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RESEARCH TITLE

The Role of the Chadian Government in Implementing Bilingualism in
Administration: A Descriptive and Analytical Study

Abstract

This study aims to analyze the role played by the Chadian government in implementing the
bilingual system (Arabic—French) within public administration through an examination of
relevant policies, decisions, and legal frameworks. The researcher adopted a descriptive—
analytical approach based on the review and analysis of official documents, constitutions,
presidential decrees, governmental circulars, and field interviews with administrative
officials.

The study found that the Chadian government has played a central role in establishing the
constitutional and legal framework for bilingualism and has introduced institutional
mechanisms to implement it through the General Secretariat of the Government and the
Ministry of National Education and Civic Promotion. The findings also revealed that the
practical application of bilingualism still faces challenges such as weak enforcement and
slow implementation, despite the presence of political will and institutional support.
The study concludes that bilingualism represents a strategic choice to promote national unity
and linguistic equity within Chadian administration. It recommends enacting a specific law
to ensure the implementation of bilingualism, establishing a national higher school of
translation, developing bilingual educational curricula, and strengthening cooperation with
countries that have successfully implemented similar linguistic policies.

Key Words: Chadian government, bilingualism, language policy, public administration,
constitutional legislation.
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RESEARCH TITLE

The Hidden Pronoun in Arabic between Syntax and Semantics: A
Study in the Light of the Qur’anic Text

Abstract

This study examines the phenomenon of the hidden (implicit) pronoun in Arabic at the
intersection of syntactic structure and semantics, drawing on the Qur’anic text as the highest
model of eloquence. It aims to: (1) identify sites and patterns of concealment and distinguish
between obligatory and optional cases; (2) articulate the semantic bases governing
pronominal reconstruction and its relation to context; (3) reveal how concealment
contributes to the coherence of Qur’anic discourse and guides its meaning; and (4) compare
the motivations for concealment with those for explicit mention. The study adopts a
descriptive—analytical, inductive approach: it collects Qur’anic attestations and re-reads
classical and modern grammarians through a textual lens that links syntactic predication to
its rhetorical functions.

The findings indicate that concealment in the Qur’an is a deliberate mechanism rather than
arbitrary deletion. It achieves a precise balance between brevity and clarity, strengthens
textual cohesion through continuous mental reference that obviates repetition, and appears
notably in positions of subject, topic, predicate, and circumstantial clause, regulated by
morphological and contextual cues that prevent ambiguity. The study also uncovers
distinctive semantic dimensions of concealment: magnification and transcendence in divine
actions, reinforcement of cognitive presence in address, intentional generalization where
constructive indeterminacy is sought, and attention to Qur’anic cadence and rhyme. A
comparison with the overt pronoun shows that explicitness is chosen where assertion,
emphasis, or delineation is intended, whereas concealment is chosen where omission is more
eloquent and accurate in achieving the communicative purpose. The study recommends re-
reading grammatical phenomena within a semantic—discursive framework and compiling a
syntactic—semantic lexicon of Qur’anic ellipsis.

Key Words: hidden (implicit) pronoun; Arabic syntax; semantics; Qur’anic text; ellipsis;
context; brevity and clarity.
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RESEARCH TITLE

The American Aid and the Positions of Sudanese Parties: The Debate
of Dependency and Sovereignty and Its Impact on Stability (1956—
1958) — An Analytical Historical Study

Abstract

This research aims to examine the U.S. Aid controversy in Sudan (1956—1958) as a key
episode revealing the tension between national sovereignty and external influence in the
early post-independence period. The study’s significance lies in reinterpreting Sudanese
political elites’ responses to American aid as a lens for understanding how the notion of
sovereignty was negotiated within a newly independent state.

The central problem addressed is whether the U.S. aid program served as a tool for genuine
economic development or as an instrument of political dependency amid sharp party
divisions. The research employs a historical-analytical methodology based on parliamentary
records, press archives, and contemporary academic sources to trace how the debate evolved
across different political camps.

Findings indicate that U.S. aid was not purely economic but strategically linked to American
influence during the Cold War. The varying positions of the Umma Party, the National
Unionist Party, the People’s Democratic Party, and the Communist Party reflected the
conflict between national ideals and partisan interests. The study concludes that the
controversy over U.S. aid represented an early test of Sudan’s political independence,
weakened its parliamentary system, and exposed the fragility of state-building in the face of
external and internal pressures.

Key Words: U.S. Aid, Sudan, National Sovereignty, Cold War, Political Parties, Economic
Dependency, 1956—1958.
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Abstract

The current research embodies social shyness among mothers of children with special needs,
the shyness resulting from their children"s special situation in facing different social
situations that require integration with others, and the importance of the research lies in
identifying the causes of social shyness in mothers and the factors affecting the degree of
social shyness, as the research objectives were determined (measuring social shyness in the
mothers of children with special needs, and identifying the differences in social shyness in
the mothers of children with special needs according to the variables (the mother’s
educational qualification), (mother’s occupation), (number of children with special needs),
(economic level of the family), type of disability (physical, auditory, visual, speech, mental,
autism). The researcher adopted a set of previous theoretical studies in building the social
shyness scale for the current research, and the validity and stability of the scale was verified,
the scale was applied to the research sample consisting of (195) mothers of children with
special needs, and the results of the research showed that social shyness among mothers of
children with special needs is statistically significantly higher than the reference average,
and there are statistically significant differences in the degrees of social shyness between
mothers according to their educational level (mother’s certificate), and there are no
differences according to Due to the difference in the mother’s profession (housewife,
employee, self-employed), as well as the number of children with special needs may have a
partial effect on the level of social shyness among mothers, and there are differences
between mothers according to their economic status and the type of disability of their
children, and it has been concluded from the results of the research according to the
variables that the most influential variables in social shyness are (type of disability,
economic status, mother’s certificate, while the mother’s profession and the number of
children with disabilities do not show significant differences.

Key Words: Shyness, Shyness Social, Mothers of children with special needs Those with
special needs, physical disability, Mental disability, Auditory disability, Visual disability,
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RESEARCH TITLE

Teachers’ Awareness of Trauma-Informed Therapeutic
Learning Principles

Abstract

This study examines teachers’ awareness of trauma-informed therapeutic learning
principles and how these principles are applied in school settings. It starts from the premise
that the growing exposure of learners to stressors and traumatic experiences compels schools
to shift from content-driven instruction to trauma-aware pedagogy that provides
psychological safety, fosters empathic communication, and reduces behaviors that impede
learning. The study adopts a descriptive—analytical approach combining a focused review
of literature in education and mental health to construct a conceptual framework of trauma-
informed learning (safety, trust, supportive relationships, adaptability and resilience, and
holistic assessment). Building on this, it outlines a competency matrix to gauge teachers’
awareness across five domains: theoretical knowledge, classroom practices, behavior
management, school—family partnership, and trauma-sensitive assessment. The study also
proposes a practical toolkit for classroom strategies, including supportive cooperative
learning, calming routines (mindfulness and deep-breathing), play- and story-based learning,
and adapted assessment that integrates emotional and behavioral indicators alongside
academic performance.

Findings from the literature and applied models indicate that strengthening teachers’ trauma-
informed awareness correlates with improved classroom engagement, reduced anxiety and
avoidance, and higher motivation and social cohesion. The study recommends embedding
“trauma awareness” competencies into continuous professional development, establishing
collaboration protocols among schools, families, and mental-health professionals, and
adopting multi-source assessment tools to monitor learners’ academic and psychological
progress. The paper offers an actionable framework for teacher training and school policies
that support well-being and effective learning.

Key Words: Trauma-informed learning; psychological safety at school; teacher
competencies; behavior management; teacher—student relationships; trauma-sensitive
assessment; psychological well-being.
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Abstract

The study aimed to measure the impact of social studies teachers in promoting national
unity among university students in Jordan. To achieve this, the descriptive analytical
approach was followed by applying the study tool, which consisted of 20 Items that
included two domains. On 384 male and female undergraduate students at Jerash Private
University. The results showed that social studies teachers have a high role in promoting
national unity among university students. The results also showed that the level of national
unity among university students is high. The results also showed a statistically significant
impact of social studies teachers in promoting national unity among university students in
Jordan. Based on the results reached, the study recommends working to increase students'
awareness of the importance of their belonging to their cultures, their society, and their
country and their unity with this culture that supports the culture of national unity. By
activating social studies courses more comprehensively.

Key Words: Social studies, national unity, universities, university professors.
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Introduction:

The last decades of the last century witnessed successive events and rapid developments that
made the process of change inevitable in most countries of the world, and as a result, some
societies became concerned about this rapid change (Boufelja, 2015). Therefore, modern
societies became more interested in promoting the concept of national unity, and it began to
capture the attention of thinkers and workers in the educational field (Al-Harbi, 2022).
Especially in the twenty-first century's first decade, which was characterized by differences in
values and rules of behavior, the growth of violence, the disintegration of relationships, and
the intertwining of interests (Wadi, 2020).

In order for national unity to be based on awareness, it must be done through deliberate
education supervised by the state (Abdul Wahab, 2021). Through it, the citizen student is
introduced to many concepts of national unity and its characteristics, such as the concept of
the homeland, the government, the political system, society, political participation and its
importance, social responsibility and its forms, the law, the constitution, rights and duties, and
other concepts of national unity and its foundations (Al-Shorbagy, Mohamed & Khader,
2021).

There are many institutions that shape the concept of national unity and develop the feeling of
it in the individual, including the family, religious institutions, comrades, work groups,
schools, and public and private universities (Al-Suwaie, Al-Tayeb & Saliha, 2021), which are
unique in their great responsibility in developing this concept through social studies
professors in particular (Wongeh, Adeniran, & Welgba, 2022). Shaping the citizen's
personality and commitments, and providing him with the knowledge and skills necessary to
enhance this concept, universities fulfil this responsibility through directed and intended
curricula to enhance national unity (Uche, Okonkwo & Peter, 2020).

The purpose of enhancing the concept of national unity among university students is to
provide education aimed at developing the collective feeling that connects the members of the
group. fills their hearts with love for the homeland and the group and enhances the feeling of
each individual within it of belonging to his society, values, system, environment and culture
(Parchami, 2023). So that this feeling rises to the point of saturating the individual with the
culture of belonging, and this is represented in his behavior and in his defense of the values of
the group and the homeland and their gains (Ogeh & Alfred, 2023). Strengthening national
unity includes developing the individual’s knowledge of his society and his positive
interaction with its members, in a way that contributes to the formation of good citizens who
are able to judge what they encounter inside and outside their society, aware of their duties
and rights without excess or deficiency (Nwokeji & Iwunna, 2020).

Based on the nature of the university as a scientific, educational, teaching and developmental
institution, attention is always directed towards it in preparing qualified and scientific cadres,
energies and human forces (Freeh, 2021). Also, enhancing the concept of national unity and
instilling the values and beliefs of society in the souls of students and forming positive
attitudes towards it, all of this happens on the basis that these students are the wealth of the
nation and the means and goal of comprehensive development (Sirat & Nadry, 2023).

In view of the events and changes that Muslim countries have been going through recently,
difficult political and economic circumstances and a fierce attack against Islam and Muslims.
and in view of the adoption of extremist foreign thought by some, this prompted sincere
thinkers to put forward the idea of (national unity - values and constants) as a title for the
meeting of educational work leaders (Osman & Mensah, 2020). This made its echoes respond
to thinkers and researchers, and a desire to know the reality of educational curricula in an
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important matter of society, which is national unity (Kakuba, 2022). In addition, is a
contribution from the researcher to know the impact of social studies teachers in enhancing
national unity among university students in Jordan. The curricula they study contain many
knowledge, skills, values and trends that lead to developing a sense of national unity and
guiding behavior associated with this concept. This paper gains special importance in its
concept and timing.

National unity unites and brings together all the sons of one nation, no matter how different
their ideologies and intellectual orientations are, towards a positive conscience and feelings
that push and motivate them towards unified practices and behaviors towards their national
and foreign issues (Oben, 2021). It also expresses the collective feeling that connects the
members of the group and fills their hearts with love for the nation and the group, readiness to
exert maximum effort in order to build them, and readiness to die in defense of them (Ojo,
2022).

Importance of the study:

The importance of this study can be determined by identifying the concept of national unity
among university students. Moreover, it entails in terms of the importance of enhancing the
concept of national unity among university students in the Hashemite Kingdom of Jordan. In
terms of it being a continuous process to deepen the sense and feeling of duty towards society.
and developing a sense of belonging to the nation and pride in it. In addition, instilling a love
for the system and national trends, goodwill, understanding and cooperation among citizens, a
sense of unity with them, and respect for systems and instructions. To acquaint students with
their country’s institutions and civilized organizations, and that they did not come about by
chance, but rather are the result of diligent work and continuous struggle, and therefore it is
their duty to respect and observe them.

Study objectives:

The current study aims to shed light on the concept of national unity and the role of social
studies teachers in promoting national unity among university students in Jordan.

Study question:

Is there an impact of social studies teachers in promoting national unity among university
students in Jordan?

Study methodology:

The current study followed the descriptive analytical approach in achieving the study
objectives and answering its main question. The descriptive analytical approach is concerned
with describing the phenomenon in its basic form, with an interest in developing a descriptive
framework for it. Then work on collecting information about this phenomenon to identify this
phenomenon through information and identify the reasons for its occurrence and reach results
to solve this problem.

Study population:

This study was conducted on undergraduate students at Jerash Private University for the
academic year 2024/2025 AD, numbering almost 4000 male and female students.

Study sample:

The study tool was applied to a sample of 384 male and female students from undergraduate
students at Jerash Private University. They were selected using the simple random sample
method, in cooperation with social studies teachers at the university. After preparing the tool
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through Google Forms and distributing it to students.

Sample size: The sample size was determined based on the following Stephen Thompson
equation (1982):

N xp(1—-p)
[[N —1x (d? = 22] + p(1 - p)]

Where: N is the number of community members; P is the probability value if it is unknown
and equals 0.05; d is the error rate and is usually 0.05; Z is the standard score and is 1.96 for a
confidence level of 95%.

Study tools:

To collect data related to the study question, a questionnaire consisting of 20 Items was
developed and divided into two dimensions. The first dimension relates to social studies
teachers, while the second dimension covers the axis of national unity. The development of
the study tool was based on several previous studies related to the subject of the study,
namely, the study of each of

Verifying the validity of the tool for application:

The validity and reliability of the study tool were verified by following the following
procedures:

A. Content validity: The apparent validity of the study tool was verified by presenting it
to 5 arbitrators from faculty members at Jordanian private universities. To express their
opinion on the validity of the tool for application, and the extent to which the Items
belong to the dimension to which they belong. As well as their clarity and linguistic
integrity. Accordingly, the wording of a number of Items was modified, and three
Items were deleted. The final form of the tool consists of 20 Items that are valid for
application to the basic study sample. The construct validity of the study tool was also
verified by applying it to a survey sample of 30 male and female students. The
correlation coefficient of the paragraph score with the total score of the axis to which
the paragraph belongs and with the total score of the study tool was estimated, as
shown in the following Table 1:

Table 1 Correlation coefficients of paragraph scores with the domain and
the total score of the tool

NU Correlation Correlation NU Correlation Correlation
coefficient with coefficient with coefficient with coefficient with
the Domain the instrument the Domain the instrument

1 .634%* JT13%* 11 832%* 846**

2 618** J743%* 12 822 %* 847**

3 66T7** TT2H** 13 B15%* .823%*

4 .664%* JIS51%* 14 804 %* .834%*

5 2092%* JI31%* 15 813%** 852%*

6 333%* TT76** 16 B2T7** .834%*

7 307%* 820%* 17 826%* .842%*

8 242%* 802 %* 18 B11%* B0O8**

9 J792%* 791 %** 19 J784%* .866**

10 .808** 813%** 20 J781%** .830%**

First domain .866** Second domain 937%*
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The table above shows that the correlation coefficients of the study tool dimensions' scores
with the total score of the tool ranged between (0.866-0.937). The correlation coefficients of
the scores of the Items of the social studies teachers' dimension with the scores of the same
axis ranged between (0.242-0.808). And with the scores of the tool as a whole were between
(0.713-0.820), and the correlation coefficients of the scores of the Items of the national unity
dimension with the scores of the same axis ranged between (0.781-0.832). Moreover, with the
scores of the tool as a whole were between (0.808-0.866.), and they were all statistically
significant at the significance level 0.01). Therefore, it can be confirmed that the study tool
with its various dimensions and Items enjoys construct validity and suitable for application to
the basic sample.

B. Reliability: The Reliability of the study tool was verified by estimating the Cronbach's
alpha coefficient after applying it to a survey sample consisting of (30) male and female
students, as follows:

Table 2

Reliability coefficients of the study tool

NU Domain Item nu  Reliability coefficients
1 Social Studies Teachers 15 908

2 National Unity 15 907

The Tool 45 914

It 1s clear from the table above that the Reliability coefficient of the study tool was estimated
at (.914). The Reliability coefficient of the social studies teachers’ dimension ranged from
(0.908), to the national unity dimension (0.907). All of them exceeded the specified
percentage for considering the tool stable and suitable for application, estimated at (0.65)
according to Owda (2014).

The Criteria for interpreting the study tool scores:

Because the study tool followed the five-point Likert scale (strongly agree, agree, neutral,
disagree, strongly disagree), which is represented numerically (5; 4; 3; 2; 1). The following
Criteria were derived for interpreting the scores of the study tool Domain:

Table 3

Criteria for interpreting the study tool scores
NU Range Explanation

1 1.00 --- 1.79 Very Low

2 1.80 --- 2.59 Low

3 2.60 --- 3.39 Medium

4 3.40 --- 4.19 High

5 4.20 --- 5.00 Very High

Statistical methods used to process the study data:

The one-way ANOVA test was used to measure the effect of social studies teachers in
promoting national unity among university students related to the main study question. The
means and standard deviations of the responses of the study sample members were also
calculated. The validity of the tool was verified through Pearson's correlation coefficient and
its Reliability through Cronbach's alpha coefficient.

Presentation and interpretation of the study results:

The main study question: Is there an effect of social studies teachers in promoting national
unity among university students in Jordan?
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To answer this question, the means and standard deviations of the responses of the study
sample members were calculated on the tool that was developed for this purpose, and the
results were as follows:

Table 4
Descriptive statistics of the responses of the study sample members
”?“ZZlczﬂers SmdleSNational Unity
N Valid 384 384
Missing 0 0
Mean 4.5646 4.5447
Median 4.8000 4.7000
Std. Deviation 54018 50517

It is clear from Table 4 that social studies teachers have a very high role in promoting national
unity among university students in Jordan. It is also clear from the previous table that the
level of national unity among Jordanian university students is very high. This can be
explained in light of the social and national fabric that prevails in the university environment.
To verify the statistical significance of the effect of social studies teachers in promoting
national unity among university students in Jordan. The one-way analysis of variance test was
relied upon as follows:

Table 5
One-way ANOVA Test to measure the effect of social studies teachers in promoting national
unity among university students in Jordan

Sum of Squares df Mean Square F Sig.
Between Groups 90.106 10 9.011 440.184 .000
Within Groups 7.635 373 .020
Total 97.741 383

Table 5 shows that there is a statistically significant effect of social studies teachers in
promoting national unity among university students in Jordan. This result can be inferred
from the significance level (sig) value, which was less than (0.05). This confirms that social
studies teachers have an effective role in promoting the principles of national unity among
university students.

Discussion of the results:

The results of the study showed a statistically significant effect of social studies teachers in
promoting national unity among university students in Jordan. This can be explained in light
of the fact that national unity is a social issue that links the individual to his country,
environment and society (Shodunke & Subair, 2020). Therefore, these principles and values
must grow in light of citizenship knowledge. They are embodied in his behavior and
deepened in his conscience until they become part of the community entity (Femi, Ola &
Ibihunwa, 2024). Here, the role of education emerges as a tool for society to transfer cultural
heritage with all its components to members of society. The role of social studies teachers
also emerges, specifically, as one of the components of social upbringing institutions that
undertake the task of educating young people on the principles and values of national unity
(Boufelja, 2015).

Social studies teachers also play an important role in promoting the values and principles of
national unity among students, by instilling these values in them through social studies
curricula that represent social pillars that contribute to achieving social and moral balance for
students (Al-Harbi, 2022). Thus achieving comprehensive social development for them. In a

Page | 80 Humanities and Natural Sciences Journal Basma Al-Hawamdeh. December, 2025 www.hnjournal.net



HNSJ Volume 6. Issue 12

way that makes them active individuals in building society, as strengthening the values and
principles of national unity among students is one of the basic necessities that fall on the
shoulders of all university professors in general and social studies teachers in particular
(Wadi, 2020).

