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Abstract— The incorporation of Machine Learning (ML) and Artificial Intelligence (AI) 
technologies   across diverse industries presents considerable potential for both economic 
expansion and societal revolution. Al, which includes both Narrow and General forms, in 
conjunction with ML, enables data-driven decision making and automation in numerous 
industries, including healthcare, finance, and cybersecurity. Nevertheless, the extensive 
implementation of these technologies is beset by obstacles such as ambiguity in algorithms, ethical 
concerns, and partiality. This paper studies the developments and obstacles in Al and ML, as well 
as their practical implementations in nanotechnology, medicine, governance, and cybersecurity. 
Although the potential for economic benefits and societal advancements is apparent, it is 
imperative to prioritize responsible and equitable implementation of Al by addressing 
organizational shortcomings, personnel issues, and economic inequalities. It is imperative that 
governments, organizations, and academia work together in concert to surmount these challenges 
and fully exploit the capabilities of Al and ML for the betterment of society. This paper 
emphasizes the significance of conducting a thorough analysis of the ethical, societal, and 
economic consequences in order to effectively achieve the potential of Al and ML. 
 
Index Terms— Artificial Intelligence (AI), Machine Learning (ML), Nanotechnology, Medicine, 
Governance, Cybersecurity, Economic benefits, Personnel issues. 

I. INTRODUCTION 

Intelligent machines (AI) is the incorporation of human intelligence into machinery in order to perform tasks that 
would ordinarily require human intelligence. These responsibilities encompass cognitive processes such as 
perception, language comprehension, reasoning, and occasionally even creativity. Artificial intelligence's 
overarching objective is to develop systems capable of self-adaptation, improvement, and task execution, without 
requiring explicit programming for individual tasks [1]. 
AI can be classified into two primary categories: 
Narrow AI (Weak AI): Developed and trained for a specific purpose, this type of AI. It lacks the general cognitive 
abilities that are characteristic of human intellect, although it excels at conducting specific tasks such as image 
recognition, language translation, and gaming. 
General AI (Strong AI): This superior iteration of artificial intelligence exhibits the capacity to comprehend, 
acquire knowledge, and implement it in a diverse array of activities; in other words, it resembles human 
intelligence. General AI is still a theoretical construct, and current AI systems are categorized as narrow AI[2]. 
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There are several key techniques and approaches within the field of AI, including: 
Machine Learning (ML): An area of artificial intelligence dedicated to the development of algorithms and models 
that enable computers to identify patterns in data and produce accurate predictions. 
Deep Learning: A subfield of machine learning distinguished by the implementation of deep neural networks, 
which are multilayered neural networks. Significant effectiveness has been exhibited by deep learning in the fields 
of image and speech recognition. 
Natural Language Processing (NLP): This field of artificial intelligence pertains to the relationship between 
technology and human languages, facilitating the ability of machines to understand, decipher, and generate text 
that exhibits similarities to human language [3]. 
Computer Vision: Automated decision-making and interpretation of visual data, including videos and images, is 
the objective of intelligent techniques. 
Intelligent transportation, robotics, finance, healthcare, and education are just a few of the industries that have 
adopted AI. The ongoing advancement of technology is expected to facilitate the expansion of artificial 
intelligence's (AI) capabilities, leading to greater integration across diverse sectors and in everyday life. At the 
same time, however, the implementation and advancement of AI generate substantial ethical and societal issues 
that continue to spark discussions concerning the responsible development and application of AI [4]. A subfield 
of artificial intelligence (AI), Machine Learning (ML) creates algorithms and systems for making predictions and 
decisions based on data. By utilizing statistical methods to discover patterns and enhance performance 
progressively, machine learning systems obviate the necessity for explicit programming. 
Machine learning aims to help computers discover patterns, make choices, and enhance performance via data-
driven learning. During the learning phase, the model adjusts its parameters and structure depending on incoming 
data. This allows it to generalize and make predictions on new data. 
Machine learning approaches can be classified into various categories: 
Supervised Learning: This strategy involves training the algorithm on a labeled dataset, with each input associated 
with the intended output. After learning to map inputs to outputs, the model may predict new data during testing 
[5]. 
Unsupervised Learning: Supervised learning is not applicable to unlabeled data, whereas unsupervised learning 
operates on such data. The technique examines the data for connections or patterns in the absence of explicit 
direction. Problems such as dimensionality reduction and clustering are frequently encountered in unsupervised 
learning. 
Reinforcement Learning: In this style of learning, an agent engages with its surroundings and gains decision-
making skills via feedback in the form of incentives or punishments. The agent's learning of a strategy that 
maximizes cumulative rewards over time is the aim. 
Artificial intelligence (AI) finds application in various sectors, encompassing finance, healthcare, and more natural 
language processing, recommendation systems, and autonomous vehicles. With the continuous expansion of 
computing power and the accumulation of data, machine learning is assuming an ever more critical function in the 
automation of intricate tasks and the extraction of valuable insights from data. 
The growth of the worldwide machine learning market between the years 2017 and 2024 is seen in the figure. 
Based on the graph, the market was valued at about ten billion dollars in 2017, with a projected expansion to $42.6 
billion by 2024.This suggests that the market has been steadily expanding over the course of the years, with a 
compound annual growth rate (CAGR) of roughly 44%. 
Advancements and Challenges in AI and Machine Learning 
Data is plentiful in our interconnected global society, encompassing various domains such as healthcare systems, 
social media platforms, and IoTs are Internet of Things devices. In tandem with the acceleration of data processing, 
the expense of data storage is declining. ML algorithms enable the intelligent analysis of this vast quantity of data 
[17]. 

