with students in the control group. The novelty of this
research lies in applying digital tools tailored to the age, learning needs, and language proficiency
levels of basic education students. Future research may explore the effectiveness of artificial
intelligence applications in enhancing English language learning among young learners.

Keywords:

digital learning — English language learning — basic education — educational technologies —
independent learning — Egypt

Introduction

Globalization has significantly reshaped educational priorities, especially in developing
countries such as Egypt, where enhancing students’ foreign language competencies has become
essential for meeting future academic and professional demands. As educational systems transition
toward the principles of Education 4.0, the integration of modern digital technologies has become
a key factor in improving the effectiveness of the learning process for learners at the basic
education stage (Dhivya et al., 2023).

Traditional teaching methods are no longer sufficient to meet the linguistic needs of
learners, as they often reduce motivation and limit active engagement in English language learning.
This has been highlighted by Srivani, Hariharasudan, Nawaz, and Ratajczak (2022), who
emphasized that relying solely on traditional practices negatively affects students’ participation
and language acquisition.

In recent years, both global and local studies have indicated that the integration of digital
tools—such as educational platforms, interactive applications, and multimedia content—can
significantly enhance English language learning outcomes among school-aged learners. For
example, Desta et al. (2021) demonstrated that the use of digital technologies positively
contributed to students’ mastery of English language skills and fostered greater learner autonomy.

Against this backdrop, the present study seeks to investigate the impact of digital
technologies on improving the effectiveness of English language learning among students of the
basic education stage in Egypt. To achieve this aim, the study analyzes students’ English
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proficiency levels, identifies the most suitable digital tools for this age group, implements them in
the learning process, and evaluates the outcomes following their application.

Research Objectives
This aim involves achieving the following objectives:

1. Assess the English language proficiency level of basic education students before
implementing digital technologies.

2. Identify the most effective digital tools suitable for learners at this stage and integrate them
into the learning process.

3. Measure and analyze post-implementation proficiency levels to determine the influence of
digital technologies.

4. Conduct a student survey to explore learners’ attitudes toward the introduction of digital
learning tools and their perceived usefulness.

Literature Review

The rapid transformation of global education systems—especially during and after the
COVID-19 pandemic—accelerated the integration of digital technologies into teaching and
learning. Online platforms, virtual classrooms, digital assessment tools, and multimedia resources
became essential in sustaining the educational process with minimal disruption (Cachia et al.,
2021; Pratiwi & Waluyo, 2023). These technologies provided flexibility and helped maintain the
quality of instruction for both teachers and students (Mustapha et al., 2021; Zalite & Zvirbule,
2020).

1. Digital Technologies and Learners’ Cognitive Development

Yan and Li (2023) investigated the influence of digital technologies on the cognitive
development of secondary school students. Their large-scale survey of 20,000 learners revealed
improvements in problem-solving and logical thinking after the integration of digital tools such as
internet-based learning and interactive websites. However, the researchers emphasized the need
for deeper analysis regarding the long-term impact of these technologies on learning.

2. Mobile Applications in Foreign Language Learning

Jeong (2022) examined the effectiveness of mobile applications in enhancing independent
English language learning and developing digital literacy. Using pre- and post-test TOEIC
assessments, the study found significant improvements in students’ language proficiency.
However, the study was limited by its focus solely on mobile applications, ignoring other
technological tools.

3. Virtual Learning Environments

Several studies (e.g., Liu, Hua & Zhang, 2022; Hoppin et al., 2023) evaluated the
effectiveness of virtual language learning environments. Their findings indicated that virtual
platforms can promote student engagement and improve multiple aspects of language competence,
especially pronunciation and listening comprehension.
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Similarly, Salem (2022) explored the use of online digital storytelling and found that it

significantly improved learners’ argumentative writing skills, as well as their ability to work
independently.

4. Teachers’ Attitudes Toward Digital Learning

Dagdeler and Demir6z (2022) explored teachers’ perceptions of using digital technologies
in foreign language instruction. Their findings revealed that while teachers acknowledge the
importance of digital tools, many still require additional training and institutional support for
efficient implementation.

Synthesis and Gap Identification
A review of the previous literature reveals the following:

o Digital technologies positively influence English language learning outcomes across
different age groups.

o Most existing research focuses on higher education or adult learners.

e There is a significant shortage of studies that investigate the impact of digital tools on
English language learning among basic education students in Egypt.

e Research specifically targeting children’s interaction with digital learning tools—
considering age-appropriate platforms, engagement styles, and motivational factors—is
still limited.