The process of strengthening national unity is the result of a set of efforts made by official
and unofficial community institutions, educational and non-educational (Wongeh, Adeniran
& Welgba, 2022). It cannot be learned entirely in books and curricula but rather depends
primarily on practices and applications that take place inside or outside the educational
institution (Nwokeji, & Iwunna, 2020). It is also an ongoing process; so work must be done
permanently to form the community citizen, develop his awareness of the system of his rights
and duties, consolidate his behavior and develop his level of participation in the dynamics of
the society in which he belongs (Parchami, 2023). Education on national unity is essentially
education on responsibility, as it is supposed to make the citizen fully responsible and an
effective participant in his society (Freeh, 2021).

University professors have an active role in supporting the national unity of the sons of
Jordanian society, by activating the role of religion in this, by adopting the values that religion
brought (Sirat & Nadry, 2023). It urges human goodwill, tolerance, acceptance and respect for
others, spreading peace and standing in the face of sedition (Osman & Mensah, 2020). In an
attempt to fortify the awareness of their students against the claims promoted by foreign
powers, which accuse Arab-Islamic culture of being devoid of tolerance and acceptance of
others (Oben, 2021).

The role of social studies professors in universities is also determined in promoting national
unity among university students by creating a suitable educational and learning climate or
environment that encourages these students to acquire and absorb this concept and the values

associated with it (Shodunke & Subair, 2020). The university professor being a good role
model for students achieves this. In addition, playing the role of a virtuous educator whose
personality embodies that concept and those values and is closer to democracy (Abdul
Wahab, 2021). In addition, having friendly relations between him and his students, respecting
them, listening to them and allowing them to express their opinions freely (Al-Suwaie, Al-
Tayeb & Saliha, 2021). In addition, the student activities that he practices with these students
play an important and prominent role in promoting national unity by embodying the spirit of
cooperation, volunteer work, tolerance, justice, equality and participation (Al-Shorbagy,
Mohamed & Khader, 2021).

Conclusions:

Social studies teachers play a prominent role in rooting the meaning of national unity by
instilling the spirit of initiative to work in the souls of university students. Through their
participation in charitable and volunteer work.

Recommendations:

The current study recommends working on increasing students’ awareness of the importance
of belonging to their cultures, their community, and their country, and their unity with this
culture that supports the culture of national unity. By activating social studies curricula in a
more comprehensive manner.
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RESEARCH TITLE

Voicing and Voicelessness in the Eastern Languages of Chad: An
Applied Phonetic Study on the Maba Language

Abstract

This study aims to analyze the features of voicing and devoicing in the so-called Eastern
languages spoken across northern and central Chad, with a detailed analytical application to
the Maba language (Maba). The research focuses on describing the phonemic
representations related to voicing and devoicing in the phonetic characteristics of
consonants and syllables, using acoustic (spectral and temporal) measurements to
demonstrate the morphological and phonetic differences. A field-based methodology was
proposed for data collection, and interpretive analytical samples were presented using
examples from the Maba lexicon, along with a preliminary comparison to similar patterns in
Saharan and sub-Saharan languages. The study contributes to understanding the
mechanisms distinguishing voiced and voiceless features and highlights their implications
for the phonetic conventions and sound system of the Maba language.

Key Words: voicing, devoicing, Maba, phonology, spectrographic analysis, Eastern
Chadian languages.
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RESEARCH TITLE

The Impact of Strategic Planning on Improving Project Performance
Using Artificial Intelligence Tools in Light of Saudi Arabia’s Vision 2030

Abstract

This study investigates the impact of strategic planning on improving project performance
through the adoption of artificial intelligence (AI) tools within the context of Saudi Arabia’s
Vision 2030. The research problem stems from the need of many engineering firms in the
public and private sectors to upgrade their planning and operational systems to keep pace
with technological and economic transformations. The study employs a descriptive approach
supported by an analytical-historical lens to articulate the theoretical gap between prevailing
planning practices and national vision requirements.

The main findings indicate: (1) the missions and objectives of many firms are aligned with
Vision 2030 targets; (2) shortcomings in internal and external environmental analysis
(SWOT) at some firms limit plan effectiveness; (3) underutilization of Al techniques in
strategic analysis and plan formulation; (4) a shortage of specialized expertise in strategic
planning; and (5) limited use of project performance metrics for completed projects. The
study concludes that integrating data-driven strategic planning with Al solutions for risk
prediction, resource allocation, scheduling, and analytical reporting enhances efficiency and
effectiveness and strengthens projects’ ability to achieve their objectives.

The study recommends aligning company-level missions and visions with Vision 2030
targets; institutionalizing environmental scanning; setting measurable digital strategic
objectives; broadening employee participation in plan development; recruiting specialized
planning experts; adopting Al tools across the project life cycle; and establishing a
performance indicator system to track progress and continuous improvement.

Key Words: Strategic planning; Project performance; Artificial intelligence; SWOT
analysis; Performance indicators; Saudi Vision 2030.
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Abstract

Modern agriculture relies heavily on pesticides to safeguard yields, yet their persistence,
mobility, and toxicity have made them pervasive contaminants in soils and waters.
Mounting evidence of ecological and human-health risks has spurred an urgent search for
effective, scalable removal strategies.

This review synthesizes current knowledge on pesticide occurrence, transport, and fate
across surface water, groundwater, and sediments, and appraises the health and ecological
hazards associated with major classes (organochlorines, organophosphates, carbamates,
herbicides, and fungicides). It then critically evaluates treatment approaches spanning
physical (adsorption, membrane processes), chemical/physicochemical (chlorination,
advanced oxidation including photocatalysis, Fenton, and electrochemical routes), and
biological methods (microbial degradation and engineered consortia). Adsorption—
particularly onto activated carbon and emerging low-cost/bio-based sorbents—remains the
most deployable, cost-effective option for many pesticide mixtures, with performance
governed by sorbent pore architecture and surface chemistry. Pressure-driven membranes
(nanofiltration/reverse osmosis) offer high rejection for select compounds but face fouling
and brine-management constraints. Advanced oxidation can achieve deep degradation yet
requires careful control to avoid toxic by-products. Biological treatments show promise for
specific chemistries but are sensitive to operational conditions and influent variability.
Evidence supports integrated, fit-for-purpose treatment trains that align pesticide
physicochemical properties (solubility, molecular size, reactivity) with process mechanisms,
coupled with by-product monitoring. The review highlights research gaps in real-matrix
performance, transformation-product toxicity, and lifecycle impacts, and outlines practical
guidance for selecting removal technologies that minimize risk while maintaining treatment
sustainability.

Key Words: Pesticides; water pollution; adsorption; advanced oxidation processes;
bioremediation.
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1. Introduction

Environmental contamination is a major global concern. The biosphere as a whole is
impacted by this occurrence. Given that water resources are essential to life and all human
endeavors, water pollution in particular is a major concern'.

The majority of this water—more than 140,000 cubic hectometers—is subsequently released

back into the environment, however it frequently contains pollutants or contaminants, such as
dangerous compounds, which can have detrimental effects on ecosystems and human health.
As a result, there has been an increase in interest in eliminating contaminants from water in
recent years?.

Chemical pollution of water systems is thought to be responsible for approximately 500,000
deaths. The right to clean drinking water is acknowledged as a human right by the UN.
However, due to ongoing industrial chemical leaks into water systems, frequent accidents,
and ineffective water treatment, this would not be feasible in some highly industrialized
locations. When discharged into water, several novel industrial compounds with unknown,
moderate, or long-term health impacts could go undiscovered. As the population continues to
grow, residential, agricultural, and industrial usage rises, and chemical contaminants like
pesticides, heavy metals, and medications are released into water systems? 3.

Groundwater pollution is one of the most urgent issues, and crops are currently being treated
with pesticides at a rapid speed. One of the biggest worldwide issues of the twenty-first
century is preventing water pollution. Groundwater contamination results from the untreated
absorption of wastewater in nearly every rural section of the nation. Preventing water
pollution is currently receiving a lot of attention. After being treated in certain facilities,
domestic wastewater is released. in bodies of water*. Water bodies experience some degree
of contamination at the same time. The fact that our government has made several decisions
in recent years with the primary goal of enhancing the health of water bodies is indicative of
this®>. Pesticides are useful chemicals that shield crops from human-harming pests and
diseases. Because of their advantages, they are a crucial instrument for preserving and raising
the global population's level of living. Every year, two million tons of pesticides are used
globally to manage pests, insects, and weeds. Herbicides, insecticides, rodenticides,
fungicides, and other pesticides are traditionally classified according to the target species.
With 47.5% and 29.5% of all pesticide usage, respectively, herbicides and insecticides are the
most often utilized forms of pesticides® .

Pesticide use has many advantages, including as increasing food quantity and quality and
lowering insect-borne illnesses. It does, however, raise concerns about their possible negative
impacts on the environment, particularly water resources. The persistent and widespread
characteristics of several pesticides, which have seriously harmed biodiversity, are the main
cause of the related environmental effects. The type of substance, how it is applied, and the
climate all affect how quickly pesticides degrade. Unknown to be harmful to human health,
pesticides that are difficult to break down either build up in the soil or are carried from one
place to another as degradation products. Runoff from industrial and agricultural wastewater
contributes to the prevalence of pesticides in water bodies® .

Increasing food quantity and quality and reducing insect-borne illnesses are just two benefits
of using pesticides. However, it raises questions about their potential detrimental effects on
the environment, especially water supplies. The primary source of the associated
environmental consequences is the pervasive and persistent nature of a number of pesticides
that have significantly damaged biodiversity'°.

The rate at which pesticides break down depends on the kind of material, how it is applied,
and the temperature'!. Difficult-to-degrade pesticides either accumulate in the soil or are
transported from one location to another as degradation products, which are known to be
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detrimental to human health. Pesticides are more common in aquatic bodies due to runoff
from agricultural and industrial wastes'2.

The types of pesticides identified in water bodies, their origins of contamination, their fate
and distribution in soil and water, their harmful impacts on human health, and the various
treatment options were all examined in this study!’. This review summarizes recent
advancements in water and wastewater treatment technology and thoroughly examines the
advancements achieved in water treatment, with special attention. seeks to gather the most
recent cutting-edge methods for eliminating both established and new organic pollutants from
water. It talks about the advantages and disadvantages of various purification processes and
presents their removal outcomes, tested on different contaminants, in tables so the reader can
compare them directly'.

Not the objoct of this
review

Halogenated Dyes

hydrocarbons -
» Endocrine disrupters

and Personal care
Phenols products

Aromatic hydrocarbons

Aldehyvdes Pharmaccuticals

Figure 1 Main Categories water pollutants
1.2-Causes of Agricultural Water Pollution

Humans need vegetables, lentils, beans, and other legumes in addition to non-vegetarian
meals like chicken, fish, eggs, and others because everyone requires food to thrive.
Consequently, there is a pressing need to boost agricultural output. In order to boost growth,
industrial techniques are being employed, and as a result of these agricultural practices,
pollution has risen alarmingly in recent years. This mainly affects water. Less than 1% of the
world's fresh water is found there, therefore if it gets contaminated, food demand and water
shortage would coincide. Communities and ecosystems around the world are severely
impacted by agricultural water pollution'>.

Pesticide
Drift : —— '

/' Sunlight-induced

7/ .
Precipitatior/ Volatilizatio\ / I \ ,/ Pphotodegradation
~————————  Runoffs ; ’ %
Surface water { Metabolic
1degradation
\ !
Adsorption- \ ’
Desorption o g N
Plant uptake K %

Biochemical Microbial
degradation degradation

/7 N

Leaching

——=+ Pesticide transport mechanism

Ground water - - == Pesticide degradation mechanism

Figure 2 pesticide transport mechanism
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The poisoning of freshwater supplies, both above and below ground, is making this water

issue worse. Groundwater contamination is largely caused by poor farming practices. Water
contamination is largely caused by the uncontrolled use of chemicals, such as pesticides and
fertilizers, which have become essential components of the contemporary agricultural
system!S.
Pollutants and sediments are released into the groundwater system by a variety of agricultural
operations. This contaminated water contaminates crops and spreads its detrimental effects
throughout the ecosystem when it is utilized for irrigation. Fertilizers and pesticides are the
main agricultural chemicals that contaminate groundwater!” %,

Since agriculture uses more than 70% of the freshwater on Earth, we need to address the
origins and sources of this issue. The various causes of agricultural water pollution and the
reasons behind its persistence will be discussed in this article. This pollution comes from both
point and nonpoint sources. Point sources can be identified, such as field runoff, feedlots, and
concentrated animal feeding operations (CAFOs)!®. Nonpoint sources are more difficult to
identify, unlike point sources, such as fertilizer and pesticide runoff from agricultural fields.
Pesticides are widely used in agriculture and other industries to control pests and diseases®’.
Their use has revolutionized pest management and agricultural production, but it has also
sparked worries about their future and possible effects on the environment and human health.
Since sulfur was first utilized as a pesticide in the Roman Empire thousands of years ago,
pesticides have been used. Due to technical advancements and rising consumer demand for
food supply, pesticide use has increased significantly during the past century. Among the
most used pesticides, organophosphate pesticides (OPPs) are essential for lowering pathogen
contamination and boosting output?!.
Concerns over these compounds' long-term effects on the environment and animal health
have been highlighted. The environment and human health are harmed by organophosphate
pesticides (OPPs), and both developed and developing nations find it difficult to strike a
balance between food security, environmental preservation, and public health. Numerous
physical, chemical, and biological elements affect the fate and effects of pesticides, such as
the pesticide's chemical characteristics, the weather, and the kind of soil or water it penetrates.
Through runoff, leaching, and spray drift, pesticides can have an impact on surface and
groundwater??,

1.3. Type of Pesticide Pollutants in Water

Many nations use fungicides, herbicides, and insecticides sparingly in agriculture. They can
contaminate water resources with carcinogens and other dangerous compounds that can
damage people if they are unmanaged or mislabeled®>. By eliminating weeds and insects,
pesticides can have detrimental effects on ecosystems and biodiversity. Even though previous
broad-spectrum pesticides are still widely used in affluent nations, newer, more effective
pesticides that are less damaging to people and the environment and require fewer amounts
per unit area are becoming more popular?*,

Horticulture uses large amounts of pesticide active chemicals. Worldwide, excessive
pesticide use results in serious human suffering and fatalities, particularly in agricultural
nations where defenseless livestock producers frequently employ extremely dangerous
chemicals®.

Based on the species they target, pesticides are divided into a number of different classes,
including fungicides, herbicides, and insecticides, which are primarily applied in urban and
agricultural settings. The classes and compounds of chemical fungicides, herbicides, and
pesticides are listed in Table 1. Herbicides are substances that destroy weeds and are
typically used to control the growth of plants. Insecticides are used to manage insects in
home gardens, agricultural areas, and food storage facilities. Fungicides are usually sprayed
either before or after the fungus has infected the plant species in order to prevent fungal
infection of plants or seeds®.

Furthermore, pesticides can be categorized according to how they work against pests,
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including repellant, mitigation, and annihilation. Based on their chemical makeup, pesticides
can be categorized using a more scientific approach. Prior to the 1940s, hazardous heavy
metals like arsenic, copper, lead, and mercury were used to make conventional insecticides.
Because these substances are only partially soluble in water, their residues in food pose a far
bigger risk than those in drinking water. Although they rarely contaminate groundwater,
synthetic organophosphate pesticides—Ilike the chlorinated hydrocarbons introduced during
World War II—tend to build up dangerous amounts in food chains?’.

DDT, aldrin, endrin, and chlordane are a few examples of chlorinated hydrocarbons.
Although these substances are more likely to chemically attach to soil particles, they are
comparatively insoluble in water. Synthetic organophosphate insecticides, such diazinon and
malathion, were created to take the role of chlorinated hydrocarbon pesticides®®. Although
they are still extremely hazardous to humans, organophosphorus insecticides are less common
in groundwater due to their quick environmental breakdown. Chlorinated hydrocarbons are
also being replaced by carbamate insecticides. Since soil particles are unable to absorb the
active elements of carbamate insecticides, these substances may have found their way into
surface water?’,

Human neurodegenerative disorders and changes in neurobehavioral performance and nerve
function have been linked to pesticide exposure™’.

The delayed and long-lasting effects of pesticides, along with the modest alterations in
neurobehavioral function, make studying their impact on the nervous system difficult. While
it is feasible to detect acute or chronic organ failure in animal models due to chemical
exposure, it is difficult or impossible to examine neurobehavioral function in animal models
(e.g., human-specific behaviors like speech, emotions, and personality). As a result, several
neurodegenerative illnesses or neurobehavioral disorders linked to pesticide exposure have
not yet been identified>!.

Table 1: Pesticides with their composition, health effects, and associated properties

Physical and
Pesticide Composition Exposure Effects on human chemical

health .
properties

Easily absorb by the

. Muscarinic
skin, lungs,

Organic . . syndrome, nicotine | Most are polar,
Organophos carbonaceous  and gastrointestinal _tract syndrome, effects || highly stable
horgus PROS hosphoric acid (GI), and conjunctiva o}rll the’ CNS angd g wate;
PROSPh and metabolized by . ’
derivative cviochrome P450 in teratogenic and || soluble
yto¢ carcinogenic
the liver
. . . Lipophilic,
Organic Absorption via skin, It has been linked | polar, and
. GI tract, and lungs, . .
Organochlori || carbonaceous . . to diabetes, cancer, | show high
. ingestion of .
nes compound with asthma, and growth || persistence

contaminated food,

and inhalation disorder in children | with long half-

life

cyclodiene ring

Lesser CNS
symptoms,
abdominal  pain, | Polar
behavioral change, | compound,
Absorption through | diarrhea, vomiting, | water-soluble,

Organic compound
with general
chemical  formula

Carbamates the astrointestinal || urina and have
RHNCOOR, a g lal | urnary .
o tract, lungs, and skin || incontinence, potential
derivative of .
A dyspnea, chemical
carbamic acid o
bronchospasm, reactivity
bradycardia,

hypoxemia, etc.
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Physical and
. . . Effects on human .
Pesticide Composition Exposure health chemical
properties
Natural compounds Show little
extracted from .. b
Chrysanthemum cytotoxicity ut
. . . hyperexcitability, They have known
cinerariaefolium .
and ovrethroids are target voltage-gated | to cause asthma | Readily
Pyrethrins S nthl?t]ic derivatives chloride, sodium and | and rhinitis (act as | degradable in
and o}t]" rethrins calcium channels, | an  allergen to | the presence of
pyrethroids chemical pystructuré nicotinic  receptors, | respiratory system) | light
contains an  acidic GABA-gated as well as contact || (pyrethrins)
. chloride  channels, | dermatitis
and alcohol moiety .
.~ || metabolized by
and an ester bond in CYP450
the center
Derivatives of a six-
membered
heterocyclic Human poisoning
- compound (s- is rare and might
Triazines Lok ) — _
triazine) with produce local
substitution at irritation
positions 2, 4, and
6.
Synthetic
derivatives of S-
containing
dithiocarbamates Exposure for
Eﬁglhei; Idithiocarba longer period | Less
Dithiocarbam mate Y or | Absorption is slow might produce | phytotoxic and
ates ethvlenebisdithiocar P adverse effects; | have more
ban};ate) in metabolites are | stability
) ) ) carcinogenic
conjugation  with
metallic salts of
manganese, ferric,
or zinc
Consist of an
aliphatic carboxylic
acid group in . )
Phenoxy conjugation  with Absorption in Gl
e . .|| tract, lungs,
derivatives either an aromatic neoligible i
ring (methyl gle
substituted) or
chloride

1.4-Environmental Impacts of Pesticides

There are benefits and drawbacks to using insecticides. By getting rid of the pests that
consume them, they boost agricultural yields and productivity®2. Without pesticides, pest
infestations would cause a 40% decrease in food production worldwide. Additionally, they
aid in lowering crop contamination with insect-borne aflatoxin, a carcinogen that causes liver
cancer, weakened immune systems, and stunted infant growth. Insect populations are
managed, agricultural land and forests are shielded from exotic pests, and disease outbreaks
(like malaria) are prevented. Despite these advantages, many nations have outlawed their
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usage and manufacturing because of the various issues they raise®>.

