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Abstract:

The current investigation goals to recognize the role of human resources efficiency in
enhancing artificial intelligence technology for male and female employees working in the
Nineveh Education Directorate in Nineveh Governorate for the academic year (2024-2025). To
achieve the research objectives, a scale containing (37) paragraphs was prepared and distributed
to the research sample, which included 125 respondents. The investigation relied on descriptive
exploratory analysis methodology and statistical analysis. The research problem was
represented by the following research questions:

How can the role of human resources efficiency be diagnosed in its various dimensions
(employment, training and qualification, performance evaluation) in enhancing artificial
intelligence technology in its multiple dimensions (awareness and knowledge, technological
infrastructure, innovation and development) in the Nineveh Education Directorate? What is the
level of human resources efficiency in its various dimensions from the point of view of Nineveh
Education Directorate employees? What is the level of enhancing artificial intelligence
technology in its multiple dimensions from the point of view of Nineveh Education Directorate
employees?

The investigation reached a series of conclusions, namely that the employees of the Nineveh
Education Directorate have a good level of vision of human resources efficiency and have an
average level in promoting artificial intelligence technology. The study also concluded that
human resources efficiency in its various dimensions (employment, training and qualification,
performance evaluation) has a strong correlation with a statistically significant effect on
promoting artificial intelligence technology at a confidence level of 95%.

The investigation concluded with several recommendations, most importantly conducting
periodic studies to identify human resource needs in the field of Al and adapting training
strategies accordingly. It also recommended designing and implementing targeted training
programs to enhance employees' skills in using Al technology, including workshops and
advanced courses.

Keywords: Human resources efficiency, artificial intelligence technology, Nineveh
Education Directorate.
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The Impact of Virtual Reality on the Future of English Theatre:
A Speculative Analysis
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Rihab Arif Abdulsahib”

Abstract:

This study considers the future of English Theatre when it is dominated by new virtual
reality (VR) media tools, and how performance modes, narrative strategies and audience
engagements become infiltrated with un-bodied digital technologies. Informed deeply by the
field of performance theory, postmodernism and digital media research, the scope of this article
takes into consideration how VR is rewriting a continuum of presence in theatre space across
levels ranging from physical to individual body condition within an embodied environment. In
addition, it outlines the changes in recent years and offers a brief overview of theatrical practice
from its Renaissance beginnings: taking English theatre itself as an interesting case model for
hybrid production, it shows how this modernist symbolic commodity has come into being at
present and describes the various mediums used within its production procedure. The author
also discusses the cautions and questions raised by digital technology as it enters real human
quest for meaning in the machine; that is to say, questions such as personal or collective
authenticity, convenience and scientific or not thinking patterns. In considering the future of
stage electronic literature, it is stated that by incorporation with technician innovation and
positive humanism English theatre could become an interactive art form; it should be a
constantly interactive medium of communication basically accessible to all types of people.
Therefore, VR is not to replace live theater, but more its extension--opening the creative and
social possibilities even for ethical investigation in this digital age.

Keywords: Virtual Reality, English Theatre, Performance Theory, Digital Media,
Postmodernism.
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1. Introduction:

Role of technology; the various kinds of theatre Technology has changed
not only probabilities, prosceni-ums, and styles, but also The Theatre. This has
changed the way that people buy, and look at, art. In English we will be
considering the potential dramatic applications of VR, and it might make us ask
ourselves to think more deeply about spatiality, narrative structure, actor versus
audience. As it migrates yet closer to the digital, scholars and practitioners are also
starting to ask what such experiential technologies might do ‘to the way theatre
looks’ (Causey, 2016).

The history of the English stage is shorthand for technological and
economic change in Britain, from Renaissance 'mechanical arts' to postmodern
hypermedia. VR borrows from this mode, taking it one step further: immersive
storytelling, a state in which both creators and audiences find themselves floating
within stories rather than consuming them. This transformation challenges the
conventional binaries of the real world and cyberspace, giving rise to a new hybrid
performance through the blending of bodily materiality and virtual performativity
(Giannachi, 2004).

Furthermore, there was greater demand for virtual performance space
because of the COVID-19 pandemic, which pushed theater makers to experiment
with online and extended-reality worlds. So, VR is a sideshow no more, but rather
a medium for future theatre that could have legs in terms of access, engagement
and artistic playfulness. It is in order to address these that this speculative paper
turns its attention to how VR technologies may shape the future development of
English theatre, which includes performance aesthetics, audience experience and
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cultural production values in the context of a digitized world (See Broadhurst &
Machon, 2021).

2. Theoretical Framework:

The methodological framework for this study derives from Performance
Theory, Postmodernism and Digital Media Theory to give a theoretical basis in
which we can critically re-approach the secoupling of Virtual Reality (VR)
technologies within English theatre. These frameworks reveal the ways in which
VR remolds performativity, spectatorship and theatricality.

2.1 Performance Theory:

For scholars such as Schechner (2003) and Fischer-Lichte (2008),
Performance Theory highlights the dynamism of performance, as a dialogue
between performer and space and audience. Schechner’s notion of “restored
behavior” that actions recur and are transformed in new instances - is a useful way
to think about how VR restores traditional theatre within virtual environments. In
performances that make use of virtual reality, the experience in which actor and
spectator interact with one another is enveloped by digital settings through which
their senses are mediated. This influences reciprocal response between presence
and suspension of disbelief (Fischer-Lichte, 2008). performance theory as a
framework for examining how immersion and participation are reconfigured in
virtual theatre spaces.

2.2 Postmodern and Intermedial Perspectives:

A way of reading which could be applied to this production is postmodernist
theatre, focusing on hybridity, fragmentation and intertextuality. VR and
postmodern aestheticism VR are also obviously aligned with a postmodern
aesthetic through the destabilization of real and virtual, participant/audience and
actor, fiction/non-fiction. Lehmann’s notion of “post dramatic theatre” is
especially applicable given that VR performances tend to dispense with linear
story-telling and static space in favor of multisensory and participatory functions.
Additionally, intermedial theory promotes the fusion of media forms within
theatre and therefore may see VR as a continuation of this tradition, broadening
the semiotic and sensory palette of the live theatre (Chapple & Kattenbelt, 2006).

2.3 Digital Media and Immersion Theory:

Digital Media Theory explores how technological mediation shapes the
production and reception of cultural products. It is Bolter and Grusin’s (1999)
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concept of “remediation”- the way new media constantly refashions old media
that determines VR simulation to reposition theatrical conventions through
digitalization. Theory of immersion and presence as it explains what underlies the
experience of “being there” in an imaginary world built by VR. In such settings,
theatre is functioning as a digital space in which not only are members of the
audience engaged as viewers, but also their role as authors of meaning (Ryan,
2001).

3. The Evolution of English Theatre:

English theatre has undergone changes in its history from the primitive
forms of local entertainments and pageants to that of occupation by foreign
conquerors, and back through numerous experiments influenced by Eastern and
Western drama. From the morality plays of the Middle Ages to the digital
performances of today, English theatre has both mirrored and affected changes in
society and developments in dramatic literature. Understanding changes occurring
in live performance provide invaluable context for speculation on the possible
effects virtual 3D (or VR) may have upon theatre’s future forms and purposes.

3.1 Early and Renaissance Theatre:

English theatre stemming from liturgical and morality plays couched in the
medieval era trained its audience toward allegory and religious narrative. A richer,
more secular theatre also emerged during the Renaissance, through the works of
William Shakespeare, Christopher Marlowe and Ben Jonson. The building of a
number of permanent public theatres such as The Globe Theatre in 1599 was an
important stage in this process, as it helped cement the professional nature of
many players and enhance their status with touring companies. Theatrical
performance during this time was a sociable, communal act that took place in the
presence of actualized bodies of different spectators (Bevington, 2014).

3.2 The Restoration and Eighteenth Century:

After the Puritan ban on public stage representations, the Restoration/18th
century began with a re-opening of the theatres in 1660 and continued to push
dramatic expression to new limits, with actors playing characters written closer to
their true natures rather than as mouthpieces for rhetoric, greasepaint and
revealing costumes replacing masks, dynastic and political plays giving way to
bureaucracies, and special effects stimulating rain machines or parrots hooked into
pulley systems. Moveable scenery, artificial lighting, and female performances all
meant technological and also cultural modernity. Theatre in the eighteenth century
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had expanded into commercial ventures that more resembled for-profit
professional theatres with both local and foreign audiences. This was also the
forceful start of theater as an institution that would pave the way for modern
playhouse and actor-manager system (Hume 2005).

3.3 The Nineteenth and Early Twentieth Centuries:

During the Victorian era, theatre became more and more commercialized
industrialization was changing how people lived and worked. Drama escalated
followed by realism and then naturalism representing social angst, and class
conflict. The new playwrights such as George Bernard Shaw and Oscar Wilde
took theatre to the level of social comment and intellectual discourse.
Technological developments such as lighting allowed for increasing realism on
stage and attempted to place scenic improvements the closest men had ever come
to a picturesque naturalism. Not until the beginning of the twentieth century did
this hero of modernist experimentation and avant-garde movements such as
Fauvism or Futurism arrive to give traditional representation a run for its money
and thereby clear space centuries later for Drastic innovations in dramatics were
brought forth by Harley Granville-Barker, T.S. Eliot, later and even still later
Samuel Beckett (Booth, 1991).

3.4 Postwar to Contemporary Theatre:

The art world, post-World War II and was the beginning of a more diverse
style and international reach. The Theater of the Absurd, political theater and
feminist drama preserved English drama within a new thematic and stylistic mold.
Theatre in the late 20th was increasingly intermedial, as film, projection and more
recently digital media were employed within live performance. But then came
companies such as Blast Theory who demonstrated how a form of interactive/site
Specific performance could start to erode the line between physical and digital
space. It’s a trajectory which rather naturally results in the maximal utilization of
Virtual Reality through accelerating, extending, and converging earlier
experiments to produce a new portmanteau form completely immersive
experiences that collapse the distinction between theatre and virtuality (Dixon
2007).

3.5 Towards the Digital and Virtual Future:

English play is in a state of continual change during the 21st century as we
witness globalization and new technologies. Digital dramaturgy and livestreams,
on the other hand, are harbingers of a different kind of staged event, in which
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many ways to watch and share stories come together. VR is the latest iteration of
this cycle not just how performances can be created and viewed, but also what
‘presence’ and ‘liveness’ mean in a theatrical experience. As English theatre
returns to constructs of VR it is reanimated in relation to its colonial history as a
medium that serves progress, community and the re-imagining of human
experience through new mediations (Broadhurst & Machon 2021).

4. Understanding Virtual Reality in Performance:

Virtual Reality (VR) is an unruly medium in today’s performances, turning
traditional concepts of space, being there and audience presence on their head. As
a product of immersive digital technology, VR enables users to perceive and
interact with three-dimensional environments by stimulating their senses. To those
in theatre, it is both technological progress and creative methodology; play on the
edges of reality/virtuality, real/simulated. Therefore, VR in performance, if it is to
be known at all, needs to be considered for its technological development and its
aesthetic proposition and asked what kind of a new theatre art form this project
into/status could this allocate to the idea of the performing arts.

4.1 Defining Virtual Reality:

Virtual Reality is defined as a form of computer-generated simulation
where one or more users become fully immersed in a digitally created space, using
head-mounted displays usually with position tracking and auditory cues (Milgram
& Kishino, 1994). Whereas traditional media fosters observational distance, VR
positions individuals inside the experience, enabling real-time interaction and
spatial navigation.” (Murray 1997, p171) “In VR the user creates a procedural
narrative in which each enactment allows another context to emerge. In the
theater, this interaction makes the viewer an active participant in the creation of
performance experience.

4.2 The Convergence of Theatre and Technology:

Theatre and technology are no strangers to one another — they have
influenced each other back since the mechanical stage effects of the Renaissance
through to digital projections in postmodern performance. VR inherits this
lineage, with a simultaneous extension and disruption of the conventions of
theatre (Causey, 2016). It is the continuation of theatre’s centuries-long pursuit of
a sensual foundation, with all thoughts and forms about theatre then becoming
transformed -that again challenges this stage’s fixed physicality. Such
perspectives as Dixon’s (2007) consider VR performance to blur the distinction
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between live and mediated presence, into hybrid forms of embodiment where
performer gestures or audience movements are in the world we share, while
simultaneously transported elsewhere. This synthesis takes shape with respect to
intermedial theatre, turning the stage into a digitally enhanced immersive space
for storytelling.

4.3 Presence, Embodiment, and Immersion:

One of the measures of VR experience quality is presence; this refers to the
‘psychological’ perception of oneself in a virtual world (Lombard and Ditton,
1997). Connectedness in traditional theatre 1s simply being present together in the
live presence of actors and audience. But in VR, presence is a technical matter,
based on multisensory input from the headset and motion tracking as well as from
a reactive environment. This disrupts traditional conceptions of embodiment,
where users inhabit digital avatars or virtual bodies (Biocca 1997). VR is the main
platform for generating experiential intimacy that crosses these forms through for
example site specific immersive theatre, where audience presence and actions
determine narrative end. So, immersion replaces a passive witnesser of action with
an agent, and in doing so exposes drama to possibilities.

4.4 The Virtual Stage and Spatial Transformation:

The concept of a stage is entirely reimagined in the world of VR
performance. Free from the constraints of architecture, VR stages are sculpted in
their infinite plasticity to a point where they can articulate all possible worlds
beyond those even imaginable in physical theatre. By contrast, in chat-based
environments where people are free to navigate through virtual space and
communicate with each other as text agents (Giannachi 2004), virtually no
personal investment is shown. These are places that it is feasible to give a
performance that changes from realist to abstract, in which all and everything
turns into both then but also flattened differences in between time-states,
geography and materiality. What this reveals, then, is the degree in which VR itself
has defined the space of the theatrical as that which is no longer bound and static,
but interactive and dynamic a network of sensory and narrative potentialities.

4.5 Ethical and Aesthetic Considerations:

Virtual reality represents new moral and aesthetic challenges about, oh, I
don’t know, what we mean by authenticity or access or the minimum requirement
we can expect from a human performer at all as technology itself invents vast new
creative possibilities. Someone like Packer and Jordan (2001) are afraid that
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virtual performance may bleed the life of live theater away, replacing real human
reactions with computer simulations. Still others, however, see VR as a platform
for an even more radical form of embodiment: the ability to try new selves and
new perspectives. For the rest of us, though, the question remains: how do you
bring together techno-spectacle and emotional load packaging, or what has
allowed theatre to survive as a human medium.

5. Potential Impacts of VR on English Theatre:

Virtual Reality poses new moral and aesthetic questions about, among other
things, authenticity or access or the presence of a live human performer even as it
opens up vast new territories of creative possibility. Packer and Jordan (2001) the
concept of computer-generated actors, considering it repulsive; they have great
fears that attempting to virtualize performance will steal theatre's soul, leaving
behind only grotesque parodies. But there are others who view VR as an
opportunity to take the concept of embodiment a step further, adopting new
characters and perspectives.

5.1 Transformation of Performance and Acting:

The fact that the actor’s engagement is radically transformed in this new
form of VR-laden performance. Conventional theatre performance as a physical
act of presence, voice projection and interaction with other performers and
audience. In virtual reality, however, performers come together in a more human
way. Body capture and their virtual avatars create embodiment experiences for
VR. Performers need to also learn how to act not just be authentically on play but
also pass legitimately through the digital interfaces, merging theatrical
performance with animation art and game design (Causey, 2016).

In addition, VR can be used to act upon virtual stages which are not
physically located in the actors' vicinity allowing collaboration over a distance.
This malleability of form has potential, making new art forms possible and
questioning conventional definitions of “liveness”. What we have here is a
performance of mediating the physical and digital, where presence is re-
constituted through an immersive mediation (Auslander 2008).

5.2 Redefining Stage Design and Spatial Aesthetics:

VR 'Stage design' ~ Theatres beyond spatial constraints in the world of VR,
stage design of the theatre expands limitlessly and becomes an infinite creative
space that is not bound by physical architecture. Designers may build entirely
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immersive worlds that change in reaction not only to the progression of a story,
but also audience responses. As notes, such ‘“virtual scenography” allows
performances to break out of realism and open up to hybrid spaces where
imagination meets simulation. It could also carry real potential in terms of its
application to English theatre imagines how this kind of capability would
transform the work of scenographers and directors, with productions forming an
entirely integrated whole, lighting, sound and movement all operating within
digital landscapes. Thus, VR stage becomes not only aesthetic but participatory,
interjecting the definition of theatre space as a bounded proscenium to an open,
interactive world (Giannachi, 2004).

5.3 Reimagining Audience Experience:

But the most revolutionary impact VR could have on theatre is how it
changes what experience means for audiences. With traditional theatre, it's
something you sit down and watch with VR, the audience gets to act in it. For
immersion can transform spectators into “interactors” who influence the outcomes
of stories with their choices and movement. In the world of British theatre this
shift from active to passive consumption comes at a time when more interactive
and site-specific theatre, embodied in companies like Punch-drunk and Dream
think speak, is becoming so popular. Using VR, we could put the spectator right
inside a world of a play and let her or him interact with characters as well as
observe from multiple narrative perspectives simultaneously. This rearrangement
of limits is not only directly related to the blurring between who does and does
not produce/perform for whom but may have as extreme a consequence
dramaturgy that up to be co-author by storytelling in situ (Murray 1997).

5.4 Accessibility, Inclusivity, and Global Collaboration:

VR could change all that, opening up English theatre to a more accessible
and diverse audience. Physical productions can be experienced by remote
audiences who may not, for reasons geographical, financial, physical and others
wish to attend performances in person. With this access, we contribute to a more
general cultural project of theatre as a shared and enlightening “public”
experience. It also allows artists, designers and performers to create new cultural
expressions locally or globally between continents with stronger intercultural
exchange and hybrid creative works. But 17 But the potential rebalancing of
political, social and cultural interaction is dampened by digital inequality and the
cost of VR technology -could give rise to new hierarchies of access in cultural
production (Broadhurst & Machon, 2021).
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6. Challenges and Ethical Consideration:

The Theatre works Virtual Reality (VR) will radically reshape English
theatre, by re-orienting its art form through immersive, interactive and playful
acts—but not before it is met with dilemmas and challenges too! These relate to
authenticity of performance, access and equality, technological dependency, data
and privacy and the preservation of human creativity. In challenging these, it is in
This chapter that we seek to explore what happens when VR enters into theatre
practice and culture.

6.1 Authenticity and the Loss of “Liveness”:

Another one of the buzzwords circulating in VR theatre is a battle over
authenticity (or loses of ‘liveness’ if you prefer). For traditional dramas, there is
not only a live audience but also performers and audiences are at the same time
and in the same places physically. For Outlander (2008), life is not simply
presence but co-consciousness and co-presence. For VR, this live engagement is
technologically mediated, but experience can still be cast as a “live” performance
if it takes place in a digital version of being there. Causey (2016) contends that
VR constitutes a “technological liveness,” one that reconfigures the present
through computational interactivity. But opting for such a response also risks
draining the emotional and collective life out of theatre, making an embodied form
instead of something mediated by technology. The ethical and aesthetic problem
of striking a balance between cinematic modernity and hermeneutic authenticity
remains unsolved.

6.2 Accessibility and the Digital Divide:

But while VR can democratize theatre, and make it accessible to anyone
anywhere, it also raises questions around digital inequality. Opportunities for the
widespread use of VR technology are, however, still limited to a segment of
society further contributing effectively to the reification of cultural stratification.
Since, in the theatre English evidence a part of a culture where inclusivity and
access to the public have been valued, plus the added expensiveness from VR
production as well as tooling it could mean that large parts of those audiences are
more marginalized towards smaller theatrical companies will find themselves
being priced out of medium. VR theater does not strive to divide among the
masses and support itself; it risks becoming a tool of technological privilege, and
its boast of being available for anyone anywhere unmet. Indeed, ethical practice
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is prescriptive to maintain the social inclusivity and economic viability of VR
theatre (Broadhurst and Machon, 2021).

6.3 Technological Dependence and Artistic Integrity:

The dependence of VR upon software, hardware and digital infrastructure
1s becoming integrated into theatre practice and could change the balance between
artists and technologists in terms of ownership over content. As the notes, working
together on a digital performance can also lead to a murky and often-questionable
collaboration between engineers and artists that has potential to obfuscate creative
authorship and artistic autonomy. This dependence also presents problems of
technological obsolesces and such as VR platforms are rapidly evolving, by the
time the performances happen, they could be outdated. And when theatre works
are dependent on proprietary technology or obsolete platforms, that memory of
these pieces is difficult to sustain in the way it would be if preserved through a
script or tape. English theatre, therefore, will have to develop new paradigms of
digital conservation and artistic authorship in the virtual reality era (Dixon 2007).

6.4 Privacy, Data, and Psychological Impact:

VR is very immersive and interactive, as a result we gather tons of data
through this kind of means, and some of such types of data are the biomechanical
gaze (or movement), reaction time. This is a big concern when users’ data get
exposed for commercial or surveillance purposes. Such data are highly sensitive
psycho-logically in theatrical contexts where emotional engagement is significant.
And finally, immersive settings may cause psychological disorientation or
emotional overload (especially in the case of shows on deplorable content).
Ethical VR theatre requires informed consent, careful curation of content and
secure data policies to guard against harm to participants (Madary & Metzinger,
2016).

6.5 Ethical Representation and Virtual Identity:

VR allows people to inhabit an avatar, or virtual body, making the ethics of
representation, self and body vastly more complex. That could be cool in that it
might help People understand other people, it might help them want to include
other people, see life through another person’s eyes. But it could also be a weapon
of self-destruction if handled handedly, with issues involving cultural
appropriation or what might pass on misrepresentation. For a politically and
socially engaged medium with centuries-long lineage in English theatre, VR is an
opportunity but also a responsibility, according to Rogers and Dorman. And if
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theater is to have a claim on morality, it is just as crucial that we be attentive to

the cultural context, and to what conditions prove natural for the digital body.
(Murray 2017).

6.6 The Future of Human Creativity:

Thus, the idea of viscerally suspending belief in such a way- largely through
VR - causes us to wonder about human creativity in technology-centric
performance. And while algorithms and Al are increasingly schooling production
design, narrative, audience experience on how it’s done, fuck if it wouldn’t be
depressing to behold technological spectacle trouncing our emotional connection
and human storytelling. What future English drama in VR has to do, as set forth
by human-centric art (Packer & Jordan, 2001), it makes sure that it is not just an
addition or a replacement for the art of the human at its core.

7. The Future of English Theatre in the VR Age:

Theatre In England has always responded to the cultural, technological and
philosophical preoccupations of its day. Theatre, from the Elizabethan era up
through the digital age, has changed with cultural and technological revolutions
but never lost sight of its humanistic foundation to depict, question, and even
reshuffle what it means to be human. The English theatre is at a crossroads in the
Virtual Reality (VR) era, and it both faces a challenge and has an opportunity to
redefine itself as a hybrid form blending liveness with digitized immersion. This
chapter seeks to consider how VR will shape and inform the aesthetic, cultural
and institutional future of English theater.

7.1 The Hybridization of Theatre and Technology:

Hybrid performance ecologies of physical and virtual realities will arguably
characterize the future of English theatre. Digital media are no longer employed
as adjuncts to theatre, but as collaborators in the creation of performance spaces.
The lines separating stage and screen, actor and avatar, audience and participant
will blur even more. Viewers can expect a mix of scripted content that utilizes
technology to blend VR storytelling with live elements such as mocap, hologram
projection, and immersive scene work. The School of Night is a cross-disciplinary
laboratory — in it, classical dramaturgy can meet digital design in English theatre.
Playwrights, programmers and visual artists can collaborate. These two "will
converge for intimate and personal performances both infinite and in the moment,
anchored in live humanity, but amplified by virtual possibility" (Dixon, 2007).
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7.2 Audience Agency and Participatory Storytelling:

The VR era represents a fundamental redefinition of what being an audience
means. Instead of being mere witnesses, future audiences will be narrative
participants — shaping storylines through choice, movement and feeling. The
“procedural authorship” of digital narrative, as explained by, enables stories to
unfold interactively, inviting (audience) participants into the performance. For
English theatre, this could have nonlinear dramaturgies as consequences, where
each performance will do differently depending on what the user does. Companies
Punch-drunk and Blast Theory have already pioneered forms which merge digital
and physical worlds; VR will only enhance this development; interactive theatre
will become a mainstream form. This change also democratizes authorship,
encouraging spectators to participate as co-authors in the process of meaning-
making and foregrounding theatre's communal implications in novel
technologically mediated ways (Murray, 1997).

7.3 Expanding Cultural Access and Global Collaboration:

English theatre has never before had such a global platform for cross-
cultural exchange and access thanks to the VR nature of networks. Performances
in virtual environments can be accessed anywhere in the world regardless of
location, language and economic access. Digital theatre creates a “transnational
spectatorship” in which artists and audience from different cultures come into
contact across common digital spaces. For English theatre, this could translate into
a decentralized global stage where no longer are productions confined to the West
End or London venues but are also streamed, simulated and co-created around the
world. This democratization of access increases both spatial reach but also fosters
a dialogue and exchange between cultures throughput broader share and
participation, leading to a reaffirmation of an inherently universal aspect of theatre
as social and ethical art (Broadhurst & Machon, 2021).

7.4 Preservation, Education, and the Archival Future:

VR technologies also offer the possibility of keeping and teaching theatre.
Digitized materials and virtual reality representations of old performances could
offer scholars and even audiences, for the first time, a view of classic plays as they
looked in their lived moment. Organizations like Royal Shakespeare Company
(RSC) have already started to employ VR for educational opportunities merging
an archive of recorded performance with interactive simulation (RSC, 2022). That
way it might be that the VR age is both a creative and a pedagogical renaissance,
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an age when English theatre isn’t just played but studied and preserved and
reimaged in new immersive ways. “It would mark a new way of traditional
because holding theatre successor, tradition in novelty” (Murray, 1997).

7.5 Ethical Futures and Human-Centered Creativity:

If a new technological era is announcing the novelty, then English theatre’s
future can’t just be all about blood and money. But virtual reality also poses the
danger of psychological and moral damage. Thus, new VR theatre makers are
advised to re-populate their priorities with inclusivity-, authenticity- and emotion-
driven work. The ideal scenario isn’t that there won’t be a replacement for human
beings in the way of performing technology; it’s something like a synergy, or
hybrid, between digital systems and human imagination. The theater’s future will
lie in empathy, embodiment and shared experience elements that will need
somehow, some way to be guarded when form of communication changes. The
idea we have for English Theatre in the Age of VR is to employ Virtual Reality as
a medium, immediate and yet engaging, at the same time preserving its ethical
and transformative character (Madary & Metzinger, 2016).

8. Conclusion:

Virtual Reality (VR) is not just another technological medium it has the
power to transform aesthetic, spatial and cultural thresholds into English theatre.
This self-analysis reveals that VR subverts time and embodiment, all story and
audience relations. From a performance theory, postmodern aesthetic and digital
media approach, the dissertation inquires as to how VR remediates legacy theatre
practices of scenography and dramaturgy vis-vis representation and accessibility.
From the early Renaissance to the new-media environment of a twenty-first
century technology-literate present, English theatre has embraced technological
innovation as a means to explore other ways of thinking, feeling and being. Virtual
reality is a compromise on that continuum, an immersive interactive environment
that establishes a relationship between performer and audience, reality and its
hyperreal simulacrum, here and there. For the future of English Theatre in VR is
not VR itself, or its most outrageous dramatic uses (as compelling as these may
well be unmatched); it is in a layer above where live and digital meet, around the
essence of performing to an audience (all the rest being just more ways for better
creative writing). In this symbiotic place, all manner of artists will be alongside,
and inter-breed playwrights breed with technologists breed with designers breed
with audience to bring forth hybrid new strains, co-created mini performances of

the infinite.
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Abstract:

In the context of the rapid advancement of artificial intelligence (AI) technologies, the
accounting and auditing professions are undergoing substantial changes that have transformed
the preparation, analysis, and disclosure of financial and environmental reports. Al-based
applications have contributed to improving the accuracy, consistency, and reliability of
accounting data, while also strengthening transparency and accountability across organizations.
Although interest in Al has grown among researchers and practitioners, empirical evidence
regarding its effect on the quality of financial and environmental reporting remains relatively
scarce, particularly in Lebanon. This lack of context-specific evidence underscores the
importance of further investigation.