Therefore, this study fills an essential gap by examining the effect of digital technologies
on English language learning among Egyptian basic education students, offering insights that
can support curriculum development and digital transformation in schools.

**Methodology
Research Design

The experimental part of this study was conducted during the 2023/2024 academic year
and followed a quasi-experimental design consisting of three main stages. The purpose of the
design was to examine the effectiveness of integrating modern digital technologies in enhancing
English language learning among primary school students in Egypt, in line with recent
international research emphasizing the role of educational technology in young learners' language
development (Pratiwi & Waluyo, 2023; Mustafa et al., 2021).

1. Diagnostic Stage (Pre-intervention Assessment)

This stage focused on determining the baseline English language proficiency of students before
applying digital technologies.

Procedures

1. Implementation of a CEFR-based pre-test (Al level) suitable for basic education
learners, consistent with international recommendations for language assessment (Council
of Europe, 2020).
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2. Division of students into control and experimental groups based on equivalence in age,
grade level, and pre-test results.
3. Selection of digital learning tools appropriate for primary school learners.
Criteria for Selecting Digital Tools

Selection was guided by previous research on effective digital tools for young learners (Jeong,
2022; Yan & Li, 2023):

o Free or demo-access availability.

o Child-friendly design and age appropriateness.

e High interactivity (multimedia, animations, games).

o Ability to customize or expand educational content.

« Alignment with phonics, vocabulary, listening, and basic grammar learning outcomes.

Digital tools were identified through reviewing international ed-tech rankings, global
evaluations of children's language-learning apps, and peer-reviewed studies on digital English
instruction for young learners.

Duration: October — December 2023

2. Experimental Stage (Implementation of Digital Learning Tools)

This stage applied the selected digital tools within the English language curriculum.
Procedures

1. Integration of a structured digital learning programme combining classroom teaching
with guided independent learning, following recommendations by Salem (2022) and Liu
et al. (2022) regarding blended digital language instruction.

2. Use of interactive tools, such as:
o Vocabulary and phonics apps
o Animated digital storytelling platforms
o Gamified language-learning applications
o Pronunciation and listening tools supported by Al

3. Weekly integration of digital tasks during English lessons, monitored by the class
teacher.

4. Tracking student engagement, learning analytics, and progress reports generated by the
digital tools.

5. Interviews with teachers and students to explore attitudes towards digital learning, in
line with methods used by Dagdeler & Demir6z (2022).

6. Administration of the post-test to both groups to determine improvement.

Duration: January — April 2024
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3. Analytical Stage

This stage involved statistical analysis and data interpretation based on established procedures in
educational research.

Statistical Procedures
e Cronbach’s alpha was used to test the reliability of questionnaires (Liu et al., 2022).
o Paired sample t-tests analysed improvement within each group.
e Independent sample t-tests compared the post-test results of both groups.
o Chi-square tests evaluated survey response patterns.
o Qualitative content analysis was applied to open-ended interview responses.
Duration: May — June 2024

Implementation of interactive multimedia resources to engage basic
education students while learning new language topics. Audio stories,
animated videos, and interactive visual materials were used to enhance
motivation and improve receptive language skills (listening and reading).

Integration of age-appropriate digital learning platforms and gamified
exercises during classroom instruction to strengthen students’ vocabulary,
grammar acquisition, and sentence-building skills. Platforms were selected
based on accessibility, ease of use, and suitability for young learners.

¢ Use of simple mobile language-learning applications such as Duolingo Kids,
Fun English, and StudyCat to support independent practice at home,
reinforce learned content, and improve productive skills (speaking and
writing) through daily short interactive tasks.

Figure 1. The scheme of implementing digital technologies to enhance English language
learning among basic education students in Egypt.

Participants

The study sample consisted of 212 students from the basic education stage (grades 5-9)
enrolled in public schools in the governorates of Menoufia and Gharbia in Egypt during the
academic year 2023/2024. Due to absenteeism during the pre-test, 7 students were excluded,
resulting in a final sample of 205 participants. The gender distribution was (m = 48%, f = 52%),
with an average age of 12.6 years.