Medical field 
With respect to medicine, we specifically regarded the publications illustrated in Figure 6a. In order to forecast the 
onset of diseases, "future medicine" or preventive medicine not only necessitates an enhanced understanding of 
the molecular and biological mechanisms underlying pathology formation, but also considerably utilizes data 
analysis to devise predictive algorithms. In the fields of drug discovery, cancer administration, operations, 
cardiovascular disease treatment, and pandemic prediction, machine learning-based computer decision-support 
tools have been recognized as feasible substitutes for specialized personnel in the execution of intricate duties. 
These systems are capable of augmenting diagnostic precision, efficiency in processes, and general clinical 
workflow, while also diminishing human resource costs and enhancing treatment alternatives[18]. 
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Figure 1 Global ML 

Financial field 
Governance, security administration, intellectual property, and human rights all benefit substantially from 
investments in machine learning (ML). The authors of the Federal Administrative Agencies report "Government 
by Algorithms: Machine Learning and Artificial Intelligence in Federal Agencies," authorized by the 
Administrative Congress of the United States (ACUS), highlight the transformative potential of AI and ML in the 
realm of government operations. Challenges include differentiating among public and private activities, 
apprehensions surrounding security and privacy, compliance with previous technologies, and the development of 
algorithms. While the efficiency and effectiveness of governance may be impeded, the rapid advancements in AI 
and ML possess the capacity to enhance the former [19].  

Cybersecurity field 
Due to the increasing dependence on the Internet of Things, cybersecurity is an additional popular topic that is 
attracting enormous attention. Consisting of organizations, industries, and individuals alike, cybercrime, malware 
attacks, and data breaches are resulting in catastrophic financial losses. Global cybercrime is estimated to cost 
$400 billion USD annually. Determining how to construct cybersecurity models that can detect and safeguard data 
with minimal human intervention is thus a priority for a number of researchers who are utilizing ML techniques 
to tackle this issue. Literature review reveals that over the past decade, there has been a substantial proliferation 
of scholarly publications pertaining to the field of cybersecurity, amounting to 1,268 in total[20]. 