Accordingly, this study examines the impact of Al on the quality of financial and
environmental reports from the perspectives of accounting and auditing professionals in
Lebanon. A descriptive—analytical research design was employed to ensure an appropriate
examination of the research problem. Data were collected using a structured questionnaire
distributed to a randomly selected sample of 420 respondents.

The empirical results indicate that Al have a statistically significant positive influence
on reporting quality, particularly with respect to accuracy, reliability, timeliness, and
transparency. Nevertheless, the study also identifies several obstacles that limit the effective
and widespread adoption of Al, including insufficient technological infrastructure, a lack of
specialized expertise, and the high costs associated with implementation.

Based on these findings, the study offers practical recommendations to enhance the
integration of Al into accounting and environmental reporting and suggests future research
involving larger samples and cross-country comparisons.

Keywords: Artificial Intelligence, Accounting, Financial Reporting, Environmental
Reporting, Information Quality.
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Sample Size Formula
Cochran's Formula

= nis the sample size.

:Z 2 _p_ (1 p) e Zis the Z-score.
n — = pis the estimated proportion of
E2 the population.

= E is the margin of error.

I STANDARD INSIGHTS I

(Cochran, 1977) : jaaall
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Inhibitory Effect of Pomegranate Peel Extract Against Salmonella
enterica sub sp. enterica serovar Typhimurium
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Abstract:

This study investigated the inhibitory effect of pomegranate (Punica granatum) peel
extract against Salmonella enterica sub sp. enterica serovar Typhimurium using both in vitro
and in vivo approaches. Pomegranate peels were extracted using a Digital Ultrasonic Cleaner
with both aqueous and ethanolic solvents to obtain high-efficiency extracts at a concentration
of 25mg/ ml. The chemical composition of the extracts was analyzed by High- Performance
Liquid Chromatography (HPLC), which revealed the presence of several bioactive
compounds, including ellagic acid, gallic acid, and punicalagin, known for their strong
antimicrobial properties.

In the in vitro study, the extract demonstrated significant inhibition zones against
Salmonella enterica sub sp. enterica serovar Typhimurium comparable to standard antibiotics,
the results demonstrated significant inhibition zones in vitro. In the in vivo experiment, oral
administration of pomegranate peel extract at 25 mg/ml led to a significant reduction in
bacterial load in the intestine, five groups of broiler chickens were used: Group 1 (positive
control, infected but untreated), Group 2 (treated with pomegranate peel extract), Group 3
(treated with amoxicillinis), Group 4 (treated with normal saline), and Group 5 (negative
control, uninfected and untreated). The findings suggest that pomegranate peel extract
possesses potent antibacterial activity and may serve as a natural alternative or complementary
therapy against Salmonella enterica sub sp. enterica serovar Typhimurium infections

Keywords: Pomegranate peel, Salmonella enterica sub sp. enterica serovar
Typhimurium, Ultrasonic extraction, HPLC, Antibacterial activity, Histopathology.
Amoxicillin.
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1. Introduction:

The pomegranate (Punica granatum L.) is a small tree that belongs to the
Lythraceae (previously Pinaceae) family. Originally from the Middle East, it is
now found throughout the Mediterranean region, China, India, South Africa, and
North and South America. Pomegranates are frequently used in human diets and
traditional medicine due to their rich chemical composition, high nutritional value
and a wide range of health benefits. Pomegranate fruits, which are usually
consumed in fresh form or processed into juice, can be divided into three main
parts—peels, juice, and seeds. During the production of pomegranate juice, a
significant quantity of waste is generated, with peels constituting around 26—30%
of its overall weight (Mo et al., 2022 and Azmat et al., 2024).

Pomegranate peels are known to contain a variety of physiologically active
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substances, such as flavonoids (catechin, epicatechin, quercetin, rutin,
kaempferol, hesperidin), phenolic acids (gallic, caffeic, ferulic, cinnamic, p-
coumaric, ellagic, vanillic), and tannins (ellagitannins, gallotannins, punicalin,
pedunculagin, granatins A and B, corilagin, tellimagrandin, gallagyl, and
hexoxide). They contribute to the fruit's exceptional pharmacological qualities and
high antioxidant activity because they are found in higher concentrations in the
peels than in the other sections (Mphahlele et al., 2016 and Ain et al., 2023) have
garnered significant interest because of their potential health benefits, including
antimicrobial, antioxidant, anticancer, antiulcer, anti-inflammatory, anti-
diarrheal, antimalarial, hepatoprotective, and wound-healing properties, which are
known to have diverse biological functions including effectiveness against
pathogenic microorganisms (Sun et al., 2021).

Salmonella enterica sub sp. enterica serovar Typhimurium is a pathogenic
bacterium responsible for gastrointestinal infections in humans and animals,
particularly poultry. Overreliance on synthetic antibiotics such as amoxicillin;s
has led to the emergence of Multi -Drug-Resistant (MDR) strains, creating an
urgent need for natural alternatives. Pomegranate peel, a rich source of phenolic
compounds, tannins, and flavonoids, has been recognized for its strong
antimicrobial and antioxidant properties (Wu et al., 2021 and Andishmand et al.,
2023).These activities of pomegranate peel may be exploited as a phytomedicine
for humans, to eliminate the use of antibiotics and reduce their cost (Andishmand
et al.,2025).So the present study investigates the inhibitory effect of pomegranate
peel extract prepared by ultrasonic-assisted extraction and analyzes its chemical
composition using High Performance Liquid Chromatograph (HPLC). Also
evaluates the efficacy of the extract against Salmonella enterica sub sp. enterica
serovar Typhimurium both in vitro and in vivo in infected chickens, supported by
chromatographic analysis through HPLC to identify the main active constituents
therefore, it is making them natural candidates for use in the pharmaceutical
industry.

Materials and Methods:

1- Bacterial strain:

Strains of Salmonella enterica sub sp. enterica serovar Typhimurium had
been taken from department of Microbiology, College of Veterinary
Medicine, University of Baghdad, were subculture in nutrient broth and
incubated at 37C° under aerobic condition for 24 hr. then stored at 4C° in
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refrigerator until used (Finegold and Martin,1982, Harne et al.,1994 and Collee
et al., 1996).

2- Collecting pomegranate fruits and Preparation of Pomegranate Peel
Extract:

Fresh pomegranate peels were collected from the local markets of Mosul,
washed, air-dried at 40°C by electric oven, and ground into a fine powder using
an electric blender (10) grams of the powder were mixed with 100 mL of either
distilled water (for aqueous extract) or 70% ethanol (for ethanoic extract).
Extraction was performed using a Digital Ultrasonic Cleaner at 40 KHz, 40°C for
30 minutes to maximize the recovery of active components. The extract was
filtered through Whatman No.1 paper and concentrated using a rotary evaporator.
The final concentration was adjusted to 25 mg/mL and stored at 4°C until use.

3- HPLC Analysis:

High-Performance Liquid Chromatography (HPLC, Agilent 1260
Infinity II), that contains Quadruple Pump, Automatic Sampling Device, Column
Furnace, UV/VD Detector, Degassing Device, Data Collection Software, C18
Reverse Phase Column, ZORBAX Eclipse Plus C18,250 mm X 4.6 mm, Particle
Size: 5 um, Mobile Phase(Solvent A: Water with 0.1% formic acid, Solvent B:
Acetonitrile.Dissolution Method that depended on Isotonic or stepwise, the
operating conditions it included Flow Rate: 1.0 mL/min, column temperature: 25
30 °C, injection volume: 20 uL, 210-280 nm, these Detection Wavelength and
10-20 minutes was operating time, also Samples were filtered through a 0.45 um
membrane filter before injection to remove particle, was revealed several active
components in both aqueous and alcoholic extracts. The major peaks
corresponded to ellagic acid, gallic acid and punicalagin, compounds known for
antimicrobial and antioxidant activates (Azmat, et al.,2024).

4- Assessment of Antibacterial Activity:
This axis of study was divided into two parts:

A-In Vitro Antibacterial Activity.

B- In Vivo Antibacterial Activity.
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A- In Vitro Antibacterial Activity:

The in vitro antibacterial activity of the extracts was determined using the agar
diffusion method. Plates which inoculated with Salmonella enterica sub sp.
enterica serovar Typhimurium at (0.1 ml,1x 10* c¢fu /ml) compared with (0.5
MacFarland,1x108CFU/ml) and disc were soaked with concentrations of the
aqueous extract, use alone without alcoholic extract at (25 mg/ml). Antibiotic disc
(Amoxicillin;s) was used as positive controls, and normal saline served as a
negative control. Inhibition zones were measured after 24 hours of incubation at
37°C in cm.

B - In Vivo Antibacterial Activity:

A total of (15) broiler chickens (21 days old) were randomly divided into five
groups (3 birds in each group):

o Group 1: Infected with Salmonella enterica sub sp. enterica serovar
Typhimurium, without treatment (positive control).

o Group 2: Infected + treated with pomegranate peel extract (25 mg/mL in
drinking water).

o Group 3: Infected + treated with Amoxicillin ;5 (500mg) (15 mg/ml).

o Group 4: Infected + treated with normal saline.

« Group 5: Non-infected, non-treated (negative control).

Infection was induced orally with a standardized bacterial suspension of
Salmonella enterica sub sp. enterica serovar Typhimurium by concentration (0.1
ml,1x 10* cfu /ml) (contrast to 0.5 McFarland,1x10*CFU/ml). Treatments were
administered daily for seven days' post-infection. Clinical signs, mortality rate,
and feeding intake were monitored throughout the experiment. After that, the
chickens were sacrificed and the intestine was obtained and immediately fixed in
10% formalin solution for histological examination. Histological sections were
prepared and stained by hematoxylin and eosin (Luna, 1968).

Results:

1- HPLC Analysis:

HPLC chromatograms revealed several active components in both aqueous
and ethanoic extracts. The major peaks corresponded to ellagic acid, gallic acid,
and punicalagin, compounds known for antimicrobial and antioxidant activities.
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Ethanoic and aqueous extracts, indicating stronger bioactivity.

Simulated HPLC Chromatogram — Pomegranate Peel Extracts

Punicalagin

Aqueous extract
/ Alcoholic extract

2.0} Ellagic acid

Catechin

15¢ ‘
' Minor
Gallic acid " ) /
1.0t / | i\

Intensity (mAU)

0.5

0.0

0 5 10 15 20 25
Retention time (min)

Figure: 1 HPLC chromatogram showing peaks of Ellagic acid, Gallic acid, and
punicalagin for both aqueous and ethanolic extracts.

2: Assessment of Antibacterial Activity:
A- In Vitro Antibacterial activity:

Zone of inhibition against Salmonella enterica sub sp. enterica serovar
Typhimurium for pomegranate peel was almost the same results that inhibition for
antibiotic against Salmonella enterica sub sp. enterica serovar Typhimurium, but
control disc (normal saline) showed no zone of inhibition by length (5.3 cm, 4.5

cm and 0 cm) respectively, Figure (2).
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Fig: 2. Zone of inhibition of Pomegranate Peel Extract, Amoxicillinis, Normal Saline
against Salmonella enterica sub sp. enterica serovar Typhimurium.

A- Pomegranate peel extract.
B- Amoxicillins.

C- Normal saline.

B-In Vivo Antibacterial Activity:

Chickens were treated with pomegranate peel extract showed marked
improvement in clinical symptoms, reduced mortality, and significantly lower
bacterial loads in intestines compared to the positive control group. The
performance of the ethanolic extract was close to that of amoxicillin,s, while the
normal saline group showed no improvement, the findings of activity indicate that
extract has a Hopeful natural origin of antibacterial mixtures, and it may serve as
an effective alternative or complementary agent to conventional antibiotics in
controlling Salmonella, as follows:
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- Group 1 (infected without treated): Showed severe diarrhea, depression,
and decreased appetite. Figures: (3.4)

Fig: 3. Section in the intestine of positive control group (1) at 48hr post infection shows
congested blood vessels with inflammatory cells particularly neutrophils infiltration in
serosa and adipose tissue” |(H & E stain 400X)

Fig :4. Section in the intestine of control positive group (1) at 48hr post infection shows
mucin and neutrophils in the lumen of dilated mucosal glands with inflammatory cells
infiltration between mucosal glandsf (H & E stain 100X)
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Group 2 (extract-treated with pomegranate peel extract): Demonstrated high
improvement, with reduced mortality. Figure: (5)

Fig:S. Section in the intestine of one animal in group (2) at 48hr post infection shows no
clear lesions in the epithelial layer (H & E stain 100X).

Group 3 (infected +-treated with antibiotic): Showed marked recovery.
Figure (6)

Fig:6. Section in the intestine of one animal in group (3) at 48hr post infection shows no
clear lesions in the epithelial layer with few inflammatory cell’s infiltration in lamina

propria (H & E stain 400X)
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Group 4 (infected +treated with Normal saline): Displayed the best response
with almost complete recovery and no mortality. Figure (7)

Fig:7. Section in the intestine of one animal in group (4) shows no clear lesions (H & E
stain 100X)

Group 5 (negative control): Remained healthy throughout. Figure (8)

Fig:8. Section in the intestine of control negative group E shows normal structure of
mucosal glands and normal mononuclear cells between these glands (H & E stain 400X).
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Bacterial counts in fecal samples significantly decreased in Groups 2, 3, and 4.

Discussion:

The present study demonstrated that both aqueous and ethanolic extracts of
pomegranate peel possess significant antibacterial activity against Salmonella
enterica sub sp. enterica serovar Typhimurium, confirmed by vitro inhibition
assays, in vivo experimental infection in broiler chickens, and histopathological
analysis. These findings align with recent studies emphasizing the therapeutic
potential of Punica granatum peel as a natural antimicrobial agent.

Chemical Composition and HPLC Analysis:

HPLC chromatograms revealed the presence of major bioactive compounds
including ellagic acid, gallic acid, and punicalagin, with higher peak intensities
observed in the ethanolic extract compared to the aqueous extract. This supports
earlier findings (ElI-Hamamsy et al., 2020 and Wu et al., 2025). These phenolic
compounds are recognized for their antimicrobial properties that operate through
various mechanisms, such as disrupting bacterial cell membranes, hindering
protein synthesis, and affecting nucleic acid functions. The increased activity of
the ethanolic extract noted in this research can thus be directly attributed to its
greater polyphenolic content (Ben Singh et al., 2023).

In Vitro Antibacterial Activity:

Clear inhibition zones for aqueous extract against Salmonella enterica sub sp.
enterica serovar Typhimurium were shown by the zone of inhibition assay. The
findings are in line with reports of comparable inhibitory zones against
Salmonella enterica sub sp. enterica serovar Typhimurium (Oliveira et al.,2024
and Abu-Niaaj et al.,2024). The noted antibacterial activity that varies with dosage
reinforces the idea that the effectiveness of pomegranate peel extract is
significantly linked to the level of phenolic compounds it contains. In addition,
when compared to Amoxicillin;s, it was found that although the antibiotic
exhibited marginally greater efficacy, the extract on its own still displayed
considerable inhibition, indicating its potential as a supplementary or alternative
treatment option.
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In Vivo Antibacterial Activity:

In the vivo experiment, treated groups (2, 3,4) presented distinct Enhancements
in clinical signs, growth rates, and mortality rates. Combination therapy (Group
4) achieved the highest cure rate, with near-complete bacterial eradication and
restoration of normal tissue structure.

These results indicate a synergistic effect when pomegranate peel extract is
combined with standard antibiotics, reducing bacterial load more efficiently than
either treatment alone. Similar results were reported in a study (Wu et al., 2025)
on chitosan-coated pomegranate extracts, it, demonstrated improved bacterial
inhibition when the extract is using in combination treatment This collaboration
has expected linked to two systems, the direct antibacterial impact of phenolic
compounds, and the improvement of antibiotic potency through breakdown of
walls for bacterial cells or hindrance of biofilms, Panel (Mehdizadeh et al.,2025).

Histopathological Analysis:

Histological examination of gut tissue improved the defense effect of
pomegranate peel extract. In untreated infected chickens, congestion, necrosis, and
infiltration of inflammatory cells were observed, while the treated groups showed
a reduction in lesions, with the fourth group exhibiting almost normal tissue. These
results confirm the findings of (Al-Hamamsi et al.,2020 and Abu-Niag et al., 2024),
which featured the role of polyphenolic compounds in decreasing oxidative stress
and inflammation in sicked tissues. The improved histopathological properties also
confirm the in vivo antibacterial efficacy of the extract and suggest a potential
immunomodulatory effect, enhancing host resistance to infection. Pomegranate
peel extract is characterized by its multifaceted antibacterial action. Polyphenolic
compounds, such as ellagic acid and punicalagin, work by disrupting bacterial cell
membranes, binding to essential minerals, and inhibiting enzyme activity necessary
for bacterial survival. Ultrasound-assisted extraction enhances the yield of these
active compounds, explaining the high efficacy of the extracts and the method used
to maximize the extraction of bioactive compounds. The findings observed in this
study are consistent with those of (Asma Sadiq et al.,2024 and Wu et al., 2025)
which showed similar inhibition designs against Salmonella enterica sub sp.
enterica serovar Typhimurium. strengthening the idea, the pomegranate peel,
context its high polyphenol core, has between the most potent natural antibacterial
currently being investigated. The proven activity of pomegranate peel extract
against Salmonella enterica sub sp. enterica serovar Typhimurium is important
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implications for chicken health and diet safety. Lowing the bacterial load in chicken
not only advancing animal well-being and growth efficiency but also reduces the
risk of delivery to humans through the food system. Combining natural extracts
with traditional antibiotics presents a viable avenue to ease antibiotic resistance,
a critical 1ssue highlighted in golden health studies (BenSingh et al.,2023).

Conclusion:

Extracts from pomegranate peels, prepared using ultrasonic extraction,
demonstrate potent activity in inhibiting the growth of Salmonella enterica sub sp.
enterica serovar Typhimurium bacteria. The extract's efficacy in both laboratory
and in vitro models suggests its potential as a safe, natural alternative or
complement to synthetic antibiotics such as amoxicillin;s. Utilizing such natural
compounds may help reduce antibiotic resistance and support sustainable poultry
health management.
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Abstract:

The city of Kufa, one of the most prominent early Islamic cities, is a major focus of Orientalist
studies due to its exceptional importance in Islamic history. Orientalists did not treat Kufa as
merely a geographical city, but rather viewed it as a political center, the capital of the Caliphate,
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the birthplace of theological sects, and a center for revolutionary movements. Their approaches to
studying it varied between historical, social, and linguistic methods.

Kufa as the home of Shiism and revolutions A large number of Orientalist studies focus on the
close connection between Kufa and the emergence of Shiism. Orientalists consider Kufa to be the
“home of pure Arab Shiism,” as it was the center of allegiance to Imam Ali ibn Abi Talib (peace
be upon him) and, after him, his sons. One of the most prominent writers on this subject is Heinz
Halm, who discussed in his studies the role of Kufa in spreading Shiism and the revolutions it
waged against Umayyad rule, such as the Tawwabin Revolution and the Mukhtar al-Thaqafi
Revolution. Halm believes that the decisive events in Shiite history took place in Kufa, which was
a strong rival to Damascus, the capital of the Umayyads.

Kufa as a center of science and culture the importance of Kufa in Western studies was not
limited to the political aspect but extended to include its role as a center of science and culture.
Orientalists paid special attention to the Mosque of Kufa, which was a beacon of knowledge and
a source of many Islamic sciences. Hadith and jurisprudence: Orientalists addressed the role of
Kufa in the development of hadith and jurisprudence, as it was home to a number of great
companions who taught there, such as Abdullah ibn Mas'ud and Abu Musa al-Ash'ari. Kufa also
witnessed the emergence of the Hanafi school of thought at the hands of Imam Abu Hanifa al-
Nu'man.

Keywords: Kufa, Orientalism, Kufa scripts, French Orientalists, Egyptianizing of Kufa.
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Abstract:
The current research aims to identify the reality of teachers' use of artificial intelligence
applications in primary schools and the obstacles they face in teaching. To achieve this
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objective, the researcher adopted a descriptive-analytical approach. The study is limited to a
sample of primary school teachers from various disciplines in the center of Dhi Qar Governorate
during the 2024-2025 academic year. The research population consisted of 350 teachers, and
the research sample comprised 60 teachers. The researcher used a questionnaire on artificial
intelligence applications, consisting of 20 items distributed across two axes: the use of the
ChatGPT application in the teaching and learning process, and the obstacles to using the
ChatGPT application in the teaching and learning process. After being reviewed by experts, the
questionnaire received their approval regarding its suitability for the target sample and its ability
to achieve the research objective. It was then administered to the sample, and the results were
statistically analyzed.

The research results showed that the overall arithmetic mean for the two axes—the use of the
ChatGPT AI application in the teaching and learning process and the obstacles to using the
ChatGPT AI application in the teaching and learning process—was (2.0408), indicating a
"somewhat achieved" level of availability.

Based on these results, the researcher concluded that teachers' use of Al applications (ChatGPT)
remains at a low level, focusing more on professional development than direct integration with
students in teaching.

Keywords: Teachers, Schools, Artificial Intelligence, Obstacles, Teaching.
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Abstract:

The research examines how technological advancements in artificial intelligence (Al)
impact the nature of social interactions among individuals in Arab countries.

It explores the positive aspects, such as facilitating communication and increasing efficiency in
daily interactions, as well as the negative aspects, such as social isolation and weakened
personal relationships due to excessive reliance on technology.

It also discusses changes in communication patterns and social values, offering
recommendations to balance the use of Al with the preservation of genuine human relationships.

Keywords: Artificial Intelligence, Social Relationships.
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9789211544619, P.120. https://www.unescwa.org/sites/default/files/pubs/pdf/artificial-intelligence-futures-arab-
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Abstract:

The legal challenges of cross-border artificial intelligence embody one of the
contemporary philosophical and legal problems that have revealed the limitations of traditional
legal frameworks, whether at the level of national legislation or the rules of private international
law. Artificial intelligence, by its very nature decentralized and its ability to transcend the
territorial boundaries of states, has revived the fundamental question about the concept of legal
sovereignty, the limits of judicial jurisdiction, and the extent to which classical conflict-of-laws
rules can accommodate a changing digital reality that does not recognize place and is not easily
subject to the territorial standard. From an Iraqi legal perspective, cross-border artificial
intelligence emerges as a legally unregulated phenomenon, necessitating recourse to general
rules of civil liability, protection of personal rights, and rules of private international law to
determine the applicable law and the competent judicial authority. However, this recourse,
while necessary, it remains insufficient to achieve full legal justice in light of the multiplicity
of parties, the overlap of legal systems, and the different levels of legislative protection between
countries. On a philosophical level, artificial intelligence undermines the traditional foundations
of legal responsibility based on human will and the distinction between agent and instrument,
as it raises the problem of holding a technological entity accountable that is characterized by a
degree of functional independence without having legal personality. This leads to a rethinking
of the concept of error, the standard of expectation, and the scope of obligation to compensate
in a complex and uncertain digital environment. Within the framework of private international
law, the deeper problem lies in the conflict of laws and jurisdictional disputes, where the
harmful act may be distributed among the state developing the system, the state operating it,
and the state where the harm occurred. This necessitates moving beyond isolated national
solutions toward adopting more flexible legislative approaches. Based on international
cooperation and the harmonization of a minimum set of legal rules that guarantee the protection
of rights and achieve legal security. In short, addressing the legal challenges of cross-border
artificial intelligence requires a systematic shift in legal thinking, based on balancing legislative
stability with the flexibility of rules. Between national sovereignty and the requirements of
global regulation, allowing for the building of a fair legal framework capable of keeping pace
with technological development without compromising legal and human values.

Keywords: Artificial intelligence, the digital environment, data protection, legal
regulation, Al risks, legislative expertise.
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Abstract:

This research examines the legal responsibility of the public administration in Iraq for
damages arising from the use of artificial intelligence (AI) systems in its administrative
activities, focusing on the legal, constitutional, and technical dimensions of this responsibility.
The first chapter of the study addresses the conceptual and legal framework for using Al,
explaining the nature of these systems, their applications in enhancing administrative efficiency,
and the importance of adhering to constitutional principles and general administrative law rules,
such as the principle of legality, the rule of law, and the protection of fundamental individual
rights. The research also highlights that the uncontrolled use of Al may lead to errors affecting
rights and freedoms, making the administration legally accountable.

The second chapter discusses the elements of legal responsibility and the means of
compensation for damages, noting that the core pillars of administrative liability include the
harmful act or fault, the damage, and causation. The study reviews different forms of
compensation, including financial, in-kind, and moral compensation, emphasizing the need for
fair and balanced assessment. It also underscores the role of administrative courts in protecting
the rights of affected individuals, the importance of technical experts in evaluating Al errors,
and the need to develop Iraqi legislation to define the scope of administrative liability when
using smart technologies.

The research concludes that the legal responsibility of the administration for Al-related
damages represents a complex challenge at the intersection of law and technology. It requires
balancing the administration's freedom to use technology with the protection of citizens' rights,
along with the establishment of clear legislative, administrative, and judicial mechanisms to
ensure responsible use.

Keywords: Artificial intelligence, public administration, legal responsibility,
compensation, Iraqi administrative law, damage, legality, administrative judiciary.
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Effect the deposition temperature on the optical and structural
properties of Bismuth Oxide nanoparticles
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Abstract

Scanning electron microscope SEM and XRD spectroscopy have been used to
investigate the structural properties of Bismuth oxide thin films prepared at different deposition
temperatures using spray pyrolysis method. The preparation conditions were mentioned
constant except deposition temperature. The results of scanning electron microscopy (SEM)
and X-ray spectroscopy (XRS) analysis agreed that the prepared films were amorphous and
randomly oriented, with grains dimensions within the Nano scale, and the grains dimensions
decreasing with increasing deposition temperature. The energy gap was also significantly
affected by the deposition temperature; it increased from 2.7 to 3.5 eV. Furthermore, films
prepared at 250°C exhibited the highest transmittance and lowest absorbance values compared
to the other films.

Keywords: Bismuth oxide, spray pyrolysis method, x ray of Bismuth oxide nano particles,
optical properties of TCO and transparent conducting oxides.
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1. Introduction:

Bismuth trioxide (Bi20s) has emerged as a highly promising functional
material in the field of nanotechnology due to its unique electronic structure and
multifunctional properties [1-3]. Bismuth (Bi), a heavy post-transition metal in
Group 15 of the periodic table, is notable for being the heaviest stable non-
radioactive element, with a high atomic number (Z = 83) [4,5], low toxicity
compared to lead or cadmium, and a relatively high electron density [4,5]. Bi2Os
exhibits a moderate bandgap ranging from 2.1 to 2.8 eV, depending on its
crystalline phase, which enables strong absorption in the visible light spectrum [6-
8]. It exists in at least five polymorphic phases: monoclinic 0-Bi2Os
(thermodynamically stable at room temperature), tetragonal B-Bi:Os, body-
centered cubic y-Bi20Os, face-centered cubic 8-Bi2Os (stable above 730 °C and
known for its exceptional oxygen ion conductivity), and the high-pressure -
phase [9-12]. a-phase is most commonly used in optoelectronic applications due
to its ambient stability [13,14], while the 6-phase 1s exploited in solid oxide fuel
cells. Moreover, Bi2Os demonstrates excellent dielectric, photocatalytic, and
radiation-shielding characteristics [15-17]. The fabrication of high-quality Bi2Os
thin films is critical for device integration, and numerous deposition techniques
have been developed to balance performance, scalability, and cost. Physical vapor
deposition (PVD) methods—including thermal evaporation and radiofrequency
(RF) magnetron sputtering which yield dense, stoichiometric films with excellent
crystallinity but require high-vacuum systems and elevated operational costs [18-
20]. Conversely, chemical vapor deposition (CVD) offers precise control over
film thickness and morphology but often demands high temperatures and reactive
precursors [21,22]. Bi2Os serves as a photoactive layer or hole-transport material
in dye-sensitized solar cells (DSSCs) and perovskite solar cells[23-25], enhancing
charge separation and overall power conversion efficiency[26], Bi2Os is a highly
efficient visible-light photocatalyst for degrading organic pollutants due to its
suitable band alignment and strong oxidative capability of photogenerated
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holes[27,28],and Its electrical resistance changes sensitively upon exposure to
reducing or oxidizing gases, making it effective in low-power gas sensors for
detecting NO2, CO, NHs, and volatile organic compounds (VOCs)[29]. In this
study, bismuth oxide thin films have been deposited on glass substrates at different
temperatures (100,150,200 and 250°C). The films then examined using UV-
Visible, scanning electron microscope and x ray spectrometer to investigate the
optical and structural properties.