Although non-target organisms are typically also impacted, an ideal pesticide should solely
kill the target pest. Following application, pesticides may be absorbed by target organisms,
disperse into groundwater, eventually find their way to surface water bodies like rivers, lakes,
and ponds, volatilize into the atmosphere, or be absorbed by the soil and finally find their way
to non-target organisms*. Their usage seriously jeopardizes the biodiversity of plants and
animals, disturbs food webs and has detrimental effects on ecosystems. Sprayers are typically
used to apply pesticides since they are volatile compounds that evaporate into the air,
expanding their distribution area and potentially affecting creatures that are not their intended
targets. When insecticides, herbicides, and other pesticides are sprayed in this way, they affect
non-target creatures more than their intended targets. The unchecked use of pesticides poses a
major hazard to a wide range of terrestrial and aquatic animals and plants. The abuse of
pesticides has threatened the survival of some foreign species, including the bald eagle,
osprey, and peregrine falcon™.

1.5- The risks that contribute to pesticide contamination of water systems

Pesticide use and agricultural development are closely related. Although the use of
pesticides has increased crop production potential and decreased losses from pest infestations,
excessive amounts seep into groundwater and contaminate it. Pesticide persistence in the soil
i1s intimately linked to groundwater contamination. Whether a herbicide will seep into
groundwater depends on its adsorption capability. Groundwater will become contaminated by
pesticides that have poor soil surface adsorption. There have been numerous reports of
pesticide residues contaminating groundwater. Because of their high lipid solubility and
capacity to accumulate in target species, pesticides present significant health concerns to
biological systems>®.

Chronic accumulation of low doses is possible because drinking water systems may contain
trace amounts or undetectable levels of neurotoxic chemicals. Although it may happen more
frequently than anticipated, it is crucial to understand that long-term neurological effects from
persistent exposure are hard to identify. Lipophilic organochlorine insecticides, for instance,
have been shown to bioaccumulate in human adipose tissue?”’.

Given that many pesticides may bioaccumulate in human tissues, there may be a synergistic
effect between these waterborne chemicals and the body's natural metabolites. For instance, it
has been demonstrated that the organochlorine insecticide dieldrin exhibits synergistic effects
on rat thymocytes when hydrogen peroxide is present?®,

Water scarcity is predicted to affect almost 6 billion people by 2050. Implementing efficient
wastewater recycling techniques is one potential answer to this issue. Unfortunately, because
many wastewater treatment facilities have shown themselves to be ineffective at eliminating
pollutants, this method confronts unique challenges. We will need to come up with ways to
stop and lessen the acute and long-term health consequences of neurotoxic pesticides if
treated wastewater ends up becoming a source of our daily water supply and these hazardous
compounds continue to exist in water systems>’.

Prohibiting the use of potentially neurotoxic substances could be an immediate answer.
Because many pesticides have extended half-lives, there are continuous dangers from already
tainted water sources even while this strategy lessens future contamination. For instance,
DDT has a half-life of around 7 years in human tissue but roughly 25 years in the
environment because of its resilience to photooxidation and destruction*.
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4. Occurrence of Pesticide and Health Effect

Pesticide contamination is a common issue in several environmental contexts, including soil,
river sediments, groundwater, and surface water. The peculiarities of hydrological systems
and land-use contexts play a major role in the spread of various pesticides in groundwater and
streams. The most often utilized pesticides were those found in groundwater and streams41.

This proved that because pesticides move quickly and directly through surface water, they are
frequently found in surface water. The slow pace of water infiltration from the soil into the
aquifer is responsible for the minimal effect of pesticide contamination on groundwater.
However, pesticides can change, disseminate, and be absorbed due to their lengthy transit
time, making it challenging to retrieve tainted groundwater. Of the twenty-five pesticides,
eleven are often used herbicides in agriculture, seven are commonly used herbicides in urban
areas, and six are used in both urban and agricultural settings*2.

Pesticides are less frequently found in surface water and shallow groundwater in undeveloped
areas. Due to the contribution of pesticides from many sources, the frequency of pesticide
detection in watersheds draining streams in mixed land-use areas is comparable to that in
agricultural or urban settings. In a similar vein, big aquifers have higher rates of pesticide
detection in shallow groundwater. Agricultural herbicides are the most prevalent pesticides
found in groundwater and streams. Both the frequency and concentration of pesticides were
higher in urban rivers than in urban groundwater compared to agricultural areas®.

2-Methods for removal of pesticides

In order to fulfill a wide variety of pollutant levels, many technologies have been studied
over the years to remove pesticides from environmental resources. Depending on how
pesticides are decontaminated, these approaches can be roughly categorized as physical,
chemical, or biological. To eliminate impurities, physical methods rely on physical
separation techniques. The two most significant physical processes in this category are
membrane and adsorption processes. By offering size-dependent separation depending on
pore size, membranes provide a high level of selectivity. However, the constituents' attraction
for the membrane influences the rejection rate for membranes with pore diameters bigger than
the pesticide**.

Removal of Pesticides From Water

Figure 3 Mothed removal of pesticides from water

The best pressure-operated membrane technologies have been determined to be nano filtration
and ultra-low-pressure reverse osmosis membranes. Pesticides can be removed from water
using a number of different techniques. These include membrane filtering, photochemical
degradation, chlorination, biological treatment, and sophisticated oxidation mechanisms like
the Fenton reaction. The pros and cons of each of these various technologies are shown in.
However, adsorption onto activated carbon is the most popular and successful technique for
containing pesticides found in rivers®.
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2.1- Adsorption

A variety of chemical substances can be successfully removed from aqueous systems using
adsorption, a reasonably easy, inexpensive, and energy-efficient technique. However, the
intrinsic characteristics of the adsorbent materials, such as particle diameter, pore size, and
chemical/thermal stability, determine how effective the procedure is. one of the most popular
techniques for purifying water, and it works especially well when smart materials like stimuli-
responsive polymers and nano composites are used. Through the adsorption process,
contaminants stick to the adsorbent's surface and are effectively extracted from the water.
Graphene oxide's vast surface area, functional groups, and flexibility to respond to particular
pollutants for instance, because of their huge surface area and abundance of oxygen-
containing functional groups that establish strong interactions with metal ions like lead,
arsenic, and mercury, nano composites are very effective adsorbents.

Similarly, they have a high adsorption capacity for organic pollutants like dyes and
medications because of their unique surface chemical characteristics. By altering the
chemical makeup of the sorbent materials' surface, contaminants can be targeted*®.

® @
?? ® @ > Adsorbate
L 1 ?
@ @ (X S S & & > Binding sites
[ 1
Adsorbent surface Adsorbent surface
Van der Waals interactions occur Chemical bonds are formed between
between the adsorbate and the the adsorbate and the surface of the
surface of the adsorbent adsorbent

Figure 4 Illustration of the adsorption in mono and multilayer
2.3- Activated carbon:

Production and use considerations. the impact of pore structure on activated carbon
adsorption. One of the key elements influencing the adsorption process is the pore size
distribution of activated carbon. The percentage of the total pore volume that an adsorbent of
a specific size may access is determined by the pore size distribution of activated carbon.
While

Synthetic organic compounds compete with naturally occurring dissolved organics, which are
made up of tiny molecules with low molecular weight, in freshwater purification.

The adsorption of low-molecular-weight adsorbents is improved by the microporous character
of activated carbon; however, the adsorption of bigger molecules necessitates an adsorbent
with larger pores, such as mesopores and occasionally macropores. Additionally, adsorption
energies are higher in micropores because of the size of pesticide molecules. Additionally,
molecules that are comparable in size to the pores are thought to exhibit preferential
adsorption because of the many points of contact between the molecule and the adsorbent*’.

The enhanced adsorption forces in micropores are responsible for the increased cross-
potential forces, which arise from the distance between opposing pore walls being somewhat
larger than the diameter of the adsorbent molecule. Additionally, because of the incredibly
sluggish mass transfer through the micropores, the presence of merely micropores can have a
significant impact on their performance in relevant processes. The preparation conditions are
selected to incorporate mesopores as additional low-resistance transport channels within the
micropore space in order to enhance the transport characteristics of microporous materials.

This is because of its high adsorption capacity, large surface area, and the presence of certain
functional groups that provide the carbon surface characteristics that improve adsorption.
Because of these factors, attempts are being made to modify the surface chemistry and pore
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structure of activated carbon. This can be accomplished by the use of different product
modifications or the implementation of a production process under carefully chosen
conditions. The objective is to produce an adsorbent that is extremely successful at
eliminating different compounds from water, including pesticides, regardless of the technique
employed*.

2.4. Biological Treatment Techniques

Pesticide-digesting microorganisms are utilized in a assortment of bio-purification
frameworks (BPS) to treat wastewater containing pesticides. In arrange to move forward soil,
microorganisms, and pesticide maintenance, bio-mixtures are frequently composed of humic-
rich materials. Both innate and outside microbes may be found within the bio-mixture. Tests
of soil taken from pesticide-rich zones will have adjusted microorganisms that would be more
valuable as endogenous biodegrading microorganisms. Be that as it may, certain outside
species may be received since a few endogenous species have biomass limitations. It is vital
to keep in mind that pesticides are troublesome to assimilate. Anaerobic and high-impact
medications are the two categories of natural treatment. It is known that high-impact
treatment is used to handle dechlorinated pesticides included in bug sprays. The procedure
combines the hydroxylation of the chlorophenol with the oxidation and cleavage of the ether
bond to produce chloro-catechol. Once the aromatic ring is opened, the chemical can be easily
broken down into carbon dioxide and water by a typical bacterial digesting system*.

2.5- Physical Treatment Techniques

Wastewater treatment facilities make extensive use of membrane filtering technology.
Filtration can be used at any point in the water treatment process, depending on the membrane
types and the target contaminants. The membrane cut-off size determines the kind of
filtration. For the elimination of bacteria, viruses, and big organic molecules, nano-filtration
membranes with pore diameters between 10-2 and 10-3 um are perfect. elimination of big
organic compounds, viruses, and bacteria have assessed four distinct kinds of polyamide
nanomembranes for the filtration of atrazine and di methoate, an organophosphate pesticide.
The World Health Organization (WHO) has established maximum limits for both pesticides
in water50 since they are considered public health hazards™.

Physical Chemical Biological
K Soil washing \ ( Oxidation \ = Land farming
- Solvent extraction = Microbes
) = Reduction = Compostin
= Photodegradation E 2
= Algae
- Zero-valent iron - Fungi
= Incineration = Plants
s Therinal = Slurry bioreactor
X = Biobeds
\ Kesorption / \ / = Vermiremediation
Factors Limitations
K pH \\ /0 Secondary waste \
= Temperature = Longer duration
= Soil characteristics = Chemical
= Microorganisms requirements
= Moisture content = Expensive
= Redox status = Safe disposal
;\~ Nutrient condition / \ ‘/

Figure 5 Different mothed to remove pesticides .
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The laboratory experiment evaluated the filtration capacity of the tested membranes, in which
the quantities of pollutants were tested using high-performance liquid chromatography
(HPLC). The best membrane among the four tested was NF90, with a retention rate of 85%
for dimethoate and 95% for atrazine. The initial concentrations of the two pesticides were
tested at 2 and 20 mg/L, respectively®'.

Doiron and isoprotorone, two phenylurea herbicides, may be removed from rural field water
using nanofiltration technology at a starting concentration of 2 mg/L. When invert osmosis
was combined with a lean polyamide composite layer, the pesticide rejection rate exceeded
95%. Although the membrane's dismissal rate for diuron was consistently lower than for
isoprotorone, the results seemed to indicate that the film used for isoprotorone filtering
generated more contamination than the layer used for diuron. Therefore, it is essential to
design wastewater treatment facilities that use a mix of physical, natural, and/or chemical
treatment techniques to ensure that safe toxins, like pesticides, are reduced to the required
levels after recent release.>2.

The use of integrated technologies is the optimal approach for designing methods to remove
and mitigate the negative impacts of environmental and public health pollutants, such as
pesticides. This review covered the treatment of various types of pesticides from water. The
removal rate of 76 pesticides from water was assessed using different technologies; these
included 25 herbicides, 27 insecticides, 20 fungicides, one bactericide, one algaecide, one
molluscicide, and one nematode. It is worth noting that studies on the biological treatment of
pesticides have focused on herbicides and insecticides due to their direct impact on the
biomass of bacterial communities.

When diverse water treatment innovations were tried, expulsion rates shifted. It is critical to
note that evacuation rates alone are deficiently to decide the adequacy of these advances in
detoxifying water in large-scale tests. Hence, confirming the nearness of harmful treatment
byproducts, particularly within the case of chemical medications, is significant before
adopting any innovation. Within the case of atrazine, Figure 12 illustrates the diverse
evacuation rates gotten utilizing the foremost viable innovation. This comparative evacuation
examination is fundamental when selecting treatment strategies for wastewater treatment>>.

Conclusion:

The utilize of pesticides is unavoidable to preserve nourishment grain generation and meet
increasing request. Therefore, there's a got to find ways to evacuate toxins without hurting
living life forms. Assimilation shows up to be one of the foremost successful disinfection
methods. Conventional manufactured absorbents are costly and troublesome to arrange of
securely. In differentiate, numerous characteristic items are disposed of within the ground or
burned for their fuel esteem. Distributed thinks about have highlighted the benefits of
characteristic strategies. Pesticide treatment requires careful logical investigation different
pesticides have distinctive chemical and physical characteristics, hence they have diverse
natural destinies The key to planning the most excellent wastewater treatment prepare is to
connect the toxin physical and chemical characteristics with its natural destiny, counting
solvency, atomic weight, water. This survey depicts different strategies for evacuating
pesticides from the environment. The nature of pesticides, how they reach diverse parts of the
biological system, and their different wellbeing impacts are examined. The ecologically
inviting properties of adsorption utilizing economical materials and their preferences
compared to other pesticide evacuation methods are too highlighted.
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Abstract

This study aims to construct an integrative explanatory model in Cyberpsychology,
entitled “The Cyber Life Cycle”, which describes the psychological, emotional, and
behavioral evolution of the human self within digital environments as a dynamic, spiral
process that transcends linear conceptions of adaptation and recovery.

The model assumes that the transition from technological dependency to digital
sovereignty can be interpreted through the sevenfold theoretical integration of Flow Theory,
Online Disinhibition, Social and Digital Identity, Fear of Missing Out (FOMO), Behavioral
Addiction, Psychological Defense Mechanisms, and Familial/Social Digital Support.

Using an analytical-synthetic conceptual approach, the study reconstructs the
developmental stages of the digitally dependent self and the mechanisms of emotion
regulation through the digital medium.

Findings reveal two intertwined pathways — the Privacy Path and the Disclosure
Path — both leading to digital dependency before converging into a corrective process based
on Digital Emotional Intelligence and the philosophy of Joy of Missing Out (JOMO). These
serve as key mechanisms for restoring emotional balance and digital sovereignty.
The paper proposes, therefore, a human-centered vision of Cyberpsychology grounded in
digital resilience and mindful attention, offering new directions for digital education and
mental well-being in technologically mediated societies.

Key Words: Cyber Life Cycle; Digitally Dependent Self; Emotion Regulation through the
Medium; Digital Emotional Intelligence; FOMO; JOMO.
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Abstract

This study examines the requirements for implementing job rotation in the management of UNRWA
schools in the southern governorates of Palestine, in light of growing calls to use job rotation as a
tool for improving school performance and developing human resources. The study aims to clarify
the conceptual framework of job rotation and to identify the administrative, technical, and human
requirements necessary for its implementation at the level of school principals in UNRWA schools
in the southern governorates.
The researchers adopted a qualitative approach. The study population consisted of all Area
Education Officers of UNRWA in the southern governorates of Palestine for the academic year
2022/2023 (11 officers), while the sample was limited to 8 Area Education Officers, of whom 7
actually responded, representing 87.5%. A semi-structured open interview was used as the main
instrument, built around a central question that addressed job rotation requirements in three main
domains: administrative requirements, technical requirements, and human requirements. The
collected data were analyzed qualitatively based on frequencies and shared themes.
The findings revealed that job rotation in the management of UNRWA schools in the Gaza
governorates has not previously been implemented in a systematic manner, and that the availability
of a set of requirements is a necessary condition for its successful adoption. At the administrative
level, the study highlighted the need for a clear vision and an approved policy for job rotation, the
development of explicit criteria and a prior implementation plan, analysis of the internal and
external school environment, and linking job rotation to career paths and incentive systems while
avoiding its use as a punitive measure. At the technical level, the requirements focused on training
school principals nominated for rotation, establishing a clear and continuous system for follow-up,
evaluation, and feedback, disseminating success stories, and identifying training needs. At the
human level, the requirements included involving principals in the rotation decision, forming
supportive teams for them, reconciling job rotation demands with human and social considerations,
and strengthening principals’ conviction of the positive impact of rotation on productivity and
experience acquisition. The study recommends adopting an institutional policy for job rotation in
UNRWA schools, supported by expert committees, training programs, and monitoring and
evaluation mechanisms that ensure the sustainability and effectiveness of implementation.

Key Words: job rotation; implementation requirements; school management; UNRWA
schools; human resource development.
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Abstract

The paper aimed to shed light on the concept of Management Information Systems (MIS)
and how they can be utilized to achieve organizational effectiveness in service institutions,
enabling the delivery of services that meet customer expectations. The central problem
addressed in the paper is whether MIS contributes to organizational effectiveness in the
service sector in Sudan.

The researcher employed the deductive approach to formulate hypotheses, followed by the
descriptive method to describe the current state of the sector and the phenomena and facts
related to the topic, and then the inductive method to analyze data in order to reach
conclusions. Primary data were collected using observation, reports, and questionnaires,
while secondary data were obtained from books, references, journals, previous studies, and
the Internet.

Several hypotheses were selected to achieve the objectives of the paper, including the
existence of a statistically significant relationship between MIS and organizational
effectiveness, and a statistically significant relationship between internal environmental
factors and MIS.

The study reached several findings, including the existence of MIS in a number of service-
sector institutions covered in the paper, albeit with varying levels of implementation, and
that these systems are not utilized as required. The study also found that some institutions
view MIS merely as technology that facilitates workflow. Moreover, the study confirmed a
statistically significant relationship between MIS and the achievement of organizational
effectiveness, as well as the influence of the environment on the required use of MIS, noting
that achieving organizational effectiveness becomes difficult in the absence of an effective
information system.

The study concluded with several recommendations, the most notable of which is that the
sector should fully utilize technological tools and resources to establish MIS. Senior
management in service institutions should leverage MIS to achieve organizational
effectiveness, thereby enabling institutions to provide services that meet customer needs.
Finally, the study recommended that universities and research institutes supervising such
studies ensure their publication through media channels and specialized journals to
maximize benefit.

Key Words: Management Information Systems, Organization, Organizational Effectiveness.
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RESEARCH TITLE

The Importance of Developing Listening SKkills in Teaching Arabic to Non-
Native Speakers Using Modern Methods: Video Clips as a Model

Abstract

This study aims to highlight the importance of developing listening skills in teaching Arabic
to non-native speakers, as listening represents one of the fundamental pillars for language
acquisition and the foundation upon which other linguistic competencies grow. The research
is grounded in the fact that listening is the first gateway to linguistic communication and
precedes other skills in development, a notion supported by educational studies and Qur’anic
texts that emphasize the centrality of hearing as an essential means of perception and
comprehension.

The descriptive method was employed to analyze the concept of listening, its significance,
and the impact of integrating modern techniques in teaching it—particularly video clips,
which provide an integrated audiovisual environment that enhances comprehension and
supports the development of other language skills such as reading, speaking, and writing.
The findings indicate that visual-auditory content offers realistic contexts for language use,
increases learner motivation, and enriches cultural understanding, especially when
interactive video is employed to allow active learner participation and control.

The study concludes that the use of modern technologies, especially video clips,
significantly improves listening skills among learners of Arabic as a foreign language and
enhances their communicative competence. It also emphasizes the importance of selecting
appropriate educational materials, training teachers to employ digital tools effectively, and
integrating interactive videos into curricula to improve learning outcomes.

Key Words: Arabic language, language skills, listening skill, video clips, teaching Arabic to |
non-native speakers.
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Résumé

Introduction: Les conflits persistants exposent tragiquement les humains a des violences,
notamment 1'exploitation sexuelle des enfants, un probléme de santé publique aux conséquences
graves, utilisée comme une arme de guerre stratégique. Cette recherche espere fournir des
recommandations concretes pour renforcer leur protection.

L’Objectif de I’étude visait de comprendre le vécu des enfants survivants de 1’exploitation
sexuelle et de renforcer leurs capacités de le prévenir.

Matériel et méthodes: Il s’agissait d’'une étude qualitative transversale de type phénoménologie
qui avait ciblé 30 survivants dans la zone de santé¢ d’Oicha, au Nord Kivu, en République
démocratique du Congo.