To support the evaluation process, eight English language teachers with an average
teaching experience of 17 years participated in the study as expert evaluators. Students were
divided into homogeneous groups using simple random selection. The experimental group (EG)
included 103 students, who learned English using a digitally enhanced instructional programme.
The control group (CG) consisted of 102 students, who followed the traditional instructional
approach based on the Ministry of Education curriculum.

This methodological division aligns with Creswell and Plano Clark (2011), who emphasize
the importance of random grouping when applying mixed-method experimental designs.
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Data Collection

The study adopted a mixed-methods approach using a sequential explanatory design, as
recommended by Creswell and Plano Clark (2011). Quantitative data were collected first to
measure English language proficiency, followed by qualitative data to explore learners’ attitudes
and experiences with digital technologies.

1. Quantitative Data Collection

A structured questionnaire was administered to students before and after the intervention.
The questionnaire consisted of 12 items divided into two main sections:

1. Motivational factors influencing English language learning among basic education
students

2. Fundamental language skills (listening, speaking, reading, and writing)

The questionnaire items were adapted to suit the age and cognitive characteristics of basic
education students in Egypt.

Following the post-test, the Technology Acceptance Model (TAM) (Davis et al., 2023) was
integrated into the survey to assess:

« Perceived usefulness of digital technologies

o Perceived ease of use

« Behavioral intention to use digital tools

o Actual usage patterns during English learning

A total of 22 TAM elements were used, structured across the model’s primary dimensions (Figure
2).

2. Qualitative Data Collection
To complement quantitative results, semi-structured interviews were conducted with:
e Asample of 24 students (12 from EG, 12 from CG)
o All participating English teachers (n = 8)
The qualitative phase focused on:
o Motivation toward digital learning
o Challenges faced during technology-integrated English learning
o Perceived improvements in language skills
o Classroom engagement and autonomy

This follows Mustapha et al. (2021), who emphasize the importance of qualitative exploration to
understand learners’ digital experiences.

All data collection steps were implemented according to ethical standards and with permission
from school administrations and students’ guardians.
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Figure 2. Organization of elements included in the digital technology perception model for
basic education students in Egypt.

Instruments

The study employed a combination of qualitative and quantitative tools to measure the
effectiveness of digital technologies in enhancing English language learning among basic
education students in Egypt.

1. Qualitative Instruments

Qualitative analysis included observation, classroom monitoring, and teacher evaluation to
diagnose the development of English language skills among students. Evaluation of students’
performance was carried out using a rubric adapted to measure progress in the four main skills
(listening, speaking, reading, and writing) according to the following scale:

e 0 points — Skill not developed
e 1 point — Minimum development
e 2 points — Developed but with noticeable gaps
« 3 points — Sufficient and age-appropriate development
These criteria were applied by English language teachers trained in using digital learning tools.
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2. Quantitative Instruments

Initial and final testing was conducted to determine the impact of digital technologies on
English language learning outcomes. Unlike medical students in higher education, assessment for
basic education students was adapted to suit their age and educational stage.

Testing followed the Common European Framework of Reference for Languages (CEFR)
guidelines (Council of Europe, 2023), using standardized online placement tests suitable for
children, such as:

o Cambridge English Young Learners (YLE) online practice tests
 British Council Primary English Online Tests
These tests provided measurable indicators of improvement in:
« Vocabulary acquisition
e Reading comprehension
« Listening comprehension
o Basic speaking skills
o Grammar awareness

At the end of the experiment, students’ scores were classified into CEFR-aligned proficiency levels
appropriate for basic education (Pre-Al, Al, A2) and were compared with the initial results to
evaluate progress (Table 1).

Table 1. CEFR-Aligned Classification of English Proficiency Levels for Basic Education
Students

CEFR Level Description of Student | Skills Demonstrated
Performance
Pre-Al Students demonstrate the ability to | » Recognizing familiar

recognize and use very basic words | words and images
related to familiar topics.

* Understanding very
short and simple
instructions

* Pronouncing simple
words

e Reading very short
texts with visual support
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Al Students can understand and use | * Understanding short
simple phrases and communicate in | sentences on familiar
everyday routine situations. topics

. Using basic

grammatical structures

* Reading short and
simple texts

. Writing simple

sentences

A2 Students can handle direct |* Understanding the
communication and express basic | main idea of clear, short
needs using simple language. messages

e Communicating in
familiar classroom
situations

* Reading short texts
containing simple
information

. Writing short
paragraphs on familiar
topics

Revised Text (Aligned with the New Research Topic)

Based on the selected research tools and procedures, an appropriate methodological
framework was established to conduct this study, with the aim of confirming or refuting the
hypothesis that supplementing traditional English language classes for basic education students
with digital technologies would improve their ability to achieve age-appropriate proficiency levels
in English.