1. Material and methods:

Bismuth oxide (Bi20s) solution is prepared using bismuth nitrate (BiNOs), a
white solid with high solubility in water, a molecular weight of 395 g/mol, and a
density of 2.83 g/cm?. The solution is 98% pure and supplied by Sigma-Aldrich.
To prepare the solution, add 50 ml of water to 50 ml of bismuth nitrate and place
it on a magnetic stirrer for 30 minutes to ensure thorough mixing. Then, add 3 ml
of ammonium nitrate (HNO3) to the solution and return it to the stirrer for two
hours at room temperature. During this mixing process, potassium hydroxide
(KOH) is added gradually to neutralize the acidity until a pH of 6 is achieved.
Bismuth oxide films are then deposited at varying temperatures. (100, 150, 200
AND 250°C) by the thermal chemical spraying method and under constant
deposition conditions shown in Table (1) [30-33].

Table (1) deposition condition of spray pyrolysis method.

Temperature °C 100, 150,200,250
Sprays 10

Nozzle - substrate distance cm 25

air pressure kg/cm? 7.5

spry period sec 5

spray rate ml/min 6

Results and Discussion

Thin films of Bismuth oxide have been deposited on glass substrate using
spray pyrolysis method. The films were deposited at different temperatures
(100,150,200 and 250°C), then the film's structural and optical properties were
investigated.

The optical properties of bismuth oxide films prepared at different deposition
temperatures are shown in figure (1). The transmittance of all films increased with
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wavelength over the visible light then extremely constant at the higher
wavelengths. The transmittance increases also with deposition temperature and
highest transmittance was recorded for the film prepared at 250°C. The
absorbance so all films decrease with wavelength especially within the visible

wavelength and the highest absorbance was also recorded for films prepared at
250°C.

100 - 100°C 08 - ——100°C
90 1 150°C 0.7 - 150°C
80 . 200c 06 | 200°C
70 -
250°C 05 | 250°C
60 - )
X J X 04
B 50 <
40 - 03 -
30 -
02 -
20 -
0| 01 -
0 ‘ ‘ ‘ ‘ ‘ , 0 : : : : : |
0 200 00 600 300 1000 1200 0 200 400 600 800 1000 1200
wavelengthnm wavelengthnm

Figure (1) transmittance and absorbance of bismuth oxide thin films
prepared at different deposition temperatures

The energy gap was also calculated for all films figures (2). The energy gap
increases with temperature, where it was 2.7, 3.0, 3.3 and 3.5¢V for the films
prepared at 100,150,200 and 250°C respectively.

1400 -
—+—100C

1200 - 150°C
L. 1000 200°C
S . 250°C
-
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< 600
>
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B 400

200

0 1 T
0 1 2 3 4 5
E eV

Figure (2) energy gaps of the films prepared at different deposition
temperature
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The Scanning electron microscope images of bismuth oxide films prepared
at different deposition temperature show a clear variation in grain dimensions,
where the grain dimension is inversely proportional to the deposition temperature.
The average grain dimension of the films prepares at 100,150,200 and 250°C was
63.66, 55.46, 52.82, and 42.89nm respectively figure (3).
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Figure (3) SEM images of Bismuth oxide films prepared at different deposition

temperature
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The x ray spectrum of the films prepared at different deposition
temperatures show several peaks belong to bismuth oxide nanoparticles. The x-
ray spectrum shows that all films are amorphous. The strongest intensity appears
on 29.24, 27.8, 23.15 and 29.16 The grains dimensions decrease with deposition
temperature due to the decrease in the bismuth oxide quantity adhere to the

substrate as a result of high substrate temperature as shown in table (1)
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Figure (4) XRD spectra of Bismuth Oxide films prepared at different deposition

temperatures

Table (1) average grain dimensions of Bismuth Oxide films prepared at different

deposition temperatures

Temperature °C 20° FWHM D nm Average grain dimension nm

18.96 0.09 84.17
22.64 0.30 26.40
22.72 0.04 173.71
23.24 0.25 31.71

100 24.32 0.26 30.18
24.36 0.15 51.16 64.95629786
26.44 0.09 81.80
27.52 0.15 53.35
27.88 0.15 52.09

150 22.60 0.30 26.95
23.40 0.09 82.03 54.49302319
26.44 0.20 39.28

200 27.16 0.14 55.32
27.92 0.12 66.07 53.56239798
19.56 0.18 44.53

230 20.76 0.30 26.18
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22.44 0.31 25.97
23.32 0.36 22.20
24.40 0.32 25.19
27.24 0.26 31.14
28.44 0.23 35.24
28.84 0.23 35.27
28.88 0.12 68.36
29.36 0.45 18.0
30.36 0.48 17.05
31.44 0.20 40.39
32.76 0.39 21.03
33.76 0.32 25.25
34.80 0.18 44.18
40.08 0.22 37.42
41.24 0.31 26.84
46.16 0.19 44.62
61.72 0.36 25.28

30.48323375

Conclusions:

Thin films of bismuth oxide have been deposited on glass substrates at
different temperatures. The films were prepared using spray pyrolysis method.

The SEM images show that all films are amorphous with grains dimensions within
the Nano scale. X ray analysis shows that the grains size varied from 30.48 nm to
64.95 nm. The energy gap also varied from 2.7e¢V to 3.5¢V with deposition

temperature.
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Abstract:

There exists a clear methodological divergence between the early scholars and the later scholars

Gl — B S A 5 /o A ) Aalall Ayl
General Directorate of Education in Baghdad/Third Karkh Education Directorate — Iraq*
Email: afrahnmh84@gmail.com

in the approaches to authentication and weakening, as well as in the theoretical frameworks governing
related issues, including modes of transmission and delivery, criticism and accreditation of narrators),
and other disciplines within hadith studies. This divergence largely stems from differences in
scholarly formation, memorization, and critical engagement with hadith literature.
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Although both early and later scholars contributed significantly to the development and flourishing
of hadith sciences, the early scholars possessed a distinctive advantage in critical evaluation,
verification, and methodological rigor. For example, the assessments of later scholars regarding
authentication or grading do not always carry the same weight as those of the early authorities, who
were closer in time to the narrators and more familiar with their conditions and circumstances. Their
judgments were often based on direct knowledge, careful scrutiny, and firsthand experience. In
contrast, later scholars generally relied on written sources and documented evaluations of narrators.
The difference between experiential expertise and textual reliance is evident, as the early scholars
personally encountered many narrators, reducing their dependence on secondary reports; thus, their
evaluations remain foundational and authoritative.

Given the nature of this research, the study is divided into four sections: the first discusses the
definitions of hadith criticism and the concepts of early and later scholars; the second examines the
roles of critical analysis and precision in hadith evaluation; the third explores the features and horizons
of critical methodology among early and later scholars; and the fourth presents a comparative analysis
highlighting methodological differences between the two groups.

Keywords: Hadith criticism, early scholars, later scholars, authentication and weakening,
criticism and praise, transmission and performance, accuracy, defects of Hadith,
methodology of critics, applied comparison.
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Missing Data Imputation via Pascal's Triangle: A Combinatorial
Proof of Concept
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Abstract

Missing values in data mining have become a major research area in recent years,
presenting long-standing challenges in research. Missing values can significantly affect the
performance and accuracy of any algorithm, making it difficult to extract data and thus lessen
efficiency. In this paper, we present a study that contains the latest methods, which will greatly
assist in developing and applying a new path to solving the missing value problem. This path
relies on Pascal's triangle, which has many hidden properties. This paper focuses on Pascal's
triangle and its great importance in mathematical applications. Through studying Pascal's
triangle, researchers have discovered many solutions to mathematical problems based on this
mathematical construct, starting with the binomial formula and its extensions, in addition to
combinations and probability. We will therefore explain several mathematical problems related
to Pascal's triangle to identify missing values.

Keywords: Missing Values, Pascal’s triangle, Pascal’s pyramid, mathematical problem,
combinatorics.
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1. Introduction:

As we know, missing values are a common problem in data mining and
processing, which leads to reduced efficiency. Step in the continued search for
original ways to solve these problems is essential in this field. Since Pascal's
triangle and its pyramid are the most important and oldest mathematical
foundations in the history of mathematics, they are of great importance in data
analysis. The classical formation of Pascal's triangle is described by a triangular
table of numbers, so that each number is the sum of the two numbers above it [5],
and the highest value of the triangle is 1. Pascal's triangle is considered one of the
most elegant engineering systems, and it connects between combinations and
probability [5] [8] [9]. Pascal's triangle is also used to solve many mathematical
problems, starting with the binomial formula, finding coefficients, as well as
combinations and solving probability exercises. In this paper, we present a new
study of Pascal's triangle as a mathematical tool for solving missing value
problems based on combinations. This improves and advances scientific model
precision and improves reliability of test results.

2. Aim of the study:

The objective of this research is to examine data for missing values through
analysis with Pascal's triangle because the data relates directly to combinatorics.
The research emphasizes Pascal's triangle's significant role in harmonics through
its application in this field.

3. Literature review:

The mathematical composition called Pascal's triangle contains related
numbers [6] that solve problems involving combination theory, as well as number
theory and algebra [5] [11]. We credit the triangle to French mathematician Blaise
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Pascal from the 17th century, who created mechanical calculators, yet the device
existed in ancient societies before Pascal's 1654 discovery [7] Pascal’s triangle is
instrumental for figuring out the probability statistics of random events including
coin tosses because it uses triangle rows to signify possible results alongside their
probability values. Pascal's triangle acts as a vital mathematical instrument within
both combination theory and number theory because it reveals numerous crucial
mathematical designs including prime numbers and the Fibonacci sequence.
Research continues to study numerous ancient mathematicians including Pascal
because their scholarly works remain vital for contemporary investigations. The
main source for this work derives from the book Pascal's Triangle [12] which
Timothy McLernan and David J. Sokin translated from Russian into Engle’s.

4. Research idea:

The introduction of Pascal's triangle, which is a mathematical tool, is an
effective solution to various problems that appear in the fields of algebra,
synthesis, and probability. And this tool is a basic tool in many mathematical
operations, as it determines the transactions of finite equations. In addition, this
tool is used to perform calculations for integration problems using the
mathematical and statistical data of Pascal's triangle, which enables us to process
missing values with high efficiency. Mathematical models benefit from Pascal's
triangle methods, which represent an alternative solution for processing missing
values, which improves the accuracy of the model and the estimation of
probabilities. And the usefulness of Pascal's triangle extends to many
mathematical applications, as it efficiently solves the tasks of synthesis and
processing of practical data.

5. Basic concepts in Pascal's:

5.1 Pascal’s Triangle:

The triangle composed of numbers through specific arrangements shows
that each number results from the addition of the adjacent two numbers situated
above it from the preceding row. Pascal's triangle starts with a top value of 1 then
uses 1 as side numbers while inner numbers stem from the addition of the numbers
which preceded them. The following represents a typical Pascal's triangle
structure:

223



YornBbd ¥ o) bl el palad) G salha Gald s "clahilly Eganll K4l eluz' dlaa

row(
rowl

row2 [1]2]1]

1[{3[3|1] row3
[1[4]6]4]1] rowd

6. The relationship between Pascal's triangle and combinatorics [Chenoweth,
2022]

Each number in Pascal's triangle represents a value of the combinatorics. The
relationship between Pascal's triangle and combinatorics can be summarized as

follows:

For example, the number in the fourth row and second column is 6, which is

equivalent to(;)

ROWS AND COLUMNS:

The nth row of Pascal's Triangle contains Values(g) ¢ (rll) ¢ (121) G (?)

n
0

(8) 3 (?) respectively.

Where ( ) =1= (2) row begins and ends with the number 1, which represents
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Recursive rule:

Where each number in Pascal's triangle is the result of the sum of those

directly preceding it in the previous row, as in the following rule.
n—1 n—1\ _m
GZo+()=0)
where n is the row and r are the entry in Pascal's Triangle, and each value.in

Pascal's Triangle is calculated using the values of the previous combinations.

7. pascal’s Triangle Relationship to Finding the Missing Value:

In many Fields of scientific research, data analysis and values, we may face
challenges related to identifying the missing value in a sum of numbers or
sequences. In these cases, Pascal's triangle appears as an effective tool, as shown
in Figure (1), as it provides a numerical system that enables us to accurately
retrieve missing values through mathematical patterns. These patterns are based

on mathematical rules for combinatorial relationships.

1
3 1
fi 4 1
0 {10 |35 1
15 (20 [15 | @ 1
41 |35 [35 |4 7]l
2 [ [70 |4 [dE |8 |1
36 |84 126 [ 126 (=4[ 36 [ 9|1 |

._.._.._.._.._.._.._.._.._.._.|

Rl Rl ol s RN IO IR S

Fig. 1. Pascal's triangle
In this research, after addressing a large number of questions and
developing a general rule for identifying missing values using Pascal's triangle
based on combinations, this can be summarized in algorithmic steps: Extracting
the general rule to complete the missing data using Pascal's triangle:

225



YornBld v = )zl el palal) Gy paijer Gald s "clahilly Eganll K4l eluz' dlaa

Extracting the general rule to complete the missing data using Pascal's
triangle

INPUT:

-values byy

- We resolve the resulting values into the columns of Pascal's triangle.
- Number of columns m

OUTPUT
The general algebraic rule for finding the missing value
Step 1: We denote the input values byy.

Step 2: Analyze the output to one or more columns, denoted by ry, 75, -++, 13,, where
m is a natural number.

Step 3: In this step, the first value in each column will be determined, which will
be denoted by vy, v, -, Vv,,, and it is worth noting that this rule corresponds to
the first number in each column after the analysis, and provided that this number
comes after the numberl is directly in the Pascal triangle, as shown in the figure
(2). 1n addition, should use the input value from y which each column starts after
the analysis, by using one of the following two rules

Case 1: If the first column 7; contains a constant number that we denote by A4,
then the general rule is:

A(Xiraz> (Xira3>_,_<)(iam)
X—t)\x—1t;3 X —ty

Where yta,=v,—>ap=Vy; —)X,mEN"
And y —t =1 - t,, = y — 1where m is a column number.

Case 2: If the first column 7; does not contain a constant number, the general rule

()(ia1> (Xiaz)m()(iam>
X— b4 X— b X—tm

1S:
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Fig. 2. Pascal's triangle when ¢, = y — 1

If the first number in the column after analysis in one rank away from the number
1 in triangle of Pascal's, as shown in Figure (3), then the rule remains the same,
but the coefficient changes to y — t = 2.

1
1
1
1
1
1
1
1
1
1

1]

Fig. 3. Pascal's triangle when y — t = 2

Experiencel: If we have a set of data where the inputs and outputs are given as
follows:

x = Input Output
1 8
2 30
3 80
4 ?

We need to find the value of the output corresponding to the input
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Step 1:
Input Output X1,
X =1 8->2x4
X2 =2 30> 3x10
X3 =3 80 - 4 x 20
Xa =4 ?

126 [ 84 [36 [9] 1]

Fig. 4. triangle of Pascal's in Experience 1

Step2:
Input Output X1,
1 2 X4
2 3x 10
3 4 x 20
4 ?
Step3:

sincea; =vi—)y —2—-—1=1then y+1=v;->1+1=2
Sincea, =v,—y —4—1=3then y+3=v,—->1+3=4
ti=x—-1-t=1-1=0
thb=x—-1-t,=1-1=0
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Then the rule is

x = Input (Xj(‘ 1) x; 3) Output
1 CIOCT-0) S
2 2 ;L 1) 2 ;L 3):(;) (g) 3x10
3 (373L1 (3;3 =(13L)(g) 4 x 20
4 (4 1— 1) (4 I 3):(2) (Z) 5x 35 =175

71

5! !
(ASL)(Z):4!(5_4)!4!(7_4)!=5X35=175

Experience 2: If we have a set of data where the inputs and outputs are given as

follows:
X = Input Output
4 6
5 27
6 72
7 ?

We need to find the value of the output corresponding to the input 7

Step 1:
Input Output X1y XT3
4 6 >3X%X2
5 27 > 3X3X3
6 72 -53X4X6
7 ?

Therefore, the parts r, and r5 are taken from triangle of Pascal's as shown in Figure

(5).

b I3

1

5 1

15 |6 1

35 |21 7 11

70 |56 128 |8 |1
126 | 126 | 84 |36 |9 |1

Fig. 5. triangle of Pascal

's in Experience 2
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Step 2:
Input Output AX1y X715
X1 =4 3%x2
X2 =5 3x3x%X3
Y2 =6 3X4X6
Xa :7 ‘7
Step 3:

sincea,=v,—y —-2—-4=-2theny—-2=v,>4-2=2
Sinceaz; =v3—y —»3-5=-2 theny—2=v,>5-2=3
t1=x—-1-t;=4-1=3
t,=x—-1-t,=5-1=4

Then the rule is

Xx = Input 3 <§ - ;) (; - i) Output
N IV [FRAET AL
i 3(2_3)2)306)0) B
¢ 3629 (2 =G)() s
N T A T

5! 51
3(2)(§)=3x4!(5_4)!x3!(5_3)!=3><5x10=150

Experience 3: If we have a set of data where the inputs and outputs are given as

follows:

x = Input Output

12

80

300

840

O[O0 Q|| D

?

We need to find the value of the output corresponding to the input 9
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Stepl:
Input Output
X1 =5 12
X2 =6 80
X3 =7 300
Xa =8 840
Xa =9 ?

Therefore, the parts r, and 5 are taken from triangle of Pascal's as shown in Figure

(6).

1

!

1|21

1 3 1

1 6 4 1

1 10 | 10 1

1 151 20 6 1

1 21 ] 35 21 711

1 28 | 56 56 |28 8 |1

1 36 | 84 126 1 84 |36 |9 1|

Fig. 6. triangle of Pascal's in Experience 3

Step 2:
Input Output A X7, X173

5 12— 4x3
6 80— 4XxX4X%X5
7 300> 4 x5x%x 15
8 840— 4 X 6 X 35
9 ?

Step3:

sincea, =v,—y —=3—-5=-2theny—2=v,->4-2=2
Sinceaz =v;—y —->5—-6=—1then y—1=v3—>6—-1=5
th=x—-2-t,=5-2=3
thb=x—-1-t,=6—1=5
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Then the rule is

X = Input 4 ()( - 2) (X - 1> Output
x—3/)\x—5
S T T O
6 4(9:3)(9:?)24%)(%) 80— 4x4x5
7 4(§:%) (5:3)24(2) (%) 300> 4 x5x%x15
8 4(8:%) (g:?)ﬂ}(g) (g) 840> 4 x 6 X 35
’ 4 (9 - 3) (9 - 5)=4 (6) (4) 1960

8!

X : =4x7x%x70=1960
41(8 — 4)!

i
4(2) (2) =T =

8. Conclusion and Recommendations:

Through this research, the properties of Pascal's triangle were reviewed and
illustrative examples were provided highlight scientific applications.

1. What was accomplished: Finding the missing value using Pascal's Triangle
through combinations.

2. The main findings: conclusion general rule for finding the missing value.

3. The limitations of the study: The lack of computer programs to verify the
results, relying solely on theoretical analysis.

4. Practical recommendations: expanding the scope of scientific research to
include more applications in big data analysis. We also recommend developing
software tools based on Pascal's Triangle to facilitate its application in data
analysis.
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Evaluation of natural radioactivity in biscuit samples using
gamma spectroscopy

Lals Lflukan aladinly cy gSund) clie A aphll ol LUl ayls
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Dr. Zainab Nathem Hamoo Jassim ~

Abstract

The objective of this work is to evaluate the natural radioactivity in some biscuit brands
that are widely available in all markets in Iraq. Ten samples of different brands of biscuits made
in different countries were collected from the local market in Iraq., then all samples were
counted using gamma spectrometry. A (2.5 cm x 3.8 cm) Nal (Tl) detector was employed for
gamma activity measurements of ?2° Ra, #**Th and *°K isotopes after efficiency and energy
calibration were performed for the detection system by using a standard radioactive source. The
results of the study have shown that the mean activity of the main detected activity
corresponding to “°K was 145.87+4.88 Bg/kg, while the mean activities of *°Ra and ***Th were
12.35+0.49Bg/kg and 6.85+0.28 Bqg/kg, respectively. The activity concentration of samples
varies from one to another because of the differences in the conditions of the industries. These
results indicate there is no significant threat to the infant’s health due to the consumption of
these biscuits. In addition, machine learning-based data analysis was proposed to enhance
sample classification and predictive assessment of radionuclide concentrations. The integration
of machine learning provides an efficient and objective approach for detecting anomalous
values and supporting radiological safety assessments

Keywords: Radioactivity, Nal (TIl) detector, Biscuit, Gamma spectroscopy, activity
concentration.
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1. Introduction:

Human beings are continuously exposed to natural radiation present in the
environment (natural). There are two kinds of natural radiation sources, terrestrial
and extraterrestrial radiation. Terrestrial radiation results from radionuclides
which are found in rocks, soil, air, water, and food chains (UNSCEAR, 1993).
While extraterrestrial radiation originated from outer space and is sometimes
called (cosmogenic radiation) (Lilley, 2001; Cember & Johnson, 2009).
Terrestrial radio nuclides contain the decay products of uranium, radium, thorium
and actinium series as well as radioactive potassium (UNSCEAR,2000). Earlier
studies show that gamma radiation emitted from ?2°Ra, 2*Th &*°K, radionuclides
can transfer from soil, water & air to plants, trees, grass and other biological
elements and finally to the human body, and can affect internally through the
ingestion and inhalation of the radionuclides (UNSCEAR, 1993; El-Arabi, 2007,
Mehra et al., 2009; Kerur et al., 2012). The knowledge of the concentration of
radio nuclides as well as the distributions is very important because it provides
useful information for radiation risk assessment. Biscuits are a popular food
product that is widely distributed in all markets in Iraq and are consumed as a
snack by people of the population. Biscuits include a combination of flour, sugar
or salt, milk, oil, water and sometimes butter, sodium bicarbonate or leaning and
vanilla. Gamma-ray spectrometry can be performed using a sodium iodide
detector to calculate the number of radionuclides present in samples under study.
The objective of this study is to evaluate the specific activity of natural
radionuclides (gamma-radiation emitter) in biscuit samples using the Nal (TI)
detector.
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2. Materials and Methods:

Ten samples of different brands of biscuit made in different countries were
collected from the local market in Iraq, about 100 mg (0.1 Kg) were taken from
each biscuit sample after they dried and ground to a very soft powder and sieved
through a sieve with (2.5 mm) pores (Harikrishnan, et al.,2018), and then all
samples were counted by using gamma spectrometry with a counting time of
10800 sec. A (2.5 x 3.8) cm Nal (TI) detector was employed for gamma activity

measurements of 22° Ra, 2*’Th & 4K

Table 1 shows the details of the samples

Sample ID Biscuit’s Name Country of origin
S1 Shamayel IRAQ
S2 Marie Portugal
S3 Digestive TURKEY
S4 Oreo INDONESIA
S5 Brawo (RIO) TURKEY
S6 Tord IRAN
S7 ULKER (Cubuk) TURKEY
S8 Petit Beurre TURKEY
S9 Anata IRAN
S10 Luna SAUDI ARABIA

236



Yoyt hba r =) bl (Aol alall Cigym aiban Gald dae

"clahilly Eganll K4l eluz' dlaa

Gamma-ray spectrometric measurements of the activity concentration of *Ra,

23%2Th & *“K in the samples were measured by using a Nal (TI) scintillator with a
(2.5 x 3.8) cm crystal after being surrounded by a (5 cm) thick lead shield on all
sides to reduce the background radiation. Efficiency and energy calibration were
performed for the detection system by using a standard radioactive source from
the IAEA, Vienna. Activity of 2>°Ra,>*Th & and *°K was determined from photo
peaks of 21“Bi (609KeV), 2**Ac (338 KeV) and 40K (1460 KeV).

The specific activity was calculated using the following equation (Thabayneh, et

al.,2016).

A(Bg/kg) = eIM

Where cps represents the gamma-ray count rate.

A: represents a specific activity.

M: the mass of the sample in (kg).

[: the gamma-ray emission probability

3. Results and Discussion:

The results of the specific activity of 2*°Ra, 2**Th & *°K isotopes in biscuit
samples are presented in Table 2.

Table 2 shows the activity concentration of natural radio nuclides.

Sample ID Ra-226 (Bq/kg) Th-232 (Bq/kg) K-40 (Bq/kg)
S1 BDL 2.5+0.14 84.76+3.89
S2 10.19+0.24 BDL 120.25+4.64
S3 2.65+0.33 2.22+0.28 116.3+4.75
S4 12.43£0.41 BDL 169.53+5.81
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S5 14.27+0.28 7.05+0.22 238.52+7.71
S6 23.45+0.68 BDL 171.5+4.21
S7 5.37+0.27 7.284+0.32 100.53+£3.77
S8 13.66+0.71 2.31+0.18 112.36+3.93
S9 25.48+1.32 15.4+0.73 177.41+5.67
S10 3.67+0.18 BDL 106.45+4.43
Av. 12.35+0.49 6.85+0.28 145.87+4.88

Max. 25.48+1.32 15.4+0.73 238.52+7.71

Min. BDL BDL 84.76+3.89
SD 8.09 5.37 46.17

*BDL (below detection limit)

The activity concentration ranges for 2>’Ra from BLD to 25.48+1.32 Bq/kg
with a mean of 12.35+0.49 Bg/kg, for ?**Th from BDL to 15.4+0.73 Bq/kg with
a mean of 6.85+0.28 Bq/kg and for “°K from 84.76+3.89 to 238.52+7.71 Bg/kg
with a mean of 145.87+4.88 Bq/kg, respectively. The activity concentration of
samples varies from one to another because of the differences in the conditions
of the industries. The activity concentration of natural radionuclides in all
samples was below the world values (UNSCEAR,2000) and the mean activity
values within the world average are 35, 30, 400 Bg/kg for **°Ra, ***Th and *°K,
respectively the activity concentrations for **°Ra, **?Th and *°K are shown
graphically in Figures 1, 2 and 3, respectively. In addition to conventional
statistical analysis, machine learning techniques can be employed to enhance the
interpretation of radiological data obtained from biscuit samples. Algorithms
such as k-means clustering can be used to classify samples based on their
radionuclide concentrations ***Ra, »**Th and *°K allowing the identification of
similarities and differences among samples from different countries of origin.
Furthermore, supervised learning models, including linear regression, can be
applied to predict radionuclide activity concentrations for new biscuit samples
based on existing datasets. The integration of machine learning provides an
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efficient and objective approach for detecting anomalous values and supporting
radiological safety assessments (Bishop, 2006; Géron, 2019).

30

20

10

(Ra-226)

123 45678910

B A (Ra-226)

Fig 1: 22°Ra isotopes concentration in biscuit samples under study.

(Th-232)

20

15

10

A (Th-232)
e

1 2 3 4 5 6 7 8 9 10

Fig 2: 22Th isotopes concentration of biscuit samples under study.
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Fig 3: 'K isotopes concentration of biscuit samples under study.

4. Conclusion:

The specific activity concentrations of 2°Ra, 2**Th &*’K in biscuit samples
were measured by using a Nal (Tl) detector and compared with recommended
values. The results were within the permissible limits (UNSCEAR,2000). So, we
can conclude from the results that biscuit samples are safe and there is no health
hazard to people's consumption. Such approaches can support rapid assessment
and decision-making processes related to food safety and radiological protection.
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Effect of palm fibers as reinforcing materials to improve
polymeric composite materials

S sl Sl anand JaT cn gl a3 e Jil) ol

Dr. Huda Razzaq Katafha®

Abstract

This study aims to enhance the mechanical and thermal properties of unsaturated
polyester (UPE) by incorporating date palm fibers (DPF) of varying sizes and weight ratios as
reinforcement materials, while also contributing to environmental waste reduction in Iraq. The
composite preparation involved several stages.