Nanotechnology field 
In materials science, nanotechnologies have evolved from being merely a trendy term to becoming an actual thing. 
Consider the sheer quantity of commercial nanoproducts, which exceeds 3,000 varieties, that are presently 
accessible across various industries worldwide. This illustrates the pervasiveness and routine nature of 
nanotechnology. With the invention of two vaccines employing nanomaterials carrying mRNA to produce SARS-
CoV-2 viral proteins, a new epoch in nanomedicine and nanotechnology has begun; this has all but eliminated any 
skepticism regarding the application of nanoproducts to humans [21]. 

Challenges in AI and Machine Learning Bias andFairness 
Artificial intelligence (AI) systems may inadvertently reinforce or amplify biases that are intrinsic in the training 
data [22]. Ensuring impartiality and mitigating bias in AI models is of utmost importance to prevent prejudice and 
promote inclusiveness. 

Ethical Considerations 
The use of artificial intelligence presents a number of ethical concerns, including invasions of privacy, the 
displacement of jobs, and the development of autonomous weapon systems[23]. It is necessary to engage in 
rigorous thinking and to design appropriate norms and guidelines in order to address these ethical problems 
successfully. 
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II. IDENTIFYING TEST DATA 

In the realm of artificial intelligence, the model goes through the process of being trained and tested before it is 
released into the actual world. The process of training and testing models is often done out by a data scientist or 
engineer, rather than by a software testing professional[24]. However, in order to carry out model testing, it is not 
necessary to have a logical or structural comprehension of the model under consideration. Testing at the model 
level is comparable to testing that is carried out at the unit or component level. To be able to grasp how the data 
used in the model evaluation process has been gathered, specified, and utilized, it is vital for a tester to have this 
knowledge. Take, for instance, the question of whether or not the collection of production data for the purpose of 
training was carried out at a particular time of the day. Does this represent the typical way that it is used? Is the 
data set too extensive or that it is too specific? The conclusions from the actual world will be inaccurate if the 
sampling is not carried out properly or if the data used for training is not representative of the population. 

Algorithmic Uncertainty 
In every sort of software testing, uncertainty is a difficulty that must be overcome. The presence of uncertainty 
can be attributed to a specification that is incomplete or to requirements that are not perfectly understood. Within 
the realm of artificial intelligence applications, algorithmic instability is of utmost concern. The unpredictability 
that is inherent in the algorithms that are utilized in the development of artificial intelligence is the cause of this. 
When building an artificial intelligence application, a software engineer does not work according to a 
predetermined algorithm. In its place, the developer is currently working on training a model using a collection of 
practice data. The neurons and weights in that model need to have a beginning point in order to function properly. 
Despite the fact that the developer is the one who decides on the number of neurons and the initial weights, there 
is no definitive method that can be used to establish the appropriate starting point. In the process of training, the 
decisions that are made regarding the initialization of the model can have a substantial impact on how the model 
develops. Given that the algorithm that is produced is random, many people find that it presents a significant 
challenge for conventional testing strategies. When it comes to white box test coverage measurements, 
calculability is rendered impossible. 

Splitting Data into Training and Testing Sets 
A system for automatically dividing the available data into training and testing datasets that are mutually exclusive 
is typically used by data scientists. One well-liked framework for doing this, according to this is SciKit-Learn, 
which enables programmers to divide the necessary dataset size by random selection. Retraining or evaluating 
various models necessitates overriding the data-splitting random seed. If this is not done precisely, the results will 
not be reproducible, comparable, or consistent [25]. Most of the knowledge is used for model training (usually 
between 70 and 80 percent), with the remaining portion going toward model evaluation. To make sure that the 
division of training and testing data was done in a representative way, a variety of specific techniques are available. 
When calculating the coverage of model testing, data should be used instead of lines of code. 