Résultats: L’étude avait révélé une vulnérabilité marquée des 28 filles et 2 gargons survivants. La
pauvreté, les conflits armés, l'ignorance des lois et des droits et I'impunité ont été des facteurs clés
contribuant & I’exploitation sexuelle. Les survivants ont subi divers types d'exploitation par des
positions de pouvoir, des proches, et des réseaux, souvent impliquant des drogues et des
manipulations psychologiques. Les conséquences ont compris des grossesses non désirées, des
infections sexuellement transmissibles, des traumatismes physiques et psychologiques, ainsi que
des impacts socio-économiques tels que le rejet social et la discrimination. Les survivants ont
montré une capabilité¢ potentielle qu’il faut renforcer, d’accéder aux soins, psychologiques,
juridiques et de réinsertion sociale.

Conclusion: les interventions multisectorielles sont nécessaires pour renforcer les stratégies de
prévention de I’exploitation sexuelle des enfants et améliorer leur santé sexuelle ainsi que leur
protection.

Mots Clés: Vécu, prévention, Exploitation sexuelle, enfants, ZSR Oicha.
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RESEARCH TITLE

Analysis of Experiences and Prevention Strategies for Sexual Exploitation
Among Children Aged 10 to 17 During Armed Conflicts: A Capabilities
Approach in the Rural Health Zone of Oicha, North Kivu, DR Congo.

Abstract

Introduction: Persistent conflicts tragically expose people to violence, including the sexual
exploitation of children, a serious public health problem used as a strategic weapon of war. This
research aims to provide concrete recommendations to strengthen their protection.

The objective of this study was to understand the experiences of child survivors of sexual
exploitation and to strengthen their capacity to prevent it.

Material and Methods: This was a qualitative transversal a phenomenological approach. The
study targeted 30 survivors in the Oicha health zone, North Kivu, Democratic Republic of Congo.
Results: The study revealed marked vulnerability among the 28 surviving girls and 2 surviving
boys. Poverty, armed conflict, ignorance of laws and rights, and impunity were key factors
contributing to sexual exploitation. Survivors suffered various forms of exploitation from positions
of power, relatives, and networks, often involving drugs and psychological manipulation.
Consequences included unwanted pregnancies, sexually transmitted infections, physical and
psychological trauma, and socioeconomic impacts such as social rejection and discrimination. The
survivors demonstrated a potential capacity, which needs strengthening, to access psychological,
legal, and social reintegration care.

Conclusion: Multisectoral interventions are necessary to strengthen strategies for preventing the
sexual exploitation of children and to improve their sexual health and protection.

Key Words: Lived experience, prevention, sexual exploitation, children, Oicha SRZ.
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1.Introduction

Les conflits armés engendrent des conséquences humaines, sociales et économiques dramatiques,
parmi lesquelles I’exploitation sexuelle des enfants figure parmi les plus graves. Dans de nombreux
contextes de guerre, les enfants agés de 10 a 17 ans deviennent des cibles faciles pour les groupes
armés, les trafiquants et méme certaines communautés fragilisées par la pauvreté et I’insécurité. Ces
enfants subissent diverses formes d’exploitation sexuelle : viols, esclavage sexuel, mariages forcés,
ou encore prostitution de survie. Le vécu de ces enfants est marqué par des traumatismes physiques et
psychologiques profonds, la perte de repéres sociaux, la stigmatisation et la marginalisation [1,2].

Dans le monde entier, les conflits armés continuent d’affecter gravement les populations civiles, et les
enfants en sont parmi les principales victimes. Parmi les multiples formes de violences subies,
I’exploitation sexuelle des enfants agés de 10 a 17 ans demeure I'une des plus cruelles et les plus
dévastatrices. Utilisée comme arme de guerre, moyen de domination ou stratégie de survie, cette
exploitation prend diverses formes : viols, esclavage sexuel, prostitution forcée, mariages précoces ou
exploitation par des acteurs armés. Les approches classiques de prise en charge, centrées sur la
réparation ou la protection, peinent a restaurer pleinement les droits, la dignité et I’autonomie de ces
enfants. D’ou la nécessité d’adopter une perspective nouvelle : I’approche par les capabilités, qui
s’intéresse aux libertés réelles et au pouvoir d’agir des individus [3.4].

En France, Méme si la France n’est pas directement confrontée a des conflits armés sur son territoire,
elle est fortement impliquée dans 1’accueil et la prise en charge des enfants réfugiés, demandeurs
d’asile ou déplacés issus de zones de guerre. Parmi ces enfants, certains ont été victimes ou témoins
d’exploitation sexuelle dans les contextes de conflits armés, tandis que d’autres subissent des formes
d’exploitation sexuelle sur le sol frangais, souvent en lien avec la migration, la traite des étres
humains ou la précarité. Ces enfants, agés de 10 a 17 ans, présentent des vécus complexes marqués
par les traumatismes, la perte des repéres familiaux, la stigmatisation et la difficulté a se reconstruire
dans un nouvel environnement culturel et social [5,6].

Le Canada, pays reconnu pour son engagement en faveur des droits humains et de la protection de
I’enfance, accueille chaque année un nombre croissant d’enfants réfugiés ou demandeurs d’asile
provenant de zones de conflits armés. Plusieurs de ces enfants, agés de 10 a 17 ans, portent les
séquelles physiques, psychologiques et sociales de violences subies, notamment 1’exploitation
sexuelle, utilisée dans certains contextes de guerre comme instrument de terreur, de domination ou de
survie. Bien que le Canada dispose d’un cadre juridique avancé et de politiques publiques axées sur la
protection de I’enfance, la lutte contre la traite et 1’exploitation sexuelle des mineurs demeure un
enjeu majeur [7,8].

Le Japon, bien qu’épargné par les conflits armés sur son territoire depuis plusieurs décennies, est
confronté a des défis croissants en matiere de protection des enfants contre 1’exploitation sexuelle. En
tant que pays développé et acteur humanitaire mondial, il accueille un certain nombre d’enfants
réfugiés ou demandeurs d’asile venant de zones de guerre (principalement d’Asie, du Moyen-Orient
et d’Afrique), dont plusieurs ont subi des formes d’exploitation sexuelle liées aux conflits armés. Ces
enfants arrivent souvent avec des traumatismes profonds, une perte de reperes culturels et un besoin
urgent de soutien psychosocial et éducatif [9,10].

L’Australie, en tant que pays stable et développé, n’est pas directement touchée par les conflits armés
sur son territoire. Toutefois, elle accueille de nombreux enfants réfugiés, demandeurs d’asile ou
migrants provenant de régions en guerre (notamment d’Asie du Sud-Est, du Moyen-Orient et
d’Afrique), dont certains ont été exposés a des violences sexuelles et a I’exploitation durant les
conflits ou sur les routes migratoires. Ces enfants, agés de 10 a 17 ans, arrivent souvent avec des
traumatismes physiques et psychologiques, des ruptures familiales et un sentiment de vulnérabilité
accru face a un environnement nouveau et complexe. Malgré un cadre juridique solide et des
politiques publiques engagées pour la protection de I’enfance et la lutte contre la traite des étres
humains, 1’Australie fait face a plusieurs défis : la détection tardive des cas d’exploitation, la
stigmatisation sociale, les difficultés d’accés a des soins spécialisés pour les jeunes réfugiés et le
manque de dispositifs de prévention adaptés a la diversité culturelle [12].
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Le Kenya, bien que relativement stable sur le plan politique, est confronté a des situations de conflits
internes, de violences communautaires et de flux migratoires provenant de régions en guerre,
notamment la Somalie, le Sud-Soudan et certaines zones de 1’Afrique de I’Est. Ces contextes
exposent les enfants agés de 10 a 17 ans a des risques accrus d’exploitation sexuelle, que ce soit au
sein de leurs communautés ou en tant que réfugiés et déplacés. L’exploitation sexuelle peut se
manifester sous différentes formes : mariages précoces, prostitution de survie, abus dans les camps de
réfugiés, ou encore exploitation par des réseaux criminels. Les enfants survivants vivent des
traumatismes physiques et psychologiques profonds, ainsi qu’une marginalisation sociale qui
complique leur accés a 1’éducation, a la santé et a la protection juridique. Les dispositifs de
prévention et d’accompagnement existants, bien qu’actifs, restent souvent insuffisants, fragmentés ou
mal adaptés aux besoins spécifiques des enfants exposés aux conflits et a I’exploitation sexuelle [13].

La République Démocratique du Congo (RDC) est depuis plusieurs décennies marquée par des
conflits armés récurrents, notamment dans les provinces de 1’Est, qui affectent gravement la
population civile. Les enfants, en particulier ceux agés de 10 a 17 ans, constituent I’un des groupes les
plus vulnérables a I’exploitation sexuelle, utilisée parfois comme arme de guerre, moyen de survie ou
instrument de domination par certains groupes armés. Les enfants survivants a ces violences subissent
des traumatismes physiques, psychologiques et sociaux majeurs. Ils sont souvent stigmatisés,
marginalisés et ont un acces limité aux services de santé, d’éducation et de protection juridique.
Malgré la présence de cadres législatifs nationaux et de dispositifs mis en place par le gouvernement,
les ONG et les partenaires internationaux, la prévention de I’exploitation sexuelle reste insuffisante et
fragmentée, et les enfants eux-mémes sont rarement considérés comme acteurs potentiels de la
prévention.

Le Nord-Kivu, province de I’Est de la République Démocratique du Congo, est depuis plusieurs
décennies le théatre de conflits armés récurrents impliquant divers groupes armés. Ces conflits
entrainent des violations graves des droits de 1’enfant, parmi lesquelles I’exploitation sexuelle figure
parmi les plus préoccupantes. Les enfants agés de 10 a 17 ans sont particulierement vulnérables,
subissant des violences sexuelles sous forme de viols, mariages forcés, prostitution de survie ou
exploitation par des milices locales. Les conséquences pour ces enfants sont profondes : traumatismes
physiques et psychologiques, stigmatisation sociale, marginalisation et interruption de I’éducation.
Bien que des dispositifs de protection existent a travers les politiques nationales, les actions des ONG
et les interventions communautaires, elles restent souvent insuffisantes, dispersées et peu adaptées
aux réalités locales. La prévention de I’exploitation sexuelle chez ces enfants est donc limitée, et leur
potentiel a devenir acteurs de leur propre protection est rarement exploité [14].

Dans la zone de santé rurale d’Oicha, au Nord-Kivu, les guerres récurrentes, les déplacements de
populations et la pauvreté généralisée fragilisent les structures sociales et communautaires de
protection de 1’enfance. Cette situation expose davantage les enfants, particuliecrement ceux agés de
10 a 17 ans, a I’exploitation sexuelle, souvent utilisée comme arme de guerre, moyen de survie ou
forme de domination. Les enfants survivants de ces violences vivent non seulement des traumatismes
physiques et psychologiques profonds, mais se heurtent aussi a la stigmatisation, a 1’exclusion sociale
et a un manque d’acces aux services de prise en charge adaptés. Par ailleurs, les stratégies de
prévention mises en ceuvre par les familles, les communautés et les institutions restent souvent
limitées, fragmentées ou mal adaptées au contexte local. Face a ce constat, il apparait nécessaire
d’analyser non seulement le vécu de ces enfants, mais aussi les capacités individuelles et collectives
susceptibles de favoriser leur résilience et leur participation a la prévention de ce fléau. L’approche
par les capabilités, centrée sur 1’autonomie, la dignité et le pouvoir d’agir des individus, offre un
cadre pertinent pour comprendre comment ces enfants peuvent redevenir acteurs de leur propre
protection et de la reconstruction sociale. La question de I’étude était de savoir comment les enfants
survivants de I’exploitation sexuelle vivent-ils leur expérience en période de conflits armés, et de
quelle maniére peuvent-ils contribuer a la prévention de ce fléau dans la zone de santé rurale d’Oicha.
L’hypothese principale est que les enfants survivants de 1’exploitation sexuelle en période de conflits
armés connaissent des difficultés psychosociales majeures, mais avec un accompagnement approprié
(psychologique, social et éducatif), ils peuvent devenir des acteurs clés dans la sensibilisation et la
prévention de 1’exploitation sexuelle dans la zone de santé rurale d’Oicha [15].
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Objectifs de I’étude
Objectif général

Analyser le vécu des enfants 4gés de 10 a 17 ans confrontés a 1’exploitation sexuelle en période de
conflits armés et examiner les stratégies de prévention et de capabilit¢ mises en ceuvre a travers
I’approche par les capabilités dans la zone de santé rurale d’Oicha.

Objectifs spécifiques

1.Décrire les variables sociodémographiques relatives a I’exploitation sexuelle subie par les
enfants agés de 10 a 17 ans en période de conflits armés dans la zone de santé d’Oicha.

2.Identifier les variables liées a D’exploitation sexuelle, aux stratégies de prevention et des
capabilités contre ce fléau.

2.Matériel et méthodes
2.1. Cadre d’étude

Notre ¢tude était menée dans la zone de santé rurale d’Oicha située dans le Territoire de Beni au
Nord Kivu en République Démocratique du Congo, couvre une superficie de 1.656 Km?, située a la
latitude Est 77696,989 m, longitude Nord 780671,652 m, altitude 1050,9 m avec une précision de
1,5 m avec une population de 341.730 habitants répartis dans 27 aires de santé.

CARTE ZONE DE SANTE RURALE OICHA

S
NS \
N Z.S. BOGA

Z.S. LOLWA 15

Z.S. BENI
Figure 1. Carte postale de la zone de santé rurale d’Oicha.

2.2. Type et période de I’étude

La présente étude était transversale de type phénoménologique effectuée sur une période d'un mois,
soit du ler au 30 mars 2024.

2.3. Population d’étude et taille de I’échantillon

La population cible de I’étude était constituée des enfants survivants d’exploitation sexuelle dans les
zones de santé¢ d’Oicha agés de 10 a 17 ans, ayant consulté¢ au moins une fois le service de prise en
charge médicale et psychologique de I’hopital Général de Référence d’Oicha depuis une année, dans
la période allant de janvier 2023 & Janvier 2024. La taille de 1’échantillon est de 30 survivants
d’exploitation sexuelle qui étaient retenu aprés saturation et redondance lors de I’entrevue semi
dirigée.

2.4. Technique de I’échantillonnage

L’échantillonnage était intentionnel, les participants était choisis délibérément parce qu’ils sont
directement concernés par le phénomene étudié en se basant aux criteres de sélection qui avait permis
de sélectionner des enfants agés de 10 a 17 ans ayant vécu ou ayant été exposés a des situations
d’exploitation sexuelle, afin de recueillir des informations détaillées et pertinentes. Mais aussi nous
avions fait usage a I’échantillonnage par saturation : Dans les études phénoménologiques, le
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nombre de participants n’est pas fixé a I’avance, nous avions continué les entretiens jusqu’a ce
que les informations recueillies étaient devenues redondantes, c’est-a-dire que plus aucun
nouveau théme ou expérience n’émerge (saturation des données).

2.5. Critéres d’éligibilité
Criteéres d’inclusion : Tous les enfants agés de 10 a 17 ans, survivants de 1’exploitation sexuelle
depuis Janvier 2023 jusqu’a Janvier 2024, ayant bénéficié de la prise en charge médicale et
psychologique a I’HGRO, vivant dans la zone de sant¢ d’Oicha, qui avaient manifesté leur

assentiment et dont leurs tuteurs ou leurs parents avaient signé les fiches de consentement en y
apposant leurs signatures, avant de participer a 1’étude.

Critéres d’exclusion : Les enfants survivants exploités sexuellement qui n’avaient pas consulté
I’HGR Oicha, n’habitaient la zone de santé rurale d’Oicha ; toutes les enfants survivantes exploités
sexuellement mais qui n’avaient pas particip¢ a 1’étude ; toute personne d’age supérieur ou égale a
18 ans d¢ja exploitée sexuellement, tous les enfants qui n’ont jamais été exploités sexuellement dans
la zone ou en dehors de la zone de santé d’Oicha.

2.6. Variables de I’étude
Variable dépendante : Vécu et stratégies de prevention de 1I’exploitation sexuelle chez les enfants

Variables indépendantes : Variables sociodémographiques, variables liées a I’exploitation sexuelle,
variables liées aux stratégies de prevention et variables liées aux capabilités.

2.7. Outils de collecte et procédure de collecte des données

Pour atteindre les objectifs de cette étude, nous avons utilisé des entretiens semi-dirigés, permettant
de recueillir des informations détaillées et contextuelles sur les expériences des survivantes d'ESE et
les capacités émergentes de leurs récits. Les entretiens, conduits en Frangais ou en Swahili selon les
préférences, se sont déroulés dans des lieux surs et calme, avec une durée moyenne de 35 a 6a
minutes. Le guide d’entretien comportait des questions ouvertes, favorisant une expression libre des
vécus. Le chercheur, adoptant une posture neutre et empathique, a consigné les données a 1’aide d’un
dictaphone, avec le consentement éclairé des participantes. Les entretiens étaient transcrits
intégralement, validés par les participantes et les analysés de manicre inductive a travers une analyse
thématique. Une triangulation des analyses entre chercheurs était réalisée pour renforcer la rigueur
scientifique. La saturation des données a été atteinte des la 27eéme participante, confirmée jusqu’a la
trentieme.

En complément, des observations participantes ont fourni des données sur les interactions et les
comportements non verbaux, tandis que l'analyse documentaire des rapports, registres, lois, et
politiques a enrichi les méthodes de collecte de données. Pour bien collecter les données les outils de
collecte de données suivant ont été utilisé€s, il s’agit de :

Guides d’interview structurés, Carnet de bord, Enregistreurs audios ont été utilisé aprés autorisation
pour capturer les entretiens ou les discussions afin de faciliter I’analyse. Nous avons procédé a une
retranscription littéraire de 1'ensemble des récits oraux en récits écrit en respectant la structure et le
contenu original en incluant des silences et des énoncés émotionnels entre parentheéses pour
contextualiser le discours. Ecoute attentive et répétée pour garantir I'exactitude de la transcription. Il
était essentiel de reconnaitre les accents des différents interlocuteurs et d'utiliser des conventions
pour indiquer les pauses, les hésitations, les émotions, etc. Parce qu'elle implique la transcription
mot a mot des enregistrements d'entretiens, des transcriptions de groupes de discussion et d'autres
interactions entre participants, la retranscription des données qualitatives est vitale pour le processus
de recherche qualitative. Tous ces détails sont enregistrés dans l'enregistreur téléphonique, puis
fidelement retranscrits afin d'obtenir les déclarations exactes de nos interlocuteurs.

2.8. Traitement et analyse des données

Le traitement des données qualitatives (les audios) étaient transférées vers le logiciel N vivo PRO 14
pour les analyses, suivant un processus structuré en cinq étapes principales : Préparer et transcription
des fichiers audios pour faciliter le codage des segments de texte, création d’un projet N Vivo pour
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centraliser et organiser les données et analyser les audios et leurs transcriptions pour permettre une
intégration cohérente des sources de données. Le codage des données avait permis d'identifier et de
structurer les unités de sens, les themes et catégories pertinents.

2.9. Considérations éthiques

Nous avions tenu compte des conditions ci-apres au cours de notre étude : le respect de la personne en
le reconnaissant en tant qu’individu autonome, unique et libre ; la bienfaisance, la confidentialité et la
justice.

3.Resultats

Tableau 1. Répartition selon les caractéristiques des participants.

Célibat B

aire i un i ¢ as

HZS |10-13 |2 |1 |2 0 0 0 7 6 3 0 4 11
9

7S 14-17 {0 |9 |28 0 0 0 10 3 1 0 2 13

Total 21230 0 0 0 17 9 4 0 6 24
8

Le tableau 1 nous indique que le sexe féminin est plus touché que le sexe masculin, une tranche d’age
de 14 a 17 ans nombreuse sont des célibataires, aucun niveau d’instruction, leur niveau
socioéconomique est bas et résident dans la zone de santé rurale d’Oicha.