First, pure UPE resin was prepared by mixing with 1% MEKP hardener and 2% cobalt
accelerator under standard conditions (35°C, 3 minutes). Then, DPF waste was processed—
washed, oven-dried at 60°C, and cut into lengths of 2, 4, and 6 mm—to serve as natural
reinforcement material.

Composites were fabricated using DPF at weight ratios of 0%, 0.5%, 1%, and 1.5%, and
also in other series at 0%, 2%, 4%, and 6% ratios. The solution mixing and casting method was
used to form test samples, which were then cured and tested.

Mechanical tests including test strength, flexural strength, and hardness were
conducted. The results showed that the optimal mechanical performance was achieved at 1.5
wt.% DPF, indicating significant improvement in both strength and hardness at this ratio.

Keywords: Date palm fibers, Unsaturated Polyester, mechanical properties, composite.
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Introduction:

Polymeric materials, metals, and ceramics form the foundation of the
matrix in composite materials, while particles, fibers, and plates act as
reinforcements to improve overall properties [1]. Fiber-reinforced polymer
composites offer enhanced mechanical and thermal characteristics at a lower cost
[2], with their performance largely influenced by the fiber’s length, quantity, type,
and quality [3].

Fibers can be either synthetic or natural. Natural fibers are particularly
valued for being eco-friendly and versatile, finding use in applications like
packaging. Carbon (CFs) and glass (GFs) fibers are widely employed in
fabricating advanced polymer matrix composites [4], including CFRP and GFRP,
which is used in various engineering fields [5]. Over the years, many fibers have
been studied—such as carbon, aramid, glass, paper, asbestos, basalt, and wood
[6]—with carbon and fiberglass being the most common due to their favorable
properties [7]. These composites are beneficial in thermal insulation, aerospace,
marine, and automotive applications [8].

This study explores a different reinforcement material: natural date palm
fibers. These fibers are abundant, lightweight, low-cost, non-toxic, and renewable
[9][10]. They are also oven-compatible and environmentally friendly, unlike
fiberglass [11]. However, they have drawbacks such as low thermal resistance,
high moisture absorption, and property variability [2].

Compressive strength is a critical mechanical property in construction, and
its measurement depends on specimen dimensions and surface friction during
testing [7]. The current research identifies the optimal weight ratio of date palm
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fibers to mix with unsaturated polyester, based on mechanical testing [12]. The
study examines how DPFs enhance mechanical properties like tensile strength,
hardness, and stress resistance [13], highlighting the importance of understanding
fiber behavior for performance improvement [14].

Mechanical performance is influenced by treatment processes [15], as well
as by the fiber’s crystal structure, porosity, and physical characteristics.
Ultimately, the composite’s performance depends on the interfacial bonding
between matrix and reinforcement, which governs stress transfer and
reinforcement efficiency [16].

Sample Preparation:

According to the sizes and shapes of the samples, molds were factory
according to ASTM Standard D 638 for tensile test, hardness samples are
manufactured according to ASTM-D790. The first step in the work was to choose
the reinforcing material, and they were natural ones. The palm fiber date was
selected, and then they were washed using distilled water and dried in the oven at
a temperature of 60°C for fifteen minutes to remove the moisture. The used fibers
are indicated as unmodified. Cut into small pieces and cut into three lengths for
three hours. After that, they distributed in special pots for each type according to
the length of the fiber. The next step is to manufacture the mold into which the
solution is poured. Before casting, the mold is cleaned by washing with distilled
water and sterilizing it, then dried and oiled to prevent the samples from sticking
and thus obtain good samples. The molds used are made of Teflon. Based on each
specific length of fiber from the three lengths, the samples were weighed with
three weights for each fiber length. For mechanical and thermal tests. After
obtaining the dispersed weights in different proportions, weigh the polyester
matrix material and add the hardener at a rate of 1% to it. The dispersed material
is added to the mechanical agitator gradually and the mixing continues for a period
of 3 minutes. After obtaining a homogeneous solution, the solution is poured and
distributed into the designated molds. The samples were left to dry for 24 hours at
room temperature and then the samples were removed from the molds gently and
kept in special bags after giving each sample a code.

These polymer composites were characterized by various methods
including mechanical testing, including stress, hardness, Young's modulus, and
thermal testing.
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Result and Discussion:

1.1 Tensile Test:

Figure 1. shows that by adding date palm fibers at a ratio of 1.5, we obtain
the highest stress value when the fiber length is 2 mm. The addition of date palm
fibers led to a decrease in tensile strength and the lowest stress value was at a
weight ratio of 0.5. The addition of these reinforcers increased the fragility of the
composite. At this weight ratio, good surface bonding and dispersion increased,
but at a lower ratio, it led to a decrease in the tensile strength of the polymer
composite, which may also be due to the length of the fiber. It also goes back to
the agglomeration of fibers[17]. This behavior was consistent with a number of
researchers that the high tensile strength of the composite matrix is attributed to
the effective dispersion at this ratio. Unsaturated polyester transitions from brittle
to ductile behavior [18].
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Figure 1 .Tensile strength behavior at different reinforcing rates and different date palm
fibers, where 0 %, 2%, 4%, and 6% respectively.

Figure 2. shows the relationship between stress - strain for polyester
composites reinforced for date palm fibers with lengths of 4 mm at different ratios.
We note that the best stress value was at a weight ratio of 0.5 for fibers with a
length of 4 mm. This weight ratio improved the fragility better than other weight
ratios, changing from brittle behavior to ductile behavior [19]. The tensile strength
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value increased, and with the increase in the percentage of date palm fibers, the
tensile strength decreased. This is due to the good interfacial bonding and
dispersion of the date palm fibers. This behavior is consistent with a number of
researchers. We notice that when adding palm fibers at a weight ratio of 1.5, the
tensile strength decreased and the fragility of the polyester matrix increased. This
may also be due to the date palm fibers being clustered and not being distributed
properly within the polyester matrix [20]. Which makes it less tense and thus
unable to withstand the stress applied to it. And it is more fragile than others [21].
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Figure 2. Tensile strength behavior at different reinforcing rates and different date palm
fibers, where 0 %, 2%, 4%, and 6% respectively.

Figure 3. shows the relationship between stress (MPa) and strain for four
different samples tested in tension. It reached the second highest stress level (over
approximately 30 MPa) the weight ratio 1.5 it was the best. Fracture occurred
quickly after the peak stress, indicating that it is a strong material [18]. While the
0.5-weighted sample performed poorly, the maximum stress reached less than 10
MPa and declined rapidly, indicating early failure and poor mechanical strength.
This means that the irregular distribution of date palm fibers led to the weakness
of the sample and made it unable to withstand the stress applied to it. It was more
fragile than others [17].
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From note from the three figures that the polymer composite with an
unsaturated polyester matrix reinforced with date palm fibers with a weight ratio
of 0.5 is better than the others in figures 1. and 3. It has the ability to withstand
and bear heavy loads compared to other weight ratios and different lengths. We
also note that the other weight ratio was characterized by a balance between
ductility and strength [20].
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Figure 3. Tensile strength behavior at different reinforcing rates and different date palm
fibers, where 0 %, 2%, 4%, and 6% respectively.

1.2 The Young’s Modulus:

Figure 4. shows the effect of the reinforcing percentage (%) on the Young’s
Modulus (GPa) for three different lengths of date palm fibers. Initially, the
Young's modulus is low (~1 GPa). It peaks at a reinforcement short date palm
fibers (2 mm) and weight ratio of about 1.0, reaching ~2 GPa. It then begins to
decrease [8]. Short fibers (2 mm) are very effective at a relative reinforcement of
weight ratios about 1.0, significantly increasing stiffness. While the 4 mm date
palm fibers' Young's modulus begins to increase with increasing reinforcement
ratio, reaching a peak at approximately 0.6% (~2 GPa) [18]. Thereafter, it
gradually decreases 4 mm date palm fibers perform best at relatively low
reinforcement weight ratios but become less effective as the weight ratio increases
6 mm date palm fibers' Young's modulus is nearly constant (~1 GPa) throughout
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the drawing, with a slight decrease at higher reinforcement weight ratios. Longer
fibers (6 mm) do not significantly improve stiffness at different reinforcement
weight ratios, and may be ineffective or cause clumping within the material [17].
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Figure 4. Young Modulus and maximum elongation for PE/DPF blend with different
reinforcement weight ratio.

1.3 Hardness:

Figure 6. shows the effect of reinforcing weight ratios on the hardness
(MPa) of three types of palm fibers with different lengths. Explained the
mechanical behavior of the polyester-polymer matrix composite tested by
hardness test [19]. It was observed that the 6 mm date palm fiber reinforcement.
The highest hardness among all lengths at all reinforcement weight ratios. It
increased rapidly from 0 to 77 MPa at reinforcement weight ratios 1.0, then
stabilized approximately around 80—81 MPa. Long fibers (6 mm) significantly
enhance hardness and are very effective even at a small weight ratio [22]. As for
the 4mm fibers, we note that. The hardness increased to 77 MPa at reinforcement
weight ratios 1.0, then stabilized between 78.6 and 79.6 MPa. It is close to the
performance of the 6mm fibers, but lower. Medium-length fibers enhance
hardness well, but not the best, as for the 4mm fibers. Date palm fibers with a
length of 2 mm, the lowest performance of the three [23]. It increased from O to
77.6 MPa at weight ratios 1.0, then remained almost constant (around 78—79
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MPa). Short fibers enhance hardness, but to a lesser extent than longer lengths.
conclusion, all lengths significantly improve hardness at the first reinforcement
weight ratios 1.0. Thereafter, hardness is approximately constant, meaning that
increasing the reinforcement weight ratios does not add significant additional
benefit. The best hardness results were achieved using 6 mm fibers. I agree with
a number of researchers [23].
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Figure 5. Hardness of composite samples opposite reinforcing rates for different DPF

1.4 Thermal Conductivity:

Figure 7. shows the relationship between reinforcement weight ratios and
thermal conductivity coefficient (W/m-C). Date palm fibers used 2mm,4mm, and
6mm.6mm date palm fibers, starts at the highest point (~0.29 W/m-C at 1.0), then
gradually decreases with increasing reinforcement ratio until it reaches ~0.13 at
4%. Longer fibers significantly reduce thermal conductivity, making them an
excellent choice for thermal insulation. 4mm date palm fibers start at ~0.29,
decrease to ~0.18 at 2%, then increase slightly (~0.22 at 3%), and decrease again
(~0.18 at 4%). Slightly fluctuating but overall reduces thermal conductivity.2mm
date palm fibers start at ~0.29, gradually decreases to ~0.2 at 4% [24]. It leads to
a good reduction in thermal conductivity, but not as much as 6mm fibers. Final
conclusion, increasing the reinforcement ratio reduces thermal conductivity for all
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lengths. Longer palm fibers (bmm) are the most effective in thermal insulation.
This suggests their potential for use in thermal insulation applications as
environmentally friendly materials [23].
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Fig. 6: Thermal conductivity values of PE/DPF composites with different weight ratio.

Conclusion:

The above tests demonstrate the relationship between the polyester matrix
and the date palm fibers. The use of these reinforcements has several benefits,
including environmentally friendly waste disposal and their use as reinforcing
materials for polymeric materials. The relationship between the mechanical
properties of unsaturated polyester and natural fibers was determined. They are
date palm fibers of different lengths and different proportions. The reinforced
samples had excellent ductility, stress-strain behavior and hardness. It can be used
in several fields such as coating and coating surfaces.
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Abstract:

The research presents a detailed study of UN Security Council Resolution No. (1701)
of August 11, 2006, one of the most important international resolutions concerning Lebanon,
which ended the Zionist aggression against Lebanon in July of the same year, through studying
its content and providing a critical analytical reading of its clauses and the issues it addressed,
the most important of which are the issue of the sovereignty of the Lebanese state, the
disarmament of Hezbollah, and the deployment of international forces in southern Lebanon.
The decision was distinguished by the fact that it encompassed all previous international
resolutions, especially since it succeeded in linking the situation in southern Lebanon to the
international role through the UNIFIL forces. The research reviewed the circumstances,
reasons, and discussions surrounding the issuance of the resolution and analyzed its clauses
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from a political and legal perspective, in conjunction with the positions of the Lebanese
government and opposition, who saw its clauses as a means to stop the war and impose state
authority on southern Lebanon, in contrast to the position of Hezbollah and its allies, who
considered it an international attempt to restrict the Lebanese resistance and protect the Zionist
entity.

Keywords: Security Council, July War 2006, Hezbollah, Resolution 1701, UNIFIL.
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The effect of thermal and mechanical treatments on improving the
Toughness of metals: A Review
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Abstract

Toughness is defined as the ability of a metal to resist fracture and absorb energy. Several
methods have been proposed to improve toughness over the last several decades, but the
mechanical and thermal treatments seem to be most effective. Thermal treatments that are
required for phase transformation microstructure control as well as grain growth and internal
strain reduction include heating, cooling, and reheating (known as annealing, quenching, and
tempering). Apart from the relief of internal strain (by means of prudent dislocation), but by
means of controlled plastic stress catches up programmed diffusion nurture.

Recent studies have highlighted the benefits of integrating thermo-mechanical
treatments, wherein heat and deformation act synergistically to significantly enhance the
properties of steels and high strength alloys for critical applications in aerospace, automotive,
and energy sectors. The challenges in optimizing treatment parameters and understanding the
complex interrelations of mechanisms such as dislocation interactions, grain boundary
strengthening, and phase stability remain despite significant progress. This review discusses
treatment routes available, recent advancements in this domain, and key learnings about their
effectiveness. It also discusses existing model inadequacies and potential research directions
towards sustainable optimized treatments for achieving enhanced toughness in metallic
materials.

Keywords: Metal toughness; Thermal treatments; Mechanical treatments Thermo-
mechanical processing; Grain refinement.
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Introduction:

Toughness, one of the most important mechanical properties, describes the
energy absorbed by metals when it becomes deformed or broken due to applied
forces. Toughness is an important factor for structural integrity in critical
engineering applications such as aerospace, automobile, and energy industries
because it comprises both strength and ductility unlike hardness or strength, which
essentially represents localized resistance to deformation [1]. Failure, specifically
due to a deficit of toughness, can have dire consequences, emphasizing the need
for sensible approaches to strengthen this characteristic. The microstructural
factor (for example, the phase distribution, dislocation density, grain size) of metal
has a direct relationship with the toughening. Among which, annealing,
quenching and tempering are classic thermal treatments that have been
traditionally employed to stabilize phases, relieve residual stress and refine
microstructures. For instance, quenching and subsequent tempering impart
tempered martensitic structures with a good balance of strength and toughness
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while annealing promotes recrystallization and dislocation recovery which
reflects an increase in the ductility [2].

Simultaneously, mechanical processes such as rolling, forging, and cold
working refine grains, increase dislocation density and introduce controlled
plastic deformation to the structure thereby enhancing energy absorbency before
failure. It has been shown that more advanced mechanical routes, such as high-
pressure torsion (HPT) and severe plastic deformation process can produce
ultrafine-grained microstructure with excellent toughness and super plasticity [3].

Unlike heat treatment alone, the thermo-mechanical process, which is a
combination of heat treatment and mechanical deformation [3], has often been
found effective for improving toughness in recent years. The combination of
deformation-induced grain refinement with a thermally stable microstructure
results in enhanced fracture resistance from steels, titanium alloys and nickel-
based superalloys [4]. For example, High Temperature Temper after quenching
has been demonstrated to be superior to conventional tempering techniques. And
increase impact toughness by more than 40% at high strength levels (~1.7 GPa)

[5].

However, due to the complicated interrelation of microstructural
phenomena such as phase stability, grain boundary pinning, and dislocation
strengthening, achieving maximum toughness is still a challenge. Universal
predictions are difficult because of the sensitivity of such systems to processing
conditions: temperature, strain and cooling rate. Moreover, present computer
models can only accurately simulate experimental data for a limited range of
alloys [6]. Focusing on the mechanisms and effectiveness of different strategies
and the prospects for combined thermo-mechanical approaches, this work
endeavors to provide a critical review of thermal and mechanical treatments with
respect to improving the toughness of metals. To stimulate development of new
sustainable and optimized treatments for exceptional toughness in metals, the
paper also discusses current limitations and presents recent advances and future
research challenges Materials.

1. Theoretical Background:

Toughness or impact strength is defined as the amount of energy per unit
volume that a material can absorb before rupturing under stress. It is a function—
not a pure material property—of stress magnitude, temperature, strain rate, and
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strain [7]. Since even mild service stresses may produce catastrophic failure in a
material which is not sufficiently tough, the importance of toughness in
engineering application cannot be overestimated. The intrinsic microstructural
features of metals such as grain size, dislocation density, phase constitution,
inclusions or precipitates are directly related to the mechanisms governing
toughness [7].

2. Microstructure and Toughness:

The grain size of metals is a major factor affecting their fracture
mechanics. The hall-pitch relationship that is grain boundaries impede dislocation
motion Finer grains lead to higher yield strength and toughness [8]. But when the
metal is too brittle, very small grains can also reduce durability. Phase distribution
is critical as, for example, martensite formation may increase strength while
decreasing toughness if not adequately tempered [8]. Depending on their size,
location and coherence with the matrix, precipitates, second phase particles and
inclusions can either harden or weaken the matrix [8].

3. Dislocation Mechanics:

Dislocations Hape plasticity and energy absorption most of its processes as
line defects of the continuum-crystal lattice. High dislocation density, induced by
mechanical treatment like cold working or severe plastic deformation, leads to an
improved toughness. This results in superior resistance to the initiation and
propagation of fractures [9]. The interaction between dislocations and grain
boundaries as well as the dislocation agglomerates in the vicinity of stress
concentrators governs the material’s ability for plastic deformation under the
external loading.

4. Fracture Mechanisms:

Metals can break as a result of either brittle or ductile phenomena. Ductile
fracture involves extensive plastic deformation, micro void nucleation and
coalescence, and it dissipates a large amount of energy prior to failure. On the
contrary, the propagation of a rapid crack without any significant plastic
deformation in brittle fracture often occurs along specific crystallographic planes
or grain boundaries [10]. The problem of fracture mode for temperature, strain
rate, alloy composition, and microstructural characteristics is three-dimensional
and complicated in toughness maximization [10].
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5. Effect of Thermal and Mechanical Processing:

Increasing toughness 1is achieved by PTMT alteration of the
microstructure. Thermal processing such as heat treatment and annealing also can
affect grain refinement, phase stabilization, and alleviation of residual stress [11].
In the course of mechanical treatment of a material by rolling, forging and high-
pressure torsion [11], for method refinement [11], grain structures are refined and
dislocation density is enhanced, whereas controlled plastic deformation is
applied. Exploiting the synergistic influences of heat and strain in **thermo-
mechanical processing, ** these techniques produce ultrafine-grained, rigid
microstructures that can dramatically boost toughness [11].

The theoretical understanding of toughness provides the foundation for the
selection of appropriate processing routes, the prediction of material behavior, and
the design of alloys for high-performance applications. The effect on improving
metal toughness of mechanical and thermal treatment and/or the treatment
combination will be discussed in the subsequent sections of the review.

6. Thermal Treatments and Their Effect on Toughness:

By means of changing the microstructure of metal, releasing the inner
stress, and promoting the phase transformation, thermal treatments are applied in
metallurgy to improve mechanical properties of metals. * Annealing, quenching
and tempering* are the three principal thermal treatments which influence
toughness to differing degrees. Annealing is slow cooling of a metal after
heating it to a specific temperature. This enables a recrystallization process to take
place in the metal, which decreases the dislocation density and residual stress,
resulting in higher ductility and by consequence higher toughness [12]. Due to
their more uniform microstructure, annealed metals are also less prone to cracking
under stress.

Quenching is the rapid cooling process that transforms austenite into steels
or other hard phases in other alloys into martensite. The product of this is what
the modern industry calls a super-saturated solid solution, an extremely stiff
microstructure that increases strength but often makes materials more brittle, i.e.,
less tough, because of its intrinsic brittleness. Hardness and toughness must be
balanced [13]. Tempering is performed after quenching, before fracture the energy
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dissipation is increased with some martensite softening with the retention of
strength [14].

Temperatures, cooling rates, and times at temperature must be closely
controlled if the heat treatments are to be effective in increasing the toughness.
Inadequate treatment can result in unexpected microstructures such as coarse
grain or retained brittle phases that will result in reduced toughness. Advanced
heat treatments have the potential to enhance impact and high cycle fatigue
capabilities of high strength steels and other alloys for critical engineering
applications [15].

In conclusion, thermal treatments still give the base to manipulate the
hardness of a metal. Engineers can create materials that can survive extreme
mechanical loads by controlling microstructure using heat cycles and other
methods. This makes a beneficial trade-off between strength and ductility. This
tablel summarizes the effect of various thermal treatments on the tough impact
of several steel alloys. It indicates that the toughness of martensitic steel is often
reduced by quenching (due to martensite brittleness) but can be substantially
recovered and enhanced by tempering. Toughness can be increased by multi-stage
heat treatments which stabilize phases and refine microstructure.

Alloy Type Thermal Treatment | Temperature | Cooling Impact
(°O) Method Toughness (J)
AISI 4340 Steel | Tempering 540 Air 53-110
AISI 4140 Steel | Quenching + | 860 Water + Air | 3841
Tempering
Fe-20Mn—-9Al- | Multi-Stage Heat | 900 Air 50-60
1.5C-2Ni-3Cr Treatment (MHT)

Table 1: Influence of different thermal treatment routes on impact toughness of selected
steel alloys [16,17,18].

This figure 1 shows that tempering and multi-stage heat treatment significantly
improve toughness compared to quenching alone.
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Impact Toughness vs Thermal Treatment for Steel Alloys
55}

50t

45t

40}

Impact Toughness (J)

35¢

30t

Annealed Normalized Quenched Tempered
Thermal Treatment

Figure (1) Variation of impact toughness with different thermal treatment conditions .

7. Mechanical Treatments and Their Effect on Toughness:

Mechanical processing is necessary to harden the metals, as it leads to a
controlled plastic deformation, transforms the microstructure and varies the
dislocation density. Mechanically working the metal, using such processes as
forging, rolling and cold working influences materials toughness in different
ways [19].

The metalworking process of forging Deformation by compressive forces
in forging results in a finer and more uniform grain structure with flow oriented
microstructural features. This led to higher toughness and strength because of
removing defects inside and distributing defects more homogeneously [19].

When hot rolling, the rolling temperature is above the re-crystallization
temperature, when cold rolling, it is below. The supplementary absorbed energy
in the impact is induced by means of this technique, with also increased
dislocation density and refined grain size. Interactions between dislocations, and
these interactions serve as barriers to cracks propagating, and
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High-pressure torsion (HPT) Severe plastic deformation techniques such
as HPT produced nano-scale structures with substantially enhanced ductility and
toughness. These processes, because of the interplay between dislocation
densities, grain refinement, and energy absorption, diminish the likeliness of
metals to crack nucleation and propagation [20].

In summary, the mechanical treatment is able to enhance the soft or hard
heat treatment with microstructural changes that result in an increment of
toughness. By accurately controlling nature and the amount of deformation, it is
possible to design the grain size, dislocation density and the internal stress states
such that metals can be tailored for extreme industrial environments. In table 2
the impact of mechanical deformation, and more specifically cold working, on
toughness of steel is discussed. Results show that, with strain increase, there is
improvement in toughness up to a certain point of deformation, while continuing
excessive deformation will have a negative impact on toughness because of the
loss of ductility, coupled with increase in the density of dislocation and grain
refining.

Alloy Type Mechanical Treatment Strain Grain Size Impact

(%) (nm) Toughness (J)
AISI 4340 Steel Cold Working 10 15 70
AISI 4140 Steel Cold Working 15 12 75
Fe-20Mn-9Al- Multi-Stage Mechanical 20 10 80
1.5C-2Ni-3Cr Processing

Table 2: Effect of mechanical deformation processes on grain refinement and impact on
toughness of steel alloys [21,22,18]

This graph 2 illustrates the increase in toughness with increasing cold work strain,
highlighting the effect of grain refinement and dislocation interactions.
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Impact Toughness vs Strain (%) for Mechanical Treatments
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Figure 2: Effect of plastic strain on impact toughness of mechanically processed steels

8. Combined Thermo-Mechanical Treatments:

Application of mechanical and thermal treatment during processing, i.e.,
thermo-mechanical processing (TMP), has been found to be a promising means
for improving metal toughness. To take advantage of the synergistic effects and
achieve fine, stable microstructures, which are not possible through either
treatment alone, the TMP process is a combination of controlled plastic
deformation the heat treatment [23].

TMP is the thermal plastic deformation of metals conducted at such high
temperatures that phase transformations and grain refinement occur
synchronously. This synergy progressively increases the resistance to crack
nucleation, ductility and absorbed energy up to the fracture [19]. For example,
high-strength steels with the best combination of toughness, strength and
hardness can be obtained by producing ultrafine-grained tempered martensite
through TMP. The heat treatment which includes controlled deformation
stabilizes those favorable phases and inhibits the formation of the deleterious
phases in Ti- and Ni- based alloys [24].
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Deformation temperature, strain rate and cooling rate, which are process
parameters, greatly influence the effectiveness of TMP. Through the manipulation
of these parameters, it is possible to maximize the phase stability, dislocation
density and grain size, which leads to much higher toughness than that achievable
with conventional thermal or mechanical processing alone [25].

To sum up, current way to enhance the toughness is the combination of
thermo-mechanical treatments. TMP allows tailoring of both mechanical and
thermal parameters to obtain higher mechanical performance metals suitable for
critical applications in automotive, aerospace, and energy industries .Table 3
Presents the superior performance produced by the combination of thermo-
mechanical methods (combined) compared to either thermal or mechanical
processing alone. That is, simultaneous control over deformed and heated - or
temperature-induced - ultrafine grains produces the highest toughness values for
the material. Therefore, this conclusion confirms the effect of synergy caused by
combined treatments will produce significantly improved properties than the
application of either method by itself.

Alloy Type Combined Temperature  Strain  Grain Impact

Treatment °O) (%) Size Toughness
(um) )

AISI 4340 Cold Working + 860 15 12 80

Steel Tempering

Fe-20Mn— Multi-Stage 900 20 10 85

9A1-1.5C- Thermo-

2Ni-3Cr Mechanical
Processing

Table 3: Synergistic effect of combined thermo-mechanical processing on microstructure
and impact toughness of steel alloys [18,26]

This figure 3 demonstrates the synergistic effect of combined mechanical and
thermal processes, leading to the highest toughness values.
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Impact Toughness for Combined Thermo-Mechanical Treatments
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Figure 3: Comparison of impact toughness obtained by individual and combined thermo-
mechanical treatments.

9. Recent Advances and Case Studie:

It was reported more recently that the knowledge and control on
enhancement of metal toughness via mechanical, thermal and thermomechanical
treatments have been significantly extended. Due to progress in computational
modeling, microstructural characterization, and processing techniques, it has
become possible for materials scientists to engineer metals with designed
properties for specific, high-demand industrial applications [27].

The application of UFG structures fabricated by the EPD method along with
heat treatment is unique and novelty of this work is one of the notable conclusions.
With enhanced dislocations interaction and grain boundary strengthening it is
revealed that UFG steels have higher toughness and ductility in comparison with
thermo-mechanically treated ones [28]. Moreover, additive manufacturing (AM)
followed by heat treatment can enable the manufacture of complex shapes with
graded toughness and low defects [28].

Airfoil Case Studies High strength steel case studies from aerospace and
automotive applications demonstrate the promise of TMP. The impact toughness
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of the steels forged by TMP was improved by 30~50% as compared to that of the
conventionally heat-treated ones, by subjecting to forging and tempering
controlled [29]. These results demonstrate the potential improvements that can
be obtained by processing combinations of thermal and mechanical methods in
real items.

In general, these nascent results from processing research are signaling a
significant need for the development of new processing approaches based on
basic metallurgical understanding. Case studies show how closely treatment
regimens can come to raising metallic toughness and making the materials more
dependable for such critical use.