Limitation and Difficulties in the AI and ML Application 
The future of AI's broad application appears bright. The economic prospects of applying AI are generally regarded 
as quite promising. The economic impact on the European health care system is estimated to be 200 billion euros. 
This effect has been linked to time savings and a rise in lives saved [6]. The outcomes of AI implementation in 
different economic areas are presented in Refs. Estimates show that the application of AI has a substantial impact 
on banking (USD 200 billion), automated production (USD 300 billion), logistics (USD 400 billion), and 
commerce (USD 400 billion). High-tech products have the biggest impact (up to 10% of profit growth), expressed 
in percentage terms. As a result, industrialized nations experience a greater economic impact and produce a greater 
number of high-tech goods than resource-based economies. In Kazakhstan, resource extraction, processing, and 
transportation account for about 25% of GDP. Seventy to seventy-five percent of exports are primary items. 1.6% 
of GDP is made up of new products, while only 1% of businesses are high-tech [7]. Therefore, it may be expected 
that the GDP will increase by 1.5–2% due to the deployment of AI technologies. However, there are some 
challenges that must be overcome in order to open up new avenues for the application of AI in manufacturing and 
to spur further advancements in the field's technological landscape [8]. 
Within the scientific community, constraints are classified as organizational, people (including fear of AI and other 
new technologies), data quality and volume difficulties, legal, economic, and societal issues, and shortages of data 
scientists. The authors specifically list the following nine issues: "black box," transparency, predictability, data 
biases and technical limitations; data quality, privacy, and security; the economy of developing nations; job 
displacement and replacement; trust and adoption; moral and ethical issues; legal issues, and regulation policy. 
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Figure 2 implementation of AI technologies 

An exhaustive account of the inherent limitations of AI technologies at present is provided. The external challenges 
identified in Table 1 typically undergo examination and evaluation by experts in both engineering and non-
engineering fields. These constraints may exist at various tiers of AI implementation and applications, ranging 
from the departmental to the governmental level. In addition, due to the close relationship between these issues, 
the decisions regarding them should be intricate. One of the multifaceted and complex problems is the presence of 
social limitations, which encompass ethical, moral, and legal concerns, as well as organizational limitations, which 
consist of a deficient technological infrastructure and a dearth of strategy regarding the adoption of AI [9]. These 
limitations should frequently be regarded as national strategies by the government. An illustration of such an 
approach can be found in the Ethics Guidelines for Trustworthy AI in the European Union, wherein one of the 
initial suggestions for governments is to establish a conducive atmosphere that facilitates the efficient execution 
of AI advancements and the formulation of domestic strategies for AI-driven initiatives [10]. 
Critical to the successful execution of such strategies is the establishment of AI-capable infrastructure. This 
infrastructure's development has not only involved external internal constraints, including technological 
limitations, are also encompassed. It begins with data collection and security and cybersecurity measures. 
Concurrently, infrastructure development issues may be resolved at the organizational or academic level of a single 
business. Likewise, resolution of personnel issues necessitates attention from both governmental entities and 
individual organizations [11]. The personnel's deficiencies are a combination of several obstacles: a dearth of 
specialized knowledge, insufficient support from management, and a society that is not adequately informed about 
the practicalities and interests of artificial intelligence. 

TABLE I EXTERNAL AI RESTRICTIONS 

Organizational Personnel Economic Social 

Inadequate AI 
adoption strategy. 

A fear of innovation and 
change. 

Because of the 
exorbitant price of AI- based
solutions. 

Replacement and job  displacement 

Fragmentation of functions 
that impedes the integrated 
application of AI. 
Absence of 
commitment and leadership 
in AI 
development 

Insufficiency of 
competent personnel. 

Inadequate 
preparedness for the
implementation in practice 
 
Wealth disparity and inequity 

Trust and adoption 
 
 
 
Matters of ethics and morality. 