Tableau 2. Les variables liées a ’exploitation sexuelle

Vécue des | Formes Exploitation "je partais apporter de la nourriture a mon
survivants d’exploitation | sexuelle par | grand-pére, en rentrant notre voisin gargons
sexuelle subies | position de | de presque 25 ans, a commencé a m’appeler
par les | pouvoir et | par mon nom en Insistant, lorsque je voulais
enquétées coercition fuir il m’a poursuivi, il m’a ligoté et m’a

violée ... »

(I3 B4

J'étais au champ en train de planter les
haricots, et puis un militaire m’a surpris et
m’a violée”

“les bandits se sont infiltrés dans la maison,
on criait mais il n'y avait personne pour
nous venir en aide, ils m’ont violée a tour de

role”
Exploitation “mon copain qui m’avait invité chez lui, il
sexuelle par des | m’a forcée a coucher avec lui sans mon
proches consentement”

(familiers, amis)
“J’avais trouvé refuge dans une famille
d'accueil en fuyant la guerre, le violeur était
un gargon de cette famille qui nous a
accueillis 1l avait violé ma fille de 9 ans au
salon dans le fauteuil” (mére du sujet 11,
Sujet 10, 8,19)
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Exploitation « ...l m’a achet¢ une bouteille de jus,
sexuelle des | quand j’ai terminé de le prendre je me suis
enfants par | endormi c’est comme s’il m’avait drogué. A
consumérisation | mon réveil il m’aviait déja violée (sujet 4)

Exploitation | “.... On dormait dans le balcon le jour de
sexuelle | réveillons suite a D’insécurité... et nous
collective | avons entendus des gens crier violons-les !
des violons-les ! le matin en nous réveillant
enfants nous nous sommes rendue compte que nous
par les | sommes déshabillées sans savoir ce qui s’est
bourreau | passé la nuit il semble que nous avions été
X et | droguées par nos bourreaux, nous étions 5
utilisatio | filles, et lorsque nous sommes partis a
n des | I'hopital général j’étais infectée mais aussi
drogues | enceinte ...” (Sujet 14, 17,4)”

Exploitation | “...Ma petite fille est débile et handicapée
sexuelle | physique, cela ne la permet pas de marcher
de sur ses deux pieds..., on est partis a 1'hopital
position | et le médecin nous a dit qu’elle était
de enceinte., nous avons €té surpris puisqu' on
vulnérabi | ne savait pas qu’elle était violée. Elle nous a
lités chez | dit qu’un inconnu était venu la prendre et
une I’amener dans un endroit inconnu, et ¢’est la
personne | ou elle a été violée.” (Sujet 24)”
en
situation
spécifiqu
e
(Handica
pé et
débile)

Déviations “mon garcon de neuf (9) ans a été violé chez
sexuelles  par | nous a la maison par un autre garcon de 15
pénétration ans, ...i1l a pénétré son organe génital par
anale derriere ...ils jouaient entre eux. Apres cet
acte on lui a donner des coups des fouets
mais il s’est déja enfui” (mere du sujet 29)”
ESE par | « ...... , 11 m’a demandée d’ouvrir mes
manipulation jambes, lorsque j’ai essayé de résister il a
émotionnelle et | enlevé un couteau en me menagant de me
agression tuer si je ne céde pas a sa demande, je
sexuelle n’avais pas d’autre choix que d’accepter,
c’est comme c¢a que je suis tombé
enceinte... 15 »

Le tableau 2 montre les différentes formes d'exploitation sexuelle subies par les victimes en
soulignant la diversité des méthodes utilisées par les agresseurs. Les expériences sont regroupées en
catégories spécifiques qui montrent la diversité et la complexité des violences subies en différente
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forme : position de pouvoir et coercition, les proches, consumérisation, apres drogues, auprés des
personnes en situation spécifique (Handicapé et débile), pénétration anale, manipulation émotionnelle
et agression sexuelle. Les violences commises par des personnes en position de pouvoir, telles que
des militaires ou des civiles, illustrent la coercition et la domination exercée pour contraindre les
victimes. Les abus perpétrés par des proches, souvent des amis ou des membres de la famille, révélent
une trahison dévastatrice de la confiance. L'exploitation des enfants par consumérisation, ou des
cadeaux ou des biens matériels sont utilisés pour manipuler les victimes. Les agressions collectives,
souvent accompagnées de drogues, exposent des enfants a des abus sexuels, laissant des séquelles
physiques et psychologiques. Les personnes en situation de vulnérabilité, comme les enfants
handicapés, sont particulierement ciblées par les agresseurs, qui profitent de leur incapacité a se
défendre. De plus, les déviations sexuelles par pénétration anale et les manipulations émotionnelles
révelent la perversité des agresseurs, exploitant la confiance et l'innocence des victimes pour les
soumettre a des actes violents.

Tableau 3. Les variables liées aux stratégies de prevention et de capabilité contre les violences
sexuelles.

Capabilités des Autoprotection, | S’autoprotége | "Je ne sors plus de chez moi pour me
enfants de prévenir | Autonomisation | r, protéger, je pars juste au marché et je
et lutter contre prise de décision | s’autonomiser | rentre directement sans passer ailleurs."

I’exploitation Participation et prendre la | ““......pour me protéger j’évite les
sexuelle Réinsertion et décision hommes..., et je ne partirai plus seules au

soutien sociale

champs...”

“ "pour me protéger je compte trouver du
travail qui puisse m’aider a subvenir a
mes besoins et mon enfant puisque c’est a
cause des besoins que j’ai été¢ victime
d’abus’’.

Participer aux
séances
d’Information
et
encadrement

“...pour me protéger je participe a des
séances d’information dans une structure
sanitaire  sur la  prévention contre
I’exploitation sexuel »

Exprimer les
besoins de
réinsertion et
soutien social

“..... Je compte retourner a la formation
de coupe-couture ”

”...je continue a aller a 1’école et je ne
fais plus de détour quand je sors de I'école
et je ne marche plus seule”

...... Apres avoir été informée sur les
services disponibles, j'ai cherché de l'aide
aupres d'une organisation locale qui m'a
protégée et m'a aidée a reconstruire ma

ViE...

Alerte ou
signalisation

(...j’al réussi a reconnaitre 2 visages
parmi les malfrats et ils sont en prison.

Recours aux
service
spirituel

“......J¢ pense que c’est un démon
puisqu’un garcon ne peut pas violer un
autre garcon, seule la priere peut aider...

“je pense que seul Dieu peut nous aider
puisque depuis que les rebelles sont ici
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chez nous, nous souffrons beaucoup’’.
Au “o que I'Etat nous sécuriser”...”il faut
gouvernement | mettre en prison les violeurs pour
et autorité | décourager les autres...... ” méme si les
politico familles se connaissent, il faut mettre en
administratif | prison les violeurs puisqu'ils détruisent la
de restaurer la | vie de nos filles...... .
paix et de
sanctionner
les bourreaux
Aux institutio | “...... je pense que c’est mieux de nous
ns publiques | apporter des médicaments ....... De
et privées contraception pour éviter des grossesses
indésirable...... ”.

Aux ‘¢...je peux demander aux autres filles
enfants, | de faire attention lorsqu’elles se
aux retrouvent seulement avec un garcon et
familles | aussi de s’informer auprés des
, aux | parents...”.
leaders
commu
nautair
es et
religieu
X

Le tableau 3 met en lumicre les stratégies d’autoprotection, d'autonomisation et de prise de décision
adoptées par les enfants pour prévenir et lutter contre 1’exploitation sexuelle. Les témoignages
montrent que les enfants adoptent des comportements prudents, comme éviter certains lieux ou
situations a risque, et cherchent a s’autonomiser en participant a des séances d'information. Ils
expriment également un besoin de réinsertion sociale, notamment en poursuivant leur éducation ou en
recherchant un emploi. Les enfants et leurs familles prennent des mesures pour se protéger, mais ils

font aussi appel a des services extérieurs, spirituels ou institutionnels, pour obtenir du soutien.
Discussion
Répartition des caractéristiques des participants

Le tableau 1 nous indique que le sexe féminin est plus touché que le sexe masculin, une tranche d’age
de 14 a 17 ans nombreuse sont des célibataires, aucun niveau d’instruction, leur niveau
socioéconomique est bas et résident dans la zone de santé rurale d’Oicha.

Cette concentration d'age montre que les adolescents sont particulierement vulnérables a 1'exploitation
sexuelle sachant que 1’age est parmi les facteurs de ’ESE. Nos résultats sont identiques a 1’étude de
[1] intitulé « violence a 1’école : recherche et intervention » qui souligne que les enfants sont
particuliérement vulnérables en raison de leur développement physique et psychologique en
transition, ainsi que de leur recherche d'indépendance et de leur identité.

Le faible niveau d'éducation des survivants, avec un grand nombre n'ayant aucun niveau d'études ou
seulement une éducation primaire, indique une corrélation entre le manque d'éducation et la
vulnérabilité a I'exploitation. Ces idées corroborent avec ce que UNICEF dans sa publication intitulé :
« agir pour en finir avec 1’exploitation et les abus sexuels a 1’égard des enfants » avait trouvé [2]

La majorité des proxénéctes €tant des civils, avec certains cas impliquant des hommes en uniforme
militaire, ce qui révele un abus de pouvoir systématique. [3] dans leurs articles sur 1’exploitation et les
abus sexuels lors des opérations de maintien de la paix, ont documenté l'implication de figures
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d'autorit¢ dans les réseaux d'exploitation sexuelle, soulignant que les positions de pouvoir sont
souvent utilisées pour commettre et couvrir des abus. Tandis que Frederic a travers sa publication qui
a parlé des dimensions internationales de ’ESE met en lumiére la complexité et la diversité des
acteurs impliqués dans l'exploitation sexuelle, en soulignant que les proxénctes ne sont pas
exclusivement des civils mais peuvent inclure également des membres des forces armées et d'autres
agents de I'Etat ; la prédominance des filles parmi les survivants met en évidence une vulnérabilité
accrue des jeunes filles a I'exploitation sexuelle [4].

Répartition des variables liées a I’exploitation sexuelle.

Nos enquétés pensent que, quelle que soit la forme du viol, Il y a toujours un non consentement de la
victime. Dans son étude Bowen soutient que le non-consentement de la victime est fondamental pour
comprendre la nature dévastatrice du viol, car il nie a la victime le droit de contrdler son propre corps
et son propre destin [5].

Nos résultats montrent que certaines survivantes avaient été exploité par les proches notamment les
amis, les personnes habitant les mémes parcelles. De Barbieux met également en lumiére les défis
spécifiques auxquels sont confrontées les survivantes lorsqu'elles doivent affronter les abus commis
par des personnes en qui elles ont confiance ou qu'elles considérent comme proches. Notre étude
souligne 1’utilisation de la drogue pour endormir la victime avant de la violer, dans sa publication
Coulibaly y relate son propre viol et aborde de maniére poignante et détaillée 1'utilisation de la drogue
comme outil pour endormir la victime avant de I’exploitation sexuelle. Son récit courageux et sincere
expose non seulement l'expérience traumatisante du viol, mais aussi les stratégies utilisées par les
agresseurs pour neutraliser toute résistance de la victime [6].

Répartitions liées aux stratégies de prevention et des capabilités des survivants.

Les enfants a Oicha ont démontré une capacité significative a accéder aux services de prise en charge
médicale, psychologique, juridique et de réinsertion sociale, Dans d'autres régions touchées par 1'ESE,
comme en Afrique subsaharienne ou en Asie du Sud-Est, I'acces a ces services peut étre plus limité en
raison de barriéres sociales, économiques ou culturelles. Les initiatives locales a Oicha pourraient
inspirer des stratégies similaires dans d'autres contextes afin d'améliorer l'accés aux soins et a la
justice pour les enfants victimes. Les survivants ont exprimé le besoin vital de l'autoprotection en
évitant les situations a risque (par exemple, en évitant de se retrouver seuls avec des adultes) et en
prenant des décisions éclairées pour leur sécurité personnelle [7]. Les efforts a Oicha mettent en
¢vidence l'importance de soutenir 'autonomisation des enfants a travers des programmes adaptés a
leur réalité locale. Les survivants ont bénéficié du soutien de groupes locaux et d'organisations pour
reconstruire leur vie apreés des abus. Cela inclut des efforts pour sensibiliser et mobiliser la
communauté autour de la protection des enfants, renforgant ainsi les réseaux de soutien social. Nos
enquétés ont exprimé le recours aux services spirituels comme une forme de soutien face a I'ESE,
soulignant la dimension culturelle et spirituelle de leur résilience, une pratique également observée
dans d'autres contextes de recherche participative et communautaire [8-9].

Limites :1) Les phénomenes sont cachés et sous documentés 2) Difficulté de récolter les
données suite a I’insécurité 3) Les données sont tres sensibles.

Conclusion

Les résultats de I'étude sur les survivants d'exploitation sexuelle a Oicha, avaient révélé une réalité
troublante et complexe. L'étude avait aussi montré une prédominance marquée des jeunes filles parmi
les survivants, avec 28 filles contre seulement 2 garcons, soulignant une vulnérabilité
disproportionnée des filles a l'exploitation sexuelle. La pauvreté exacerbée, l'instabilit¢ due aux
conflits armés, l'ignorance des lois et des droits, ainsi que l'impunité sont identifiées comme des
facteurs clés contribuant a l'exploitation sexuelle des enfants. Les survivants ont subi une gamme
variée d'expériences traumatisantes, incluant I’exploitation sexuelle par position de pouvoir,
coercition, exploitation par des proches, exploitation en réseaux, utilisation de drogues, agression
sexuelle et d'autres formes de manipulation émotionnelle et physique. Les conséquences de
l'exploitation sexuelle incluent les grossesses non désirées, les infections sexuellement transmissibles,
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les traumatismes physiques et psychologiques profonds, ainsi que des impacts socio-économiques et
psycho-sociaux comme le rejet social et la discrimination. Malgré les défis, les survivants ont montré
des capacités potentielles de s'organiser et de chercher des solutions. Ils recourent aux services de
prise en charge médicale, psychologique et juridique. Ils ont exprimé des besoins de réinsertion
sociale et d'autoprotection, de participer activement a des séances d'information et le besoin des
collaborer avec des groupes de soutien social. Pour prévenir 1'exploitation sexuelle des enfants, il est
crucial de mettre en place des interventions intégrées qui adressent simultanément les causes sous-
jacentes telles que la pauvreté, 1'insécurité, 1'ignorance des droits, et I'impunité, tout en renforgant les
capacités des communautés a protéger leurs enfants contre 1’exploitation sexuelle. Ces résultats
mettent en lumiére une situation grave nécessitant des actions multisectorielles concertées des
autorités locales, des organisations internationales, et de la société civile pour prévenir et protéger les
enfants contre l'exploitation sexuelle.

Recommandations

Aux Autorités politico-administratives : De renforcer la sécurit¢ et I'application des lois,
notamment en assurant la punition des militaires impliqués dans des abus, et de mettre en place des
programmes de sensibilisation et d'éducation sur les droits des enfants et la prévention de
l'exploitation sexuelle.

Aux autorités sanitaires : De renforcer l'acces aux services médicaux et de développer un soutien
psychosocial pour les survivants de 1'exploitation sexuelle. Cela inclut la formation du personnel, le
traitement des traumatismes et la mise en place de centres de soutien communautaire, il est essentiel
de mettre en ceuvre des programmes de formation obligatoires sur les droits de l'enfant et les
conséquences juridiques pour les membres des forces armées.

Au niveau communautaire : Former les adultes (parents, enseignants, dirigeants religieux) a
reconnaitre et a répondre a l'exploitation sexuelle des enfants.
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Abstract

This research investigates how Arab English as a Foreign Language (EFL) teachers in
Israel's Haifa District perceive the integration of writing assistance Artificial Intelligence
(AI) tools in their classrooms, particularly examining their views on how these tools
influence high school students' writing skills and creative thinking. Using a mixed-methods
approach, the study collected data from a structured questionnaire administered to 92
secondary school English teachers and conducted semi-structured interviews with 15 of
these teachers. The findings reveal a positive and sometimes contradictory set of attitudes
among teachers. While teachers recognize the benefits of tools like Grammarly for
improving the mechanical aspects of writing, including grammar, spelling, and sentence
structure, they express significant reservations about the impact on creativity and
originality. Many teachers showed concerns that excessive reliance on automated feedback
could diminish students' capacity to think independently. The study identifies a dominant
sentiment of "optimistic realism" among teachers, who view these technologies as valuable
supplemental resources but not as replacements for human-centered pedagogy. The research
highlights the need for structured teacher training, clear pedagogical guidelines, and a
thoughtful approach to technology integration that ensures digital tools enhance rather than
undermine the development of comprehensive writing and thinking skills.

Key Words: Al in education, creative thinking, educational technology, English as a Foreign
Language, Haifa District, teacher perceptions, writing assistance technology, writing skills.
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1. Introduction

The landscape of education has been transformed by technological advances that were once
confined to theoretical discussions. AI Writing assistance tools such as ChatGPT, Grammarly,
and QuillBot have become increasingly common in academic settings, offering individualized
support and enhancing learning processes in ways that differ substantially from conventional
classroom methods (Chen et al., 2020). These tools can process large amounts of data,
provide immediate feedback, and handle routine tasks, thereby enabling educators to devote
more attention to direct student engagement (Neha, 2020).

In the field of language learning, Al has assumed a particularly significant role. Tools such as
Grammarly offer immediate suggestions regarding grammar, syntax, and style, which
research has shown can improve the technical proficiency of English Language Learners
(Kim & Kim, 2022). Beyond addressing mechanical issues, these tools may also support
creativity by handling lower-order writing tasks, potentially allowing students to focus more
energy on generating original ideas and exploring new forms of expression (Wu et al., 2021).

Nevertheless, the rapid adoption of these technologies has raised important questions.
Concerns have emerged regarding algorithmic bias, ethical implications, and the possibility
that automated systems might replace the relevant, contextualized feedback that human
instructors provide (Schiff, 2021). One area that deserves particular attention is the
perspective of teachers themselves, who serve as the primary agents of technology
implementation in schools. Their beliefs and attitudes shape whether these tools empower or
limit student creativity and critical thinking.

This study addresses an important gap in the existing literature by examining how writing
assistance technology affects both writing proficiency and creative thinking, specifically from
the viewpoint of Arab EFL teachers in the Haifa District of Israel. This region, characterized
by its culturally and linguistically diverse student population, offers a distinctive context for
investigating these dynamics. Despite the growing availability of digital writing tools,
relatively little is known about how teachers in this particular demographic perceive their
effectiveness or what obstacles they encounter when attempting to integrate them into
instruction. This study seeks to provide a thorough understanding of both the advantages and
limitations of Al technology-supported writing instruction in the EFL classroom, offering
practical insights for educators, policymakers, and curriculum designers who aim to use
technology responsibly to improve learning outcomes.

1.1. Research Objectives and Questions

This article focuses on the component of a study that examines teacher perceptions. The
primary objectives are:

1. To explore English teachers' perceptions of how Al integration affects the development of
students' creative thinking and writing skills.

2. To identify the benefits and challenges that English teachers experience when integrating
Al digital writing tools into their pedagogical practices.

These objectives are addressed through the following research questions:

*What are the perspectives of English teachers on the relationship between Al integration and
the development of students' creative thinking and writing skills?

*Do English teachers perceive writing assistance tools as having a positive, negative, or
neutral impact on students' creative thinking skills?

*What advantages and disadvantages do English teachers experience when integrating digital
writing tools into their pedagogical practices?

Page | 207 Humanities and Natural Sciences Journal Areen et al. December, 2025 www.hnjournal.net



The Effect of AI Tools on Writing Skills and Creative Thinking HNSJ Volume 6. Issue 12

2. Theoretical Framework and Literature Review

This study draws on three educational theories that provide a conceptual foundation for
analyzing how Al-supported writing tools can influence learning: Sociocultural Theory,
Cognitive Load Theory, and Connectivism.

Sociocultural Theory, as articulated by Vygotsky (1978), proposes that learning is
fundamentally a social and mediated activity in which interaction and tools shape higher
cognitive functions. Al tools like Grammarly can function as a digital scaffold within a
student's Zone of Proximal Development, providing automated, context-sensitive feedback
that resembles the guidance of a more knowledgeable person and helps learners progress
toward independence (Luckin et al., 2016).

Cognitive Load Theory suggests that effective learning depends on managing the constraints
of working memory (Sweller, 1988). Writing in a second language places considerable
cognitive demands on learners. By automating surface-level corrections such as grammar and
punctuation, Al writing-assistant tools can reduce the cognitive burden on students, enabling
them to dedicate more mental resources to higher-order activities like developing arguments
and organizing ideas (Chapelle, 2017).

Connectivism, a theory developed for the digital era, conceptualizes learning as a process of
forming connections within networks of information and online platforms (Siemens, 2005).
Al tools function as interactive nodes in this network, offering learners continuous, on-
demand formative feedback. This approach supports digital literacy, metacognitive
awareness, and learner autonomy, reflecting the connectivism principles of dynamic,
distributed, and self-directed learning (Downes, 2012).

2.1. The Role of Al in Education

The integration of Al in education offers potential benefits. It can serve as an assessment tool,
personalize learning pathways based on student performance, and provide simulation-based
instruction that enhances experiential learning (Neha, 2020). Al can also support instructors
by automating routine tasks, creating individualized lesson plans, and providing data-
informed insights to guide pedagogical decisions (Chen et al., 2020). However, the use of Al
tools is not without limitations. Ethical concerns regarding student privacy and data security
are significant, particularly when technology is used for profiling or behavior modification
(Holmes et al., 2022). Furthermore, while current automated tutoring systems can teach
foundational concepts, they often struggle to foster the higher-order and creative thinking
skills that still require human instruction (Schiff, 2021).