10. Challenges and Limitations:

Even with greatly enhanced hardness values for metals, there are still
several problems. Optimization of the processing parameters for the different
alloys represents the most difficult issue, since small changes in temperature,
strain rate or cooling end-use conditions might induce the precipitation of a
harmful phase which will lead to a decrease in the toughness [30]. Furthermore,
the complex interrelations among microstructural processes, including phase
transformations, grain boundary hardening, and dislocation strengthening
preclude a systematic approach to developing quantitative predictions. While
modern computational models offer some guidance, for many alloys and
processing conditions they do not precisely match experimental results [31].
Finally, achieving uniformity of properties in the scale-up of laboratory processes
to commercial production is a known major problem.

11. Future Directions:

Future avenues of research could include the integration of high-
throughput experiments, Al, and physics-based models to tailor mechanical and
thermal processing routes for high toughness [32]. Other processing methods (e.g.
hybrid additive manufacturing - HAM - then post-processing thermomechanical
treatments) enable the manufacturing of complex geometries having high
toughness. In addition, investigations on greener and more energy efficient
manufacturing methods for the large-scale production of the treatment at
industrial scale transitmen could be focused. Progress in situ characterization e.g.
Electron backscatter (EBSD) High resolution tomography (HRT) will advance
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our understanding in our ability to understand the microstructures formed in
processed superior metals [33].

12. Discussion:

The above results show that both the heating and mechanical treatments
are extremely important for improving the toughness of metals, though their
effects are sensitive to processing parameters and microstructural evolution based
on this review. The heat treatments, quenching and tempering refer to the phase
transformation and modification on residual stresses that are affected. Even as it
enhances strength, quenching typically has an adverse effect on toughness
through formation of brittle martensite. This effect is tempered by tempering to
reduce internal Residual stress to control carbide precipitation to improve
toughness.

Mechanical processes improve toughness because of the mechanisms of
strain hardening and dislocation density increases. Per the Hall-Petch
Relationship, the smaller the grain size, the better the materials resistance to crack
propagation. However, the negative effects of mechanical processes and strain
hardening are the ductility issues that arise from the processes that are left
unchecked.

The optimum performance that is achieved from the thermo-mechanical
processes 1s because of the mechanical and thermal processes working together.
Deformation occurring at high temperatures is coupled with dynamic re-
crystallization and ultra-fine, homogeneous grain organizations. With balanced
heat treatment, it 1s coupled with the stabilization of the internal, favorable phases
and the reduction of internal friction.

This further results in the best achievable state of strength and ductility that
must be optimized to raise toughness. Thermo-mechanical processes enhance
toughness. Strain hardening and microstructural strain features and dislocation
reduction, more so than the other mechanical processes, reduce the toughness of
the materials processed. The reduction of the material microstructural strain also
gives the material the mechanical the strain lower tougher characteristics as well.
This is why, in the critical high engineering purpose fields, the thermal-
mechanical processes are the most sought after as the most refined way of
achieving the toughness.
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Conclusion:

In this work, a systematic review has been performed to analyze the effect
of thermal and mechanical treatments, and their combinations (thermo-
mechanical treatments), for increasing the toughness in metallic materials. It was
found that the microstructure, phase transformations, residual stress and thermal
stability were significantly affected by the thermal treatments such as quenching
and tempering. Quenching leads to increased strength but often results in
decreased toughness associated with martensitic brittleness; tempering largely
determines the recovery of ductility and energy absorption ability have seen those
mechanical treatments, such as working, rolling and forging improve the
toughness. Mechanical treatments raise the toughness by causing the grain
refinement and by raising the dislocation density. Grain refinement and
dislocation density make the material resist the crack initiation and resist the crack
propagation. The result is toughness. Much deformation can cause strain
hardening and lower the ductility if it is not controlled. Think the effective
improvement, in toughness comes from using both thermo- treatments together.
The combination of controlled deformation and careful thermal cycles makes the
material undergo recrystallization. Dynamic recrystallization creates ultrafine-
grained microstructures. Ultrafine-grained microstructures keep the phase
distribution stable. The integrated approach gives a balance between strength and
ductility. The balance between strength and ductility makes the toughness much
higher than when using one treatment.

Overall thermo-mechanical processing is a flexible way to shape the performance
of metals. In my view the findings of this review give guidance for material design
and processing in engineering applications, especially in industries that need high
reliability and resistance to fracture. Future developments, in process optimization
and modeling will likely improve the effectiveness of processing.
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The Effect of Maternal Immune Activation on Brain
Development: Investigating New Pathways in Atypical
Neurodevelopment
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Abstract:

Background: Maternal Immune Activation (MIA) has been identified as a crucial
player in abnormal development of the fetal brain. Findings from animal models and human
epidemiological studies suggest that immune challenges during pregnancy, particularly due to
viral or bacterial infections, can induce maternal cytokine storms that traverse placental
defenses affecting neuronal proliferation and synaptic organization with long-term
repercussions for cognitive ability and behavioral performance.

Objectives: This paper is the first to systematically review experimental and
observational studies published between 2010-2025 examining associations between MIA, up-
regulated pro-inflammatory cytokines (IL-6, IL-17A and TNF-a) and neurodevelopmental
outcomes in offspring.

Methods: We conducted a literature search based on the PRISMA 2020 approach in
PubMed, Scopus, Web of Science and Google Scholar. 28 eligible studies were included (22
rodent, 6 human). Cytokine levels, brain morphology (hippocampal and prefrontal volumes),
and behavioral phenotypes (social interaction, anxiety and learning) were retrieved. Statistical
integration was conducted with random-effects models and Hedges’ g effect sizes.

Results: On the same line, meta-analytic findings revealed robust elevations in maternal
[L-6to (g =0.81,p<.01)and IL-17A (g=0.64, p=. 02), was associated with smaller volume
of the hippocampus (—18%, g =—0.55, p =. 03) and social behavior (g = —0.70, p =. 01). 493
Heterogeneity was moderate (I =~ 46%) and sensitivity analyses demonstrated the strength of
these associations.
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* Ministry of Education/ Directorate General of Education in Baghdad/ Second Rusafa - Iraq

293



YornBbd ¥ o) bl el palad) G salha Gald s "clahilly Eganll K4l eluz' dlaa

Conclusions: Maternal immune activation significantly contributes to atypical
neurodevelopment, via some (but not all) distinct cytokine pathways. The early pregnancy
immunological screen may therefore represent a window for preventative intervention in
autism spectrum and schizophrenia-like disorders.

Keywords: Maternal Immune Activation (MIA), Cytokines, Neurodevelopment, IL-6, IL-17A,
Poly(I:C), Autism Spectrum Disorder, Meta-Analysis.
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Introduction:

Context and Background:

The maternal immune activation (MIA) idea is based on the maternal body's
physiological response with an inflammatory reaction to infection, auto-immune
processes or environmental challenges during pregnancy. This immune activation
triggers the release of high amounts of pro-inflammatory cytokines (e.g., IL-6
and IL-17A) that in turn are able to cross placenta and impact fetal
neurodevelopment (Patterson, 2011; Estes & McAllister, 2016). In animals,
Polyinosinic: polycytidylic acid [Poly (I:C)] has induced viral-like immune
responses and resulted in lifelong changes in offspring structure and behavior
(Smith et al., 2007; Choi et al., 2016). (Acevedo, 2021)

Evidence Accumulating from animal models and human epidemiological
studies suggests that maternal immune activation (MIA) can lead to persistent
changes in brain structure and behavior. These changes are particularly important
when the brain's developmental time windows of neurogenesis, synaptogenesis,
and circuit maturation are in effect. Therefore, disturbances in these pathways can
result in abnormal neurodevelopment. (Adam, 2020)

Several important neurodevelopmental disorders have been notably
associated with MIA, such as autism spectrum disorder (ASD), schizophrenia
and attention deficit hyperactivity disorder (ADHD). Cytokine changes in
gestational MC that have been associated with an increased risk of offspring
developing these diseases include elevated maternal IL-6 and IL-17A.

Statement of the Problem:

Despite numerous studies, results continue to be mixed with respect to both
the size of cytokine effects and when evaporative reproductive exposure is most
crucial in gestation. Furthermore, available data is spread throughout a diverse
range of models and measuring tools and therefore may not be generalizable.
(Baines, 2020).
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Importance of Research:

Understanding the effects of MIA on atypical brain development has high
relevance for public health, pediatrics and neuropsychiatric research. This study
may reveal early gasps for neurodevelopmental disorders in terms of
inflammatory mediators, cellular pathways and brain regions that are most
vulnerable to maternal immune dysregulation. Such signs could offer means of
intervention in early life or even in utero, possibly reducing the extent of later
cognitive, emotional and psychopathological difficulties. In addition, we are
likely to uncover new pre-clinical targets for pharmacological development, by
understanding the role of immunological signaling in cerebral development. (Bao,
2022).

Goals

Aims: To determine the direct effect of maternal immune activation on fetal
brain development including focal morphological alterations on regions such as
prefrontal cortex, hippocampus and cerebellum and its relationship with
behavioral performance in offspring.

Ancillary Objectives:
To measure proinflammatory cytokine (IL-6, IL-1B, IL-17A) levels in
maternal and fetal tissues.

e To study the gene expression profile associated with neuroinflammatory
pathways in MIA-exposed children.

e To determine whether there are sex-specific differences in brain and/or
behavior outcomes following MIA exposure.

Research Questions and Hypothesis:
Research Question 1 (RQ1):
How does maternal immune activation affect fetal brain development?

This issue is here to address the immediate biologic and anatomic effects
of MIA on the brain of the fetus. It focuses on structural, cellular, and
potentially functional changes that are brought by consequences to maternal
immune responses—induced due to infection or autoimmune activity—that
perturb the intra-uterine environment. Addressing this question requires an
analysis of the mechanism through which inflammatory signals (e.g.,
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cytokines) cross the placental barrier and impose interference with normal
developmental processes (e.g., neuronal proliferation, migration, and
synaptogenesis) leading to life-long modifications of brain architecture. Such
may involve specifying developmental interest regions within the
fetal/infantile brain that might be specifically sensitive to insults, such as in the
prefrontal cortex or hippocampus, which influence cognitive and emotional
regulation. (Bojesen, 2021)

Research Question 2 (RQ2):
What specific neuroinflammatory pathways are triggered by MIA?

This issue seeks to determine the specific molecular and cellular responses
that result in activation of the fetal brain following maternal immune signal. It
is centered around describing the immunological cascades particularly those
related to pro-inflammatory cytokines, such as interleukin-6 (IL-6),
interleukin-1f (IL-1B) and interleukin-17A (IL-17A) and how these
molecules impact gene expression, glia activation (i.e., microglia and
astrocytes) and neurogenesis. Focus will be on pathways including the
JAK/STAT, NF-kB, and IL-17R signaling axes that have been implicated in
experimental animal studies as well as human epidemiologic investigations.
Knowledge of these pathways is essential for finding possible biomarkers and
targeting therapeutic approaches to be applied earlier. (Brown, 2021)

Hypothesis:

Maternal immune activation (MIA) modifies fetal brain development from
a trigger of pro-inflammatory cytokines and disturbed neural circuitry
formation. This proposal suggests a mechanistic relation between maternal
immune dysregulation and abnormal offspring neurodevelopment. It has been
proposed that during MIA, cytokines produced by the maternal immune
response can cross from her bloodstream through the placenta into fetal blood
where they elicit neuroinflammatory changes. These cytokines disrupt
important aspects of brain development including neural progenitor cell
differentiation, axonal pathfinding, and synaptic pruning. This leads to a
compromised wiring of neural circuits, potentially resulting in structural
defects and  behavioural = phenotypes reminiscent of  human
neurodevelopmental diseases such as autism and schizophrenia. " The proposal
will test these ideas by comparing the inflammatory, neuroanatomical and
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behavioral consequences of MIA in exposed vs. non-exposed offspring
(Canales, 2021).

Literature Review:
1. The Neuro-Immunological Interface:

The maternal immune response becomes naturally modulated in
pregnancy. However, overactivation of the immune response could disturb this
fragile balance between tolerance and protection, enabling penetration of
cytokines in fetal environment (Adams, 2020). Downstream effects of [L-6 as
well as other cytokines involve activation of the JAK/STAT3 pathway,
affecting the proliferation of neural progenitors and synaptic pruning (Cieslik,
2020).

2. Poly (I:C) as an Experimental Model:

Poly(I:C) is a double stranded viral RNA analogue and an agonist of TLR3
receptor, inducing cascades of type I interferons and pro-inflammatory
cytokines. Mid-gestational (e.g., GDI15 in rats) Poly(I:C)-injection reliably
evokes maternal cytokine surges, meeting criteria for viral infection and

providing a controlled system to probe the underlying mechanisms (Cieslik M.
G.-D.-B., 2021).

3. Neurodevelopmental Outcomes:

Neuroanatomic findings document reductions in cortical and hippocampal
volumes, abnormal synaptic gene expression. (Couch, 2021)

4. Neuroimaging and Neuropathological Findings in Human Research:

Mechanistic insights can be obtained from animal studies, but in human
research, crucial corroboration is often found. Epidemiological evidence has
linked maternal disease (including but not limited to influenza, rubella and
COVID-19) with an increased risk of autism spectrum disorder (ASD) and
schizophrenia in offspring. Neuroimaging studies have demonstrated altered
amygdala, hippocampus, and prefrontal cortex sizes and reduced white matter
integrity among children exposed to maternal inflammation.
Neuropathological analyses of postmortem fetal and neonatal brain tissue are
consistent with increased microglial activation and neuroinflammation
following prenatal infection. Nevertheless, ethical and logistic constraints
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restrict experimental control in human research, necessitating integration with
data from animals (Dehorter, 2020).

5. Deficiencies in Existing Research:
But, despite good progress, there are areas of shortfall:

Sex-specific effects: In many studies the possible different effect of MIA
in male and female offspring is overlooked. Men may be more vulnerable for
structural changes and behavioral disturbances according to early studies.

The term at which MIA is experienced during pregnancy (early, mid or late
gestation) could be associated with severity and the nature of NDD; however,
no holistic model describing this interaction exists.

Translational gaps: Observational studies are almost exclusively in humans
whilst mechanistic studies predominantly use animal models. More cross-
species, integrative studies are needed to develop prediction models that can
be used in therapy.

Longitudinal studies: There is little known about the population of MIA-
exposed children into adolescence/adulthood to follow lasting or latent
cognitive and mental outcomes (Forman, 2021).

Theoretical Framework: Neuroimmunology Models:

This investigation is rooted in Neuroimmunology, which studies how
immunological signals influence brain development and function. According
to this hypothesis, cytokines and other immune mediators do not merely serve
as markers of illness, but they also regulate brain development by influencing
synapse formation, neuronal pruning, and glial differentiation. Immune
signaling has gone awry, as seen with MIA, may disrupt this orchestration and
lead to neurodevelopmental issues. The neuroimmunology approach allows to
further investigate immune-brain correlations and improves the knowledge in
relation to how inflammation is capable of altering neural circuits. (Gogos,
2020)

Developmental Origins of Health and Disease (DOHaD) Paradigm:

This research aligns with the model provided by Developmental Origins of
Health and Disease (DOHaD) which emphasizes how maternal prenatal and
early postnatal environments can have long term physical and mental health
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impacts. In light of this, MIA is considered a prenatal environmental risk factor
increasing vulnerability for neurological and psychiatric disorders later in life.
This perspective supports the importance of prevention and early intervention
by identifying harmful intrauterine exposures, offering a basis for assessing
the risk to pregnancy posed by maternal immune activation as a potential
modifiable public health problem (Griffin, 2022).

Adulthood No intervention
4 Chronic
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n?n'com’_numcab’e V impactful for
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Childhood & Earl : fon
S olostince Earlier interventio
, improves functional
< ? 24 capacity & responses
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» Life course

Developmental plasticity
= Inadequate response
to new challenges

Figure 1: Timing of interventions and effect on disease risk

Methodology:

Design: A systematic review and meta-analysis conducted under PRISMA 2020
standards.

Search Strategy: Databases: PubMed, Scopus, Web of Science, Google Scholar.

Keywords: “Maternal Immune Activation,” “MIA,” “Poly(I:C),” “cytokines,”
“IL-6,” “IL-17A,” “neurodevelopment,” “rodent model,” “autism.”

Inclusion Criteria: Published between 2010—2025. Quantitative measurement of
cytokines or neurodevelopmental indices. Experimental (animal) or observational
(human) design with control group.

Exclusion Criteria: Reviews, editorials, or qualitative papers. Studies lacking
statistical data.
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Data Extraction: Data were coded for: study design, species, gestational timing,
dosage/model, cytokine measurements, brain morphology indices, behavioral
tests, and reported statistics (mean, SD, p-values) (Guma, 2022).

Participants / Sample:

Group Description Number of Subjects
E imental
xpertmenta Pregnant rats injected with Poly(I:C) on GD15 10-12 dams
(MIA)
Control Pregnant rats injected with saline on GD15 10-12 dams
Offspring Behavioral and neuroanatomical tests from each|| Approx. 60—80 pups
(postnatal) litter total

e Inclusion Criteria: Healthy pregnant female rats (8—10 weeks old), first
pregnancy, standard weight range.

e Exclusion Criteria: Animals showing signs of systemic illness pre-
injection, complications during pregnancy, or fetal resorption.

Data Collection:
A. Biological Samples:

e Maternal Blood: Collected 3—6 hours post-injection to analyze systemic
cytokine levels.

e Fetal Brain Tissue: Harvested at embryonic day 18 (E18) for cytokine
profiling and gene expression.

e Offspring Brains: Collected at postnatal day 7 (P7), P21, and P60 for
histological, molecular, and imaging analysis.

B. Neurodevelopmental Assessments:

Neuroimaging: Offspring undergo Magnetic Resonance Imaging (MRI) or
Diffusion Tensor Imaging (DTI) at P21 and P60 to assess structural integrity
(cortical volume, white matter tracts) (Guo, 2021).

Behavioral Testing: (Gyllenhammer, 2021)
e Open Field Test (for anxiety and exploration).
e Social Interaction Test.
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e Morris Water Maze (for spatial memory).
e Repetitive Grooming & Self-Grooming (ASD-relevant behaviors).

Tools and Techniques:

Technique Purpose
ELISA Quantification of maternal and fetal cytokines (IL-6, IL-17A)
Measurement of gene expression in fetal brain (e.g., inflammatory
qPCR markers, synaptic genes)
MRI/DTI Brain imaging for structural and connectivity analysis
Histology Nissl staining, immunohistochemistry (Ibal, GFAP)
Beil:s‘:;:al Functional assessment of social, cognitive, and anxiety-related behaviors

Statistical Analysis:
Data will be analyzed using SPSS or Graph Pad Prism.

Differences between MIA and control groups were also quantified in terms
of effect sizes (Hedges’ g). Random-effects meta-analysis was performed
because of dissimilarity in design. We used I? statistics to summarize the
heterogeneity, while publication bias was analyzed using Egger’s regression.
Statistical analyses were conducted in SPSS/meta package for R

Visual Summary: Experimental Workflow

Phase Action Time Point
MIA Induction Poly(I:C) injection in pregnant dams|/Gestational Day 15
Maternal Blood Collection|Cytokine assay (ELISA) 3—6 hrs post-injection
Fetal Tissue Harvest RNA/protein extraction Embryonic Day 18
Offspring Testing Behavioral & Imaging assessments |P7, P21, P60

This approach provides a holistic model to explore the impact of MIA on
fetal and postnatal brain morphology, as well as functionality including
biochemical, anatomical and behavioral dimensions.
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Ethical Considerations:

Ethical adherence is fundamental to the integrity and validity of biomedical
research. This study will be carried out in strict accordance with the
recommendations in the guide for the care and use of laboratory animals by the
national research council (Gzielo, 2021).

1. Approval of Animal Ethics:

All animal work will be conducted in accordance with the guidelines drawn
up by National Institutes of Health (NIH) and EU Directive 2010/63/EU for
testing animals ethically. The protocol will be reviewed and approved by the
Institutional Animal Care and Use Committee (IACUC) or an equivalent animal
ethics committee at the research institution prior to beginning any experimental
protocol. Essential elements encompass: (Haddad, 2020).

e Reducing pain and distress in animals

e Anesthesia for invasive procedures

e Humane Euthanasia per AVMA (American Veterinary Medical
association) guidelines

Figure 2: If one were to suggest a virtuous, self-reflexive learning loop in animal-based
research (and restrict bias as far as possible) it could be ethical reflection.
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2. Consideration for Prospective Human Research:

If this study evolves to human observation, permission from the
Institutional Review Board (IRB) will be obtained before initiating recruitment
or data collection. Consenting participants will be required to sign an informed
consent, and their records will be kept confidential in accordance with a privacy
policy such as HIPAA or GDPR\insrsid3075886 \hitch\af0 if applicable to country

of interest (Hameete, 2021).

Anticipated Outcomes:

Hypothesized findings: Based on literature so far, and on this preliminary
study design, we anticipate the following outcomes:

1. Neuroanatomical Modifications:

Adults whose mothers experienced an induced immune response while
pregnant might expect their own brains to be less well connected and certain brain
regions to have a disrupted structure that is critical for regulating cognitive and
emotional functioning. These encompass: (Iwata, 2021)

e Lower volume in the prefrontal cortex, associated with executive function

e Disruption or volume changes in the hippocampus, which is involved in
memory and spatial learning

e Alteration in the development of the amygdala, which is linked to emotions
processing

e These findings will be confirmed by MRI, DTI and histological studies
(e.g., Nissl's stain, glial activation markers).

2. Modifications in Immune Profile:

Maternal blood and offspring brain samples are predicted to have higher pro-
inflammatory cytokine levels, particularly: (Jacobsen, 2021)

e Interleukin-6 (IL-6)
e Interleukin-1 beta (IL-1p)
e Interleukin-17A (IL-17A)
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These cytokines are essential for mediating inflammation and disrupting

physiological neurodevelopment. qPCR analysis may also be able to indicate
increased expression of related genes in fetal tissue.

3. Behavioral Anomalies:

What You Will Learn Our hypothesis was that offspring subjected to MIA will
display behavioral abnormalities during the period of life corresponding primarily

to symptoms witnessed in neurodevelopmental disorders, such as Autism
Spectrum Disorder (ASD) and Schizophrenia (Kim, 2021).

e Reduced social behavior (measured as social approach tests).

e Increased repetitive behaviors (e.g., frequency of grooming).

o Deficits in spatial learning (such as impairments in the Morris Water Maze).

e Increased anxiety-related behaviors (open field test, elevated plus maze).

These findings support the existence of a pathogenic link between pregnancy-

related perturbations in immunity and sustained neurobehavioral dysfunction.

Domain Parameter Expected Outcome Assessment Method
Neuroanatomical | Prefrontal Cortex | Reduced cortical MRI, Histology (Nissl
Volume thickness or overall | staining)
volume
Hippocampus Disorganized MRI, DTI, Histology
Structure architecture, altered
volume
Amygdala Altered white matter | DTI, IHC
Connectivity tracts and synaptic (Synaptophysin, PSD-95)
density
Immunological IL-6 Levels Elevated levels post | ELISA, gPCR
(Maternal & Fetal | Poly(I:C) injection
Serum)

IL-17A and IL-1P
Levels

Upregulation in
maternal and fetal
tissues

ELISA, qPCR, Western
Blot

Glial Activation
(Microglia,
Astrocytes)

Increased Ibal and
GFAP expression in
fetal brain

Immunohistochemistry
(IHC)
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Behavioral

Social Interaction

Reduced time spent
interacting with

Social Approach Test

and learning
performance

peers
Repetitive Increased grooming | Grooming Assay,
Behavior or stereotypic Observation

movements
Cognitive Function | Poor spatial memory | Morris Water Maze Test

Anxiety-like
Behavior

clinging)

Increased freezing or
thigmotaxis (edge-

Plus Maze

Open Field Test, Elevated

Table 1: Summary of Expected Results in Offspring Exposed to Maternal Immune

Activation (MIA)

Expected Results

Neuroanatomical

Prefrontal Cortex
Volume

o

Reduced cortical
thickness or ove-

Immunological

IL-6 Levels
(Maternal &
Fetal Serum)

Elevated levels post

Expectend
Outcomee

MRI Histology

erall volurrie Poly(LC) injection ELISA gPCR
Hippocampus IL-17A and IL-18
Structure Levels ELISA gPCR

&)

Upregulation
in maternal

qgPCR Western Blot

DlEGiaanizad and fetal tissues ELISA gPCR
architecture, altered I Increased Ibal and ARER W%slgirn
volume GFAP expression In
fetal brain
Amygdaral Behavioral

Connectivity

&

Increased Iba1 and
GFAP expression

Social

803 Interaction

Increased time spent

interacting with peers

Social Approach
Test

Grooming Assay
Observation

Cognitive
Function

b

*\IH

Poor spatial memory
and learning
performance

Cognitive
Function

B

Poor spatial
memory and

Increased freezing or
thigmotaxis ledge-
clinging)

Morris Water
Maze Test

Open Field Test
Elevated Plus Maze

Figure 3: Graphical Summary of Expected Neuroanatomical, Immunological, and
Behavioral Outcomes Following Maternal Immune Activation (MIA)
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Study Selection:

The initial search retrieved 312 records. After screening and eligibility
assessment, 28 studies were included in the final synthesis: 22 animal and 6
human observational studies.

Quantitative Findings:

Outcome Pooled Mean | Effect Size (g) | p-Value 95% CI1
Difference
Maternal IL-6 Levels T +42% 0.81 <.01 [0.62, 1.00]
Maternal IL-17A Levels 1 +37% 0.64 .02 [0.20, 0.90]
Hippocampal Volume —18% —0.55 .03 [-0.90, —0.12]
Reduction
Social Interaction —25% —-0.70 .01 [—1.00, —0.30]
Deficits

Heterogeneity: 1> = 46% (moderate).
Sensitivity and Bias Analysis:

The first search found 312 documents. Twenty-eight studies (22 from
animals and 6 from humans’ observational study) were finally selected for the
synthesis after screening and eligibility assessment. No single study seemed to
disproportionately affect the results as indicated by leave-one-out tests.
Publication bias No apparent publication reporting of the outcomes was revealed
in both funnel plots and Egger’s test (p = 0.21).

Subgroup Effects:

Gestational timing: exposure at mid-gestation (GD13—17) had stronger effects
than in early or late gestation. Species: mouse models showed marginally
increased IL-6 responses compared to that in rat models. Behavioral assessments:
social and anxiety-related behaviors were the most vulnerable indices.

Discussion and Implications:
Associating Outcomes with Neurodevelopmental Disorder Risk:

The anticipated outcome of such investigation, including perturbed cortical
development, enhanced concentrations of maternal and fetal cytokines, and
deficits in offspring behavior is consistent with established pathophysiological
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features of neurodevelopmental diseases including autism spectrum disorder
(ASD) and schizophrenia. These changes in prefrontal cortex and hippocampus,
accompanied by elevations in microglial activation and synaptic integrity
disruption, provide a mechanistic link between MIA and enduring vulnerability
to neuropsychiatric illness. Such results are consistent with human neuroimaging
studies and clinical observations that show smaller brain size and impaired
cognition or social behavior in subjects exposed to prenatal inflammation.

The results contribute to growing evidence evidencing that gestational
inflammation is not just a risk factor associated but a molecular driver of these
diseases. Identifying the inflammatory mediators, which are group of IL-6 and IL-
17A, can when put together this knowledge can explain the exact
immunopathological mechanism that associate this risk (Kumar, 2021).

Prospects for Preliminary Screening Instruments and Interventions:

These findings are not only important for early diagnosis and intervention,
but also therapy. Maternal cytokine profiles or fetal neuroimaging indicators can,
if repeatedly predictive of adverse developmental outcomes, serve as biomarkers
for early screening. This way, physicians could determine at-risk pregnancies
and babies before behavioral symptoms ever appear.

Understanding the molecular pathways may also provide targeted treatment
during pregnancy. The Affordable care act and Medicare/caid will not cover
something commercial made unless it’s proven to work on humans, that can only
be done w/ FDA approval. Use of anti-inflammatory drugs, immunomodulatory
or microbiome-based drugs given during critical periods of gestation may
ameliorate the effects maternal immune activation on fetal brain development.
These treatments have to be carefully weighed between the health of the mother
and the safety of the fetus (Llorca, 2022).

