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Abstract: The development of artificial intelligence (Al) has radically changed the creative ecosystem, creating novel
paradigms of human-computer interaction. Co-creation systems involving humans and Al are blurring the lines between design
and art in such a way that machines cease being used as tools but become partners. This paper presents a study on Human-Al
co-creative systems, drawing on the fields of design and art, with an analysis of technological drivers, Interaction paradigms,
mechanisms, and subsequent implications for artistic expression and design innovations. The research methods include a
general overview of the role of Al in generative art, participatory design, algorithmic ending, and intelligent design systems.
The different frameworks covered in the paper utilise deep learning, generative adversarial networks (GANS), evolutionary
algorithms, and reinforcement learning, presenting an understanding of the processes involved in mutually co-creative human
and machine interrelations. The survey of the literature provides a description of the state-of-the-art tool and methods, and it is
supplemented by a methodological overview of the common models, such as hybrid systems, adaptive interfaces, and
collaborative agents. The paper has a comparative study of products of human-centric, Al-centric, and co-creative strategies
using case studies and experimental techniques. Preliminary outcomes suggest that co-creative systems can enhance human
creativity to a greater extent, particularly in ideation, prototyping, and stylistic exploration, while also raising philosophical and
moral concerns. The final section of this article is the discussion of future research directions, where ethical aspects, authorship
issues, and the necessity of transparent Al-driven creativity are underlined.
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Figure 1: Al Support Systems in Creative and Authoring Tools

The magical combination of Artificial Intelligence (Al) and human creativity represents a revolutionary shift in the
creative industries' environment. Technology has been more avidly explored in its ability to contribute to content creation,
advancing and even serving as a co-creative participant, when once it was utilised as a passive means in the hands of the artist.
[1-3] This paradigm shift is beyond the mere reciprocity of interaction using tools and has changed into a collaborating
ideating scheme, in which artificial intelligence systems are generative, besides being responsive. Recent advances in machine
learning, particularly in generative models (such as generative adversarial networks, transformers, and diffusion models), have
enabled machines to generate images, music, text, and designs with unprecedented standards of consistency and stylistic
variation. This transformation is changing the roles of creative professionals in sectors such as art, music, design, and digital
storytelling, who now work with Al not only as a means of automating tasks but also as collaborators and co-creators.
Consequently, artistic boundaries are pushed further, allowing for accelerated experimentation, unexplored aesthetic directions,
and more dimensional stories to be told. This exploration is driven by the desire to gain a deeper understanding of how Al can
supplement human creativity, neither superseding nor subjugating it, but rather challenging and enriching it, as well as
attempting to comprehend the implications of shared authorship and machine imagination, both conceptual and ethical.
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1.1. Human-Al Co-Creation Systems and Their Importance

Due to the introduction of human-Al co-creation systems, the landscape of conceptualizing, producing and valuing
creative work is shifting. By combining the special skills of human cognition and artificial intelligence, these systems pioneer
new dynamics in art and design workflows that would be hard to achieve through the efforts of one or the other alone.
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Figure 2: Human-Al Co-Creation Systems and Their Importance

e Optimisation of Creative Potential: Al systems are highly effective ideation partners that can suggest styles or
variations, broadening the creator's imagination. It is capable of processing large amounts of data, identifying patterns,
and even creating new things that humans do not intentionally pursue. This enhances the creative capabilities of users
by opening up unforeseen directions and allowing them to explore ideas, themes, and media forms quickly.

e Greater Efficiency and Productivity: One of the most successful functions of co-creation systems is that they save a
significant amount of time required for developing and refining creative content. Al can automate laborious
procedures, such as early drafts, backgrounds, or repetitive tasks, and leave the creativity of the makers to polish and
consider the most eminent choices. This equates to quicker project turnaround and greater productivity at the
workplace.

e Promoting New Things at Every Level: It is not only the visual arts where co-creative Al applies (it also cuts
through music, literature, animation, game design, architecture, and interactive media). In all of these domains, Al
presents cross-modal possibilities and allows closing the gap between technical and artistic knowledge. This
democratises innovation, where creators no longer have to be programmers or designers to work with intelligent
systems, and an individual's education level does not determine their ability to work effectively with intelligent
systems.

¢ Rethinking Authors and Cooperation: Such systems also give rise to the need to reinvent some conventional
concepts, such as authorship, originality, and collaboration. When an increasingly active Al is used to create content,
people may wonder who will own the content created and how creative attribution should be handled. On the one
hand, this raises some ethical issues. Still, on the other hand, it has provided the opportunity to think about
collaborative creativity in an interdisciplinary and more inclusive manner. Altogether, human-Al co-creation systems
are one of the most critical developments in the creative industry for the future. They incorporate human emotion and
judgment with computational capabilities that extend beyond the boundaries of what has been envisioned, created,
and shared in the digital age.

1.2. Co-Creation Systems in Design and Art

This introduces a new paradigm in the synergy between humans and robots in creative design. Therefore, a new form of
co-creation systems has emerged, transcending and transforming design and art. Such systems enable a dynamic combination
of the artist's or designer's will with algorithmic suggestions, which work together to create pieces that can be widely varied,
experimental, and innovative in ways they would not have been produced with classical methods alone. [4,5] Visual design has
brainstorming tools such as DALL<E, Midjourney and RunwayML, which enable designers to create high-quality illustrations
based on a textual description or a small drawing, known as the ideation stage, and potentially speeding it up. In digital art, too,
Al can recreate works of art in new styles, assist with setting up a composition, and even produce completely new aesthetics,
allowing artists to expand their visual language beyond its usual scope.
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The co-creation systems are now involved in problem-solving and iteration in design-related fields, extending beyond
visual output. Architects create constraints and user-need-based spatial layouts using Al, while fashion designers experiment
with patterns and textures generated with the help of Al. Such systems are adept at generating a large amount of diverse
outputs in a short period, which designers can then edit, refine, or assemble into a finished product. This circular conversation
of computer and man means further inquiry into form, color, and significance. Notably, co-creation tools feature a loop of
feedback: the user's preferences, selections, and edits influence the Al's future output, transforming the design process into
something that feels unique and attentive.

Additionally, co-creative systems are democratising creativity by reducing the requirements for expertise, allowing
laypersons to participate in design and artistic creation through natural language or user-intuitive systems. This means that the
creative process will be more inclusive and open, promoting new voices and visions in the arts and design. Ultimately, utilising
Al in artistic collaboration does not mean the demise of the artist; it signifies a new creative path.