2.2. Al Creative Thinking, and Writing

The relationship between Al and creativity is complex and subject to ongoing debate. Some
researchers oppose the idea that Al writing tools can enhance creativity by helping students
overcome writer's block and generate initial ideas (Newton & Newton, 2020). By managing
the mechanical aspects of writing, these tools may allow learners to focus on expressing
unique perspectives and constructing compelling narratives. However, there is also concern
that excessive dependence on automated feedback may inhibit students' ability to think
independently, potentially leading to a standardization of thought and expression (Newton &
Newton, 2020). This creates a challenge for educators: how to use Al to support creativity
without compromising the fundamental creative process itself. The emerging compromise
favors a balanced approach in which students are taught to critically evaluate automated
suggestions and use them as a foundation for their own independent and creative work.
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3. Methodology

This study employed a mixed-methods design to develop a comprehensive understanding of
teacher perceptions. The quantitative component consisted of a structured questionnaire,
while the qualitative component involved semi-structured interviews. This approach enabled
data triangulation, allowing statistical findings from the questionnaire to be enriched and
contextualized through the detailed narrative insights obtained from the interviews.

3.1. Participants

The study was conducted among Arab EFL teachers working in secondary schools within the
Haifa District. The questionnaire sample consisted of 92 teachers. From this group, 15
teachers were selected for semi-structured interviews using purposive and voluntary
sampling. Selection criteria included current high school teaching experience and the use of at
least one digital writing tool in their instructional practice.

The demographic characteristics of the 92 questionnaire respondents are presented in Table 1.

Characteristic Category N | Percentage
Gender Male 31133.7%
Female 61 | 66.3%
Age 20-30 years 25127.2%
31-40 years 29 131.5%
41-40 years 28 1 30.4%
51+ years 10 | 10.9%
Education Level Bachelor's degree 19 120.7%
Master's degree 64 | 69.6%
Doctoral degree 9 19.8%
Teaching Experience | Less than 3 years 8 |8.7%
3-5 years 7 17.6%
6-10 years 34 1 37.0%
More than 10 years 43 146.7%
Training Courses None 13 114.1%
1-2 courses 43 146.7%
3-5 courses 26 | 28.3%
More than five courses | 10 | 10.9%

Table 1. Demographic and professional characteristics of participating teachers (N = 92)
3.2. Study Instruments

A Questionnaire: A formal questionnaire was developed by the researcher to investigate
teachers' perceptions. It consisted of 33 items organized into six sections: (1) Demographic
and Professional Background, including gender, age, education, and teaching experience; (2)
Familiarity with Al Tools, assessing experience with tools like Grammarly and ChatGPT; (3)
General Perceptions of Al in Teaching, examining views on how Al tools supports instruction
and reduces workload; (4) Impact on Students' Creative Thinking, exploring perceptions of
effects on originality, idea generation, and organization; (5) Impact on Writing Skills,
assessing perceptions of effects on grammar, coherence, and content; and (6)
Recommendations and Future Use, gathering suggestions for curriculum integration and
training needs.

Interviews: Semi-structured interviews were conducted to gain a deeper understanding of
teachers' experiences and reflections. The open-ended questions were designed to elicit
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detailed views on the role of Al in supporting or limiting creativity and writing development.
Interviews were conducted in Arabic to ensure fluency and depth of response. All interviews
were audio-recorded, transcribed verbatim, and translated into English for thematic analysis.

3.3. Data Analysis

Quantitative data from the questionnaire were analyzed using descriptive statistics (SPSS
software) to summarize demographic information and perception trends. Thematic analysis
using MAXQDA software was employed to extract the qualitative data from the interviews.
The researcher identified, analyzed, and reported patterns within the data to provide a detailed
account of the teachers' perspectives.

4. Results

The findings from the questionnaire and interviews reveal both optimistic and cautious
perceptions among Arab EFL teachers regarding the role of Al in their classrooms.

4.1. Questionnaire Findings: A Cautious Step

The questionnaire data indicate that while teachers are generally open to using Al tools (see
Appendix A), they maintain specific reservations, particularly concerning creative thinking.
The most frequently used tool among the respondents was ChatGPT (85.9%), followed by
Grammarly (44.6%).

Teachers expressed concern about the impact on creative thinking. The statement "Al writing
tools weaken students' ability to create unique expressions" produced a low mean score (M =
1.88), with over 64% of teachers disagreeing or strongly disagreeing, suggesting a belief that
these tools may actually limit rather than help creativity. Similarly, items related to limiting
imagination and suppressing independent idea generation produced low mean scores (M =
2.77 and M = 2.34, respectively).

However, the perception was not entirely negative. The statement "AI writing tools help
students organize their thoughts" received a relatively high mean score (M = 3.53), indicating
that teachers recognize the use of these tools in the structural and organizational aspects of
writing. This suggests a distinction in teachers' minds between the mechanical process of
organizing ideas and the more profound act of creative generation.

When asked about future integration, teachers remained reserved. The recommendation to
formally integrate these tools into the curriculum received a neutral mean score of 3.07, with
62% of respondents choosing the midpoint. This indicates widespread uncertainty about
system-wide adoption, despite acknowledging the practical benefits for improving distinct
writing skills.

4.2. Interview Findings: Six Core Themes

Thematic analysis of the 15 interviews revealed six themes that capture the teachers'
experiences and perspectives (see Appendix B).

Theme 1: Teachers' General Perceptions of Writing Assistance Tools

Participants expressed what might be termed "optimistic realism." They appreciated tools like
Grammarly as helpful pedagogical additions but not as replacements for traditional teaching.
The tools were valued for their ability to assist students with grammar and vocabulary, freeing
teacher time for higher-order instruction. However, this optimism was tempered by caution.

One teacher explained, "Grammarly is like an extra set of hands in the classroom. I can focus
more on idea development because the tool takes care of minor grammar issues that otherwise
eat up precious lesson time."
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Another teacher offered a contrasting perspective: "These tools correct the 'how,' but they do
not teach the 'why.' I worry that some students will stop asking questions and blindly accept
corrections."

Theme 2: Impact on Students' Creative Thinking

A strong division of opinion marked this theme. Some teachers felt that by reducing the
cognitive burden of mechanics, digital tools liberated students to be more creative. Others,
however, expressed serious concerns that automated feedback limits creativity by promoting
conformity and discouraging authentic expression.

One teacher shared a positive experience: "Before Grammarly, my students were hesitant.
They kept their sentences short and simple, afraid to make mistakes. Now, they are trying out
metaphors, rhetorical questions, and even humor in their writing because they know someone
is there to guide the mechanics."

Another teacher described a different outcome: "The vivid personal touches in students'
writing, cultural references, humor, and creative twists, gradually disappeared. Their essays
became grammatically perfect but emotionally flat."

Theme 3: Influence on Students' Writing Skills

There was a strong agreement that Grammarly significantly improved the technical quality of
student writing, particularly in grammar, spelling, and punctuation. Teachers noted that
students became more aware of their standard errors. However, they also pointed out that
these improvements were often surface-level, with little impact on content development or
argumentation.

One teacher observed, "One of the biggest benefits was seeing students independently
identify subject-verb agreement errors or punctuation mistakes, issues they previously ignored
completely."

Another teacher cautioned, "Grammarly can catch a missing comma, sure. However, it will
not help a student who does not know how to structure an argument or develop a persuasive
paragraph."

Theme 4: Limitations and Challenges of Integration

Teachers highlighted significant practical and pedagogical challenges. A major issue was the
digital divide, with limited access to technology in underserved schools affecting effective
implementation. Another dominant concern was students' over-reliance on auto-corrections,
leading to shallow learning.

One teacher explained the infrastructure challenge: "The idea is great, but when you have 30
students and only 10 working computers, it is impossible to make it part of a regular lesson.
We need the tools before we can teach with the tools."

Regarding student dependence, another teacher noted, "It becomes a habit. They click 'accept'
without reading or thinking. They are not learning how to write better; they are just fixing
surface mistakes."

Theme 5: Suggestions and Recommendations for Effective Integration

Participants offered several practical recommendations. The most common was the need to
incorporate Al writing tools within structured pedagogical guidelines, using them as one step
in a comprehensive writing process that includes brainstorming, drafting, and peer review.
Teachers also emphasized the need for explicit instruction in digital literacy to teach students
how to evaluate automated suggestions critically.

Page | 211 Humanities and Natural Sciences Journal Areen et al. December, 2025 www.hnjournal.net



The Effect of AI Tools on Writing Skills and Creative Thinking HNSJ Volume 6. Issue 12

One teacher described her approach: "Grammarly is powerful, but it should not replace
teaching. I use it after students brainstorm, write, and revise. It becomes one step in a longer
process."

Theme 6: Views on the Future Role of Technology in Education

Teachers overwhelmingly believed that Al would play an increasingly central role in
education, but it should remain a supportive tool rather than a substitute for human educators.
They cited the emotional, ethical, and relational dimensions of teaching as aspects that
automated systems cannot replicate.

One teacher articulated this view: "These tools can correct a sentence, but they cannot
understand the emotion behind a story, or why a student is disengaged. Teaching is relational;
it is not just about grammar."

5. Discussion

The findings of this study reveal a teaching community coping with both the promise and the
challenges of Al in the EFL classroom. The "optimistic realism" identified in the interviews,
combined with the cautious responses in the questionnaire, suggests that Arab EFL teachers
in the Haifa District approach digital writing tools not as simple solutions but as complex
instruments with significant pedagogical implications.

The strong agreement on the effectiveness of these tools in improving the mechanical aspects
of writing goes with the principles of Cognitive Load Theory (Sweller, 1988). By automating
lower-order tasks, tools like Grammarly free up students' cognitive resources to focus on
more complex aspects of writing. This was reflected in teachers' comments about students
feeling more confident and willing to experiment with language once their anxiety about
making simple errors was reduced.

However, the deep-seated concern about the impact on creativity reveals a significant tension.
Teachers worry that the standardizing nature of automated feedback may lead to a
homogenization of student writing, discouraging the unique, culturally-influenced expressions
that are particularly valuable in a diverse region like Haifa. This finding resonates with
literature that cautions against the uncritical application of technology, which can promote
conformity over originality (Newton & Newton, 2020). It also highlights the limitations of
current systems in understanding the style, tone, and context, elements central to creative
expression.

The teachers' call for scaffolding and critical digital literacy goes with Vygotsky's
Sociocultural Theory (1978). They see their role not as passive observers of technology but as
active mediators, guiding students on how to interact with Al tools in ways that foster
learning. Their recommendations to use these tools as part of a broader writing process,
incorporating peer review, reflective logs, and explicit instruction, demonstrate a
sophisticated understanding of pedagogy that extends beyond simple error correction.

The practical challenges identified, such as the digital divide and the lack of professional
development, are significant. These findings show that successful technology integration is
not only a matter of pedagogical approach but also of reasonable access and institutional
support. Without adequate resources and training, the potential of technology to enhance
learning remains unrealized, and the risk of existing inequalities increases.

6. Conclusion and Recommendations

This study reveals that Arab EFL teachers in the Haifa District hold an optimistic and
cautious view of integrating Al into their teaching practices. They recognize its value as a
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powerful tool for enhancing the technical accuracy of student writing but remain deeply
concerned about its potential to inhibit creativity, originality, and critical thinking. The
dominant perception is that Al tools should serve as a supplement to, not a replacement for,
the essential role of the human teacher.

6.1. Recommendations for Practice

Based on the findings, several key recommendations emerge for educators, administrators,
and policymakers:

Invest in Comprehensive Professional Development. Teachers require extensive, ongoing
training that extends beyond basic tool usage. This training should focus on pedagogical
strategies for integrating Al thoughtfully and effectively, including how to scaffold its use and
teach digital literacy. Professional development programs should address both the technical
aspects of using digital writing tools and the pedagogical considerations for maintaining
student creativity and critical thinking.

Develop Clear Pedagogical Guidelines. Schools and districts should create explicit guidelines
for Al integration that prioritize holistic learning. These guidelines should encourage a
balanced approach in which Al is used to support, not dominate, the writing process, and
where creativity and critical thinking are explicitly valued. Guidelines should also address
ethical considerations, including student privacy and data security.

Address Infrastructure and Access Inequities. Educational leaders must work to ensure
equitable access to technology. Without adequate infrastructure and resources, the potential
benefits of Al writing tools will not be accessible to all students, spreading the educational
gap. This includes providing sufficient hardware, reliable internet connectivity, and technical
support for both teachers and students.

Promote Critical Digital Literacy. Educators should foster a classroom culture where students
are encouraged to critically evaluate automated suggestions rather than accepting them
passively. Activities such as reflective logs, group discussions about automated feedback, and
explicit instruction in evaluating digital suggestions can help build this crucial skill. Students
should learn to view Al tools as a tool that supports their thinking rather than replaces it.

Implement Scaffolded Integration. Rather than introducing AI writing tools as standalone
solutions, educators should integrate them into a comprehensive writing process. This process
should include brainstorming, drafting, peer review, revision, and reflection. Al should be
positioned as one component of this process, not the entire solution.

Conduct Ongoing Assessment and Research. Schools should regularly assess the impact of Al
integration on student learning outcomes, including both writing proficiency and creative
thinking. This assessment should inform continuous improvement of implementation
strategies and help identify best practices.

6.2. Limitations and Future Research

This study focused on teacher perceptions in a specific geographical and cultural context, and
its findings may not be generalizable to other populations. The research relied on self-
reported data, which can be subject to personal biases. Future research should incorporate
direct observation of classroom practices and performance-based measures to create a more
complete picture of technology's impact. Long-term studies are also needed to track the long-
term effects of Al writing tool use on students' writing development and creative thinking.
Additionally, research examining student perceptions would provide valuable complementary
insights to the teacher perceptions documented in this study.
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Ultimately, the successful integration of Al in education depends not on the sophistication of
the tools themselves but on the wisdom and pedagogical skill of the teachers who use them.
By implementing a human-centered approach, educators can connect the power of Al to
support students in becoming more confident, capable, and creative writers.
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Appendices
Appendix A: Questionnaire on Technology Integration in Teaching
Section 1: Demographic and Professional Background
1. Gender: Male / Female
2. Age: 20-30/31-40/41-50/ 51+
3. Educational level: Bachelor's / Master's / Doctoral
4. Years of teaching experience: Less than 3 / 3-5/6-10 / More than 10
5.Classes taught: 10th / 11th / 12th / All
6. Number of training courses attended: None / 1-2 / 3-5 / More than 5

Section 2: Familiarity with Digital Tools (Scale: 1-Strongly Disagree to Agree 5-Strongly) 7.
I am familiar with digital writing tools in education (e.g., Grammarly, ChatGPT). 8. I
regularly incorporate digital writing tools into my teaching practices. 9. What types of digital
writing tools do you commonly use?

Section 3: Teachers' Perceptions of Integrating Technology in Teaching (Scale: 1-5) 10.
Digital writing tools significantly enhance the quality and effectiveness of teaching practices.
11. Digital writing tools improve students' overall learning outcomes. 12. Digital writing tools
simplify complex tasks for students. 13. Digital writing tools encourage students to generate
innovative and original ideas. 14. The use of digital writing tools limits students' ability to
experiment with unique language. 15. Digital writing tools enable students to explore topics
in greater depth. 16. Digital writing tools positively affect students' ability to explore
alternative perspectives.

Section 4: Impact on Students' Creative Thinking (Scale: 1-5) 17. Digital writing tools
significantly improve aspects of creative thinking in general. 18. Students rely too much on
digital writing tools instead of developing creative thinking skills. 19. I always encourage my
students to use digital writing tools for creative tasks. 20. Digital writing tools improve
students' ability to refine and organize creative ideas. 21. The use of digital writing tools
reduces students' opportunities to think independently. 22. Digital writing tools influence how
effectively students brainstorm and generate new ideas. 23. Digital writing tools positively
affect students' ability to organize creative ideas logically.

Section 5: The Impact on the Writing Skills of Students (Scale: 1-5) 24. Digital writing tools
significantly improve the content quality of students' writing. 25. Digital writing tools are
effective in enhancing the organization of students' written work. 26. Digital writing tools
assist students in generating ideas and encourage creativity. 27. The use of digital writing
tools positively impacts students' ability to generate coherent arguments. 28. Digital writing
tools positively affect students' originality and uniqueness of writing. 29. Digital writing tools
increase students' motivation and engagement in the writing process. 30. Long-term use of
digital writing tools enhances students' ability to produce high-quality written work
independently.

Section 6: Recommendations and Future Use 31. Digital writing tools should be integrated
into the curriculum to the extent of: High / Moderate / Low 32. The role of digital writing
tools in the future of education will be central to teaching and learning. (Scale: 1-5) 33. As a
teacher, my concerns regarding the ethical implications of technology in education are...

Appendix B: Interview Questions

1. Can you describe your teaching background and any experience you have with integrating
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digital writing tools into your educational practices?

2. What are your general perceptions of the role of technology in education? How do you feel
these tools have influenced teaching and learning in your context?

3. How do you perceive the impact of digital writing tools on students' creative thinking
skills, particularly in terms of enhancing originality and innovative expression?

4. In your opinion, how do digital writing tools affect students' academic outcomes,
particularly in areas like writing skills, critical thinking, and idea generation? Could you share
examples from your teaching experience?

5. What challenges do teachers face when incorporating digital writing tools into their
teaching, both in terms of pedagogy and student learning outcomes?

6. In your opinion, do you think technology has the potential to replace human teachers in the
future, or will it continue to serve as a complementary tool in education?

7. Based on your experience, what recommendations would you make for integrating digital
writing tools more effectively into teaching practices? What changes or improvements would
you like to see in the future?
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Abstract

The integration of educational drama with advanced digital tools, particularly artificial
intelligence (Al), has emerged as a promising approach to enhance learner engagement,
creativity, and academic achievement. Educational drama provides a fertile ground for
experiential learning, role-play, and meaning-making in authentic contexts. This study
aimed to investigate the effect of an Al-supported drama-based instructional unit on the
academic achievement in English among 12th-grade students in the Wadi Ara region. A
mixed-methods approach, combining both qualitative and quantitative research within a
quasi-experimental design, was applied. Data were collected using four tools, and two
distinct non-probability sampling techniques were employed: convenience sampling for
student participants (n = 56, equally divided into control and intervention groups), and
purposive sampling for selecting the English teacher who taught both groups. The study
found that academic achievement was higher in the intervention group (mean = 92.43)
compared to the control group (mean = 90.75), though this difference was not statistically
significant (p = 0.324). Correlation analysis indicated no significant relationship between
creative IQ and academic achievement in both pre-test (p = 0.554) and post-test (p = 0.124).
Qualitative findings demonstrated students’ creative thinking through narrative reimagine,
internal monologues, and podcast creation, alongside strong emotional expression during
dramatizations. The teacher’s facilitative role was essential in fostering a safe, student-
centered environment by introducing open-ended challenges and allowing students to take
ownership of the learning process. In conclusion, although the intervention group exhibited
higher academic achievement, the lack of statistically significant correlations between
creative intelligence and academic performance underscores the influential roles of gender
and teacher support in cultivating creativity and learning.

Key Words: Achievement, Al in education, Creative thinking, Educational drama.
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Introduction

The modern educational landscape is increasingly shaped by the integration of artificial
intelligence (AI), which offers novel pedagogical tools to enhance learning processes
(Holmes et al., 2019). Concurrently, drama-based pedagogy provides a robust framework for
fostering creative expression, emotional engagement, and language acquisition through
experiential learning (Neelands & Goode, 2015). The convergence of these two fields—AlI
and educational drama—presents a promising, yet underexplored, frontier for enhancing
creative thinking and academic achievement in language learning. While traditional methods
often struggle to cultivate higher-order thinking skills (Fadel et al., 2015), the use of Al-
enhanced drama activities has the potential to create personalized, interactive, and immersive
learning environments (Alam, 2023).

Despite this potential, a significant gap exists in the literature regarding the empirical effects
of combining Al with educational drama, particularly within the context of English as a
Foreign Language (EFL) instruction. This study addresses this gap by investigating the
impact of an Al-supported drama-based instructional unit on the creative thinking skills and
academic achievement of 12th-grade students in the Wadi Ara region. This area presents a
unique demographic for examining how such innovative pedagogical approaches can be
effectively implemented.

Research Objectives and Questions
The primary objectives of this study are:

1.To examine the impact of an Al-supported drama-based instructional unit on academic
achievement in English.