The collected quantitative data were statistically processed using IBM SPSS Statistics 22.
For statistical validation of the results, Cohen’s kappa coefficient and Pearson’s chi-squared test
were applied to examine the significance of differences between the experimental and control
groups before and after the implementation of digital tools.

To verify the reliability of the student questionnaire, Cronbach’s alpha was calculated. The
obtained reliability coefficient was 0.76, which exceeds the accepted minimum threshold of 0.70,
indicating adequate internal consistency of the questionnaire items.

Ethical Considerations

Participation of students and teachers was completely voluntary. The study adhered to
principles of fairness, transparency, and objectivity throughout all stages of implementation. Prior
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to the experiment, written informed consent was obtained from all participants (or from
parents/guardians in the case of minors). All personal data were treated as confidential and were
protected from any form of disclosure.

Results

Before and after the experiment, basic education students were tested to evaluate their
motivation and self-assessment of English language proficiency.

Table 2. Comparison of Motivation and Self-Assessment of English Language Proficiency
Among Basic Education Students Before and After the Experiment (N = 90)

Variables CG n =|CG n =|EG (n =|EG (n =
45)Before 45)After 45)Before 45)After

Motivation to learn | 2.1+ 0.6 2205 2.1+0.6 2904

English

Vocabulary self- | 1.8+ 0.5 2005 1.8+0.6 2705

assessment

Reading skills 20+0.6 21+0.6 20+£0.5 28+04

Listening skills 1.6+£05 1.7+£05 1.6+£05 2605

Speaking skills 1.5+05 1.6+04 1.5+05 24+0.5

Overall CEFR level | Pre-Al Pre-Al1-Al Pre-Al Al-A2

Revised Text (Aligned with the New Research Topic)

The obtained results of the questionnaire survey before and after the experiment provide
clear evidence regarding the impact of digital technologies on English language learning among
basic education students. A wide variation in students’ responses was observed in items related to
using English to understand school subjects more deeply (R = 58%), as well as using digital
English resources to prepare for classroom activities (R = 39%).

Overall, the responses of the experimental group (EG) were on average 19.3% higher than
those of the control group (CG), who continued learning through traditional teaching methods.
These findings indicate that digital tools contributed noticeably to increasing students’ motivation
and engagement in learning English.

However, certain items showed only minimal differences between the two groups. The
introduction of digital technologies did not significantly influence students’ perceptions of their
readiness to use English in future academic activities, as both groups demonstrated similar
improvement patterns (REG = 6%; RCG = 5%).

Likewise, both groups showed an equal increase in agreement regarding the importance of
English proficiency for future opportunities—such as communication, online learning, or exposure
to global content—where the positive responses increased uniformly (REG = 7%; RCG = 7%).
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Following the questionnaire survey, students in both the CG and EG completed pre- and

post-testing based on international guidelines for assessing English proficiency at the basic
education level.

Table 3

Test results according to the Common European Framework of Reference for Languages
(CEFR) before and after the experiment

Before After

Arithmetic | Median | Std. Arithmetic | Median | Std.

mean (u) (Me) deviation | mean (u) (Me) deviation

(o) ()

Control group | 38.40 38 8.90 40.10 40 9.20
(CG)
Experimental 39.85 40 8.30 47.95 48 6.10
group (EG)

Revised Text (Aligned with the New Study Context)

As illustrated in Table 3, the test results of the Control Group (CG) students showed very
minimal improvement (R = 1.7), indicating that traditional instruction alone had a limited impact
on developing English language proficiency among basic education students. According to CEFR-
based assessment, most CG students remained within the Pre-Al to Al range, which is consistent
with typical grade-level expectations but shows limited progress beyond the core curriculum.

This pattern suggests that students in the CG were not sufficiently motivated or supported
to advance their English skills beyond the standard classroom requirements.