It is the responsibility of the government to initiate staff training in secondary institutions regarding the potential 
applications of AI [12]. The integration of AI components into online training courses enhances the quality of 
education, improves employment prospects, and increases accessibility to affordable education. However, among 
all external constraints, economic constraints are the most significant. This is supported by research examining the 
correlation between a nation's level of economic development and its preparedness to adopt artificial intelligence 
[13]. 
Technical issues are the most common internal limitations of AI technologies (refer to Table 2). These issues are 
frequently examined in research on AI, ML, and DL. Biobanks and other specialized infrastructures are developed 
to collect data in the fields of medicine, agriculture, and more. Frequently, the techniques utilized in preliminary 
transformations are derived from dimension reduction and/or feature extraction. Efforts are being made to enhance 
the learning process and increase the availability of results [14]. The constraints the elimination of such 
technologies in AI is made possible through the development of novel fuzzy-based methods, which reduce the 
uncertainty of the results [15]. 
As previously stated, the primary source of income for resource-based economies is the extraction and processing 
of natural resources through mining and excavation. These procedures are predicated on the typically imported 
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technologies. Borrowing innovations from other countries requires significantly less effort; consequently, these 
economies discourage the development of technologies domestically. Frequently, these countries lack the 
regulatory framework, stable technology infrastructure, and human resources required to collect adequate 
information for the development of AI algorithms. The current data are frequently underutilized because they are 
either unavailable in digital format, come too slowly or never at all, or lack the amount of detail necessary for field 
innovation and decision-making. 

TABLE II INTERNAL LIMITATIONS OF AI TECHNOLOGY 

Data Learning Processes Results Technology 
Challenges pertaining to 
the collection and initial 
processing of data. 

A sluggish learning 
curve. 

The absence of interpretability 
and transparency. 

The current solutions 
acquired are unstable as a 
result of machine learning 
and their 
reliance on noise. 

Extensive quantities of data 
are necessary. 

Considerable 
computation
al 
capabilities 
are necessary. 

 Modern machine 
learning models 
incorporate a single- 
tasking component and 
have restricted 
associativity. 

Insufficiently labeled data 
and laborious data labeling 
processes. 

Absence of 
technologies for 
processing enormous 
images. 

 The necessity to create novel 
machine 
learning models to 
accommodate unique data 
and application 
scenarios. 

Security, privacy, and 
"bias" in data. 

  The necessity for 
cyber infrastructure to 
support AI&ML 
applications in 
industry. 

Consequently, restrictions should be imposed on the monetary benefits attainable through the implementation of 
AI. As the percentage of high-tech output increases, the impact of utilizing artificial intelligence and machine 
learning can be significantly amplified, according to. Frequently cited as the two sectors that have made the most 
strides in leveraging the analytical capabilities of big data and AI are education, healthcare, and agriculture. 
Therefore, in resource-based economies, utmost importance should be placed on the advancement of these 
sectors[16]. 

Impact of AI and Machine Learning Automation 
Algorithms that use artificial intelligence and machine learning can automate repetitive operations, which can 
improve efficiency and productivity across all industries. It is possible for this automation to encompass anything 
from industrial operations to contacts with customers. 

Decision Making 
The ability of artificial intelligence systems to evaluate enormous volumes of data in a quick and precise manner 
enables improved decision-making in a variety of fields, including finance, healthcare, and logistics. Because of 
this, decisions are made that are better informed and driven by data, which may result in fewer errors and lower 
costs. 

Customer Service 
Chatbots and virtual assistants that are driven by artificial intelligence are able to answer consumer inquiries, give 
help, and expedite customer service procedures. This results in increased customer satisfaction and decreased 
operational expenses for enterprises. 
The graphic you supplied is a bar graph that illustrates how different facets of society perceive the effects of 
advancements in machine learning and artificial intelligence (AI). With "no impact" at the bottom and "significant 
impact" at the top, the y-axis displays the impact. Four areas are displayed on the x-axis: "Your organization," 
"Your industry," "Society as a whole," and "You personally." With a score of 43, the graph indicates that 
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individuals think AI and machine learning will have the biggest influence on society as a whole. "Your 
organization" at 29; "You personally" at 38; and "Your industry" at 40 come next. Put differently, individuals think 
that artificial intelligence will have a greater impact on the planet than on their personal lives or places of 
employment. Just keep in mind that this is merely a perception and might not accurately represent reality. 
   