2. Literature Survey
2.1. Generative Models in Art

The models that involve generative models (like Generative Adversarial Networks (GANSs), Variational Autoencoders
(VAEs), and Diffusion Models) have become central in artificial intelligence-generated art. These models have been used to
enable machines to identify patterns in datasets and produce new material that largely resembles or imaginatively departs from
the material they have been fed. [6-10]One of the most promising steps made in this direction is a study of the Creative
Adversarial Networks (CAN) by Elgammal et al., expanding GANs with the additional goal of neglecting the existing styles of
art, in favor of producing new and unusual-looking artistic creations. These advances have significantly expanded the
possibilities for machine creativity, and Al systems are no longer limited to serving as replicators; they can now become
generative participants in the artistic process.

2.2. Model of Human-Al Interaction

The human-Al interaction in the creative domain has been expanded by three human-Al interaction models: Sequential
Co-Creation, Mixed-Initiative, and Real-time Collaboration. In Sequential Co-Creation, the Al and the human take turns in the
co-creation of the work, allowing for reflection and iteration. Mixed-initiative systems are systems where both human and Al
agents take turns, being dynamically flexible according to the context and their purpose. Real-time collaboration indicates that
both sides contribute simultaneously, so it tends to demand easy interfaces and quick responses. Examples of these types of
platform interaction are Google Magenta and RunwayML, which provide visual artists and designers with tools to participate
in ongoing, interactive, and co-creating work with Al.

2.3. Design Tools and Platforms

Numerous platforms driven by artificial intelligence have been introduced to facilitate artistic creation across various
fields. The recently released DALL¢E (created by OpenAl) is one of the best examples of text-to-image generators, where
users can provide descriptive text to generate high-quality visual images, making it particularly helpful in ideation and
conceptual design. Running Machine Learning, RunwayML supplies machine learning tools to creatives who can utilise them
in video editing, animation, and interactive media. DeepArt specialized in style transfer, allowing users to convert photographs
into artworks in the style of renowned artists. Such platforms are fundamentally transforming the way artists visualise stories
and design by incorporating machine learning into their visual toolkit.

2.4. Enhancement of Human Creativity

Acrtificial intelligence is no longer considered something that will replace human creativity, but rather one of the effective
tools used to enhance it. At the initial phases of design, Al is used to create unexpected and varied visual directions, which are
helpful when generating ideas and mood boarding. They are also useful in the quest to recognise patterns, as they assist
designers in identifying minor trends and themes within vast datasets. Besides, the instruments of Al can either replicate an
established style or present variations, allowing artists to experiment with styles that may be beyond their typical practice. This
enhancement will enable trials and flushes, facilitating quick development and indirect improvement of solutions, which will
ultimately broaden the creative scope for human users.

2.5. Ethical and philosophical concerns

The emergence of Al in art also poses serious ethical and philosophical issues, especially in the areas of authorship and
originality. When an artwork is produced in collaboration with a machine, who owns the artwork? Is it possible that a machine
is truly creative, or is it simply putting together what it has seen? Some scholars propose a more subtle position; Margaret
Boden claims that the concept of computational creativity lies on a continuum rather than on a binary scale. Such an opinion
provokes a reconsideration of creativity as a collective and dispersed activity, independent of individual human authors. Still,
the intellectual ownership, the discrimination of training material, and the underestimation of human work in the arts are issues
of discussion.
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3. Methodology
3.1. System Architecture of Co-Creation

User Interface (Ul): This is because the User Interface will be the central focus of communication between the
human manufacturer and the Al. [11-14] It has to be interactive and easy to use, and it should be flexible towards
various creative workflows. The proper Ul enables users to enter prompts, adjust parameters, and view results in real-
time. In co-creative systems, Ul often allows for iterative feedback, enabling users to refine their ideas and ensure the
All's role without disrupting the creative process.

Elegant Iron (Al Core): The Creative Engine forms the center of the co-creation system, which has been driven by
machine learning systems (i.e., GANs, VAEs, or diffusion networks). The module will generate content, learn user
preferences, and adjust outputs based on contextual stimuli. It interprets the user's input and generates meaningful,
creative output, whether it's a general image, music, or design options. Such a capacity of the engine to strike a
balance between the new and the relevant is instrumental to effective co-creation.

User Interface (Ul)

Feedback Loop

Figure 3: System Architecture of Co-Creation

Feedback Loop: The feedback loop will guarantee that the process between the user and the Al is ongoing. It enables
the system to discover the reactions of users, namely likes, edits, and rejections, and use them to determine what
actions to take, which depend on the next results or outputs. Such an agile loop enables individual and dynamic co-
creation, as artificial intelligence becomes familiar with the user's style, aims, and preferences, adapting to them the
longer they collaborate. A useful feedback mechanism fosters a collaborative relationship and co-agency in the
creative development process.

Content Database: Pre-trained datasets, along with user-generated content, are stored in the Content Database and
used to enhance the system's creative abilities. It provides source material, format models, and previous
communications that the Al can use to produce contextually enriched and stylistically uniform output. The repository
can also serve as a knowledge base of inspiration, through which both this user and the Al can explore various
creative paths based on historical or user-specific data.

3.2. Al Models Used

Al Models Used

Goodfellow,
GANSs (2014)

Transformers

LSTMs and
RNNs

Figure 4: Al Models Used
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Goodfellow, GANs (2014): Goodfellow et al. (2014) presented Generative Adversarial Networks (GANSs), which
comprise two neural networks: the generator and the discriminator, and are trained in a competitive environment.
Content is generated by the generator (e.g. images), and the discriminator tries to classify the content as generated or
real (training). This competitive mechanism motivates the generator to produce increasingly realistic results. GANs
are also commonly applicable in visual art and design, where accuracy and the realistic nature of generated content
are essential.

Transformers: Transformers (initially proposed to work with natural language) have managed to be applied in cross-
modal tasks successfully, i.e, text to image generation. Transformers are used, as in the case of DALLE and its
descendants, to map a textual description to a visually matching output. Through their attention processes, they can
handle intricate connections between words and images, allowing them to efficiently create elaborate images with
semantically matched words. This plays a crucial role in ideation tools that convert conceptual language into graphical
representations.