2.To investigate the relationship between creative thinking skills (divergent and convergent)
and academic achievement.

3.To explore the qualitative dimensions of student engagement, creative expression, and the
teacher's role within an Al-enhanced drama environment.

These objectives are addressed through the following research questions:

*What is the impact of an Al-supported drama-based instructional unit on academic
achievement in English among 12th-grade students in the Wadi Ara region?

*[s there a statistically significant correlation between students' creative thinking skills and
their academic achievement before and after the intervention?

*How do students and teachers experience the integration of Al and educational drama in the
classroom?

Theoretical Framework and Literature Review

This study is grounded in cognitive theories of learning, primarily Dual Coding Theory and
Cognitive Load Theory. Dual Coding Theory posits that learning is optimized when
information is presented through both verbal and non-verbal channels, a concept highly
relevant to the multi-sensory experience of drama. Al-enhanced drama leverages this by
combining linguistic content with the rich, multi-sensory experience of dramatic performance
(Coyle et al., 2010). Cognitive Load Theory suggests that effective instruction must manage
the cognitive demands placed on learners. By using Al to automate certain tasks or provide
structured support, the cognitive load can be reduced, allowing students to allocate more
mental resources to higher-order processes like creative thinking and problem-solving.

The literature indicates a growing interest in the role of Al in fostering creativity. Al tools can
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support both divergent thinking (generating multiple ideas), a concept pioneered by Guilford
(1950), and convergent thinking (refining ideas to find the best solution) by providing
students with generative prompts, interactive storytelling platforms, and tools for creative
writing (Yang & Evans, 2022). Similarly, educational drama has long been recognized for its
capacity to develop empathy, collaboration, and communication skills (Kao & O’Neill, 1998).
However, the synthesis of these two fields remains nascent, and this study contributes to the
emerging body of research by providing empirical evidence on its effectiveness (Krishnan &
Zaini, 2025).

Methodology

This study employed a mixed-methods, quasi-experimental design to provide a
comprehensive analysis, a methodology well-suited for complex educational research
(Creswell & Plano Clark, 2018). The quantitative component involved a pre-test/post-test
comparison between an intervention group and a control group, while the qualitative
component consisted of classroom observations to capture the nuances of the learning
process.

Participants

The study included 56 12th-grade students from the Wadi Ara region, who were divided
equally into an intervention group (n=28) and a control group (n=28) using convenience
sampling. A single English teacher, selected via purposive sampling, taught both groups to
minimize variability in teaching style. The use of non-probability sampling is a common
feature in quasi-experimental designs where randomization is not feasible (Cohen et al.,
2018).

Study Instruments
Four primary instruments were used for data collection:
1.Demographic Questionnaire: To gather background information on the student participants.

2.Evaluation of Potential Creativity (EPoC) Scale: To measure students' creative thinking
skills. The EPoC is a validated instrument for assessing both divergent and convergent
thinking in an educational context (Barbot et al., 2011).

3.0Observational Methods: A structured observation protocol was used to document students’
emotional and cognitive engagement, collaboration, and creative expression during the drama
activities.

4.Academic Achievement Measure: Pre- and post-tests were administered to both groups to
assess their academic achievement in the English unit being taught.

Data Analysis

Quantitative data were analyzed using SPSS. Descriptive statistics were used to summarize
the data, while independent samples t-tests and correlation analyses were conducted to test the
study's hypotheses. Qualitative data from classroom observations were transcribed and
analyzed thematically using MAXQDA software, following principles of applied thematic
analysis (Guest et al., 2012).

Results

The findings from both the quantitative and qualitative analyses provide a multi-faceted view
of the intervention's impact.
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Quantitative Findings

The intervention group demonstrated higher academic achievement (Mean = 92.43) compared
to the control group (Mean = 90.75) on the post-test. However, this difference was not
statistically significant (p = 0.324), indicating that the Al-enhanced drama unit did not
produce a measurably superior academic outcome compared to traditional instruction within
the study's timeframe.

Correlation analysis revealed no significant relationship between creative I1Q (as measured by
the EPoC scale) and academic achievement in either the pre-test (p = 0.554) or the post-test (p
= 0.124). This suggests that creative thinking skills and academic performance may function
as independent constructs within this context, a finding that aligns with research suggesting
creativity in schools involves complex tensions and dilemmas (Craft, 2005).

Qualitative Findings

Thematic analysis of the classroom observations revealed strong evidence of student
engagement and creative expression in the intervention group. Key themes included:

*Creative Expression and Narrative Reimagining: Students actively engaged in reinterpreting
story elements, creating internal monologues for characters, and developing original content
such as podcasts. This demonstrated a high level of creative thinking and ownership of the
learning material.

*Emotional Engagement: The drama activities elicited strong emotional responses and
expressions from students, indicating a deep connection with the content and characters,
which is a known benefit of drama in education (Bresler, 2007).

*The Teacher as Facilitator: The teacher played a crucial role in fostering a safe and student-
centered environment. By posing open-ended challenges and encouraging student autonomy,
the teacher successfully guided the creative process without stifling it, reflecting a modern
pedagogical approach where teacher knowledge 1s a framework for integrating technology
and content (Mishra & Koehler, 2006).

Discussion

The findings present a complex picture of the role of Al-enhanced educational drama. The
lack of a statistically significant improvement in academic achievement may suggest that such
interventions require a longer duration to yield measurable academic gains or that the
assessment tools used did not fully capture the learning that occurred. The non-significant
correlation between creativity and academic achievement challenges the common assumption
that one directly predicts the other and highlights the multifaceted nature of student learning
(Kaufman & Beghetto, 2009).

The qualitative results, however, are highly encouraging. They demonstrate that the Al-
enhanced drama environment was successful in fostering a rich, engaging, and creative
learning experience. Students were not passive recipients of information but active creators of
meaning, a central goal of both drama-based pedagogy and modern educational theory
(Neelands & Goode, 2015). The teacher's facilitative role was paramount, underscoring that
technology is most effective when guided by sound pedagogical practice. The findings align
with Dual Coding Theory, as the multi-modal nature of the activities appeared to deepen
student engagement and creative expression, even if it did not translate directly to higher test
scores.

Page | 220 Humanities and Natural Sciences Journal Noran et al. December, 2025 www.hnjournal.net



HNSJ Volume 6. Issue 12

Conclusion and Recommendations

This study reveals that integrating Al with educational drama can create a vibrant and highly
engaging learning environment that successfully nurtures students' creative thinking and
emotional expression. While a direct, statistically significant impact on academic
achievement was not found, the qualitative evidence strongly supports the value of this
pedagogical approach.

Recommendations for Practice

*Integrate Al as a Creative Tool: Educators should explore using Al not just for information
delivery, but as a tool to support creative tasks like scriptwriting, character development, and
interactive storytelling (Yang & Evans, 2022).

*Emphasize the Teacher's Role as Facilitator: The success of technology-enhanced learning
hinges on the teacher's ability to create a supportive, student-centered environment.
Professional development should focus on these facilitative skills (Mishra & Koehler, 2006).

*Adopt a Holistic View of Assessment: Schools should consider assessment methods that go
beyond traditional tests to capture skills like creativity, collaboration, and critical thinking,
which are fostered by approaches like educational drama (OECD, 2019).

Limitations and Future Research

This study's limitations include its quasi-experimental design, the use of non-probability
sampling, and its relatively short duration. Future research should employ randomized
controlled trials over a longer period to more definitively assess the academic impact. Further
studies could also explore the specific Al tools and drama techniques that are most effective
for different learning objectives and student populations, contributing to the systematic
review of Al applications in education (Zawacki-Richter et al., 2019).

Ultimately, the successful integration of Al in education depends not on the technology itself,
but on the pedagogical wisdom with which it is applied. By using Al to enhance, rather than
replace, human-centered approaches like educational drama, educators can unlock new
possibilities for fostering creativity and deep learning (Holmes et al., 2019).
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Abstract

Marine environments are inherently aggressive towards reinforced concrete structures,
primarily causing corrosion of steel reinforcement which compromises durability and long-
term performance. This paper presents a case study on the performance, deterioration, and
repair of five critical concrete structures within the Sea Port Corporation in Port Sudan,
Sudan. The investigation diagnosed the state of deterioration through visual inspection of
surfaces above the low water tide line and a review of maintenance records. The findings
indicate that deterioration initiated significantly earlier than in benign environments, with
elements like parapets and trench covers showing accelerated damage due to insufficient
concrete cover (25 mm). However, a proactive maintenance policy involving early
intervention resulted in repair costs remaining low, ranging from approximately 1% to 5%
of the initial construction costs. The study highlights the critical importance of appropriate
material selection, adequate concrete cover, and a structured maintenance strategy in
extending the service life of marine infrastructure.

Key Words: Concrete Durability, Marine Structures, Chloride-Induced Corrosion, Repair Costs,
Maintenance Strategy, Port Sudan.
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1. Introduction

The service life of reinforced concrete structures in marine areas is severely challenged by
aggressive environmental loads. The primary mechanisms of deterioration include chloride-
induced corrosion of reinforcement, carbonation, sulfate attack, and alkali-aggregate
reactions. These processes lead to cracking, spalling, and a reduction in the structural
capacity, necessitating costly repairs.

Consequently, early inspection and proactive maintenance are essential to ensure the
serviceability and durability of these vital assets.

The Sea Port Corporation in Port Sudan manages heavy marine structures, originally
constructed by international firms, which are constantly exposed to these harsh conditions.
The port's civil engineering department is responsible for their on going maintenance and
repair. This paper investigates the performance of five specific structures, analyzing their
history, observed defects, repair methodologies, and associated costs. A key consideration in
repair works is the compatibility between the repair material and the existing concrete
substrate to achieve a durable, monolithic repair. This study aims to provide practical insights
into the deterioration patterns and effective maintenance strategies for concrete infrastructure
in the Red Sea marine environment.

2. Case Study Description and Methodology
2.1 Description of Studied Structures

This investigation focuses on five operational structures within the Port Sudan seaport,
representing a mix of ages, functions, and construction costs. The history of each structure is
summarized in Table 1.

Table 1: History and Construction Details of the Studied Structures

Case Name Description Date Of | Cost of
Construction Construction
(USD)
Slipway No.1 In Dock Yard | Slipway 1998 1000000
Extension Of Berths 17-18 | Container Berths | 2000 42000000
In South Port
Berths 21-22 In Green Port | Bulk Berths 2003 35000000
Berths 23-24 In Green Port | Bulk Berths 2007 49000000
Berths 13-14 In South Port Container Berths | 2010 79000000
2.2 Methodology

The assessment was conducted through a combination of:

. Visual Inspection: Detailed visual examination of all accessible surfaces of the structures,
particularly focusing on areas in the splash zone and above the low water tide mark, to
identify defects like cracking, spalling, staining, and reinforcement corrosion.

. Record Review: Analysis of maintenance and repair records from the Sea Port Corporation's
civil engineering department to gather data on the history of defects, repair materials used,
and associated costs and timelines.

. Cost Analysis: Compilation and comparison of initial construction costs with the cumulative
costs of all repair and maintenance works to date.

The primary limitation of this study is the reliance on visual inspection without quantitative
data from non-destructive testing (NDT) or core sampling to determine chloride profiles or
carbonation depths.
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3. Results and Analysis
3.1 Observed Defects
The visual inspections revealed several common and location-specific defects:

o Concrete Deterioration: Spalling and delamination were observed on the parapets of
Berths 13-14 and 21-24, and on the service trench covers. This was particularly severe in
areas with high exposure to wave splash and saltwater spray.

o Reinforcement Corrosion: Corrosion of steel was evident in the crane rails of Berths 13-
14, the extension of Berths 17-18, and the four rails of Slipway No. 1.

o Physical Damage: Damage to rubber fenders was a common issue across the berths.

o Abrasion: The retaining walls of Slipway No. 1 showed surface deterioration due to
mechanical abrasion.

Tow photo shows the corroded crane rail and its repair

Two photo shows damage rubber fender and new installed
rubber fender

Page | 225 Humanities and Natural Sciences Journal Ali Badi & A. Abdelkarim. December, 2025 www.hnjournal.net




Performance and Maintenance of Reinforced Concrete Structures in a Marine Environment HNSJ Volume 6. Issue 12

Photo show sample of corrosion in the
berth 17/1

3.2 Repair Materials and Strategies
The port authority employed a range of specialized materials to address the defects:

o General Patch Repair: Ordinary Portland Cement was used for routine maintenance. For
more critical repairs, Sika Rep®, a single-component cementitious mortar, was used for
deteriorated concrete on both horizontal and vertical surfaces. X-Tile Construction Grout,
a non-shrink cementitious grout, was used for patching thin horizontal layers.

e Structural Bonding and Anchoring: Sikadur®-31CF, a two-component epoxy-based
adhesive mortar, was used for anchoring bolts and for bonding new concrete to old in the
repair of crane rails.

o Protective Coating: To prevent future chloride ingress, Fosroc Dekguard PU, a high-
performance polyurethane coating, was applied to the top surface of Berths 13-14 over an
area of 3905 m? (5m width from the apron edge).

Photo show coated surface with Dekguard PU at berth
13/14
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3.3 Performance and Cost Analysis

A summary of the structure age, construction cost, and total repair costs is presented in Table
2.

Table 2: Summary of Construction Cost, Repair Cost, and Structure Age

Case Name Cost Of | Cost Of | Structure Age
Construction | Repair (Year)
(USD) Work

Slipway No.1 In Dock Yard 1000000 49600 27

Extension Of Berths 17-18 In South | 42000000 283200 25

Port

Berths 21-22 In Green Port 35000000 514520 22

Berths 23-24 In Green Port 49000000 119250 18

Berths 13-14 In South Port 79000000 714740 15

The data reveals that significant deterioration requiring repair occurred relatively early in the
structures' service lives (13-25 years), compared to a typical design life of 50+ years for
concrete structures in less aggressive environments.

Notably, the cumulative cost of repairs remains a small fraction of the initial construction
cost, ranging from 0.2% to 5.0%. This suggests that the policy of early investigation and rapid
intervention has been highly effective in preventing the propagation of damage, thereby
controlling long-term costs. No failures of the repairs themselves were noted, indicating good
material selection and skilled workmanship.

4. Discussion

The accelerated deterioration observed in the Port Sudan seaport is characteristic of structures
in aggressive marine environments. The findings strongly suggest that the primary cause of
damage, especially on parapets and trench covers, was chloride-induced corrosion of the steel
reinforcement. The conclusion in the original paper that this was due to insufficient concrete
cover (noted as 25 mm) is a critical finding. A 25 mm cover is wholly inadequate for the
splash zone of a marine structure, where 50-75 mm would be more appropriate according to
international standards (e.g., ACI 357, BS 8500).

The success of the port's maintenance program can be attributed to two key factors:

. Early Intervention: By identifying and repairing defects before they became widespread, the
engineering team was able to stop the advance of corrosion and limit the scope and cost of the
repairs.

. Appropriate Material Selection: The use of specialized, high-performance repair mortars,
non-shrink grouts, epoxy adhesives, and protective coatings demonstrates an understanding of
the need for compatibility and enhanced durability in the repair system.

This case study provides a clear economic justification for implementing a proactive and
well-resourced repair and maintenance policy for marine concrete infrastructure.

5. Conclusion and Recommendations

This study of five concrete structures at the Port Sudan seaport confirms the severe impact of
the marine environment on concrete durability. The key conclusions are:

. Deterioration necessitating repairs occurred within 15-27 years, far short of the typical design
life for structures in benign environments.
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. Elements with high exposure and insufficient concrete cover (parapets, trench covers)
deteriorated most rapidly.

. A proactive policy of early inspection and repair using high-performance materials
successfully controlled the spread of damage and kept total repair costs low (below 5% of
construction cost).

Based on these findings, the following recommendations are made for new and existing
marine structures:

For New Construction: A minimum concrete cover of 75 mm should be specified for all
elements in the splash and tidal zones. The use of supplementary cementitious materials (like
fly ash or silica fume) and corrosion inhibitors should be considered to enhance durability.

For Existing Structures: A formal, scheduled inspection program should be implemented to
detect deterioration at its earliest stages.

For Repairs: Repair materials must be carefully selected for compatibility with the parent
concrete and for high resistance to chloride and moisture ingress. The application of
protective coatings Foundational Standards and Guides:
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Abstract

The present study establishes an operational framework for integrating the three
dimensions of sustainability (environmental, social, and economic) within the oil industry.
This is achieved by transitioning from traditional reactive leadership models to proactive
models underpinned by artificial intelligence (AI) technologies. The research problem
emanated from the central question: How can Al-supported proactive leadership enable this
integration amidst the operational and environmental challenges confronting the oil sector?

To achieve the study's objectives, the researcher adopted a mixed-methods approach
(quantitative and qualitative) within the Iraqi government oil sector. The quantitative
component involved administering a questionnaire to a purposive sample of (88) officials
across three oil companies. Concurrently, (9) in-depth interviews were conducted with
strategic managers in the Al-Najaf Al-Ashraf oil sector. Data were analyzed using Pearson's
correlation coefficient and Structural Equation Modeling (SEM) via the SPSS V.26 and
Amos V.26 software packages.

The findings revealed a pivotal role for Al in enhancing the proactive capabilities of
leadership. The results also demonstrated the contribution percentage of this leadership in
explaining the variance in achieving the integration of the sustainability dimensions. The
study concluded that the role of Al is transforming from a mere operational supporter into an
essential driver of sustainable proactive leadership. Consequently, it presents a set of
practical recommendations for decision-makers to adopt best practices in this field.