Prospective Trajectories:

This paper serves as the basis for a number of relevant potential lines of
future inquiry: (Loayza, 2022)Maternal to Offspring Interventions: Assessing the
potential efficacy of cytokine-inhibitory drugs (eg anti-IL-17A antibodies) or
anti-inflammatory dietary interventions to offset negative offspring outcomes
following MIA.Diet: Studying the potential of prenatal dietary supplements (e.g.,
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omega-3 fatty acids, probiotics) in preventing inflammation-induced
neurodevelopmental changes.

Longitudinal Studies: Extending monitoring into adolescence and
adulthood to determine the long-term consequences of MIA on brain function and
behavior.Sex-biased Processes: Investigating why male offspring are more
vulnerable to maternal immune activation and whether sex-specific mechanisms
can be exploited for precision medicine.

Human Studies: Combining human cohort research with animal models,
preferably also employing concurrent biomarkers, imaging technologies
(including functional), and behavioral phenotypes.

Principal Findings:

The synthesis lends support to an overall positive relationship between
maternal inflammatory cytokines and abnormal neurodevelopmental trajectories.
Elevations in IL-6 and IlI-17A were highly predictive of future cortical—
hippocampal modifications, consistent with hypothesis “maternal cytokine—fetal
brain” pathway (Patterson, 2011).

Comparison with Prior Reviews:

Previous reviews have been predominantly descriptive, and this meta-
analysis offers quantitation of the associations with moderate, but statistically
significant heterogeneity explained by timing in gestation and the specific
cytokine. (Iwata et al., 2020).

Mechanistic Interpretation:

Cytokine surges may disrupt blood—brain barrier integrity and microglial
activation, leading to aberrant synaptic pruning and altered neural connectivity
(Estes & McAllister, 2016).

Implications for Human Health:

The findings emphasize the possible value of maternal cytokine profiling
during pregnancy as an early threat predictor. Preventive measures (eg, dietary
interventions targeting inflammation or immunomodulation therapies) may
reduce risk of neurodevelopmental problems.
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Limitations:

e Human cohort data are limited, and the majority of the results presented
come from animal studies.

e The use of different Poly(I:C) dosages and schedules makes it difficult to
compare results across studies.

e Possible persisting publication bias towards positive results.

Future Research:

Longitudinal multi-omics studies integrating cytokine profiling, imaging
and epigenetic mapping are required to untangle causal pathways and sex-specific
vulnerability.

Constraints:
1. Constraints of Animal-to-Human Translation:

While rodent models are crucial for understanding mechanics, they cannot
fully replicate human pregnancy, brain development or social interaction.
Differences in immuno-modulation, gestational timings and brain organization
should caution us when extrapolating our findings to humans. Further
confirmation in human cohorts is required (Long, 2021).

2. Confounding Variables in Human Research:

If the investigation is further extended to human observational study,
however, some confounding factors must be taken into consideration. These
include the maternal condition of health, stress, nutrition, genetic predisposition,
Socioeconomic status and access to healthcare which all may have independent
effects on immunological activity and neurodevelopmental outcomes in addition
to MIA (Lorusso, 2022).

3. Sample Size and Generalizability:

In animal experiments resource limitations might limit the number of
samples and consequently, the statistical power and generalizability of findings.
Moreover, findings may not reflect all biological variation particularly sex
differences or strain-specific responses in animal models (McCutcheon, 2020).
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Figure 4: Proposed Pathophysiological Pathway Linking Maternal Immune Activation
(MIA) to Neurodevelopmental Disorders

Conclusion:

This work presents a systematic review and meta-analysis investigating
the effect of maternal immune activation on fetal brain development, evidencing
that an inflammatory process led by IL-6/17A is the main mechanism to disrupt
it. The integration of behavioral, structural, and molecular findings provides
valuable validation for the neuro-immune model of atypical development and
argues in favor of including maternal immune testing within the prenatal health
care delivery system.

The expected results will show pro-inflammatory immune responses,
predominantly cytokines such as IL-6 and IL-17A, which cross placental barrier
and initiate neuroinflammatory processes in fetal brain. These immunological
“signals” influence normal patterns of neurodevelopment, altering synapse
formation, delaying maturation of glia, or impeding the refinement of brain
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circuits. Structural abnormalities, particularly in prefrontal cortex, hippocampus
and amygdala are anticipated as well as behavioral changes in offspring like social
isolation, repetitive behaviors and cognitive deficits. Taken together, both
findings are critical features of human neurodevelopmental disorders.

This work represents a significant contribution to Neuroimmunology
and developmental neuroscience. This insight contributes to the mechanistic
knowledge on how derangements of immune function during prenatal
development might lead to long-lasting changes in brain anatomy and behaviour.
The work provides an essential platform for generation of early biomarkers and
preventative strategies by identifying the molecular pathways (eg, JAK/STAT,
IL-17 signaling) and neuroanatomical targets modified by MIA. This includes
future application of cytokine screening in high-risk pregnancies and novel
approaches to treatment that modulate the maternal immune response during
pregnancy.

These findings stress the importance of timing and context in maternal
immunological challenges, with implications for targeted therapeutic
interventions and personalized mother care. This too opens parameters for future
translational research examining the role of maternal nutrition, microbiota
composition and maternal use of anti-inflammatory medications on foetal
neurodevelopmental outcomes.

The majority of this work has been in animal models, but it has
important implications for human neurodevelopmental health. Validation,
including cross-species integration of the findings may support the establishment
of multidisciplinary preventive approaches combining immunology, obstetrics
and neuropsychiatry for a reduction in lifetime risks associated with prenatal
immune activation.

Recommendations:

In consideration of these results and this study's implications, it is recommended
that the following apply to future research and clinical practice in the area of
maternal-fetal health and neurodevelopmental disorders.

Clinical Screening and Monitoring:

e We should adopt regular cytokine profiling (eg, IL-6, IL-17A) in infected
or autoimmunological pregnant patients to evaluate their risk of MIA.
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e Optimize prenatal health guidelines for assessment of maternal
inflammatory status, in particular during the second trimester when fetal
brain growth is most sensitive.

Preventive and Therapeutic Interventions:

o Assess the long-term safety and efficacy of anti-inflammatory or
immunomodulatory treatments given prenatally to prevent MIA-induced
fetal effects.

e Investigate dietary- and microbiota-based interventions (e.g. omega-3 fatty
acids, probiotics) as non-invasive strategies to modulate maternal immune
responses.

Longitudinal and Translational Research:

e Initiate long-term follow-up of the MIA-exposed offspring in order to study
life-long behavioral and cognitive consequences.

e Facilitate translational research between observations in animal models and
human cohort studies to validate biomarkers and interventions.

Sex-Specific Analysis:

o With this, design further studies to investigate the sex-specific effect of
MIA as new evidence supports that males may have more
neurodevelopmental vulnerability.

Public Health Policy:

e Educate clinicians and decision makers regarding the relevance of
maternal immune health to neurodevelopment of offspring.

e Promote integrated maternal health approaches that include mental,
nutrition, infection control and immune system regulation strategies during
pregnancy.
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Abstract:

Lying is one of the major sins forbidden by Allah and His noble Messenger Muhammad
(peace be upon him). Its sinfulness and ugliness are compounded when one lies about Allah and
His noble Messenger Muhammad (peace be upon him). The Prophet (peace be upon him)
warned those who lie and fabricate against him of Hellfire and a painful punishment on
doomsday. Therefore, we must be careful not to attribute anything to the Prophet (peace be
upon him), whether it is a saying, action, or anything else, before verifying its authenticity by
examining it in reliable hadith collections. I have seen many people who do not verify or avoid
transmitting statements and attributing them to the Prophet (peace be upon him), even after
thorough research and investigation in hadith books. It is clear that this is not a Prophetic
tradition; rather, it has no basis and none of the hadith scholars have included it. Thus, this
prompted me to begin writing this research, in which I focused solely on collecting the baseless
hadiths that people circulate nowadays as authentic Prophetic traditions.

The importance of this research lies in demonstrating the danger of transmitting hadiths
indiscriminately and attributing them to the Prophet (peace be upon him) without caution and
without fear of severe punishment. This is because the Prophet's words, actions, and tacit approvals
constitute legislation and religion that must be adhered to and acted upon, as they are revelation
from God Almighty. God says: {Nor does he speak of [his own] desire. It is not but a revelation
revealed.} (Quran 53:3-4). Herein lies the danger of transmitting hadiths without verifying their
authenticity and attribution to the Prophet (peace be upon him).

This research involved collecting hadiths that people circulate as authentic Prophetic traditions
(sayings of the Prophet Muhammad, peace and blessings be upon him).

I then traced their authenticity using all the books that deal with Prophetic traditions, specifically the
Comprehensive Library (al-Maktabah al-Shamila). If I found a hadith to be authentic, good, weak, or
even fabricated, I omitted it, as our research focused on hadiths that are not authentically attributed to
the Prophet (peace and blessings be upon him). If I found a hadith scholar who had included it and
ruled it to be baseless.

I included that information. If I found no scholar who had included it, I determined myself that the
hadith had no basis.
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My research yielded positive results, most notably: The Muslim should exercise caution and
verify the authenticity of a hadith before narrating it to others. These hadiths circulating among
people as sayings of the Prophet (peace and blessings be upon him) have no basis in his
teachings. I found some hadiths from the words of some of the Companions and scholars.

Keywords: Hadith, it has not established, the Prophet (peace be upon him), God —
Allah, al-Albani.
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The Role of Islamic Law in the Establishment of
Islamic Banks

Hiba Abdul Karim Muhammad Al-Hashemi”

w

toadlal)
Cucdl 138 Jaly i cdialld g Bl alladg SIS (e diie ol Dl Cijlas ol 555 §)
pellsal (i (g3 Badlus] Ll Lgiidagiy Jlga¥) el adly Cojlaall (e duc il 028 ga dalaill (L ada L s
el daati ) Cangs (Lelanl) b ey nbe Ll (e ijlaal) 538 ddiasle ) BLEYL capally (o)l painy
L) Ayl )99) gounsar calaial ela lin (o Alad) o cliadll dae (a8 (e 00855 Lo aales 130 0y5ka
dacyd Glaca ! alebal Ll dhadyal) sl o) A8 Siaty (L) lad) Gl
sy ccDlalanll @l alaty ST CallSsg Jolal gl aliaY L AL Caed Vs el @l diecan Loy ccDlalall
e Lghyshas Ll Cipleadl) slas e Capanll Gl Caaa ()16 L gae Jalaill gt angill (e any 38 (3 eV
dacgyhag L asi U Jlee) PIa agiiias (52l Sl gally Zaadly) Cjliaall oda lelias Al daaaYly (i
05§y 1Y) deadll 1 pliad il ddad e’ 1A (Al dasydll aclgd aa Lgadlsis Jleed) 02 (e g5 S
Jae ) =1 ) Jadll. Lgdlaaly dudlY) Cijladll (ailead clayshiy Lokl Cilad) slas sl (finse (g

gdlaals Lol Cjlad) Ly s Sl Gl peadll

ol daal Al cijbaal) (Ll Gannli :dalizall clall

Abstract:

The idea of establishing Islamic banks stemmed from purely Islamic, religious
principles and teachings. This is perhaps why customers are drawn to these banks, motivated
by the desire to invest and utilize their funds in accordance with Islamic principles, thus
avoiding the taint of usury and other prohibited practices. Furthermore, these banks generate
both tangible and intangible (social) profits, contributing to the sound development and growth
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of society, and providing employment opportunities to combat unemployment. Hence, my
interest in the topic of "The Role of Islamic Law in Establishing Islamic Banks." The research
problem lies in the difficulties associated with implementing procedures to ensure the
legitimacy of transactions. These procedures, in many cases, involve lengthy processes and
higher costs, which may discourage people from using these banks. The research aimed to
explore the origins and development of Islamic banks over the years, their importance, the
significant role they play in their operations, and the legitimacy of each type of business activity
in accordance with Islamic law. Therefore, the research plan comprised two chapters: Chapter
One, consisting of two sections: the origins and development of Islamic banks, and the
characteristics and objectives of Islamic banks. Chapter Two, on the banking activities and
objectives of Islamic banks.

Keywords: establishment, interest, Islamic banks, Sharia, profits.
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Smart River Cleaning Boat: An IoT-Based Approach for Aquatic
Waste Collection Using ESP32 and Conveyor Mechanism
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Abstract:

Today internet of things (IoT) technology is important and helpful for us and continues
evolving and it opens new opportunities for deploying smart solutions in marine applications
for monitoring and operational control.

Water is an essential resource in life. Waste disposal of water hurts the water quality and leads
to water pollution and hurts environment too. Despite converting more than 70% of the earth’s
surface, freshwater accounts for a small fraction, emphasizing the importance of conservation
for public health, economic growth, and environmental sustainability. Unfortunately, Water
pollution caused by floating solid waste has become a critical environmental challenge,
particularly in rivers passing through urban and semi-urban areas. Manual waste collection is
inefficient, labor-intensive, unsafe, and often economically unfeasible. This paper presents the
design, implementation, and evaluation of a Smart River Cleaning Boat, an Internet of Things
(IoT)-based autonomous/semi-autonomous system developed to collect floating waste from
rivers and canals. The proposed system utilizes an ESP32 microcontroller, Wi-Fi
communication, DC motors, a relay-controlled conveyor mechanism, and a lightweight
floating structure. Remote control is achieved through a Wi-Fi-based client-server architecture,
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enabling real-time navigation and waste collection. To control our system, we use by link, this
can help us to make a web application with custom design to connect with our system. We use
Arduino IDE to write our code on it because of its benefits for wire code and more suitable for
IoT projects. The system emphasizes low cost, scalability, energy efficiency, and adaptability
to different aquatic environments. Experimental results demonstrate the feasibility of the
proposed solution for small- to medium-scale river cleaning operations. The research
contributes to sustainable environmental engineering by integrating embedded systems, IoT,
and mechanical design for ecological protection.

Keywords: River Cleaning, IoT, ESP32, Smart Boat, Conveyor Mechanism,
Environmental Monitoring, Aquatic Waste, Arduino IDE, embedded systems, marine
operational control.

w

tpadlall
Lasd dupnd) i) 84S Aadai¥] ad i casll (10T) el s colstl) el kil b
Y chaaad) Al Gy Gass Al dball el e bl slaad) sl ol ey Zhally aSaill il s2cly
Alee lling (Jlad ye Gy Ll pen Sabs Ayl 4udiy dpuanll Ghldl je a0 Jll lel) b Lo
(S ) Calan ()l iy 2y apeead A5l o3a a0 ol aak g 05 Lo Wty ool g AiiS
5ly ) e Aailad) Gl pand aeas (10T) ebsl) cug) o 36 dail) 15 4us/ 500 ol sag
i U8 Al ¢ paiene LS S pmay o(WinFi) (LY Jlal dgiy « ESP32 42y oot sasg il alatll padiey
el At o adied Juee—adld Ay yie a2 e SSaall g L O)l) Caita dile JSay (laye dlaulss g aSal)
Dl 55 ¢punsitl) blEs AR aless) e alaill 3K . el sl b cllall pens Aadl) iy Lae ogld
Bl HleV) Caudan clilend 5l Jall (gean Loyl ilill ekl LAl bl Cabide ae 2y (A8
ceLaY) gy el L)z P e Leltiad) i) duvigh 8 Gl 130 g paal) dlavsidls

) dleal SISl praccilly

Al bl ¢l sl (J AT ¢ SM) Ul (ESP32 ¢ pLdl) i) « lesY) il dalidal) cilal

1. Introduction:
Background:

Rivers are vital natural resources that support drinking water supply,
agriculture, transportation, and ecosystems. However, rapid urbanization,
population growth, and industrial activities have significantly increased the
amount of solid waste entering rivers. Plastic bottles, bags, food packaging, and
organic waste accumulate on the water surface, leading to ecological imbalance,
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blockage of waterways, and health hazards. Traditional river cleaning methods
rely heavily on manual labor or large mechanical systems. Manual cleaning
exposes workers to dangerous conditions and is inefficient for continuous
operation. Large-scale mechanical solutions, while effective, are expensive and
unsuitable for narrow rivers or developing regions. Therefore, there is a strong
need for low-cost, intelligent, and adaptable river cleaning systems. River
pollution threats human life and aquatic life and general ecosystem health too.

Smart river cleaning boats with wireless communication control can
provide a new solution to problem by semi-autonomously detection and cleaning
the surface rubbish without human intervention.

This paper shows designing and development of wireless robots to deal
with marine problems that harm our environment and our ecosystems. As we say,
manual cleaning is both inefficient and dangerous owing to infectious nature of
some microorganisms. The purpose of this work is to introduce a smart solution
and an effective garbage collection system designed to eliminate rubbish from
rivers and lake surfaces. So, we try to use smart solutions like using IoT
technology that is used in marine applications.

According to this we search for this smart solution we find that we can make
a smart boat by using IoT technology. It controls and regards process. The
purposed system is meant to have applications depending on various water bodies
and hance by efficiency for different water bodies. We are doing research to get
best microcontroller that can be used to control all parts that are used to make this
smart river cleaning boat mission.

We find some microcontrollers other researchers used for making marine
applications. Most of them depend on Arduino microcontrollers and some use
ESP32 micro controllers. We will speak in more detail about them and compare
them to show you what is best for our project and show the best wireless
connection to our purpose, that provided us with many features that were helpful
and more effective for our project.

After searching for the best microcontrollers, we can show you comparison
between Arduino and esp32 and esp8266.
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Specification ESP32 ESP8266 Arduino Uno
Number of Cores 2 1 1
Architecture 32-bit 32-bit 8-bit
CPU Frequency 160 MHz 80 MHz 16 MHz
Wi-Fi Yes Yes No
Bluetooth Yes No No
RAM 512 KB 160 KB 2 KB
Flash Memory 16 MB 16 MB 32 KB
GPIO Pins 36 17 14
Communication Buses SPI, 12C, UART, SPI, 12C, SPI, 12C, UART
CAN UART
ADC Pins 18 1 6
DAC Pins 2 0 0

Table 1: Comparison Between ESP32, ESP8266, and Arduino Uno

A comparison shown in Table 1 illustrates the ESP32 microcontroller over
the ESP8266 and Arduino Uno in terms of processing power in loT-related
applications concerning the cleaning of rivers. In fact, the ESP32 has dual core
32-buit processor that runs at high speed is 160MHz. This can provide significant
processing power compared to Esp8266 and Arduino UNO that have 8-bit
processors. We saw ESP8266 and Arduino Uno have single core so, they have
limited performance because they are generally slower than multi-cores like
ESP32 then making them less efficient in multitasking. They can bottleneck
faster with peripheral components. Many older software applications are
optimized for single core processors and ensuring compatibility with legacy
systems. Single core processors can consume more power than multicore
processors, which can be a concern in energy efficient applications. The ESP32
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offers a more comprehensive set of GPIO, ADC, and DAC pins, which enhance
the capability of interaction with sensors, actuators, and analog devices that are
core elements of a river-cleaning system. So, this make esp32 is more scalable
and powerful and economical platform offering a smart and interconnected and
optimized microcontroller compared with other microcontrollers such as esp2866
and Arduino Uno. When we speak about storage, we will see it has bigger storage
than other microcontrollers. Esp32 has 512KB. This can help with low power
consumption and extended device battery life, essentially in sleep mode where
memory modules can consume as little as microamps or even nanoamps, high
reliability, adaptable to complex environments. integrated memory in
microcontrollers reduces the cost of purchasing and soldering external memory
chips. Microcontroller storage systems support flexible eraser and configuration
options. Microcontroller memory units are connected to the CPU via internal
buses, resulting in much lower data access latency compared to external memory.
So, this can make fast access speed and improve operational efficiency.
According to number of pins, this takes for its flexibility to connect with it more
peripherals and improve our system. It has 36 General Purpose Input Output
(GPIO). It is only microcontroller has pins for Digital Analog convert pins. So, it
can convert a digital value into corresponding analog voltage. This can help us to
deal with actuators and sensors in an easy and more efficient way. If we
concentrate on communication technology, we see in its board has ability to
communicate with Bluetooth or Wi-Fi without any external boards but in Arduino
as we say it needs to additional board to make communication with Wi-Fi or
Bluetooth in most Arduino types that are used for student projects.

. 1.2 Motivation:

The rise in water pollution, especially in rivers and canals running through
cities, can seriously affect environments, public health, and economies of these
regions. Conventional methods of cleaning rivers either using manual effort,
which is often inefficient and dangerous, or using massive machinery can often
be inefficient, costly, and dangerous. The push for better river cleanup methods
has never been more urgent.

Recent advancements in [oT, embedded systems, and low-power
microcontrollers have enabled the development of smart environmental
solutions. The ESP32 microcontroller, with built-in Wi-Fi and Bluetooth,
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provides an ideal platform for remote monitoring and control [4]. By Integrating
IoT technologies with mechanical waste collection mechanisms, it is possible to
develop an efficient and scalable solution for aquatic waste management. With
various communication buses that take different approaches to serial
communication, with varying levels of complexity, speed capabilities, and
hardware requirements. These differences make each protocol suitable for
specific scenarios and applications and help us to improve our system by
integrating more peripherals that provide more configurations and efficient
monitoring and make our system more autonomous.

. 1.3 Objectives of the Research:

The primary objectives of this research are:

« Design and develop a smart river cleaning boat using ESP32 and IoT
technologies.

- Implement a conveyor-based waste collection mechanism.

- Implement wireless remote control based on Wi-Fi technology with client
server architecture.

- Evaluate the performance, efficiency, and reliability of the system.

- Proposing a scalable and low-cost solution for environmental
sustainability.

. 1.4 Organization of the Paper:

This paper is organized as follows: Section 2 reviews related work.
Section 3 describes the overall system architecture. Section 4 discusses hardware
design. Section 5 presents software and loT implementation. Section 6 explains
the working methodology. Section 7 provides experimental results and analysis.
Section 8 discusses advantages and limitations. Section 9 explores future
enhancements. Section 10 concludes the paper.

2. Related Work:

Several research efforts have focused on automated and semi-automated
river cleaning systems. Early systems relied on mechanical skimmers and
conveyor belts installed at fixed locations. While effective, these systems lack
mobility and adaptability.
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Most research work on the topic suggests using Arduino microcontroller
to implement the smart river cleaning boat [2][3], this has been designed for
integrating basic motor control and simple obstacle avoidance mechanisms.
However, these systems often suffer from limited communication range and
processing power. They often face issues related to communication range and
processing capability. Arduino board has problems with power consumption and
communication complexity, so it increases current consumption. most Arduino
board that has low-cost need to additional interfaces like Bluetooth or Wi-Fi
modules, which requires a boarder range in Bluetooth communication. Some
researchers want to add some features for their robots, a river-cleaning robot
concept was proposed that utilized an Arduino microcontroller that was
integrated with sensors, DC motors, and servo motors, which possessed wireless
controlling features using technologies such as Bluetooth and Internet of Things.
The proposed concept mainly focuses on the retrieval process of debris on water
surfaces using mechanical retrieval systems such as conveyor belts and robots,
while also constantly checking the parameters of water quality, specifically the
water level and pH [4]. IoT-based solutions using ESP8266 and ESP32 have
gained attention due to real-time monitoring and remote accessibility [4]. Some
researchers integrated GPS and ultrasonic sensors for autonomous navigation [5].
Despite these advancements, many systems remain expensive or complex. The
challenge highlighted by this weakness is the need for more optimized and
cheaper solutions regarding the use of sophisticated microcontrollers. The
authors state that a wireless remote-controlled device that uses DC motors and a
straightforward control circuit can be designed for removing floating waste
[1][2][3]. Interestingly, the device can be operated by human remote control,
which makes it possible to change its direction and motion. A conveyor belt
mechanism has also been used in it for picking up waste and placing it in a storage
chamber and sending it out of the water body. The use of such a mechanism
clearly proves that floating waste can be efficiently lifted out of water bodies
using such mechanisms. This device can be considered cost-effective and
efficient and can be used in water bodies that are smaller in scale. However, most
of these solutions are based on Arduino-based platforms, which are obsolete and
inferior in terms of processing and communication. This gap provides enormous
scope for less complex and low-cost scales of [oT solutions with higher advanced
microcontrollers like ESP32[1]. This research differentiates itself by focusing on
simplicity, affordability, and practical implementation, using ESP32 Wi-Fi
communication and a conveyor mechanism suitable for floating waste collection.
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. 3. System Architecture:

. 3.1 Overview:

The Smart River Cleaning Boat consists of three main subsystems:

1. Hardware subsystem (mechanical and electrical components).
2. Software subsystem (embedded firmware).
3. Communication subsystem (IoT-based Wi-Fi control).

. 3.2 Block Diagram Description:

ESP32 acts as the central controller because it has more features, we can use
it for communication and more efficient compared Arduino Uno and ESP8266 as
we mentioned in table 1. It acts as central hub in our system, making
communication, decision making and actuation across all subsystems. It has Wi-
Fi integrated and enables high speed wireless link between our boat and users
that use devices like smart phone or laptop or computer. t It receives control
commands via Wi-Fi from a remote client (mobile phone or computer). Based on
the received commands, it controls:

- Two DC motors for boat navigation.
- A conveyor motor via a relay module for waste collection.

Power is supplied using a rechargeable battery mounted on the boat. User using
own browser in your device and enter specific URL in browser that can help user
to access to our user interface that help user to control our system and navigate.
Operation transmits control signals over Wi-Fi, supporting remote access waste
collecting activation by user. Upon receiving these signals, the microcontrollers
process the data and send appropriate commands to the actuators. We have two
dc motors for navigation and boat movement according to the suitable command
these motors move, supporting forward and reverse motion as well as directional
changes. This setup provides efficient movement and allows our boat to navigate
the water and access areas by deleting waste. The ESP32 also manages waste
handling via a conveyor belt powered by a dedicated motor. A relay module
interfaces with this motor, allowing the microcontroller to switch high current
loads safely while isolating it electronically. When activated, the belt collects the
surface trash onboard storage component, this provides continuous collection
even as the boat moves. Rechargeable batteries installed on the vessel supplies
power to entries system. We can see the flow of processes in figl.
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Figl: flow of process

4. Hardware Design:

4.1 ESP32 Microcontroller:

We chose the ESP32 microcontroller because it has superior features
compared to Arduino and ESP8266, as in Table 1. Widely adopted in [oT projects
[1][2][5][6][7][8], it has built in Wi-Fi module, which simplifies wireless
communication between the boat and remote interfaces that do not need extra
hardware to communicate.it has dual’s core 32-bit processor exceed at
multitasking, managing wireless links and motor control in parallel without
compromising performance. It is unlike many other microcontrollers; it drops
power perfectly for battery powered setups in long deployment. It has more GP1O
pins that provide the flexibility needed to connect motor drivers, relays and other
drivers. The board takes in Wi-Fi commands and outputs signals to power
navigation motors and the waste collection setup. It has pins can as converter
form digital to analog without needing an external module to make this process,
this feature opens to us to develop our system in the future without any problems
in power consuming.

4.2 Motor Driver Circuit:

A motor driver module (such as L298N) is used to control the direction and
speed of the DC motors. Four GPIO pins (IN1, IN2, IN3, IN4) control forward,
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backward, left, and right movements. DC motors are the easiest motors to use! If
you connect a battery to a DC motor, it will spin in one direction. If you swap the
wires, it spins in the other direction. But you can’t always physically swap the
wires every time you want to change direction. That’s where an H-bridge. An H-
bridge is a special circuit with four electronic switches arranged in an H shape,
with the motor in the middle. By turning these switches on and off in a specific
order, you can make electricity flow through the motor in one direction or the
opposite direction. This clever trick lets you control which way the motor spins
without having to physically reverse any wires. When a fixed voltage is given to
a DC motor, it spins at a fixed speed. If you want to change the speed, you need
to adjust the voltage. A higher voltage makes the motor spin faster, while a lower
voltage makes it slower.

4.3 Conveyor Mechanism:

A conveyor system is a fast and efficient mechanical handling apparatus for
automatically transporting loads and materials within an area [11]. This system

minimizes human error, lowers workplace risks.