LSTMs and RNNs: RNNs and their more efficient version, Long Short-Term Memory networks (LSTMs), are very
useful in generating sequential data tasks, such as music, animations, or step-by-step design processes. The models
have some recollection of prior inputs, and as such, they are suitable in an enterprise which needs coherence over time
or continuity in style. RNNs and LSTMs can be utilised in music and other creative applications to generate melodies,
rhythm patterns, or iterative drawing sequences.

3.3. Human-Al Co-Creation Framework

Human Ul: The Human User Interface (Ul) will be the front end of the co-creative system, enabling users to
effectively engage with the Al at an intuitive level. It offers the means of entering creative prompts, changing
parameters, and reading the generated material. [15-18] An integrated UX promotes a smooth creativity flow because
there is minimal resistance between the human will and machine performance. It also enables real-time collaboration,
allowing users to leave feedback, repeat designs, or explore various options with ease.

Al Generator: The Al Generator is the primary element that produces creative results using user-provided input and
a dataset's knowledge. This module transforms texts, commands, and petitions into creative outputs, such as images,
music, or designs, powered by models like GANs, Transformers, or diffusion networks. It plays the role of an artistic
part of the partnership, producing content that either adheres to or even opposes the artistic image of the user.

Human-AlIl Co-Creation Framework

HUMAN Ul
Al GENERATOR
DATASET

FEEDBACK

ADAPTATION

Figure 5: Human-Al Co-Creation Framework

Dataset: The Dataset holds the necessary knowledge to serve as the basis for the training and operation of the Al
generator. It is made of example sets, historical references, design patterns or data specific to the field. This collection
updates the style, accuracy and variety of output of the Al. Quality, multi-dimensional data holds the keys to
originality and the prevention of excessively generic and biased creative processes.

Feedback: The Feedback component records the user's response regarding the content produced by Al, including
likes, edits, remarks, or denials. This information is crucial in shaping the Al based on the preferences of the user and
making this Al better with time. A reduction in reliance on external sources can be achieved through the introduction
of user feedback, which would help the system align with the creator's intentions and aesthetic preferences, making
the collaboration process more personal and flexible.

Adaptation: Adaptation refers to the process in which the Al system is modified depending on the constant
connection between the system and the user. It uses it to refine its outputs, develop an understanding of stylistic
preferences, and then make even more relevant suggestions going forward. Such dynamic learning will enable the
system to evolve alongside the user, fostering a co-evolutionary creative relationship in which human and machine
add value in a complementary manner over time.
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3.4. Co-Creation Workflow

The scenario of human and Al co-creation typically occurs in three major phases: Ideation, Refinement, and Curation
phases, during which the roles of the human and Al change over time. The human user will be the source of the Ideation
process in this stage, as they will insert text descriptions, sketches, or input into the mood board. The Al system responds by
generating initial ideas using its training data and received parameters, resulting in a wide range of draft designs or ideas. This
phase focuses on experimentation and imagination, enabling the user to think outside the box and quickly envision options that
may not manifest themselves due to conventional adoption. As the situation pitches into the Refinement stage, the
collaboration is more interactive. In this case, the human makes some corrections to the Al's work; they choose which draft to
work with, edit it, or add feedback. The Al, in turn, adjusts its designs based on such input by either fine-tuning the parameters
or creating new iterations that better match the user's intention. Such a loop of iteration can be even more personalised because
the Al will learn and adapt to the user's stylistic preferences and creative objectives. The outcome of this work is a collection of
more refined and contextually bound artworks that combine the human eye and Al imagination. Lastly, at the Curation stage,
the centres are moved to the decision-making and refinement. The human pinpoints the most successful outputs of the refined
versions, identifying which pieces agree with the desirable aesthetic or functional requirements. In the meantime, the Al can
assist with variant suggestions or ranking possibilities, relying on either the taught preferences or set targets. The cooperation
culminates in a combined effort that exhibits the reality of a synthesis between human judgment and machine generativity.
Such a framework of a workflow allows a symbiotic form of creativity, in which Al is not an aid but an intelligent artistic
partner.

Evaluation Metrics

0 1 Index of Creativity
(Human Judgement)

02 Novelty Score (Latent
space distance)

03 The User Satisfaction
Score

Figure 6: Evaluation Metrics

3.5. Evaluation Metrics

e Index of Creativity (Human Judgement): To assess the originality, aesthetic value, and impact of Al-generated
content, the Creativity Index relies on human assessment. The outputs are reviewed by experts or the target user and
rated according to the inventiveness or significance they regard the output. These subjective ratings are the ones that
allow for a subtle point, such as emotional emotionality, stylistic correlation, and artistic purpose, to be taken into
account. It is more useful in innovative fields where decisions regarding the success or failure of projects require
human judgment.

e Novelty Score (Latent space distance): A quantitative measure, the Novelty Score evaluates how distant a generated
output is to any existing information in the training set. It can mostly be calculated as the distance between the created
item and the familiar samples in the model's latent space, which is a multidimensional analogy of the learned features.
The further distance means a greater deviation from known patterns, implying more new or unique creations. This
measurement will help ensure that Al systems do not merely replicate existing styles but also provide new ones to the
creative environment.

e The User Satisfaction Score: The User Satisfaction Score measures the extent to which the expectations and needs
of Al system users are fulfilled during the co-creation process. This measure can be gathered in the form of surveys,
ratings or statistics of usage, which indicate how people are using it and approving it. It can serve as a useful indicator
of usability, perceived usefulness, and overall experience. High levels of satisfaction indicate that users feel supported
and creatively inspired by the Al system, which is essential for continuous adoption and valuable cooperation.