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 3 Impact of Advancements in Artificial Intelligence/Machine Leaning 

III. CONCLUSIONS 

The potential for significant societal transformations emanates from the promising future of artificial intelligence 
(AI) and machine learning (ML). A wide range of fields, including materials science, cybersecurity, healthcare, 
and finance, are rapidly adopting Al, which encompasses both narrow and general forms. Automation and data-
driven decision making are significantly influenced by ML, which is a subset of Al. Nevertheless, these 
progressions are accompanied by substantial obstacles, such as algorithmic uncertainty, ethical concerns, and bias. 
In order to guarantee the conscientious advancement and implementation of AI technologies, it is imperative to 
confront these obstacles. Although Al holds promise for economic gains and societal transformation, there are 
obstacles that must be surmounted, including organizational deficiencies, staffing challenges, and economic 
inequalities. In order to surmount these obstacles and efficiently utilize Al for the betterment of society, it is 
imperative that governments, organizations, and academia work in tandem. In summary, although Al and ML 
exhibit favorable prospects for the future, their complete realization necessitates meticulous examination of the 
ethical, societal, and economic ramifications. 

REFERENCES 

[1] M. Cazzaniga et al., Gen-AI: Artificial Intelligence and the Future of Work. 2024. 
[2] J. Shaw, F. Rudzicz, T. Jamieson, and A. Goldfarb, “Artificial Intelligence and the Implementation Challenge,” J. Med. 

Internet Res., vol. 21, no. 7, 2019, doi: 10.2196/13659. 
[3] W. Wang and K. Siau, “Artificial intelligence, machine learning, automation, robotics, future of work and future of 

humanity: A review and research agenda,” J. Database Manag., vol. 30, no. 1, pp. 61–79, 2019, doi: 
10.4018/JDM.2019010104. 

[4] J. Bharadiya and J. P. Bharadiya, “Machine Learning and AI in Business Intelligence: Trends and Opportunities,” Int. J. 
Comput. Int. J. Comput., vol. 48, no. 1, pp. 123–134, 2023, [Online]. Available: 
https://www.researchgate.net/publication/371902170 

[5] O. Daniel, “Advancements and Challenges in Machine Learning and Artificial Intelligence : Shaping the Future of 
Technology,” no. January, 2024. 

[6] K. Shameer, K. W. Johnson, B. S. Glicksberg, J. T. Dudley, and P. P. Sengupta, “Machine learning in cardiovascular 
medicine: Are we there yet?,” Heart, vol. 104, no. 14, pp. 1156–1164, 2018, doi: 10.1136/heartjnl-2017-311198. 

[7] Z. Ahmed, K. Mohamed, S. Zeeshan, and X. Q. Dong, “Artificial intelligence with multi-functional machine learning 
platform development for better healthcare and precision medicine,” Database, vol. 2020, pp. 1–35, 2020, doi: 
10.1093/database/baaa010. 

[8] R. I. Mukhamediev et al., “Review of Artificial Intelligence and Machine Learning Technologies: Classification, 
Restrictions, Opportunities and Challenges,” Mathematics, vol. 10, no. 15, pp. 1–25, 2022, doi: 10.3390/math10152552. 

[9] K. S. Chan and N. Zary, “Applications and Challenges of Implementing Artificial Intelligence in Medical Education: 
Integrative Review,” JMIR Med. Educ., vol. 5, no. 1, p. e13930, 2019, doi: 10.2196/13930. 

https://www.researchgate.net/publication/371902170


 
5800 

[10] A. E. Ezugwu et al., “A comprehensive survey of clustering algorithms: State-of-the- art machine learning applications, 
taxonomy, challenges, and future research prospects,” Eng. Appl. Artif. Intell., vol. 110, no. January, p. 104743, 2022, 
doi: 10.1016/j.engappai.2022.104743. 