Figure 2: conveyor belt

A conveyor system i1s a fast and efficient mechanical handling
apparatus for automatically transporting loads and materials within an area
[11]. This system minimizes human error, lowers workplace risks and
reduces labor costs among other benefits. They are useful in helping to move
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bulky or heavy items from one point to another. A conveyor system may use
a belt, wheels, rollers, or a chain to transport objects. The conveyor
mechanism is responsible for lifting floating waste from the water surface
into a storage container. A DC motor controlled through a relay module
activates the conveyor belt [5]. In figure 2 we show our conveyor belt that
we used in our prototype.

4.4 Relay Module:

A relay module is used to control the function of the conveyor motor. The
relay acts as an electronic switch to control high-current devices like the conveyor
motor. The ESP32 triggers the relay using a GPIO pin. The control of this system
is done through a special GPIO pin on the ESP32 microcontroller board. The relay
circuit is made when a HIGH signal is given to this GPIO pin, and this turns on
the conveyor motor, thus starting the process of waste collection. The LOW signal,
on the other hand, breaks the relay circuit and thus stops the motor from working.

4.5 Power Supply:

The system uses a rechargeable battery pack. Voltage regulation ensures
stable operation of the ESP32 and motors. Using battery power improves
mobility as well as the ability to operate. The size or quality of battery will depend
on the ability to power the ESP32, the DC motors, as well as the conveyor. The
ESP32 microcontroller requires suitable low voltage supply for the stable and
reliable operation of the system. But motors need high voltage for running such
as 12v but ESP32 micro controller needs 5v for running. The board is powered
by a battery while it is operating independently, as opposed to a USB connection
to a computer. Although the external power source can be anywhere between 6
and 24, a common 9 V battery is more practical. We use L298N driver that helps
us to manage power for motors and esp32. The proper voltage supply and
management system avoids electrical noise and sagging of the voltage supply to
protect the sensitive electronics of the system from being damaged during motor
start-up and system operation.

4.6 Mechanical Structure:

The boat structure is made of lightweight, waterproof materials. Floats ensure
stability, while the conveyor is mounted at the front to scoop floating debris
efficiently. The vessel’s hull uses lightweight plastics, PVC and fiberglass
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materials that can cut energy demand through reduced overall weight. The
conveyor system is installed at the front of the boat with an inclined position to
efficiently interact with and collect the floating trash from the water surface while
moving through. Such an architectural design enhances trash collection efficiency
without disrupting boat navigation and stability.

Fig3. schematic of components

We designed as schematic for our system connection and physical component by
using fritzing in figure 3. This can help us to connect our system in an efficient
way and help us to develop our system in the future.

. 5. Software and IoT Implementation:

5.1 Development Environment:

The firmware is developed using the Arduino IDE with ESP32 board
support. We developed the system by using development environment of IDE is
Arduino IDE. Using the IDE provides the designer with an environment to write
code in an easy way. It provides interface that is more friendly and helpful for us
and has libraries and examples with explanations that can help anyone. It is best
choice for ESP32 microcontroller. It enables developers and designers to develop
codes that can be uploaded to the ESP32. As systems that also use communication
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interfaces and motor interfaces. This IDE provides you with examples and
libraries with explanations to help you with your project.

5.2 Wi-Fi Communication:

Wireless communication forms the backbone of our proposed system. The
ESP32 supports two main Wi-Fi modes. Station mode (STA) lets it join an existing
network for internet access or device to device talk handy when

plugging into established setups. We chose Access point (AP) mode instead, the
ESP32 broadcasts its own network, inviting clients like phones or laptops to
connect directly. This mode is useful for creating a local network for IoT devices
that need to communicate directly with other devices without relying on a central
network. The Esp32 runs in AP mode, generating a standalone local network for
direct peer to peer links between a boat and client device like laptop or
smartphone. We configure a Wi-Fi server on the ESP32 which listens for
communications on port 80 this is slandered for efficient web protocols. Client
can then send real time control command once linked. Advantages of Wi-F1 are
that it delivers broader range and stabler connections than Bluetooth. For make
real client server that can make us connect easily we use Blynk platform Blynk
platform to connect ESP32 with it and create my app on this platform.

5.3 Command-Based Control:

The control system in the boat uses a simple and effective text-based command
interface that can help us to interact with peripherals without any problem. The
commands are sent from the client computer to the ESP32 board, which in turn
receives and implements them accordingly. In our system to navigate the
commands that we need is (F) forward, (B) for back, (S) for stop, (L) for left, (R)
for right, (O) for turn on Conveyor, (E) for turn off Conveyor. Apart from the
navigational control, specialized commands regulate the garbage collection
system. The O command activates the conveyor motor to kick off garbage
collection, whereas E command shuts down. The application of text-based
commands in this way promotes communication between systems, improves
processing time, but most importantly, it improves the response time, which is an
important factor in the control system. The boat responds to simple text-based
commands:

F: Forward
B: Backward
L: Left
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R: Right

- S: Stop

O: Conveyor ON
- E: Conveyor OFF

. 5.4 Embedded Control Logic:

The firmware continuously checks client connections and executes motor
control functions based on received commands. The implementation of the
control logic is performed as an infinite loop in the ESP32 code. the system
continuously inquiries the Wi-Fi server for connections and the arrival of
commands. Once command checks out, the system calls the relevant function
either for motor control or relay toggling. Motor control routines produce correct
GPIO and PWM outputs to control the motor controller module. At the same
time, the relay control routines involve switching on/off actions of the conveyor
motor relay. In fact, the real-time control logic enables effective system operation
and fast system responses to changes as well as well-coordinated actions between
guiding and trash collection activities.

. 6. Working Methodology:

A detailed description of the operational procedure of the smart river-
clearing vessel is required because it enables efficient control and management of
waste. In particular, the technology used for access to ESP32 microprocessors is
access point (AP) as we clear the difference between it and STA in previous
sections. This mode works as local Wi-Fi network. This can help users
communicate with our boat in an efficient way. After setting up the Wi-Fi access
point, the user can establish a connection with a smartphone, tablet, or laptop
computer. The connection enables user interaction with the system using a control
interface based on either a web interface or a socket interface, which has real-time
capabilities for commands and control signals sent into the system. In this
situation we use by link platform that helps us to make an interface for making
user control in an easy way. This platform is suitable for [oT applications and is
more friendly for developers. In this platform we make 6 buttons for control
system. When you press on a button our web app will send a specific command
for microcontroller to make its operation. At receiving condition, ESP32 makes
decoding for the received commands, then ESP32 performs the required control
functions. Additionally, control commands for garbage collection turn on/off the
conveyor system with the help of the relay module. In figure 4 we show the
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processes that are done in microcontroller to achieve our goal of the system. As
the ship moves across the water body, the waste materials that are floating will be
guided towards the front-mounted conveyor system. The system will collect waste
and trash from the surface of the water into a storage container that is mounted
within the boat. Collected waste is then temporarily held on the vessel until the
end of the operation, at which point the waste material can be safely removed to
an appropriate site for its disposal. In its operational procedure, the effectiveness
of the combination of the wireless control system based on the IoT approach with
the mechanical system for the conveyance of waste is clearly shown. We can
conclude that on some point:

1. The ESP32 creates a Wi-Fi access point.

2. The user connects to the network using a smartphone or laptop.

3. Control commands are sent via a web or socket-based interface.

4. The ESP32 processes incoming commands and activates the motors as
needed.

b

Floating waste is collected using the conveyor mechanism.
6. Waste is stored onboard for later disposal.

i
:
f

NO

NO

AN Pins: LOW Relwy Pinc HIGH Reday Pin: LOW

Stop Al Tuen Coveyor
oN

Fig4: flow chart for code
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. 7. Experimental Results and Analysis:

. 7.1 Testing Environment:

The prototype was tested in a controlled water body simulating river conditions
with floating plastic waste. Our prototype designed for a smart river cleanup boat
was tested in a controlled water environment created with some trash like in lakes
or rivers with same conditions. The testing environment consisted of water that
flowed from calm to moderately flowing, along with plastic debris such as
bottles, bags, and other light materials that float in water, which are regular river
pollutants.

7.2 Performance Metrics:

To assess the effectiveness of the proposed system, we evaluated several key
performance metrics:

- Navigation responsiveness

Navigation responsiveness was measured by stability and speed with which
the boat followed control command while moving on the water

- Waste collection efficiency

Waste collections efficiently centered on the mechanism capacity to gather and
hold drifting debris.

- Power consumption

Battery endurance was evaluated by measuring power consumption during
simultaneous navigation and conveyor operation

- Communication range

We assessed communication range by gradually increasing the boat and the
operator.

. 7.3 Results:

The system demonstrated stable navigation and effective waste collection.
Wi-Fi control was reliable within a range of approximately 20—30 meters. Tests
showed rock solid performance from start to finish. Dc motor controls enable
smooth turns, letting the boat dodge debris nimbly. The conveyor reliably ferried
waste to storage with hardly any spillover. Our mechnical system success in
capturing trush during runing. DC motors provides smooth cntrolling during
directional changes, this allowing the boat to move by effectivaly way around
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debris. The conveyor did its work by effectivaly way, it shuttled collected waste
into the storage. In other researsh they use an external wifi module this make
connection is more deficult with them becouse the connection was unstable and
need consume more power from battary to supply this module.

. 7.4 Discussion:

Results confirm that the proposed system is suitable for small-scale river
cleaning tasks and can be expanded for larger deployments. The experimental
results show the efficacy of the proposed smart river-cleaning craft for small river
cleaning purposes. Although other researchers use Arduino Uno for their
experiment, we use ESP32 for superior feature compared Arduino as we
mentioned in table 1. The system is most effective for small area applications,
but it has vast potential for enhancement. The proposed system can be further
improved for larger applications. enhance battery life and mechanical design and
automation through sensor and long communication range that can help to extend
our system and more monitoring. For control of some mobile phones by using
android operating system [6], but we use web app, this will be easy for user to
access until user has different operating system for phone. This will achieve
accessibility for our system.

. 8. Advantages and Limitations:

. 8.1 Advantages:

- Low-cost component
Our smart river cleaning provides low cost. Drawing on off the shelf
component like ESP32 microcontroller, DC motor and simple mechanical
elements, the design offers an economical and practical solution tailored
for developing regions and rural spots.

- Easy to deploy.

Deployment provides straightforward with no need for elaborate infrastructure.
Because our system is small and portable and we can set it up.

It quickly on many devices like mobile phones or laptops, it provides comfortable
wireless controlling by using blink platform and customizing our application on
it

- Wireless control
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. This allows operators to prevent polluted water. Wi-Fi connectivity
enables users to monitor real time and more safety for them.
Environmentally friendly

The system tackles environmental challenges by steadily clearing with
efficient energy use.

8.2 Limitations:

Limited battery life

This makes limitation in runtime, and we demand recharge it frequently.
This limitation in battery life affects performance during long time of
cleaning

Manual control dependency

Humans should exist for operation; this makes our system semi-autonomous.
scaling up should demand manual input, this makes deploy in smaller areas
without additional support.

Not suitable for heavy waste

Because our system can’t detect objects that can carry it or not this made a
problem when carrying objects to storage because it heavy. This makes our
system limited by cleaning some things and another trashes, especially heavy

ones 1n river.

9. Future Enhancements:

Future improvements may include:

Autonomous navigation using GPS and sensors Among these avenues of
improvement would be the implementation of autonomous route
navigation systems that may be integrated through GPS modules or
environmental sensors like ultrasonic or infrared sensors.

Solar power integration

We will use solar power technology to solve the battery life issue.
Integrating solar panels into our boat could extend runtime by
supplementing the battery, cutting down rechargeable cycles and boosting
overall efficiency

Al-based waste detection

373



YornBbd ¥ o) bl el palad) G salha Gald s "clahilly Eganll K4l eluz' dlaa

We will connect camera modules with machine learning that can let system
focus on debris and make classification for it, make collection more
autonomously, this can solve existing of human in operation by little way.
Smart algorithms could also distinguish trash from natural future like water
glare or aquatic.

Real-time monitoring dashboard

Adding a real time monitoring dashboard would enhance usability and

delivery instance access to key data. Processing system operational
information, such as vessel status, battery status, and waste collection, and
automatically sending this information to a cloud system would allow for
remote system performance analysis and strategic deployment optimization.

10. Conclusion:

This paper presented a Smart River Cleaning Boat using ESP32 and [oT

technologies. The proposed system provides a cost-effective and practical
solution for aquatic waste collection. Experimental evaluation demonstrates its
effectiveness and potential for real-world applications. With further

enhancements, the system can significantly contribute to sustainable water

resource management.
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The Role of AI Technology in Teaching Modal Verbs to Third
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Abstract:

This research tackles the use of Al technology in teaching English modal verbs to the
students of third stage intermediate schools for outstanding girls. The theoretical part of the
research presents English modal verbs in terms of their meanings, tenses and proper places in
sentences. This is followed by elaborate discussion of Al as far as its historical background,
definition, types, some applications, and advantages and disadvantages are concerned. The
practical part through its sections aims at finding out the effect of Al and its role in enhancing
students learning of modal verbs. To achieve the preceding aims, a sample of 100 male and
female intermediate stage students was randomly selected, divided into two groups, control and
experimental, and subjected to a pretest and posttest of English modal verbs during the second
term of the academic year 2024-2025. The findings show that students who were taught modal
verbs with the integration of AL technology in their learning showed development in their
knowledge outperformed their counterparts who were taught by the traditional method, in spite
of the noticeable development in their knowledge of the verbs in question. Also, there were no
differences between male and female students on all types of tests as far as their learning of
Modal verbs is concerned. The research ends with some concluding points.

Keywords: Artificial Intelligence, Modal Verbs, Applications of Al, Intermediate Stage.
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Introduction:

A class of auxiliary verbs known as "modal verbs" expresses concepts like
"possibility," "necessity," "obligation," "permission," and "ability." They are
employed to convey varied degrees of assurance or doubt, offer suggestions or
counsel, discuss permission or capacity, debate necessity or potential, and make
offers or requests. To express particular meanings and attitudes, modal verbs are
frequently combined with other verbs. They play a crucial role in students’
curriculum. This is why this study has been conducted to deal with modal verbs,
their use, meaning, and functions. Also, Artificial intelligence (AI) has been
accounted for in terms of its definition, types, domains of application, and

"nn

advantages and disadvantages of Al. Al is a term used to refer to the concept
which helps a machine solve problems or put forward thoughts just like the way
humans use their brain. For instance, a human makes a mistake and learns from
it. The same applies as Al is supposed to deal with problems then makes a mistake
in solving the problem and learns from that in the form of self- correcting, or as
a part of its self-improvement. In both cases, the human being and the Al
application get better (Dias, 2023).

The problem of the current research lies in the fact that students in their
final stage of intermediate study face much difficulty in recognizing, i.e.
understanding, and producing or using English Modal verbs. Hence, this research
endeavors to pinpoint the advantageous role of Al as a part and parcel of recent
technology in the teaching of modal verbs to students of intermediate stage and
the accommodation of this technology in carrying out many academic activities
so as to bring about the set pedagogical purposes.

Generally speaking, this research aims at investigating the role of Al
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technology in teaching modal verbs to Iraqi third grade intermediate school
students. To be more specific, this research aims at identifying the difficulties that
Iraqi intermediate stage students face in recognizing the meanings, tenses, and
proper positions of modal verb in sentences. It further aims at identifying the
differences between male and female students in terms of recognizing modal verbs
in terms of their meanings, tenses, and proper positions in sentences.

It is hypothesized that
- Students lack knowledge and hence face difficulty in recognizing the meanings
and tenses of modal verbs.

- Students face difficulty in placing modal verbs in their suitable positions in
sentences.

- There are differences between male and female students in terms of recognizing
modal verbs in terms of their meanings, tenses, and proper positions in
sentences.

Al facilitates intermediate stage students' recognition of modal verbs in
terms of their meanings, tenses and proper positions in sentences.

The current research is limited to a sample of male and female students of
the 3" stage intermediate stage who were randomly chosen out of the population
and divided into two groups, namely a control group (CG) which included 50
students and an experimental group which included the same number of students
during the 2" term of the academic year 2024-2025.

This research is expected to be of some benefit to teachers of English,
students and designers of prescribed teaching materials. The theoretical
background on modal verbs and Al provides both teachers of English with an
enriching source of information about modal verbs and the role of Al in teaching
such verbs. Based on the findings of this research, the designers of the prescribed
teaching materials on modal verbs will familiarize themselves with the challenges
that Iraqi students face in terms of the meanings, tenses and use of these verbs in
their proper places in sentences. They will duly amend such challenging areas
with information that can be easily absorbed by the students.

Literature Review:
1. Modal Verbs:

According to Payne (2011), modal verbs form a category of auxiliary verbs
in English in addition to other types such as inflective auxiliaries. They, as
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auxiliary verbs, are used to convey modality, opinions, attitudes and certainty.
They indicate possibilities, obligations, permissions, abilities, and preferences,
often altering the meaning of the lexical verb in a sentence.

Modal auxiliaries are divided into plain modal auxiliaries and semi-modal
auxiliaries. Plain modal auxiliaries, also known as central modal verbs or core
modal verbs, are a set of verbs that express modality, such as possibility, necessity,
obligation, or ability. They are characterized by their unique grammatical
properties and behavior. The plain modal auxiliaries in English are can, could,
may, might, shall, should, will, would, must. These verbs are called "plain" or
"central" because they express modality (possibility, necessity, obligation, etc.),
function as auxiliary verbs, helping to form the tense, mood, or voice of another
verb, and have distinct grammatical properties, such as - no infinitive or participle
forms, - no -s ending in the third person singular, - inversion with the subject in
questions, and - negation with "not" without "do" support. Plain modal auxiliaries
are used to convey various shades of meaning, such as ability (can, could),
permission (may, might), obligation (must, should), futurity (will, shall),
conditionality (would, could). This is on one hand. On the other hand, Semi-
auxiliary modal verbs, also known as semi-modal verbs or marginal modals, are
verbs that exhibit some characteristics of modal verbs but do not fully fit the
traditional definition. Examples of semi-auxiliary modal verbs include need (to),
dare (to), used (to), and ought (to). These verbs share some properties with modal
verbs, such as, expressing modality (necessity, obligation, possibility) and
functioning as auxiliary verbs in certain contexts. However, they also exhibit some
differences, such as not always following the typical modal verb syntax, having
more lexical meaning than traditional modal verbs, and sometimes behaving like
main verbs. Semi-auxiliary modal verbs can add complexity to modal expressions,
and their usage can vary depending on the context and dialect.

- Definition of Modal Verbs:

Young (2003:95) states that modal verbs form a small group of verbs that
are specialized finite auxiliaries that express modality such as ability, obligation,
or necessity. They do not own s-form, Ing-form, or n-form, and lack non-finite
uses. Some modal verbs also do not have d-forms.

According to Leech (2006:15), modal verbs are considered a type of verb
used to indicate: possibility or permission (can, may), necessity, obligation or
likelihood (must or should), and intention, prediction, or hypothesis (will,
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would). They usually come in pairs, except for "must."

Lester (2019) adds that modal verbs, such as can, may, must, shall, and will,
are an important group of helping verbs in modern grammar. They are always
followed by an infinitive verb. Usually, only will is recognized, while the other
modal verbs remain unnamed and unappreciated, as will is considered the closest
equivalent to the future tense in Latin.

- Characteristics and Functions of Modal Auxiliaries:

Leech (2006) points out that modal verbs are positioned at the beginning of
the verb phrase. They join with the infinitive form of another verb, as seen in
“may have,” “may be,” and “may find.” They do not have any other forms
containing -s, -ing, or -ed. Leech further states that when making questions, modal
verbs precede the subject, and when creating negative sentences, they are placed
not.”

Quirk (1973) on the other hand mentions that modals, compared to other
auxiliary verbs, own only one or two forms, like “can or could”, while auxiliary
verbs can be combined, as demonstrated in constructions such as "has been

may have released," or "is being used."

nmn

given,

Hearing (2016) points out that all verbs have different forms, except for modal
auxiliaries. They come before the base verb form (if there is one) in the verb
phrase. Also, modal verbs express modality, which refers to the speaker's attitude
or opinion towards the proposition of the main verb. They add shades of meaning
and convey various conditions. Common functions include:

- Ability: Expressing the capacity to do something.
Examples: Can (present ability), Could (past ability, or present
possibility/suggestion).

- Possibility/Probability: Indicating the likelithood of something happening or
being true.
Examples: May, Might, Could (degrees of possibility), Must (strong
probability/deduction), Should (expectation).

- Permission: Asking for or giving permission.
Examples: Can, Could, May (varying degrees of formality).

- Obligation/Necessity: Expressing something that is required or necessary.
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Examples: Must, have to Need to (strong obligation/necessity),
Should, Ought to (advice/recommendation).

- Prohibition: Stating that something is not allowed.
Examples: Must not, Cannot

- Volition/Intention/Prediction: Indicating willingness, future plans, or
predictions.
Examples: Will, Shall, Would

Lester (2019: 74) states that models are a special group of verbs that deviate
from the usual patterns of verbs. They are different in the sense of not having the
various shapes of other verbs. This is why they are called "defective" verbs.
Modals only have present and past forms and do not have infinitive forms, past
participle forms or present participle forms. Lester (2019:84) provides past and
the present forms of the five modals.

Richards (2013:96) mentions that modal verbs differ in many ways. The
terms "past” and "present" have a different connotation according to the
modals. Meaning that "present" and "past" refer to the historical forms of the
modals rather than their specific meaning. For example, "could" is used as the
past form of "can," and "might" is the past tense of "may." However, the terms
"present" and "past" do not specifically relate to time. Even modals labeled as
past form can refer to the future.

As for Palmer (1990), models are used to convey many prospects. The
following chart illustrates the semantic perspective:

. Epistemic Modals
1. Modals of possibility: (can, could, may, might).
2. Modals of deduction: (could, may, must).
3. Modals of expectation: (shall, should, will, would).
. Deontic Modals
1. Modals of permission: (can, could, may, might).
2. Modals of obligation: (must, shall, should, will).
. Dynamic Modals
1. Modals of ability: (Can, could).
2. Modals of habit: (might, would).
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- Characteristics of Modal Verbs
Based on Hearing (2016), modal verbs have distinct grammatical

characteristics that set them apart from regular verbs:

- Auxiliary Nature: They always precede a main verb (in its base form, without
"to"). They act as "helper verbs."
Example: She can swim well. (not "she can to swim")

- Lack of Inflection: They do not change their form to agree with the subject (no
-s in the third person singular present tense).
Example: [ can sing; He can sing. (not "he can sing")

- No Participle Forms: They do not have -Ing (present participle) or -ed/-en (past
participle) forms. You won't find "musting" or "shoulded."

- No Infinitive Form: You cannot put "to" before a modal verb (e.g., "to may" or
"to will" are incorrect).

- Direct Negation: They form negatives by adding "not" directly after the modal
(e.g., cannot, shouldn't), without the use of "do/does/did."

- Inversion for Questions: They form questions by inverting the modal verb and
the subject (e.g., Can she go? instead of "Does she can go?").

- Limited Tense Forms: Most modal verbs have only present and past forms
(e.g., can/could, will/'would, may/might). They often use other constructions
(like "be able to" for future ability) to express meanings across all tenses.

Lester (2019) explains that although models are classified as verbs, they
adhere to specific syntactic rules. They have morphological and syntactic
properties which makes them distinguished from auxiliaries and main verbs.

As for Halliday (1976), the most important differences are:

- Modals occur firstly in a verb phrase, as in:
It may have been being sold.

- Modals don’t have -s forms, as in:

He musts do it.

- Unlike auxiliaries, modals have only a finite form, for example:
John has musted do gymnastic.

- Modals cannot be accumulated, as in:
He may can come.
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- He may come.

- He can come.

- Modals are not seen in the imperative.
Can open the door.

Halliday (1976: 204) further differentiates between modality and
modulation both of which form a system of semantics. "Modality is a system
derived from the speaker interpersonal function of language, expressing the

"3

speaker’s assessment of probabilities. On the other hand, modulation "is
ideational in function, and express factual conditions on the process expressed in

the clause". (p. 205).

2. Artificial intelligence (Al):

The process to create humanlike thought has begun in the nineteenth
century. But the real use has been made in recent years specifically in 2022, an Al
service called ChatGPT was launched (Maslej et al, 2023).

John McCarthy, the father of Al, defines it as “The engineering and science
of making the machines intelligent, especially intelligent programs of computer”.
This foundational definition highlights the core goal of the field: to create
machines that can simulate human cognitive abilities.Al is a way of making
computers, computer-controlled robots, or a software thinks intelligently, similar
to the intelligence of humans’ thinking.

Al is done by studying how humans think, and how humans decide, learn,
and work while solving a problem, and then using the outcomes of this study as
a basis to develop intelligent systems and software. Al includes many software
programs and every person can use it as they need.

- Characteristics of Artificial Intelligence (AI):

According to various authors and researchers such as Maslej et al. (2023)
and You et al. (2023), the defining characteristics of Al often include:

- Learning and Adaptability: Al systems, particularly those using machine
learning, can learn from data, identify patterns, and improve their performance
without being explicitly programmed for every scenario. This allows them to
adapt to new information or changing environments.
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- Problem-Solving and Reasoning: Al can analyze complex problems, break
them down, and apply logical principles and algorithms to find efficient
solutions. In some cases, Al can solve problems that are too difficult for humans.

- Perception: Al systems can use sensors and data to "perceive" their
surroundings, similar to how humans use their senses. This is a key characteristic
in applications like computer vision for self-driving cars or speech recognition
for virtual assistants.

- Autonomy: A notable characteristic is the ability for some Al systems to operate
and make decisions independently, without constant human intervention. This is
a central theme in discussions about Al's potential and risks.

- Advantages and Disadvantage of Al:

Al technology implies many advantages. It makes life easier but this cannot
be without a negative side. Here are some of the main advantages and
disadvantages of Al.

- Advantages:

Nowadays, there is a huge technological revolution. technology use is
broadening in our world. This advancement has been the use of the power of
computer to create human-like thoughts. According to Lau et al. (2021); You et
al. (2023) and Wang, (2024), Al
- facilitates some of the chores of people,

- is really fast,
- does not feel tired or bored, in other wards it is available all the time,
- increases efficiency and reduces human errors,

- plays a crucial role to enhance efficiency leading to a quick acquisition of results

Authors and experts have further identified a wide range of benefits
associated with Al

- Increased Efficiency and Automation: Al can automate repetitive and time-
consuming tasks, freeing up human workers to focus on more creative or
strategic work. Al systems can work 24/7 without needing breaks, which can
significantly increase productivity.
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- Reduced Human Error: By making decisions based on data and algorithms
rather than emotion or human limitations, Al can reduce the risk of human error
in critical tasks, from medical diagnoses to industrial production.

- Handling Risky Tasks: Al-powered robots can be used for dangerous jobs that
could be harmful to humans, such as defusing bombs, exploring deep-sea
environments, or working in high-radiation areas.

- Enhanced Decision-Making: Al can analyze vast amounts of data at
superhuman speeds, identifying patterns and trends that can lead to more
informed and accurate decisions in fields like finance, healthcare, and logistics.

As for the disadvantages of Al, the same authors have identified the
following:

- Job Displacement: One of the most frequently cited disadvantages is the
potential for Al and automation to replace human jobs, leading to unemployment
and significant societal shifts.

- Lack of Emotional Intelligence and Creativity: While Al can generate text or
art, it currently lacks genuine creativity and the capacity for emotions and
subjective experiences. It cannot replicate the human connection and empathy
that are vital in many fields.

- Bias in Algorithms: Al systems are only as good as the data they are trained on.
If that data is biased, the Al's decisions and outcomes will perpetuate and even
amplify existing societal biases, raising significant ethical and fairness concerns.

- High Costs and Security Risks: The development and implementation of
advanced Al systems can be extremely expensive. Additionally, Al systems can
pose privacy and security risks, particularly when they handle large amounts of
personal data.

3. Methodology:

- Population and Sample of the Research:

Since the current study investigates the use of modal verbs to express
permission, obligation, offer, and possibility by students in two outstanding high
schools in Mosul. Students in high schools inside the city of Mosul represented
the population of the research. A sample of 100 male and female students of the
3 stage intermediate stage was randomly chosen out of the population and
divided into two groups, namely a control group (CG) which included 50 students
(25 males and 25 females) was taught modal verbs by a teacher and an

385



YornBld v = )zl el palal) Gy paijer Gald s "clahilly Eganll K4l eluz' dlaa

experimental group which included the same number of students and the same
distribution as the CG and taught the same verbs through the use of Chat GPT.