4. Results and Discussion
4.1. Case Studies
e Case 1: Al-Assisted Poster Design - In this case study, the possibility of incorporating an Al tool into the visual
design workflow, specifically in poster design, will be discussed. Midjourney is a powerful text-to-image generation
tool that enables designers to create visual concepts in a relatively short period, and is connected to a thematic prompt
related to the launch of a product. These computer-generated images served as the creative base, which was then
refined with the help of the Adobe Photoshop program to make layout changes, add colour, and position typography.
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In comparison to the conventional approach to the design process, the activity, aided by Al, saved half the time
needed to achieve completion, effectively compressing the stages of ideation and prototyping. Besides efficiency, the
designers mentioned there was a distinct improvement in stylistic variety, as Al introduced some unintuitive textures,
color palettes, and arrangement designs. The Al was more of a visual brainstorming device and was not meant to
replace the designer, but instead to expand creativity and exploration, leaving human professionals to engage further
with art direction and end production. This combination of both machine-created inspiration and human editorial
input produced more plentiful and diverse visual results.

e Case 2: Co-Created Music - Artificial intelligence tools are being integrated to enhance musical creativity in the
field of audiovisual production. This project is a case study involving the application of Amper Music. This platform
enables users to create musical pieces using a specific set of musical parameters, including mood, tempo, and
instrumentation. The application is widely used in creating royalty-free music. A group of sound designers has
collaborated with the platform on computer-aided compositions (hybrid music) for short films, combining computer-
synthesised sequences with those performed by humans and the effects created during the post-production process.
These pieces were read out to a sample audience who analysed them in terms of emotional response and interest. The
findings showed that work produced through a collaboration of humans and Al was 20-30 per cent more effective in
terms of audience retention and emotional appeal than work produced by people or machines separately. Designers
observed that the Al came into play especially in the initial phases of writing when it provided rapid drafts and
unexpected musical dissimilarities that induced innovative tendencies. The case in point underscores that Al can be a
powerful tool in music production, aiding in ideation, enhancing productivity, and ultimately providing a more
meaningful listening experience grounded in synergy.

4.2. Comparative Analysis
Table 1: Creativity Score Comparison

Method Creativity Score (%)
Human Only 75%
Al Only 60%
Human-Al Hybrid 90%
100% 90%
90%
80% 75%
70% 60%
60%
50%
40%
30%
20%
10%
0%
Human Only Al Only Human-Al Hybrid
Creativity Score (%)

Figure 7: Graph representing Creativity Score Comparison

e Human (75%): The human-only approach involved completing all creative activities solely through the use of human
designers or artists, without the aid of Al. The approach has shown an excellent base creativity rating of 75 per cent,
indicating the extent to which human beings utilise their intuition, emotional perceptions, and situational best
judgments. The participants were satisfied with the elasticity and hand-crafted feel of the outputs; however, they
stated that in many cases, the process tended to be slower and more time-intensive. Although most works of art of
human origin were logically consistent and had properly developed styles, the lack of experimentation often limited
the variety of styles.

e 60% AIl: The Al-only approach involved the generation of content without any human editing or contribution,
utilising a generative tool. This method yielded a different score in terms of creativity, with the results receiving a 60
per cent rating, as participants awarded a high score to the technical qualities of the output. At the same time, they
were emotionally and structurally at a loss. Although Al systems might come up with a variety of ideas in an
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extremely short period, the scope of ideas relayed was highly inconsistent and stylistically incompatible. The findings
indicate that, although Al can be successfully used to generate substantial amounts of content, it cannot recreate the
depth of human creativity on its own.

e Human-Al Hybrid (90%): The highest score, at 90%, was achieved in the hybrid approach, where a
combination of human and Al teams up in the creative process. The solution lies in the strengths of both parties: the
diversity and novel ideas generated quickly by the Al, and the consideration and addition of context-appropriate
interpretation, as well as the extension and refinement of these ideas by a human being. The participants expressed
that they were most interested in and inventive with these co-created outputs because the collaboration allowed for
faster ideation and deeper exploration of styles. The hybrid model highlights the possibility of Al as a creative co-
worker and not a substitute.

4.3. Benefits Observed

The use of Al in the creative process has presented several important advantages, which have been uncovered through
both user feedback and the evaluation of results produced. Among the most notable pluses are deepened scouting. Designers
and artists consistently reported that Al tools inspired them to explore creative options they would have otherwise not pursued.
Al systems contributed to expanding the user imagination frontiers because what the system created using one prompt or idea
produced, at best, something unpredictable in the form of either a visual or conceptual output. This opened the spectrum of
creative ideas and helped to be more experimental. Another significant advantage noted was the use of rapid prototyping. The
traditional approach to creativity can sometimes require several iterations and a lengthy period to produce an acceptable draft.
Conversely, Al enhanced the workflows, and this cycle was reduced to a considerable extent. Users could create rough drafts
or initial ideas in minutes, which meant that feedback could be tighter and changes could be made faster. This speed not only
makes work more productive but also minimized creative exhaustion, which facilitates a continued interaction throughout the
design process.

Additionally, Al systems have enhanced diversity in design. Generative models can create significant variation in style
and structure using large, diverse datasets and latent representations over which the generative models can optimise. These
were usually greater than what a human or a computer model might explore intuitively. These outputs expand the aesthetic
palette available to users by providing a new set of combinations of colours, textures, layouts, or patterns in music. Notably,
the individuality of design was not paid at the expense of consistency in this regard, as man could shape and direct the
variability into unified and significant pieces of work. In general terms, Al was more than a device of efficiencies, but an
extension of the creative process in its richness, acceleration, and diversity. All these advantages highlight the transformative
power of human-Al co-creation in both professional and artistic realms.

4.4. Challenges Identified

Although Al-driven creativity has some concrete advantages, several essential issues still hinder the seamless integration
of this technology into the creative processes of working professionals. Control and predictability are two of the greatest
problems. The results of Al-generated output may be unpredictable and inconsistent, as they often stray from the direction an
individual develops, particularly in less closed-ended creative tasks. Although improvements are being made in training
models and timely engineering, users often have to sift through several iterations to reach suitable results. This trial and error
may take a long time and defeat the purpose of automation, which is expected to increase efficiency. Consequently, human
input remains indispensable to make sense of, clarify, or even reject the Al's input, thus highlighting the existing drawback of
the machine's intuition. Ethical attribution is another outstanding problem. When work is developed through a combined effort
of humans and Al, questions of authorship and attribution of credit become complicated in the so-called human-Al interaction.
Assuming an artwork is created with the help of Al prompts and then edited by a human, the creative rights and credit are
unclear, and there appears to be no one to attribute these rights to. The implications of such ambiguity for intellectual property
are significant, particularly when it involves commercial applications.

Furthermore, the law lags behind the dynamic nature of Al, making a lot of these creators unsure of the best way to go
about shielding their work that was co-created or to earn income out of it. The third challenge is the biased nature of training
data, which can deprive Al of inclusiveness and non-discriminatory content. Biases, Gender, race, and culture. Linked
generative models are most frequently trained on large-scale datasets scraped from the internet, and as such, often inherit and
amplify the biases prevalent in society. This may lead to outputs that unknowingly enforce stereotypes or marginalise a group
that is underrepresented. The solution to this issue would be thoughtful dataset curation and algorithmic auditing, ensuring fair
and creative results. On the whole, although Al enhances the creative process, these issues underscore the need for responsible
design, open policies, and continual human monitoring in an Al-human partnership.