Key Words: artificial intelligence, proactive leadership, environmental sustainability, social
sustainability, the oil sector.
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G oalelall 3 AR by ihall A les danll 33 ilSsly s Jadi i Baaae Aadlay g
soalad alad 225 DA (e e€all Gl
Gl gsesally LDELY) Ganadiy Gladlall ags tddalud) ASLa .1
(Cheong et al.,2019:41)
~g S Faaiig Aliise B AT e Gesgdyall pondi rclall) o .2
(Kluemper et al.,2020:3)
(Kluemper et al.,2020) Cheong et sl aélally cal) alial Sujats Cilaglaal) 4S5 tA& £y .3
(al.,2019)
Lold b (M2l ae agad aklt oo R Gk V) sk L dgadal) daSall saldl) (3eam
e el Gligiae A Sl dandiddl Gyl el Cua sl Lo 5508 Aliise Jae B Gaudy 120y Al
il cdojrsa Ladan B clusledll s3a e (L (Kirkman & Rosen,1999) s)alul)

(Zhang & Bartol,2010) 8lawy) elglally HISY1 5050 o

(2022¢ g5l (ggDall) qu.L.J\ peliin LS55 @J:».u 9l e Clalall (St e

JEiall Sl e 5,0 5))aY) Aold 30 oLy o

(Continuous Learning) jaiwall alaill

caalsio U ciblgall ashaig ¢Gubill A6 (555 ) ebad) disatl dungie dilee il aieaal) abeill il
anag sAll'Learning Organization alaial) adasill' - dgar e daleal) oda <35

Chall ek el Sl s DA e dadat ddloul AR Gewsr @l (Senge,1990)
.(Mustafa,2016:45) s/l

"ol LYV g auls 2 JAY e aseidl 1 ((Edmondson, 1999:350) duhy Cuws S
oo I el Lalad Uajps aed Tt 23aY)y daclall diadanl) 45l (f 3530 <(Psychological Safety)
el gt dage sl & Ay (Proactivity) 48laay 6 . 48lawy) lSolad) by i) alatl) 8 4S)LL
tsd blee law s .(Jourdan et al., 2017:237) aliul (& aiweas ol gl juis ) Caagg
(282 :2020¢05 315 5ol

Janll 3 Jilaiy aineal) abeill. 1

Mg Sy bl clyuailly s .2

Cdliall U Layleiaady Gyl CaliSiad .3

aan il A9 A8l lehaYl e Lusale Tlee M<a alanY) dlslud) e

iR (e ellly ccIShall ))Ss aial AV e bl & (Self-Directed Preventive Actions)
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.(Root Cause Analysis) caall L3l Gl e Capall o
.z\:lému‘ 2\:1:113‘9 Ql:\“ .J:\Q.ﬁ‘g (.\.._\M:I .
(Beck & Knutson,2014:136) el asagill jUaml (590 Lobiicnall cDICal go8y cind o
aadanil) Lalawy) ) eUad¥) e ) sa el alaill dnle
(Social Responsibility) 4. laiay) dulgjual)
Laltine Slajleal Sluswgall Ay Coped Lol g (Corporate Proactivity) diwwgall L8La.Y) S
osdanylail o3 3,5 ((Aragon-Correa et al. 2008)] Gy .duaiaall o Lugilall Lagraall Hsels Jd Gesh
DAl Jiam LY Gailedll iy Ji Lelatil)l bt i) Ges A0l delvi) med G ddlaud) salall
P DA (o Apconsall LY e Lia¥) Adgienall sasgiall G AulalSal
e LaiaY) ddgdanall BLOuY) AdsTl .1
esinall acs gl llan) (S Loe LaiaWlg Al eV laal) 3 Ldlia) ol A5
uilia) CallSs Wpliie) (e Yoy AlSal Gasd ) Lue i) Al ggenal) laliil Jagas o
LA BLALN) BALAY g9 .2
(bl s gl 3)lsall 509 S Lbisal) Hlhliall dny ST a0
Laliaally Lai)ll o penn A (Proactive Responsiveness) dliny) dlaia 'z dgas Jondi o
(Hart & Dowell, 2011).

dgatliad) glad) .3
(Bansal & Roth, 2000) ¢ySlgieal) ¢Yys dascjall daand) 3135 o
grdina) i) Sl aie e gaall dlgh (RIS (i
OSSN S ) dalnia¥) 08 Bisad e Al dad (BIA5 dpegall 48LaLY V4o
(Aragon—Correa et al.,2008:71)
S lba) elsil) ¢ Ll

oypki 3¢ g ¢ yealeall ) Joaill 3 Ll saa (Artificial Intelligence) ellaal) oISA) (K
50 DA al) amliall a0l ollaaY) S Jia 2gd V907 plo i dnass s )l
glhadl @Bl Sy Lpaall QKA (SN Jlae (& Gl Sy aaial dus (McCarthy saie (M) &gyl
e llaa) Lieanll IS wa YY) el ) 5L
@ & V20A Lle LISP daayll 43l glia) & Jic oagie sk o2y (Russell & Norvig,2020:18)
e QAN Joa clinal) S (8 due g 4k
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tsaaxie 13l Jasy e ginge oo lilaall elSA iyt Jhay ¢ cantlial) (gginsal) e
Culall C“‘b" VR el duea atlady ol 4\_\1‘ (\V:Y'\/\&()A}J\ J.\s:) ddyay 1 RilagN Helaial) (e
s lledl Ly bl chuals ) ae [ lelee Llaly Zaadl Ll s Slas Lebeas
-oSAl anga a9gke d9ag ade Adadiyall didaal) dienls ) Dadie ¢"daesdll
) e Al sl Aualall bl & Jaall aaad dadail S g yo¥) ducasiall ddjen 1 el glaial) (ha o
Calaal gaaaal JiaY) clehal) iy ¢ ahidl JYaiaYly cdedaid) e fAelaia) @byl dalleay ol
(Susana, 2019) "l lelledl il Jdas DA o oSl e 1g5)08 ae Ba2ae
G ol el Slas delil pelny wgd asl (Cardon,2018:122) sy bl jglhiall Ga e
Aaa¥) e Dliall slad) slocaY bl aglelly caalall asle cp adalill Miae Al ¥ ladl)
REETN
el dallae 8 il dpanl) GISEl Jae LT agdl 8550 dding 35en (e Cilyolaill da i) 23
(Y VA egen )l ae) Lgaag LS YY) 8 i) Slola 58kl Gaw caladyl e Cayall
808 Aunguls dalail pelaly 2igy Gliaaddl) daaie e Joa Ab BWiha) clibhal) (KA daldl o
UL e S alel ¢ alially VSR Sl el L awla] dad) RS Cillagd slSlae o
SSA aloa) olal gaiatd @lldg (ol o<all (a3 byl asly ccibia)ledll e Bataall cOKE) Ja (il pall
.(Russell & Norvig,2020)s22a0 il & (5580l
Sl clSH) slad
(Predictive Analytics)ggaall a2 .1
Jade lasiVIS) dasiie dpilas) clids cilig) ua ASH) L) 3 doalad 855, gl Qs Jid
bl gl Abaally Aol llall Jubatl (Alsdal) SUGI dprae]) ISall) ) alas clbagled s (CasSHbe
p e Aurl) ada adian L Aalai®Y g ddinlly dabil)
Al Baawie clild) 8 4sal) Wlal) CaiS o
dawilaidl e @lyiall G ) G Jidas o
tie daga clinli 8 lgule b el Ll
sladl Mg (353al) e (gypdl) aisl (110T) eliall oLs¥) cuy) cilily dlad desidll ) aletll 23l v/
(Fernandez-Villaverde et al.,2023)'%40 ddaiil) clasall Jlac s

(Zheng et al.,2022:2966)'%25 Lluall ¢z 48 aad slel) Le byl LSTM wiKud! v/
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o b ool KU o eIl il 8 Aol @bl S e chalall bl sde oKE Cus
& Jeay lgamll A8y Lieas Ciliahyall el G «(Kumar et al.,2019:138)"jacasdll Jelall Gguall
: o)) 3l o3a aaji  (Deloitte, 2024) Ll CulllL 435)ke %80

sl cug) Lasled'of (Goel et al.,2021:25) duhy cyldl LS ddsdl cadlall (s -
G il a5 s Bl lisKe Callss i DA e Ageaslll claadll o5 ciaal
Sbleal) CallSs 8 cilianias

Dlgall Janads 5eUS Guwad —o

(Daiya, 1Y) dlgh clasill 500 Yola azdie Hhlaall dgalse (o8 L) Ligyall jujes —c
Gl 8 Dndall Aol Gaiad dijgne B8 (gl Jalsil) ey gay e 2024:215)
+ASaalial

(Real-time Monitoring) aasll a3l & ASH) 4yl 223 .2

asets 5o (10T) cladd) cuif) s ye cllaall Jaalll aa)ll 8 222 13g) (Gasal) aadagl) oall fiay
dax g bl daly clagleally @bl Jaliy macss ¢lgaany dabide Lole cLudly sigal Juag o adin
LS lednaY) sigals (Karmariska,2021:23)" gy

Al Gilsa e bl 3an dalles Calagd Cus cdiinlly Abwil) Glihad) e el CaiSl gy
DS, S e L) sda adian | Ldaal A0l Aada¥) aa)l Jadall o3l oDllaiEdge Computing)

Gkl peat (10T) olivall cLsl) cuifi) clangy 2 jledin) sigal .1
353l e 2aSUl (CNNS 2l 4spcanl) IKANS) Akl V) aletl) cilaa)ylss .2
(Prasad et al.,2021) )5 Fre diia pe dolelis oSa5 gl .3

e Clesssdall giall 12 (Ko
(OECD, 2022)&)lsS ) lae b Jd colilasdy g cilanpeall dalall Llaiay) . 1
Ealgall e iKY () add L2

Glal M o ¥l sda adiad eloagaall ABY sokia il sd e il hlad)l casds W3
sdaagl) L) e dlalKie

(Prasad et al., 2021)a251 ddle bl aaal 10T 5¢al o

b s ) (0l Ansal) Lol A1) Jsae) GradDT (e disms Ciloaj)lsa @
Liliageall i) dallas v/
(Wang et al., 2024)iraniiall jguall 33sa Gawss v/

L"_IU\:\.]J\ M 3\9.1‘ (’S;:' Q\;Jl °
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e Al A Ll Ble W) el
(OECD, 2022)'baiill ilas 8 %63 cblasy) clillae s’ v/
(Hoernicke et al.,2024)'s3lal) culiza¥) /shall 2i€ e %32 dabul) aghall Jlacl Ll v/
(LU "ol AN Ayl dadail e 48L5eSl) ludl) [l i d5l /ebly dhi 5000 Jdad' v/
et al.,2023)
) el BS UK 038 aa s

S el e Bl () ard Apbaalll bl ae Sl e 50l hlaal i) i) J3a3 e
(McKinsey, 2023)" /s
ISO 14001:201585 ) JE) 33a5 o
(Deloitte, 2024) dpill <Bulaill ae JalKill xie %45 ) dbadal) Adgigall xd) o
(World Energy Council, 2023) 453 &ihall & %18 I d5Uall 5:US 28, o
(ISO 19468:2022) el Jalall A claalgall Y1 2l je cilaiiall Baga cpusd o
() slaBY) b ddal) Lgyall ganl bl elihal) oISHp LS ddhall o JelSll aad cadle
L)y bl AELELY) jadal ae cdagaaldl cile Unal) & Al daluialg
(Prescriptive Analytics) dugassill-duiasll el s .4
D9l Cus ciablanl) Aelady) sk b daalill 4adl) (Prescriptive Analytics) dugaasill cllasl Jia
e 2l B Jola 2 15ls Beapal) Calaalyl aanl (Bl clehal) aaad ) jualall agd ol Qiiesddls gosill 2yas
et e el o3 adiad . gadaill AL Jee Ll Y cliladl digad e Y1 aly (Baaaie 5S1ae culaglise
D e deaie colui
Y alatg e lila) oISH) v
sl agailly Jael) aclg v/
(Predictive Analytics) (gl Julall v/
allSs Cumis el (A e A0k 5Slal) z ' (Simulation Modelling) sSlaall dada v/
(IPCC, 2023)"%28 dvuiy duig Sl lilant¥) (pa cipasl)
e Al aygh BeliS Ciiln Lobeal) iyl <) (Optimisation Algorithms) (il cilujlss v/
(Chen "clulaud) xilias ciledall adte (3o S A1) (555 255 DA e Saalinal) Guntl) Silas lsa
et al., 2024)
& Y dedles e e il gadaill ALG Ysla adin ¢Lgalyils Abadl lagslisd) ddas DA e
Ay 5ol 3lsall Gapadis ¢l (<o A bl 5l eclatiall Suelial) el paad ¢ Ledll sl
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Lad oall a3 sad by ALY) e S DA pia 330 cdasele Ahal Cliag ) Ul JsaT
Bl JlaeY) il 3 Slsdlly RS A5lga KAl QB ae dpaulas
(Cognitive Automation) eall V) Judill 223 .5
Bl dslles) olhay) oS maty Cus chawcal) Y 3 Legs holi el V) il i
S Bakeally Al e clblaad) 230y (RPA) disapd) cligig¥ aa (ML ) aleall (NLP Lpagulal)
e Al Al sda (KL (g9 58l Bylaly allally
(Sseal ¢ Hgum ¢ ageal) dabiiall ye GUL juud o
() aially S il S 2yl B pead) ilileal) 5lSMae o
el Slagnlisadl (ge &S el
By elaall didaty hluial] e S o) clatinal Catat cagaall dial b dlenl) ailanks Jeds g
"%40 daasis Aallaadl (o) Cuall RPA e f)sall cilily daal’ v/
(Barkin & Davenport, 2023)
(World  "Zallall clalaa) duald llally 8ol gl e %22 Cadlall cuzmid AN Gy 58l dakail v/
Energy Council, 2024)
OSay Aladal algall g LR Al Jedl el ady jelat N dyagall el aadl 3¢l
Jeail 138 sl A i) cilleall Bial e = JlaeY) O laa 8 diseal) 58l (553 = GaEl) e (puidagal)
o Badina (5 o Al dady B Matly cdiliad) Aedll b Laal i) blall e 5.K0 saball )
S Slesesall e Joatl gt & Dol 585 2ady L Alels iy
(Simulation & Training) iy slSlaall 23 .6

Blae @l e satddl Hhalaal) 3)la) e salall asdiall oyl € A aadll 13 (a5l sall i
rle Al sda adiad L ggylshall cilagylind Ajalall 3l Laa cAucal sl

(Li,2022) NVIDIA Omniverse (s claic je 4l el daia (1
Byshiall ilagn)linal) slSLaal (RL) 5jeall alaill culaa) lsa (2
(Raeiszadeh et al., 2024) &1 dilas e A 445 daaly L3353 (3
t ot lailgd Jadg
(2020 ¢ s s amadl)' ylgal) L Lol duclas L ) Hraall Lol e cupnil) iy Jigas @
D Sdags Glagliw 8lSas €S o

Llana) ¢y iy (McKinsey,2023:64)"slaey! dedls cilei'slal v/
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sl & alidY) alall upsill(Park et al., 2022) daball siSladly ol Gadl v/
aiae lblee 3Slas ye (Riddle et al.,2024) 4kl

5alal) 45130 LSyl (OECD, 2023) shd sjliaes Gsale 10 e dalall kel Cayn v/

(Liljaniemi&Paavilainen,2020:385)" cjwigall Jali () (atds daalgill daad ) il v/

?L[_'\ﬂ g*_\.xf)m CAE G.«a\):\ﬂ‘)“ cé\jn &__\:1).33 JL@AS "%45 uf)w\ u._i...u.i'a g_,e:xns.'a uali' VR QY}N.\S” v

.gs\;ﬂ\
Balylahall el Gua (3l Glaadl) dgalse o 506 Ldlow) GBS ) Olawgall dual sy Jeal
1 adisy  (Deloitte, 2024) "Lsunll sl e s8Il moo die leiDU Alaia¥) 5 S 8 %40 Ly
Les ctgylshall calagyliveg doelicall clleal) slSLaal okl AllEy Al ducalyiil Coyws by e e Joall
T calalall S
Dhaall Abadl) illaall (et (93 8yshaall dille i 50l Calgall e (SN il L]
Al Gadaill 4 50l el e B Cupall e ddwdall llad) Qs L3
Aol L0l Ajals ol daulud 88 Jady (la¥) upaty Labiiall 5oUSH Geaad ) Brdlae ansd Liall 228
Baaaal) L)) dgalsa 8
) Jalsdl) o EG

Ll oY) QS DA e cadldl) Jlally ealall culalin) g sl (sabail Ggan 150 Lalxineal) doatil] aa
Gty ALl il Cuee 2l jeax N Buaall el i ) seal) e L Lalaiiy de sl
(i) Pyl @il 8 e e @l e %75 e ST o asiall alY) S5 cdanball 3)lsal
oo (UNEP, 2022)'cliles¥) Judiss oaslsall gomll dlea (o daldicadd) Einll Glabud) 30300 o iy Lae
ok (Perlman& Milder,2005) (sr s cdalia¥) 3ias (4 Lelaa¥) Al cabi cdhelaay) Lalil
G ae Joshall (saall e (saleai®¥) ela g Auluyl Calaa¥) ae dansloSNI ALl G aendl 8" Aol
sl ) (OECD, 2023) duatilly Oglell daliie juiid ¢sola®y) aeeall o W "daclaal) dllasl)
090 Aeldices Aaliy Cpecay Lo KNy padl) alaay) ped ype oLl Talis (56 o can slaay)
aaall ' 28 Aalaily glay) o dla asag ) (Vilanova& Dettoni,2011:16) lals ."3lsell Caljii
Jlela) SSY) Caneatll b eda ) lgads o Aalma) 8 sahl ciladaid) (e
Laxdiaal) chigall doe (2030 alad doltisal) dpanill dad clley CalaaY duallall chigall ) dad a8
LcliaVly Adull Aoua) Culps AG8U el el Aoltial) Laanll Calaal sl gad admll Ll
fot Aaluia) aladl aal dile g " lad IS (gl A4Sy daalaidl g
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Al ddaay) L1
Slo Llall o 585 G i) Latil) aggie & wlY) s Environmental Gl aed) (K
&) cliay Bdall chle cbilayl o Zuaall bl el Alddly A0l Jladd Luapdal) ladylsey ddad alail)
Allaall L) clalud) b cellily (OECD2023)" il #liall anyly dla) Calaal aagy Lae cAld g
o alaey) Juml sasaial A8 jaleas s lSyally Jeall e waedl JEisasanal A8 ) Jeail) e
il 35 ) 2Ll Ay Luwedl) Z8UAN ajliia 3 o) (pe dpaed) oyl (Al danes e (550Y) 25351
Al clane HST e 23 ) el 8 dpcsadl) BN g5 dlane aojlial) 038 5 (geg - uanill AL, dgda
Glahall g . Al aUaill dalvicl lewal Zo)g pua «(55i slatily (Benbba et al., 2024)"allall 3 dusedd)
liaiids e %37 Gaind b sl of oSa dandall o A Jsla 3 Usin Vsn Osabip 1 lal'el )
2030 Jslas dgllaall o) il
coaill Ahain dadgag Bygpa Ui crad By fld ad Al e Blial) olé ()3 (Griscom et al.,2020)
Galaad) J3ad 1 Al lbadly BaSon) Sl Jon Al ticaal) doatill Jil) aedll laY) iS55l jgaams
P all 038 3l . ulill AL iyl ) dylail)
DA e ¢Adndl el AlalSie AeSen (1
Sl ) e Ayen ol g HIAY) Gl g il haliy panadie )] IS el o
(F el dabail 30U laliails ieall 30) TCFD ) jules kit il 2 ladY) ki slacl o
ool ae) Ay Aelvie) S sl elug plied S chhE A Laladl i) el
sl DDA AaS) il Aaoal) 8 dalnal) glad mes o 2S5 (20256 adlly
A e ¢Aabiandn Ladl pulS (gl sl (2
%100 doeis yexl) saley AL Clatia asesil Cradle—to-Cradle z il (gl mital) s )53 5)))] @
(Echard, 2020).
deasy (Recycling Rate) alsall poxwi sale) Jame Jie (uld cipdige aladiuls lsall 83U Guuas o
sle & (WBCSD) dalticaal) dgaiilly Jae S allal) (udaall jaial Cus ((Material Footprint) ssall
Aol ticaal) Aaiilly Aalsi) Silegnse o ad 5 (WRI) Laalladl 3)lsall 3gae g 0pglaills o 2022
i alle s Jeaall 5upeal (alaall agen (e 123 yfinss
Blally o5l 8yl (3
aaleY Wy clbledy) ganl Ml e saded) SBTI @bl i dude cilal NI e
o Al Baal gl L) liscgally ISHAN sae b Bagale a3 g ) ((SBTi,2023) Gl
alal)
Cllaa) aidl (Microgrids—sysall clSuall Jie) 4831 saaaial) dalall dakai] aladicly d8lall Jeai @
(IRENA) saaaiall dalall 450l S5l L5, WS (Seck et al.,2023) 2030 Jsiss %40
o elha¥) () il e zLalyl ae SASB 5l GRI julae 3y dalia) il Jiiwe 385 @
gl daaad) ity 3lgall 5oUS
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Bl ' elihaal) oISH Jola e llasiy) (id L Jin cubiill ALE (KPIS) ducsty ool Cilyise @
ellenl) 8 23 eDigil
SN aadid 5y i (IOGP 2023) Sl Ll allel palad) Hés Gus Ldaidl) 4550 o
(Nwakile et al., 2024) ugl Jie claie e clblad) ddhe 4 el
t DA (e tdiinl) BylaY) dudd,
o) gl 3 AUl olaal Dl deayl LSS ladiiad Sigal Sy dug 48)all (I0T) cladY) cj) o
(Chandola, 2016).
(UNEP,2022) jhlis oY 45 ki ahasinly jhladl sull ellaal) (S o
adad) sl e ) il SEBI jdse Gabi agloadl gl (ol DA Ga tdaaslsCY) il )y
(Alvarez et al., 2010)
DA e ¢ halaad) 5y JleY)
Jiss a)la 385 e (ISO 14001:2015) ubeall JEY) daalyey 55l aiill o
(UNEP x)sl) Judle e Glangill aosal ENCORE (e clgdl alasialy #lidl lalis o @
F1,2024)
:(Operational Mechanisms) 4,18 ll; Léwl) <l
@il Jilailly bl e lisall lblas) ddlye daal Jia Sl aa)ll elihaY) oSH) Hladia)
(DBl e 2all ol 3 IOGP Lgaidss L)
L)Y elal dea )l Al Cliaias dase e (1ISO14001, 1ISO50001) dlelSia 5l dadail 3ulsi @

L Lany) daluay) .

Jaduy dsly) el Slly Joadlly Alaad) Giantl Gyass Hsae daltiveall duatill Social elaal) sl s

(4

(5

(6

((UNEP,2022) 3laiy) sasiall ae) gealipd dptall dpaiill ol By . Y] sy cdaaall couletl

e bl Jasd Daadlall Jesll 368 e %60 sa of ) (ILO, 2023) adsal) Jasd) dadiia i LS

Gl s dpnall Blejlly aileil) ) Jsaagl) aad cdlly e Bdle duelaia¥) dleall alaasY agaijes Laa s

Wlaed) Glaca s Aaltiosall dpatill ins Ko ¥ A Lol g celaa¥l haay) o ydle IS8 i
aeLaay)

ol Sn oo I ol ALE Gllan ) Al (sslia) J5ad

L MR e tie Lany) Alggesall ALl AeSyn
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