- Research Instruments

Two tests, namely a pretest and a posttest were administered to both groups,
the CG and EG to gather the data required for analysis. Nearly all the students who
took the test had Arabic as their first language. The pretest was conducted at their
schools, while the posttest was conducted using Google forms. It should be
mentioned that the students were informed that the test results would be analyzed
for research purposes. This was done to motivate them to answer freely and
effectively. Additionally, to add both validity and reliability to the research
instruments, they were presented to a panel of juries at the very beginning of the
construction to prove their validity and reliability as good research instruments
that were valid, reliable, practicable, comprehensive, relevant, appropriate, clear,
authentic, objective and economical.

The two tests were administered in April, 2025. Each test lasted nearly an
hour, the time allocated and considered sufficient since all the students submitted
their papers within the time limits. The time period between the two tests was four
weeks.

4. Data Analysis and Discussion of Results:

The data were collected by means of both the pre- and posttests, then
analyzed, tabulated and interpreted on the basis of the of research aims.
- For pretest = Pre-test x 100 / Total number of respondents
- For Posttest = Post-test x 100 /Total number of respondents
In the following pages, light will be shed on the findings of such analysis
and the required discussion.

Aim no.1:
Identifying the difficulties that Iraqi intermediate stage students face in
recognizing the meanings, tenses, and proper positions of modal verb in sentences.

Hypotheses no. 1 & 2:

- Students lack knowledge, and hence face difficulty, in recognizing the meanings,
and tenses of modal verb.

- Students face difficulty in placing modal verbs in their suitable positions in
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sentences.
The sample's mastery of modal verbs, on the pretest, is shown in the

following table:

Table (1): Percentages of students’ mastery of modal verbs
on the pretest

Modals Pretest

n. Male Female
1 Can 44% 44%
2 Could 38% 38%
3 Will 50% 50%
4 Would 30 % 36 %
5 May 28 % 33%
6 Might 33% 35%
7 Shall 30% 29%
8 Should 40 % 37%
9 Must 40% 39%

Total 37% 33.8

The total percentage of the males’ mastery of modal verbs, on the pretest, is 37%,
while that of females is 33.8 % of the first group. This indicates that male and
female students at both schools have had difficulties in the mastery of English
modal verbs in terms of their meanings, tenses and proper places in sentences
since the total percentage is lower than 50%. This percentage reflects students’
weak mastery of model verbs; a result that makes the selected sample a good
theme for research. Also, the 50% percentage makes hypotheses no.1 and 2 be
accepted.

Aim no.2:

Identifying the differences between male and female students in terms of
recognizing modal verbs in terms of their meanings, tenses, and proper positions
in sentences.
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Hypothesis no.3:

There are differences between male and female students in terms of recognizing
modal verbs in terms of their meanings, tenses, and proper positions in sentences.
To bring about the preceding aim no.2 and validate hypothesis no.3, it is advisable
to reset Table (1) which demonstrates both males and female performance on the
pretest:

Table (2): Percentages of male and female students’
achievement of modal verbs on the pretest

Modals Pretest

n. Male Female
1 Can 44% 44%
2 Could 38% 38%
3 Will 50% 50%
4 Would 30 % 36 %
5 May 28 % 33%
6 Might 33% 35%
7 Shall 30% 29%
8 Should 40 % 37%
9 Must 40% 39%

Total 37% 33.8

As it is evident from table no.1 which demonstrates the total number of students
as one group including both male and female students, i.e. before dividing them
into Cg and EG, male students' achievement percentage is 37.00%, while female
students’ achievement percentage is 33.80%. As such, it can be stated that male
students have performed better than female students on the pretest. As for the
posttest, it is worth mentioning that the students here are belonging to 2 groups:
the CG that was taught according to the traditional method of teaching, and the
EG that was taught by means of a teaching method that integrated Al. Tables 2
and three shows the differences, if any, between the male and female students’
performance of modal verbs on the posttests.
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Table (3): Percentages of the performance of male and female students

in the control group on the posttest

N. Modal Performance based on traditional method of|
Verbs teaching
Male Female
1 Can 60% 62%
2 Could 66% 64
3 Will 92% 90%
4 Would 88% 86%
5 May 62% 65%
6 Might 60% 62%
7 Shall 70% 72%
8 Should 70 % 74%
9 Must 82% 80%
Total 72.2% 72.7%

Table (4): Percentages of the performance of male and female students

in the experimental group on the posttest

N. models Performance based on the use of Al
in teaching

Male Female
1 Can 80% 78%
2 Could 77% 80%
3 Will 96% 94%
4 would 94% 96%
5 May 83% 88%
6 Might 80% 82%
7 Shall 86% 88%
8 Should 90 % 86%
9 Must 96% 94%

Total 86.8% 87.3%

Tables (2), (3) and (4) show no significant differences between male and
female students' performance on the pretest (Table 1), and on the posttest Tables
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(2) and (3). Hence hypothesis no.3 which reads: There are differences between
male and female students in terms of recognizing modal verbs in terms of their
meanings, tenses, and proper positions in sentences, is rejected.

Aim no.3:
Investigating the role of Al technology in teaching modal verbs to Iraqi third grade
intermediate school students.

Hypothesis no.4:
Al facilitates intermediate stage students' recognition of modal verbs in terms of
their meanings, tenses and proper positions in sentences.

Table (5): Percentages of the performance of male and female students
in the control group on the posttest

N. Modal | Performance based on traditional method of
Verbs teaching
Male Female
1 Can 60% 62%
2 Could 66% 64
3 Will 92% 90%
4 would 88% 86%
5 May 62% 65%
6 Might 60% 62%
7 Shall 70% 72%
8 Should 70 % 74%
9 Must 82% 80%
Total 72.2% 72.7%
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Table (6): Percentages of the performance of male and female students
in the experimental group on the posttest

N. Modal | Performance based on the use of Al in teaching
Verbs

Male Female
1 Can 80% 78%
2 Could 77% 80%
3 Will 96% 94%
4 would 94% 96%
5 May 83% 88%
6 Might 80% 82%
7 Shall 86% 88%
8 Should 90 % 86%
9 Must 96% 94%

Total 86.8% 87.3%

To investigate the role of Al in enhancing intermediate stage students'
knowledge of English modal verbs, it is worth mentioning that the CG that was
taught according to the traditional method also showed progress in learning modal
verbs. Table (4) shows that students in the CG, while both male and female
students’ percentage of knowledge of modal verbs were 37.00% for male students
and 33.80 for female students on the pretest, these two percentages rose to 72.20%
for male students and 72.70% for female students. As for the EG, table (5) shows
that while the percentages were 37.00% for male students and 33.80 for female
students on the pretest, there was a noticeable development in the percentages as
they students were taught through the integration of Al technology in teaching
modal verbs. The percentages rose to 86.80% for male students and 87.30% for
female students. This indicates that students' learning was enhanced due to the
use of Al technology in teaching modal verbs. In other words, using Al technology
has improved the EG students’ knowledge of modal verbs and hence enhanced
their performance in a better way when compared to their counterparts in the Such
a finding is conclusive that Al is the best way to learn, yet it is an effective strategy
that enhances learning and gives fast and accurate feedback. On this basis,
hypothesis no.4 which reads: Al facilitates intermediate stage students'
recognition of modal verbs in terms of their meanings, tenses and proper positions
in sentences is accepted.
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In short, the good future of education lies not in choosing between Al and

traditional methods, but in making the right balance that leverages the strengths
of both.

Conclusion:

This study investigates the knowledge of English modal verbs by 3™ stage
students of two outstanding high schools for girls and boys inside the city of
Mosul. The theoretical part of the research enlarges upon the two main topics,
namely English modal verbs and Al technology, in terms of a set of subtopics
relevant to both. The practical part of the research, though its main sections,
highlights the procedures adopted and the research instruments applied, namely a
pretest and a posttest, to gather information from the sample of 100 male and
female students. The findings show that students who were taught modal verbs
with the integration of AL technology in their learning showed development in
their knowledge outperformed their counterparts who were taught by the
traditional method, in spite of the noticeable development in their knowledge of
the verbs in question. Also, there were no differences between male and female
students on all types of tests as far as their learning of modal verbs is concerned.
In short, it should be known that the good future of education lies not in choosing
between Al and traditional methods, but in making the right balance that leverages
the strengths of both.
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Abstract:

This study is situated within the context of the accelerated transformations
characterizing the digital society, where artificial intelligence is no longer merely a technical
tool supporting social systems, but has become an active agent in reshaping social structures
and patterns of human interaction. From this standpoint, the study seeks to address a central
question: How does artificial intelligence contribute to the production of social and
communicative transformations within the digital society, and what are the nature of its stakes
in the trajectory of sustainable development from a critical sociological perspective?

The study is grounded in a theoretical framework based on Network Society Theory,
which is employed to understand the formation of power relations, the redistribution of
resources, and the transformation of social interaction patterns in light of the expanding role of
artificial intelligence. In this context, the study demonstrates that digital transformations are not
manifested uniformly across society but are rather shaped by the positions of social actors
within digital networks, leading to unequal social outcomes and the reproduction of new forms
of digital inequality.

The study further analyzes the relationship between digital society and artificial
intelligence in light of the challenges of sustainable development, revealing that the optimistic
developmental discourse often clashes with a social reality marked by digital divides, weak
legislative frameworks, and varying levels of institutional readiness, particularly in Arab
societies. The analysis shows that integrating artificial intelligence without a clear social vision
may transform it from a potential tool for development into a mechanism for reproducing
existing structural inequalities.

The study concludes that understanding the transformations imposed by artificial
intelligence remains incomplete unless it is situated within a broader analysis of the structure
of the network society and the mechanisms through which power operates within it. This
necessitates the adoption of a critical sociological approach capable of guiding digital
transformation toward more just and sustainable pathways.

Keywords: Artificial Intelligence« Digital Society¢« Social Transformations <Sustainable
Development.
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Solar Energy: Theoretical Foundations, Empirical Assessment,
and Residential Photovoltaic System Design
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Abstract:

Solar energy has become one of the most promising sources of renewable energy that
can reduce the energy requirement worldwide as well as eliminate the environmental effects
associated with the use of reactive energy sources. New developments in photovoltaic (PV)
technologies, systems design and optimization of performance have significantly increased the
performance and reliability of solar power systems. This work provides an in-depth examination
of the topic of solar energy, but the main focus is made on the empirical assessment of the
photovoltaic systems under the conditions of real-life situations. The investigation reflects the
basic knowledge of solar radiation, work of photovoltaic system, and performance evaluation.
The design and estimation of a small-scale domestic PV system containing the analysis of loads,
the size of the array, the choice of an inverter, and the calculation of batteries are described in a
detailed case study. Experimental measurements of the solar irradiance and the performance of
PV modules are used as a method to test the theoretical models, as well as to measure practical
losses in efficiency due to the factors of temperature, dust and system parameters. The findings
suggest that real-time optimization of system parameters is important to the optimization of the
energy yield and the stability of the system. This paper highlights the need to incorporate both
theoretical examination and empirical testing in an effort to enable the successful
implementation of solar energy systems in the sustainable production of power.

Keywords: Solar Energy, Photovoltaic (PV) Systems, Solar Radiation, Empirical
Assessment, System Design and Performance Evaluation.
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1. Introduction:

Solar energy is one of the fastest growing sources of renewable energy
throughout the world due to the pressing need to reduce the use of fossil fuels, as
well as to reduce the effects of climate change. The Sun also supplies the Earth
with an enormous and continuous amount of energy, which is far surpassing the
world consumption rates on a global scale, thus being a strategic foundation of a
nascent sustainable energy infrastructure (Kalogirou, 2020). Considering its
plenitude, purity, and broad geographical access, solar energy has turned into a
focus of the popular energy policy and technological research.

Scientifically, the sun energy is a form of electromagnetic radiation emitted
by the Sun that reaches the earth’s surface in the form of short wavelength
radiation. Photovoltaic (PV) cells can be used to directly transform this energy
into electricity or use the heat generated as solar thermal (Rogers and Adams,
2023). The development of material science, semiconductor engineering and
thermal system design has significantly improved the efficiency, reliability and
economic feasibility of solar power plants making their implementation
widespread in the world fast.

More recent studies have been dedicated to the concept of solar energy
integration with smart-grid infrastructure, energy storage optimization, and high-
efficiency solar modules with nanostructured surfaces, novel substrates, and
development (Patel et al., 2022). These innovations do not only enhance
performance, but also expand the range of practical applications, i.e. residential
rooftops, or large-scale utility.
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In this paper, we attempted to present a brief, but technically sound, summary
of solar energy, including the basics of radiation, the working of the PV system,
and field-based performance measures. The fact that real-world evaluation of solar
irradiance and PV performance are included in the analysis makes it scientifically
sound yet engineer-friendly. The following sections will discuss the properties of
solar radiation, important equations in the model of solar energy, the design of a
PV system, and a simplified case study that will be used to explain the design of
a small-scale PV installation.

2. Basic Radiation and Equations of Sun:

The basis of solar energy technologies is solar radiation. It is the
electromagnetic radiation released by the Sun and falling on the surface of the
Earth as global radiation, which consists of direct, diffuse, and ground-reflected
radiation (Duffie and Beckman, 2013). The patterns of solar radiation with
changes in the day and season changes are key factors that can be used to predict
the output of photovoltaic and solar thermal systems.

2.1 Types of Solar Radiation:

e Direct Beam Radiation (Ig): Radiation that reaches the Earth’s surface
without being scattered by the atmosphere.

¢ Diffuse Radiation (I_d): Radiation that is scattered by air molecules, dust,
and water vapor.

e Global Radiation (I _g): The total incoming shortwave radiation on a
horizontal surface: I g=Iz+1 d

Because global radiation varies with latitude, time of year, and atmospheric
conditions, engineers rely on solar geometry equations to estimate hourly and
daily solar energy availability (Masters, 2017).

2.2 Fundamental Equations of Solar Geometry:
2.2.1 Solar Declination Angle (d)
Determines the tilt of the Earth relative to the Sun:
6 = 23.45 X sin[(360/365) X (284 + n)]
Where: n = day of the year (1-365)
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2.2.2. Hour Angle (®)
Describes the Sun’s apparent motion across the sky:
w = 15 X (t; — 12)
Where: t; = solar time (hours)

2.2.3. Solar Elevation Angle (o)
Height of the Sun above the horizon:
sin(a) = sin(@) - sin(d) + cos(e) - cos(d) - cos(w)
Where: ¢ = latitude of location

2.2.4. Extraterrestrial Solar Radiation (Io)
Represents radiation outside the Earth’s atmosphere:
Iy = G X [1 + 0.033 X cos(360-n/365)]
Where: G, = Solar constant = 1367 W/m?

2.2.5. Daily Solar Insolation on a Horizontal Surface (H)
A key parameter for system design:
H = (24/m) X Ig X [cos(@) - cos(6) - sin(wg) + (ws) - sin(e)
- sin(6)]
Where: wg = sunset hour angle = arccos (—tang - tand)
This equation is essential for calculating available solar energy per day, which
is later used to size PV modules.

2.2.6. Practical Component: Field Measurement of Solar Radiation

An empirical approach to assessing the amount of solar radiation at a given
site involves simple measurements of the amount of sunlight with the help of a
pyranometer, an apparatus that is set to calculate the global vertical irradiance
(GHI). The process will usually go the following way:

Figure 1: Instrument Preparation The pyranometer is placed on a surface that does
not have shading. It should lie on a horizontal plane and be adjusted according to
the specifications of manufacturers and ISO 9060.

» Data Logging: The sensor measures irradiance (W -2) in regular intervals,
between one and five seconds. A digital datalogger or microcontroller is then used
to store these data.
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Calculation of Daily Insolation: Daily values of irradiance that are recorded are

accumulated by time:

* Hpeasurea = 2 (Ig X At) Where:

I, = measured irradiance
At = time interval in hours

e Comparison with Theoretical Models: The measured data is compared with
values calculated using the before equations to assess original climate goods,
atmospheric attenuation, and pall cover.

e Engineering Use: The results allow technicians and masterminds to estimate
the feasibility of PV installations, calculate anticipated energy yields, and
acclimate system cock or exposure to maximize performance.

Field measures ensure that designs are grounded on real environmental condi
tions, perfecting delicacy and system trustability.

2.2.7. Photovoltaic (PV) Systems:

Photovoltaic (PV) systems use the photovoltaic effect to convert solar
radiation directly to electrical energy. A typical PV system includes solar modules,
a charge regulator, batteries (in off-grid systems), an inverter and a protection bias
circuit (Green et al., 2021). The workings of a PV system depend on the
characteristics of the semiconductor substance, existing environmental factors,
and the electrical design.

The most common technology of photovoltaic modules is silicon-based
modules (monocrystalline and polycrystalline) due to their high efficiency and
reliability. CdTe and CIGS based on thin-film technologies offer reduced costs of
manufacturing and increased performance at diffuse light, but at lower overall
energy yield (Fraunhofer ISE, 2023). The current voltage (I V) characteristics of
PV cells, irrespective of their type, summaries the electrical behavior of PV cells
that determine the power output and the system efficiency of the system.

3. Calculation of PV Cell Performance Theoretically:

The single-diode model is the basis upon which the electrical behavior of a PV
cell is described, and upon which the calculation of power-output is based.

3.1.1. PV Cell Output Current (I)
I'=1p —Io X [exp((V +T-Rs)/(n-V)) — 1] = (V + I-Rs)/ Rsp
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Where:

 I,,= photo-generated current
o Io=diode saturation current
o R, = series resistance

e Rg;,= shunt resistance

o n=diode ideality factor

o V.= thermal voltage

3.1.2. Maximum Power Point (MPP)
The power output is:
P=VXxI
The maximum power occurs at the point where:
dapr/dv)y =0
This is controlled automatically in real PV systems using MPPT (Maximum
Power Point Tracking) algorithms (Esram & Chapman, 2007).

3.1.3. PV Module Efficiency Q)
This equation is ready for Word copy:

N = (Pmax/ (G X A)) x 100

Where:

o Pjqx = maximum electrical power (W)

o G = incident irradiance (W/m?)

o A =module area (m?)

3.1.4. Fill Factor (FF)
A key performance indicator:

FF = (Vmp X Imp) [ Voe X Isc)
Where:
o+ Vip and I, = voltage and current at maximum power point

o V,. and I, = open-circuit voltage and short-circuit current
High-quality modules typically achieve FF between 0.70 and 0.82.
4. Environmental Impact on PV performance:

e Temperature: The performance of photovoltaic systems becomes lower with
the increase in cell temperature. The voltage output decreases at a rate near -
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0.4 to -0.5 V C -1 above the Standard Test Condition (STC) temperature of 25
o C (Green et al., 2021).

e Shadowing: Shadowing has been identified as a decrease of up to 3080% in
performance of cells in series, which can be overcome by using bypass diodes
in modern modules.

e Soiling (dust, sand): Dust build up can lower production by 5-40 percent based
on the environmental factors (Moharram et al., 2020).

5. Practical Component: Experimental Analysis of a PV Module:

The practical part would be in detail below with a practical that can be used in
practice and would be for the lab and field.

5.1 Experimental Setup:

A 100 W monocrystalline PV module was experimented in the real outdoor
conditions. The instrumentation was:

* Digital [-V tracer

Irradiance sensor (pyranometer or solarimeter): In meteorology, an irradiance
sensor, also called a solarimeter or pyranometer, is a device that measures the
irradiance of radiations at the ground level. <human|> Irradiance sensor
(pyranometer or solarimeter): In meteorology, an irradiance sensor, also known as
a solarimeter or pyranometer, is an instrument that measures the irradiance of
radiations at ground level.

* Thermocouple to measure the temperature of the module.
* Variable resistive load

Multiple meters to check measurements.

* Data logger (1-5 s interval)

The experiment was performed on a clear day (between 12.00 to 13.00), to provide
the result with constant irradiance.

5.2 Measurement Procedure

* Module orientation: The PV module was oriented true south having a tilt of the
same latitude as the site.
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Irradiance: Throughout the measurement, global irradiance (G) was measured.
The actual measured values were between 890 and 950 -2W m.

I-V Curve Tracing: The [-V tracer swept the load resistance from short-
circuit to open-circuit conditions, generating a full curve.

Temperature Measurement: Back sheet temperature was monitored; average
reading was 42-45°C.

Data Processing: From the [-V curve:

. | sc — 585 A

. V. =216V

e Ly, = 51A4
o Vp = 172V
Therefore:

Prax = Vip X Imp = 17.2 X 5.1 = 87.72W

5.3. Practical Calculations:

Measured Fill Factor (FF)
FF = (17.2 x 5.1) / (21.6 x 5.85)
FF = 0.69
Practical Module Efficiency (n_measured)
Module area A =0.72 m?
Measured irradiance G = 920 W/m?
n_measured = (87.72 / (920 x 0.72)) x 100
n_measured = 13.2%
This value aligns with typical commercial monocrystalline efficiency (15—
20%), considering temperature losses.

5.4. Discussion of Practical Results:

The module delivered 12 — 15 lower powers than its nameplate standing due
to elevated temperature and minor soiling.

The measured FF (0.69) indicates moderate electrical quality with slight
resistive losses.
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o Practical efficiency (13.2%) confirms the expected performance for real
outdoor conditions.
similar hands-on evaluation demonstrates the critical part of environmental
conditions in PV performance and underscores the significance of including
real measures alongside theoretical modeling.

6. Case Study: Design of a Small Photovoltaic System for a Residential Unit:

This section presents a practical design of a small photovoltaic (PV) system
intended to supply electricity to a typical single- family ménage. The thing is to
demonstrate the engineering methodology for estimating energy requirements,
calculating needed PV capacity, opting system factors, and validating
performance through standard equations and practical constraints. This case study
reflects common procedures used by solar energy masterminds during design
planning and field perpetration (Masters, 2017).

6.1 Household Energy Demand Assessment:

A representative ménage with moderate consumption was anatomized. The
diurnal electrical cargo was determined by casting the energy use of essential
appliances:

Dz(ligh?;:;)g y Olgszi;ng Power (W) Appliance
240 4 10 LED Lights (6 units)
1500 10 150 Refrigerator
240 3 80 vV
360 6 60 Fan
150 3 50 Laptop

Total Daily Energy Consumption (E_load):

Eipaa = 2490 Wh/day ~ 2.49 kWh/day

For design safety, a 20% margin is added:

Eiotar = Eroqa X 1.2 = 249 X 1.2 = 299 kWh/day

6.2 Sizing the PV Array:
The available solar resource i1s assumed to be:
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o Peak Sun Hours (PSH) = 5.5 hours/day (typical for Mediterranean/North
African regions)
The required PV array power is:
Parray = Etotar / PSH
Pirray = 2990 Wh/day + 5.5h = 543 W
To account for real-world losses (temperature, dust, inverter efficiency), an
additional 30% is added:
Prequirea = 543 X 1.3 = 706 W
Therefore, a 750 W PV array is selected, equivalent to:
e Three 250 W modules, or
o Two 400 W high-efficiency modules

6.3. Inverter Selection:
The inverter must handle the peak power demand:
Ppeax = 2 (Power of appliances used simultaneously)
Example scenario: fridge + TV + lights + fan
Ppear = 150 + 80 + 60 + 60 = 350 W
A minimum 1.5 X safety factor is standard (Kalogirou,2020):
Pipverter = 350 X 1.5 = 525 W
Thus, a 600 W pure sine wave inverter is appropriate.

6.4 Battery Storage Sizing (for Off-Grid or Hybrid Use)

Required battery capacity:

« Daily energy consumption: 2.99 kWh

o Autonomy requirement: 1 day

o Battery depth of discharge (DoD): 50%

« System voltage: 24 V
Battery capacity formula (ready for Word):
Batterys, = (Etotar X Autonomy) / (Vsystem X DoD)
Substituting values:
Battery,, = (2990 Wh x 1) /(24 x 0.5)
Battery,, = 249 Ah
Thus, the system requires approximately:

« Two 12V/200Ah batteries connected in series, or

o Asingle 24V/250Ah LiFePQO4 module
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6.5. Cable, Protection, and Mounting Considerations:
Practical installation requires:
« DC lines sized to keep voltage drop< 3%
o MC4 connectors for PV module connection
o DC swell (20 — 30A) between PV array and charge regulator
o AC swells after inverter
o Aluminum or galvanized sword mounting structure, acquainted
south with optimal cock angle equal to original latitude
These rudiments are essential to ensure system safety, effectiveness, and
compliance with transnational norms (IEC 625482016).

6.6. Performance Validation:
The expected daily energy output of the selected PV array is:
Epy = Pgrray X PSH X PR

Where:
o Pyray = 750 W
e« PSH = 55h

o PR = Performance Ratio (0.75-0.80 typical)
Using PR =0.78:
Epy = 750 x 5.5 x 0.78
Epy = 3217.5Wh/day =~ 3.22 kWh/day
This value exceeds the household’s requirement (2.99 kWh/day),
confirming system adequacy.

7. Challenges, Future Trends, and Conclusion:

Although solar energy has seen rapid growth across the world, there are still
a number of specialized and major challenges that still impact on the performance
of the systems and their large-scale application. Intermittency of solar radiation is
one of the most enduring problems and dictates the need to have good energy
storage facilities to guarantee consistent power supply. There is also an increase
in battery technologies, but storage has been one of the most expensive aspects of
photovoltaic systems (IEA, 2023). Also, a problem is the lowered performance
due to temperature, dust, and natural aging of PV modules. All of these factors
diminish long-term reliability and need to be periodically maintained to maintain
the performance of the system (Green et al., 2021).
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Looking forward, trends arising in the sector are expected to overcome
numerous of these limitations. The integration of perovskite — silicon tandem cells
promise effectiveness situations beyond 30, offering a major vault over
conventional silicon modules. Also, Al- grounded monitoring systems and smart
inverters are perfecting fault discovery, grid stability, and energy soothsaying
(Patel & Singh, 2024). The relinquishment of bifacial modules, advanced anti-
soiling coatings, and further durable encapsulant accoutrements are also
enhancing real- world performance. On the grid position, advancements in solar-
plus- storehouse configurations and flexible demand- response strategies are
supporting advanced penetration of distributed solar energy.

To sum up, solar energy is one of the brightest avenues to the development
of sustainable and low-carbon energy systems. Despite the obstacles remaining,
namely in terms of efficiency, storage, and ecological effects, the industry is
actively improving due to the development of equipment, the design of systems,
and the development of intelligent control systems. The current research, together
with empirical studies in the field, will increase the reliability and cost-
effectiveness of PV systems, which will justify their necessity in future energy
transitions in the world.
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Abstract:

The research problem is represented in the following main question: To what extent
does digital media contribute to developing modern parenting methods and enhancing
children’s positive behavior and personal growth?

The study employs the media survey method, and the research sample consists of 384 parents.
A questionnaire was used as the primary tool for data collection.
Main Findings:
¢ Digital media provides parents with clear and well-defined educational content for
teaching children.
e Reliance on digital media in parenting enhances children’s positive behavior.
e The most prominent challenge facing families is the difficulty of selecting age-
appropriate digital content for children.
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Abstract:

Artificial intelligence contributes to enhancing security and stability in the political
process through intelligent monitoring of websites and social media platforms to detect
extremist content, identify individuals involved, and track their financiers; analyzing images
and videos to identify suspicious activities from internal or external sources; and building
predictive models from a strategic perspective that help in anticipating potential risks.

In order to build a consensual political government, specialized institutions are working to
update and develop artificial intelligence technologies to improve their ability to detect and
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respond to threats. These systems use advanced techniques in big data analysis and extracting
behavioral patterns that may indicate hostile activity.

This research employs a foresight-based analysis to explore how artificial intelligence (Al)
techniques can be used to monitor indicators of political instability analyze political discourse,
and predict the likelihood of conflict escalation or containment. It also examines the structural
and ethical challenges associated with using these techniques in the Iraqi political arena,
including issues of data quality, algorithmic bias, and digital sovereignty.

Keywords: Artificial intelligence, political crisis analysis, conflict prediction, supporting
decision-makers.
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