5. Conclusion

The quest into human-Al co-creation proves to be a paradigm shift in the way creative processes are conceptualised and
executed. By drawing our conclusions, we have demonstrated that the use of artificial intelligence in the art and design process
can significantly increase productivity, accelerate the ideation process, and introduce a certain flair of variation and freshness
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that would otherwise be very challenging to achieve through human work alone. Such tools and models, like GANS,
transformers, and collaborative platforms like Midjourney, Amper Music, and DALL-E, provide creators with a different type
of relationship; they combine computational resources and human understanding. These systems do not just serve as
automation tools, but also participate in expanding the already limited informational space of creativity by proposing
unforeseen ideas, refining existing ones, and facilitating the development of quick prototypes in various media forms.

Nevertheless, there are still certain significant limitations, irrespective of these encouraging developments. Al-generated
content largely relies on the range and usefulness of training data. Biased or limited data can limit creativity and perpetuate
stereotypes, undermining the concept of inclusivity in creative products. Additionally, current Al machines lack emotional
intuition, i.e., the capability to read, absorb, and react to emotional and cultural cues that are involved in human deception. It
will result in technically perfect but cold-hearted or inapplicable outputs. There also exist some ethical problems regarding
authorship, originality and intellectual property. As Al evolves into a hybrid of tool and collaborator, it becomes even more
crucial to establish clear guidelines for attribution and ownership.

Ahead of this, research should aim at exploring the creativity of new Al-equipped agents capable of understanding and
interacting with human affect and context in smarter regions of time and space. The future of multimedia storytelling and
mixed media art forms will also be facilitated by the development of richer, cross-modal collaborative creation through the
integration of text, images, sound, and interactivity. It is also imperative to establish strong legal frameworks that give meaning
to rights and responsibilities regarding Al-generated art, ensuring fairness, accountability, and the ethical use of such
technologies.

To sum up, the creative environment is rapidly evolving, driven by the combination of human creative ingenuity and
artificial intelligence capabilities. The concepts of authorship, originality, and suchness, as well as creativity, are being re-
categorised by artists, designers, technologists, and policymakers, who realise this new paradigm. Only by assuming Al as a
team member rather than an enemy and paying more attention to the possible ethical concerns, can we build a more robust,
open to a variety of perspectives, and progressive landscape in the domain of creation and deliver it to future generations.

References

1. Kingma, D. P., & Welling, M. (2013, December). Auto-encoding variational bayes.

2. Ho, J,, Jain, A., & Abbeel, P. (2020). Denoising diffusion probabilistic models. Advances in Neural Information
Processing Systems, 33, 6840-6851.

3. Boden, M. A. (2016). Al: Its nature and future. Oxford University Press.

4.  McCormack, J., Gifford, T., & Hutchings, P. (2019, April). Autonomy, authenticity, authorship and intention in computer-
generated art. In International conference on computational intelligence in music, sound, art and design (part of EvoStar)
(pp. 35-50). Cham: Springer International Publishing.

5. Davis, N., Hsiao, C. P., Singh, K. Y., & Magerko, B. (2016). Co-creative drawing agent with object recognition. In
Proceedings of the AAAI Conference on Artificial Intelligence and Interactive Digital Entertainment (Vol. 12, No. 1, pp.
9-15).

6. Elgammal, A, Liu, B., Elhoseiny, M., & Mazzone, M. (2017). Can: Creative adversarial networks, generating" art" by
learning about styles and deviating from style norms. arXiv preprint arXiv:1706.07068.

7. Ge, S., Goswami, V., Zitnick, C. L., & Parikh, D. (2020). Creative sketch generation. arXiv preprint arXiv:2011.10039.

8. Wu, Z.,1Ji D, Yu K, Zeng, X., Wu, D., & Shidujaman, M. (2021). Al Creativity and the Human-Al Co-Creation Model.
In Human-computer interaction. Theory, methods and tools: thematic area, HCI 2021, held as part of the 23rd HCI
international conference, HCII 2021, virtual event, July 24-29, 2021, proceedings, part | 23 (pp. 171-190). Springer
International Publishing.

9. Boden, M. A. (2009). Computer models of creativity. Ai Magazine, 30(3), 23-23.

10. Chakraborti, T., Kambhampati, S., Scheutz, M., Zhang, Y.: Al challenges in human-robot cognitive teaming. arXiv:
Artificial Intelligence (2017).

11. Yang, L., Zhang, Z., Song, Y., Hong, S., Xu, R., Zhao, Y., ... & Yang, M. H. (2023). Diffusion models: A comprehensive
survey of methods and applications. ACM Computing Surveys, 56(4), 1-39.

12. Goodfellow, I. J., Pouget-Abadie, J., Mirza, M., Xu, B., Warde-Farley, D., Ozair, S., ... & Bengio, Y. (2014). Generative
adversarial nets. Advances in Neural Information Processing Systems, 27.

13. Sakirin, T., & Kusuma, S. (2023). A survey of generative artificial intelligence techniques. Babylonian Journal of
Artificial Intelligence, 2023, 10-14.

14. Karimi, P., Rezwana, J., Siddiqui, S., Maher, M. L., & Dehbozorgi, N. (2020, March). Creative sketching partner: an
analysis of human-Al co-creativity. In Proceedings of the 25th International Conference on Intelligent User Interfaces (pp.
221-230).

15. Esling, P., & Devis, N. (2020). Creativity in the era of artificial intelligence. arXiv preprint arXiv:2008.05959.

16. ldeation Is Free: Al Exhibits Strong Creativity, But Al-Human Co-Creation |Is Better, 2023. online.
https://www.uxtigers.com/post/ideation-is-free

110



17.
18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Sunil Anasuri & Kiran Kumar Pappula / IJAIBDCMS, 5(1), 102-113, 2024

Manovich, L. (2018). Al aesthetics (p. 7). Moscow: Strelka Press.

Zhong, J., & Zheng, Y. (2023, September). ldentifying the Impact of Human-Al Co-Creation on Students' Creative
Development: A Conceptual Framework. In 2023 3rd International Conference on Educational Technology (ICET) (pp.
66-70). IEEE.