In contrast, the Experimental Group (EG) demonstrated a noticeably higher level of
improvement after the introduction of digital technologies (R = 8.1). Their post-test scores
approached the upper Al and early A2 levels, indicating meaningful progress in vocabulary
development, reading comprehension, and listening skills. This significant improvement implies
that students in the EG engaged more actively in learning tasks, both inside the classroom and
during independent digital practice.

Following the testing phase, the expert panel conducted an evaluation of students’ English
language competence to assess skill development after the implementation of digital tools
(Figure3).
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Figure 3. English language competence levels of students after the introduction
of digital technologies

16

14 & Control Group
- M Experimental Group
g 12
) -
g 10
% B
3
v-g 6
=}
z 4 1
oL |
Pre-Al Al A2

CEEFR level
Rate:‘ e asatliaas adeiaia nmoccabaccecsseimnaanasetecal adlacaas ® oo

Figure 3. Distribution of expert assessment for the control and experimental groups
regarding the formation of English language competence after the experiment.

Source: Developed by the authors

The results shown in Figure 3 clearly demonstrate that students in the Experimental Group
(EG) exhibited a higher level of English language competence compared to those in the Control
Group (CG). Notably, none of the EG students received a score of “0”, indicating that all students
in this group acquired at least a basic level of competence in the targeted language skills after the
integration of digital technologies into the learning process.

These findings suggest that the interactive nature of digital tools—such as educational
applications, multimedia content, and gamified learning activitiess—enhanced students’
engagement, comprehension, and motivation. As a result, EG students achieved stronger outcomes
compared to CG students, who relied solely on traditional instructional methods.

To further investigate students’ perceptions of the implemented digital technologies, the
Technology Acceptance Model (TAM) was applied. The results of this analysis are presented in
Figure 4, which reflects students’ attitudes regarding the usefulness, ease of use, intention to use,
and actual use of digital tools during English language learning.

Figure 4. Students’ perception of the implemented digital technologies based on the TAM
model.
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85%

Perceived Usefulness (PU)
The extent to which students felt that digital technologies helped
them improve their English language learning

90%

Actual Use (AU)
The degree to which students actually used the

94%

Perceived Ease of Use (PEU)
How easy it was for students to operate and

91%

Intention to Use (IU)
Students’ willingness and motivation to continue

Figure 4. Assessment of students’ perception of implemented digital technologies according
to the TAM model after the experiment.

Source: Developed by the authors

The obtained results confirm earlier findings that the use of digital technologies in the
learning environment is perceived by basic education students more positively than traditional
teaching methods. This positive perception explains why the final English language proficiency
results of the Experimental Group (EG) were higher than those of the Control Group (CG).Figure
4 also demonstrates that students intend to continue using digital tools during independent practice
outside the classroom. It is particularly important that students found it easy and enjoyable to
transition to learning English with the support of digital applications, games, and multimedia
resources.

Statistical analysis using Pearson’s chi-squared test revealed that the values obtained for
the EG were significantly higher than those of the CG. This confirms the presence of a strong
relationship between the structured use of digital technologies and improved learning outcomes in
English language acquisition.

When calculating Cohen’s kappa coefficient, the EG displayed values ranging from 0.8 to
1.17, indicating a high effect size of the implemented digital tools. By contrast, the CG—trained
only with traditional methods—showed a coefficient of 0.5, indicating a moderate effect.

Discussion (Revised for Basic Education Students)

The results clearly show that digital technologies serve as an effective tool for both
classroom instruction and independent English language learning among basic education students
in Egypt. After completing the experimental programme, students in the EG demonstrated notable
improvements across all language skills—Ilistening, speaking, reading, and writing—reaching
CEFR levels significantly higher than those recorded in the CG.
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These findings reflect those of other researchers who emphasize the effectiveness of digital
applications, online games, and multimedia resources in supporting young learners' language
development (Rintaningrum, 2023; Konotop et al., 2021; Maszkowska, 2017).For example, Putra
et al. (2020) found that young learners who used English language learning apps for an extended
period showed higher motivation and stronger improvements in communication skills compared
to those who used them less frequently.Similarly, in the current study, EG students expressed a
clear intention to continue using digital tools to learn English beyond the duration of the
experiment.

Digital literacy also emerged as an important factor in promoting effective learning.
Several scholars stress that digital skills are essential for students growing up in a technology-
driven world (Spurava & Kaotilainen, 2023; Spante et al., 2018). Although some studies noted
limited benefits of digital tools for very young children (Waemusa & Jongwattanapaiboon, 2023),
the present study shows that when digital resources are age-appropriate and guided by teachers,
they significantly enhance learners’ motivation and skill development.