[11] E. Gómez-González, E. Gómez, and European Commission. Joint Research Centre., Artificial Intelligence in Medicine 
and Healthcare: applications, availability and societal impact. 2020. doi: 10.2760/047666. 

[12] C. J. Kelly, A. Karthikesalingam, M. Suleyman, G. Corrado, and D. King, “Key challenges for delivering clinical impact 
with artificial intelligence,” BMC Med., vol. 17, no. 1, pp. 1–9, 2019, doi: 10.1186/s12916-019-1426-2. 

[13] S. Zhong et al., “Machine Learning: New Ideas and Tools in Environmental Science and Engineering,” Environ. Sci. 
Technol., vol. 55, no. 19, pp. 12741–12754, 2021, doi: 10.1021/acs.est.1c01339. 

[14] I. C. Igbokwe, “Application of Artificial Intelligence (AI) in Educational Management,” Int. J. Sci. Res. Publ., vol. 13, 
no. 3, 2023, doi: 10.29322/ijsrp.13.03.2023.p13536. 

[15] S. O. Abioye et al., “Artificial intelligence in the construction industry: A review of present status, opportunities and future 
challenges,” J. Build. Eng., vol. 44, no. October, p. 103299, 2021, doi: 10.1016/j.jobe.2021.103299. 

[16] S. J. Qin and L. H. Chiang, “Advances and opportunities in machine learning for process data analytics,” vol. 126, pp. 
465–473, 2019, doi: 10.1016/j.compchemeng.2019.04.003. 

[17] “S2666764921000485.” [Online]. Available: https://pdf.sciencedirectassets.com/777796/1-s2.0-S2666764921X00057/1-
s2.0- S2666764921000485/main.pdf?X-Amz-Security- 

[18] A. Holzinger, P. Kieseberg, E. Weippl, and A. M. Tjoa, Current advances, trends and challenges of machine learning and 
knowledge extraction: From machine learning to explainable AI, vol. 11015 LNCS. Springer International Publishing, 
2018. doi: 10.1007/978-3-319-99740-7_1. 

[19] A. Paleyes, R. G. Urma, and N. D. Lawrence, “Challenges in Deploying Machine Learning: A Survey of Case Studies,” 
ACM Comput. Surv., vol. 55, no. 6, 2022, doi: 10.1145/3533378. 

[20] R. Philipp, A. Mladenow, C. Strauss, and A. Völz, “Machine Learning as a Service: Challenges in Research and 
Applications,” ACM Int. Conf. Proceeding Ser., no. November, pp. 396–406, 2020, doi: 10.1145/3428757.3429152. 

[21] R. Pugliese, S. Regondi, and R. Marini, “Machine learning-based approach: Global trends, research directions, and 
regulatory standpoints,” Data Sci. Manag., vol. 4, no. August, pp. 19–29, 2021, doi: 10.1016/j.dsm.2021.12.002. 

[22] N. Mehrabi, F. Morstatter, N. Saxena, and L. G. Jan, “A Survey on Bias and Fairness in Machine Learning”. 
[23] S. Lo Piano, “Ethical principles in machine learning and artificial intelligence: cases from the field and possible ways 

forward,” Humanit. Soc. Sci. Commun., vol. 7, no. 1, pp. 1–7, 2020, doi: 10.1057/s41599-020-0501-9. 
[24] K. Sugali, C. Sprunger, and V. N Inukollu, “Software Testing: Issues and Challenges of Artificial Intelligence & Machine 

Learning,” Int. J. Artif. Intell. Appl., vol. 12, no. 1, pp. 101–112, 2021, doi: 10.5121/ijaia.2021.12107. 
[25] Q. H. Nguyen et al., “Influence of Data Splitting on Performance of Machine Learning Models in Prediction of Shear 

Strength of Soil,” vol. 2021, 2021. 
 

https://pdf.sciencedirectassets.com/777796/1-s2.0-S2666764921X00057/1-