Feldman, S. S. (2017, July). Co-creation: human and Al collaboration in creative expression. In Electronic Visualisation
and the Arts (EVA 2017). BCS Learning & Development.

Zhu, J., Liapis, A., Risi, S., Bidarra, R., & Youngblood, G. M. (2018, August). Explainable Al for designers: A human-
centred perspective on mixed-initiative co-creation. In 2018 IEEE Conference on Computational Intelligence and Games
(CIG) (pp. 1-8). IEEE.

Pappula, K. K., & Rusum, G. P. (2020). Custom CAD Plugin Architecture for Enforcing Industry-Specific Design
Standards. International Journal of Al, BigData, Computational and Management Studies, 1(4), 19-
28. https://doi.org/10.63282/3050-9416.1JAIBDCMS-V114P103

Rahul, N. (2020). Vehicle and Property Loss Assessment with Al: Automating Damage Estimations in
Claims. International ~ Journal of Emerging Research in  Engineering  and Technology, 1(4),  38-
46. https://doi.org/10.63282/3050-922X.1JERET-V114P105

Enjam, G. R., & Tekale, K. M. (2020). Transitioning from Monolith to Microservices in Policy
Administration. International Journal of Emerging Research in Engineering and Technology, 1(3), 45-
52. https://doi.org/10.63282/3050-922X.1JERETV1I3P106

Pappula, K. K., & Rusum, G. P. (2021). Designing Developer-Centric Internal APIs for Rapid Full-Stack
Development. International Journal of Al, BigData, Computational and Management Studies, 2(4), 80-
88. https://doi.org/10.63282/3050-9416.1JAIBDCMS-V214P108

Pedda Muntala, P. S. R., & Jangam, S. K. (2021). End-to-End Hyperautomation with Oracle ERP and Oracle Integration
Cloud. International ~ Journal  of  Emerging  Research in Engineering  and Technology, 2(4),  59-
67. https://doi.org/10.63282/3050-922X.1JERET-V214P107

Rahul, N. (2021). Al-Enhanced API Integrations: Advancing Guidewire Ecosystems with Real-Time Data. International
Journal of Emerging Research in Engineering and Technology, 2(1), 57-66. https://doi.org/10.63282/3050-922X.IJERET-
V2I1P107

Enjam, G. R., & Chandragowda, S. C. (2021). RESTful APl Design for Modular Insurance Platforms. International
Journal of Emerging Research in Engineering and Technology, 2(3), 71-78. https://doi.org/10.63282/3050-922X.1JERET-
V213P108

Rusum, G. P., & Pappula, kiran K. . (2022). Event-Driven Architecture Patterns for Real-Time, Reactive
Systems. International ~ Journal of Emerging Research in  Engineering  and Technology, 3(3), 108-
116. https://doi.org/10.63282/3050-922X.1JERET-V3I3P111

Pappula, K. K. (2022). Containerized Zero-Downtime Deployments in Full-Stack Systems. International Journal of Al,
BigData, Computational and Management Studies, 3(4), 60-69. https://doi.org/10.63282/3050-9416.IJAIBDCMS-
V314P107

Jangam, S. K., & Karri, N. (2022). Potential of Al and ML to Enhance Error Detection, Prediction, and Automated
Remediation in Batch Processing. International Journal of Al, BigData, Computational and Management Studies, 3(4),
70-81. https://doi.org/10.63282/3050-9416.1JAIBDCMS-V314P108

Pedda Muntala, P. S. R. (2022). Natural Language Querying in Oracle Fusion Analytics: A Step toward Conversational
BI. International Journal of Emerging Trends in Computer Science and Information Technology, 3(3), 81-
89. https://doi.org/10.63282/3050-9246.1JETCSIT-V3I3P109

Rahul, N. (2022). Optimizing Rating Engines through Al and Machine Learning: Revolutionizing Pricing
Precision. International Journal of Artificial Intelligence, Data Science, and Machine Learning, 3(3), 93-
101. https://doi.org/10.63282/3050-9262.1JAIDSML-V313P110

Enjam, G. R. (2022). Secure Data Masking Strategies for Cloud-Native Insurance Systems. International Journal of
Emerging Trends in Computer Science and Information Technology, 3(2), 87-94. https://doi.org/10.63282/3050-
9246.1JETCSIT-V3I12P109

Rusum, G. P., & Anasuri, S. (2023). Synthetic Test Data Generation Using Generative Models. International Journal of
Emerging Trends in Computer Science and Information Technology, 4(4), 96-108. https://doi.org/10.63282/3050-
9246.1JETCSIT-V4I14P111

Pappula, K. K. (2023). Edge-Deployed Computer Vision for Real-Time Defect Detection. International Journal of Al,
BigData, Computational and Management Studies, 4(3), 72-81. https://doi.org/10.63282/3050-9416.1JAIBDCMS-
V413P108

Jangam, S. K. (2023). Data Architecture Models for Enterprise Applications and Their Implications for Data Integration
and Analytics. International Journal of Emerging Trends in Computer Science and Information Technology, 4(3), 91-
100. https://doi.org/10.63282/3050-9246.1JETCSIT-V4I3P110

Pedda Muntala, P. S. R., & Karri, N. (2023). Managing Machine Learning Lifecycle in Oracle Cloud Infrastructure for
ERP-Related Use Cases. International Journal of Emerging Research in Engineering and Technology, 4(3), 87-
97. https://doi.org/10.63282/3050-922X.1JERET-V4I3P110

111


https://doi.org/10.63282/3050-9416.IJAIBDCMS-V1I4P103
https://doi.org/10.63282/3050-922X.IJERET-V1I4P105
https://doi.org/10.63282/3050-922X.IJERETV1I3P106
https://doi.org/10.63282/3050-9416.IJAIBDCMS-V2I4P108
https://doi.org/10.63282/3050-922X.IJERET-V2I4P107
https://doi.org/10.63282/3050-922X.IJERET-V2I1P107
https://doi.org/10.63282/3050-922X.IJERET-V2I1P107
https://doi.org/10.63282/3050-922X.IJERET-V2I3P108
https://doi.org/10.63282/3050-922X.IJERET-V2I3P108
https://doi.org/10.63282/3050-922X.IJERET-V3I3P111
https://doi.org/10.63282/3050-9416.IJAIBDCMS-V3I4P108
https://doi.org/10.63282/3050-9246.IJETCSIT-V3I3P109
https://doi.org/10.63282/3050-9262.IJAIDSML-V3I3P110
https://doi.org/10.63282/3050-9246.IJETCSIT-V3I2P109
https://doi.org/10.63282/3050-9246.IJETCSIT-V3I2P109
https://doi.org/10.63282/3050-9246.IJETCSIT-V4I4P111
https://doi.org/10.63282/3050-9246.IJETCSIT-V4I4P111
https://doi.org/10.63282/3050-9416.IJAIBDCMS-V4I3P108
https://doi.org/10.63282/3050-9416.IJAIBDCMS-V4I3P108
https://doi.org/10.63282/3050-9246.IJETCSIT-V4I3P110
https://doi.org/10.63282/3050-922X.IJERET-V4I3P110