The study further supports the view that students must take responsibility for sustaining
their motivation to learn English (Rashid & Howard, 2023). Active participation in digital
activities, group tasks, games, and online interaction fosters greater confidence and competence
(Li, 2017).
Given that today’s students are “digital natives,” they are naturally inclined to benefit from online
platforms, educational games, and interactive multimedia that support language learning.

Research Limitations (Revised)

The primary limitation of this study is the use of a convenient sample of basic education
students from a single educational institution in Egypt. This may restrict the generalizability of the
findings. Additionally, the study implemented a limited set of digital technologies, which means
that the effectiveness of all available tools could not be evaluated.

Nevertheless, the study provides strong empirical evidence of the positive impact of
selected digital technologies on English language acquisition among basic education students. The
findings can guide curriculum developers, English teachers, and school administrators in
integrating effective digital tools into English language programmes.

Revised Recommendations
Recommendations

1. Future research should include larger and more diverse random samples from different
governorates and school types (government, experimental, and private) to increase the
generalizability of the findings.

2. Researchers are encouraged to test a wider range of digital technologies, such as Al-
powered language apps, interactive storytelling tools, and child-friendly virtual reality
environments, to confirm and expand the current results.

3. Teacher training programmes should be developed to ensure that basic education English
teachers can effectively integrate digital technologies into classroom instruction.

4. Schools should consider providing structured digital learning time within the weekly
timetable to strengthen students’ independent learning skills.
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5. Future research may also explore parental involvement and how home-based digital tools
support English language acquisition among children.

Revised Conclusions
Conclusions

The relevance of the present study is supported by the increasing importance of English
language proficiency for students’ academic development and future opportunities. The findings
confirmed the research hypothesis that integrating digital technologies into traditional English
language instruction significantly enhances learning outcomes among basic education students.

The results demonstrated that students in the Experimental Group (EG), who were taught
using a variety of digital tools—including mobile applications, multimedia platforms, interactive
games, and 3D visuals—achieved greater improvement in their English language skills than those
in the Control Group (CG), who were instructed using traditional methods.The EG displayed
notable progress in vocabulary, reading comprehension, listening skills, and basic speaking
abilities.

Moreover, the study showed that EG students were more motivated to continue using
digital tools after the experiment. Many students reported that learning through technology made
English more enjoyable, engaging, and easier to understand.

The novelty of this research lies in applying a structured digital learning model tailored to
the age, developmental stage, and language proficiency of Egyptian basic education students.
Unlike previous studies focusing on higher education, this study provides empirical evidence on
how digital technologies can effectively support younger learners in developing foundational
English skills.

Future research may explore the effectiveness of artificial intelligence (Al) applications,
adaptive learning platforms, or gamified English learning systems for children in basic education,
providing deeper insight into the long-term impact of educational technology.
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Abstract

Academic libraries are experiencing rapid digital transformation aimed at improving
service quality and enhancing institutional performance. In this context, the present study
investigates the impact of digital transformation and its associated challenges on performance
efficiency within the academic libraries of Menoufia University. The study examines the level of
digital transformation implementation, identifies key technical, human, and organizational
challenges, and explores its effect on service quality and user satisfaction. A descriptive analytical
methodology was employed, and data were collected through an electronic questionnaire
administered to 60 librarians and digital service staff.

Findings indicated a high level of digital transformation implementation, with an overall
mean of 3.69, and a similarly high level of digital service quality with a mean of 3.76. Results of
the multiple linear regression analysis revealed that database systems and information
infrastructure were the most influential factors affecting service quality, whereas technological
infrastructure, staff digital skills, and electronic services did not show statistically significant
effects. The study also identified several challenges facing digital transformation, including limited
technological infrastructure, insufficient staff training, and weak integration among digital
systems.

The study recommends strengthening digital infrastructure, enhancing staff digital
competencies, updating institutional policies supporting digital transformation, and investing in
the development of database systems—qgiven their central role in improving service quality and
performance efficiency in academic libraries.

Keywords:

Digital Transformation, Performance Efficiency, Academic Libraries, Digital Services,
Databases, Information Infrastructure, Menoufia University.
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