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

Sunil Anasuri & Kiran Kumar Pappula / IJAIBDCMS, 5(1), 102-113, 2024

Rahul, N. (2023). Personalizing Policies with Al: Improving Customer Experience and Risk Assessment. International
Journal of Emerging Trends in  Computer Science and Information  Technology, 4(1), 85-
94. https://doi.org/10.63282/3050-9246.1JETCSIT-V411P110

Enjam, G. R., Tekale, K. M., & Chandragowda, S. C. (2023). Zero-Downtime CI/CD Production Deployments for
Insurance SaaS Using Blue/Green Deployments. International Journal of Emerging Research in Engineering
and Technology, 4(3), 98-106. https://doi.org/10.63282/3050-922X.1JERET-V413P111

Pappula, K. K., & Anasuri, S. (2020). A Domain-Specific Language for Automating Feature-Based Part Creation in
Parametric CAD. International Journal of Emerging Research in Engineering and Technology, 1(3), 35-
44. https://doi.org/10.63282/3050-922X.1JERET-V113P105

Rahul, N. (2020). Optimizing Claims Reserves and Payments with Al: Predictive Models for Financial
Accuracy. International Journal of Emerging Trends in Computer Science and Information Technology, 1(3), 46-
55. https://doi.org/10.63282/3050-9246.1JETCSIT-V1I3P106

Enjam, G. R. (2020). Ransomware Resilience and Recovery Planning for Insurance Infrastructure. International Journal
of Al, BigData, Computational and Management Studies, 1(4), 29-37. https://doi.org/10.63282/3050-9416.1JAIBDCMS-
V114P104

Pappula, K. K., & Anasuri, S. (2021). APl Composition at Scale: GraphQL Federation vs. REST
Aggregation. International Journal of Emerging Trends in Computer Science and Information Technology, 2(2), 54-
64. https://doi.org/10.63282/3050-9246.1JETCSIT-V212P107

Pedda Muntala, P. S. R. (2021). Prescriptive Al in Procurement: Using Oracle Al to Recommend Optimal Supplier
Decisions. International Journal of Al, BigData, Computational and Management Studies, 2(1), 76-
87. https://doi.org/10.63282/3050-9416.1JAIBDCMS-V211P108

Rahul, N. (2021). Strengthening Fraud Prevention with Al in P&C Insurance: Enhancing Cyber Resilience. International
Journal of Artificial Intelligence, Data Science, and Machine Learning, 2(1), 43-53. https://doi.org/10.63282/3050-
9262.1JAIDSML-V2I1P106

Enjam, G. R. (2021). Data Privacy & Encryption Practices in Cloud-Based Guidewire Deployments. International Journal
of Al, BigData, Computational and Management Studies, 2(3), 64-73. https://doi.org/10.63282/3050-9416.1JAIBDCMS-
V213P108

Rusum, G. P. (2022). Security-as-Code: Embedding Policy-Driven Security in CI/CD Workflows. International Journal of
Al, BigData, Computational and Management Studies, 3(2), 81-88. https://doi.org/10.63282/3050-9416.1JAIBDCMS-
V312P108

Pappula, K. K. (2022). Architectural Evolution: Transitioning from Monoliths to Service-Oriented Systems. International
Journal of Emerging Research in Engineering and Technology, 3(4), 53-62. https://doi.org/10.63282/3050-922X.1JERET-
V314P107

Jangam, S. K., Karri, N.,, & Pedda Muntala, P. S. R. (2022). Advanced API Security Techniques and Service
Management. International  Journal of Emerging Research in Engineering and Technology, 3(4), 63-
74. https://doi.org/10.63282/3050-922X.1JERET-V314P108

Pedda Muntala, P. S. R., & Karri, N. (2022). Using Oracle Fusion Analytics Warehouse (FAW) and ML to Improve KPI
Visibility and Business Outcomes. International Journal of Al, BigData, Computational and Management Studies, 3(1),
79-88. https://doi.org/10.63282/3050-9416.1JAIBDCMS-V311P109

Rahul, N. (2022). Automating Claims, Policy, and Billing with Al in Guidewire: Streamlining Insurance Operations.
International Journal of Emerging Research in Engineering and Technology, 3(4), 75-83. https://doi.org/10.63282/3050-
922X.1JERET-V314P109

Enjam, G. R. (2022). Energy-Efficient Load Balancing in Distributed Insurance Systems Using Al-Optimized Switching
Techniques. International Journal of Artificial Intelligence, Data Science, and Machine Learning, 3(4), 68-
76. https://doi.org/10.63282/3050-9262.1JAIDSML-V314P108

Rusum, G. P. (2023). Large Language Models in IDEs: Context-Aware Coding, Refactoring, and
Documentation. International Journal of Emerging Trends in Computer Science and Information Technology, 4(2), 101-
110. https://doi.org/10.63282/3050-9246.1JETCSIT-V4I12P110

Pappula, K. K. (2023). Reinforcement Learning for Intelligent Batching in Production Pipelines. International Journal of
Artificial Intelligence, Data Science, and Machine Learning, 4(4), 76-86. https://doi.org/10.63282/3050-9262.1JAIDSML-
V414P109

Jangam, S. K. (2023). Importance of Encrypting Data in Transit and at Rest Using TLS and Other Security Protocols and
API Security Best Practices. International Journal of Al, BigData, Computational and Management Studies, 4(3), 82-
91. https://doi.org/10.63282/3050-9416.1JAIBDCMS-V413P109

Reddy Pedda Muntala , P. S. (2023). Process Automation in Oracle Fusion Cloud Using Al Agents. International Journal
of Emerging Research in Engineering and Technology, 4(4), 112-119. https://doi.org/10.63282/3050-922X.1JERET-
V4l4P111

Enjam, G. R. (2023). Optimizing PostgreSQL for High-Volume Insurance Transactions & Secure Backup and Restore
Strategies for Databases. International Journal of Emerging Trends in Computer Science and Information
Technology, 4(1), 104-111. https://doi.org/10.63282/3050-9246.1JETCSIT-V411P112

112


https://doi.org/10.63282/3050-9246.IJETCSIT-V4I1P110
https://doi.org/10.63282/3050-922X.IJERET-V4I3P111
https://doi.org/10.63282/3050-922X.IJERET-V1I3P105
https://doi.org/10.63282/3050-922X.IJERET-V1I3P105
https://doi.org/10.63282/3050-922X.IJERET-V1I3P105
https://doi.org/10.63282/3050-9246.IJETCSIT-V1I3P106
https://doi.org/10.63282/3050-9416.IJAIBDCMS-V1I4P104
https://doi.org/10.63282/3050-9416.IJAIBDCMS-V1I4P104
https://doi.org/10.63282/3050-9246.IJETCSIT-V2I2P107
https://doi.org/10.63282/3050-9416.IJAIBDCMS-V2I1P108
https://doi.org/10.63282/3050-9262.IJAIDSML-V2I1P106
https://doi.org/10.63282/3050-9262.IJAIDSML-V2I1P106
https://doi.org/10.63282/3050-9416.IJAIBDCMS-V2I3P108
https://doi.org/10.63282/3050-9416.IJAIBDCMS-V2I3P108
https://doi.org/10.63282/3050-9416.IJAIBDCMS-V3I2P108
https://doi.org/10.63282/3050-9416.IJAIBDCMS-V3I2P108
https://doi.org/10.63282/3050-922X.IJERET-V3I4P107
https://doi.org/10.63282/3050-922X.IJERET-V3I4P107
https://doi.org/10.63282/3050-922X.IJERET-V3I4P108
https://doi.org/10.63282/3050-9262.IJAIDSML-V3I4P108
https://doi.org/10.63282/3050-9246.IJETCSIT-V4I2P110
https://doi.org/10.63282/3050-9262.IJAIDSML-V4I4P109
https://doi.org/10.63282/3050-9262.IJAIDSML-V4I4P109
https://doi.org/10.63282/3050-9416.IJAIBDCMS-V4I3P109
https://doi.org/10.63282/3050-922X.IJERET-V4I4P111
https://doi.org/10.63282/3050-922X.IJERET-V4I4P111
https://doi.org/10.63282/3050-9246.IJETCSIT-V4I1P112

58.

59.

60.

61.

62.

63.

64.

65.

66.

Sunil Anasuri & Kiran Kumar Pappula / IJAIBDCMS, 5(1), 102-113, 2024

Pappula, K. K. (2021). Modern CI/CD in Full-Stack Environments: Lessons from Source Control
Migrations. International Journal of Artificial Intelligence, Data Science, and Machine Learning, 2(4), 51-
59. https://doi.org/10.63282/3050-9262.1JAIDSML-V214P106

Pedda Muntala, P. S. R., & Jangam, S. K. (2021). Real-time Decision-Making in Fusion ERP Using Streaming Data and
Al. International Journal of Emerging Research in Engineering and Technology, 2(2), 55-
63. https://doi.org/10.63282/3050-922X.1JERET-V212P108

Rusum, G. P., & Pappula, K. K. (2022). Federated Learning in Practice: Building Collaborative Models While Preserving
Privacy. International ~ Journal ~ of  Emerging  Research  in  Engineering  and Technology, 3(2), 79-
88. https://doi.org/10.63282/3050-922X.1JERET-V312P109

Jangam, S. K., & Pedda Muntala, P. S. R. (2022). Role of Artificial Intelligence and Machine Learning in 10T Device
Security. International Journal of Artificial Intelligence, Data Science, and Machine Learning, 3(1), 77-
86. https://doi.org/10.63282/3050-9262.1JAIDSML-V311P108

Pedda Muntala, P. S. R. (2022). Detecting and Preventing Fraud in Oracle Cloud ERP Financials with Machine
Learning. International Journal of Artificial Intelligence, Data Science, and Machine Learning, 3(4), 57-
67. https://doi.org/10.63282/3050-9262.1JAIDSML-V314P107

Rusum, G. P., & Pappula, K. K. (2023). Low-Code and No-Code Evolution: Empowering Domain Experts with
Declarative Al Interfaces. International Journal of Artificial Intelligence, Data Science, and Machine Learning, 4(2), 105-
112. https://doi.org/10.63282/3050-9262.1JAIDSML-V412P112

Jangam, S. K., Karri, N., & Pedda Muntala, P. S. R. (2023). Develop and Adapt a Salesforce User Experience Design
Strategy that Aligns with Business Objectives. International Journal of Emerging Trends in Computer Science and
Information Technology, 4(1), 53-61. https://doi.org/10.63282/3050-9246.1JETCSIT-V411P107

Reddy Pedda Muntala, P. S., & Karri, N. (2023). Voice-Enabled ERP: Integrating Oracle Digital Assistant with Fusion
ERP for Hands-Free Operations. International Journal of Emerging Trends in Computer Science and Information
Technology, 4(2), 111-120. https://doi.org/10.63282/3050-9246.1JETCSIT-V4I2P111

Enjam, G. R. (2023). Al Governance in Regulated Cloud-Native Insurance Platforms. International Journal of Al,
BigData, Computational and Management Studies, 4(3), 102-111. https://doi.org/10.63282/3050-9416.1JAIBDCMS-
V413P111

113


https://doi.org/10.63282/3050-9262.IJAIDSML-V2I4P106
https://doi.org/10.63282/3050-922X.IJERET-V2I2P108
https://doi.org/10.63282/3050-922X.IJERET-V3I2P109
https://doi.org/10.63282/3050-9262.IJAIDSML-V3I1P108
https://doi.org/10.63282/3050-9262.IJAIDSML-V3I4P107
https://doi.org/10.63282/3050-9262.IJAIDSML-V4I2P112
https://doi.org/10.63282/3050-9246.IJETCSIT-V4I1P107
https://doi.org/10.63282/3050-9246.IJETCSIT-V4I2P111
https://doi.org/10.63282/3050-9416.IJAIBDCMS-V4I3P111
https://doi.org/10.63282/3050-9416.IJAIBDCMS-V4I3P111

