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Abstract

Artificial intelligence (Al) is transforming psychology andyphiatry by offering innovative
tools for diagnosis, treatment, and patient care. Al systems are capable of analyzing speech, text,
facial expressions, and behavioral patterns to identify mental health disorders. This paper shows the
most widely used Al ggications in the field of psychology and analyzes the pos and cons of Al in
therapy. The advantages of Al are clear; however, significant challenges remain, including concerns
about data privacy, ethical issues, and the absence of human empathy irnetusyst@ms. While
Al cannot replace doctors, but it can be a complement to improving traditional approaches to mental
health care and research.

Keywords Al applications in psychology, therapeutic chatbots, digital tools, psychodiagnosis
with Al.

Introduction

Artificial intelligence (Al) is fundamentally transforming various fields, and psychology and
psychiatry are no exceptions. With the rapid advancement of technology and increased access to vast
amounts of data, Al is providing new tools and methogiethat enhance the ways mental health
professionals diagnose, treat, and support their patients. From chatbots delivering immediate
emotional support to sophisticated systems analysing behavioural patterns, Al is facilitating broader
and more efficientaccess to psychological care. Moreover, these technologies promote a more
personalized and evidenbased approach to psychological therapy, enabling patients to receive the
assistance they need more effectively and at any time.

Applications of Al in psychology.
Several applications emerge every day in the field of psychotherapy, below we present the most
current ones grouped by their functionality:
1. Mental Health Chatbots

Woebot: Developed by Woebot Health, this chatbot employs cogriteleavioral theapy
(CBT) techniques to provide emotional support. Through text conversations, Woebot assists users
in identifying and challenging negative thoughts, fosteringreiéction and emotional webleing.
Available 24/7, it allows users to engage whenevey tieed assistance.

Wys&: Similar to Woebot, Wysa is a chatbot designed to provide emotional support. It employs
a conversational approach to guide users throughhe#df techniques and CBT exercises.
Additionally, it offers tools for mood tracking andfiection on emotional experiences, helping
users build coping skills.

1 World's Best Digital Health Companies 2024ttps://woebothealth.com/ (accessed on 18 November 2024).
2 Accessible mental health support for everyone, anytimafps://www.wysa.com/, (accessed on 18 November 2024).
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2. Assessment and Diagnostic Platforms
Koko®: This app utilizes Al to analyze users' language and identify signs of emotional distress.
Through its chat interface, Koko offers suppord aasources to those in need. Furthermore, it
integrates with other platforms to provide r&ale assistance, facilitating the identification of
mental health issues.
Gingef: This platform combines artificial intelligence with human care. It providestahe
health assessments and connects users with mental health professionals for therapy, all through
its app. Al is utilized to deliver personalized recommendations and track user progress.
3. Therapy and Progress Tracking Applications
YoupeP: Youper is arapp that employs a chatbot to guide users through conversational therapy
sessions. It allows users to record their emotions and reflect on their emotiora¢wwgll As
users interact with the app, Youper collects data and generates progress reporisubeip
identify patterns in their mental health.
Moodfit®: This app offers tools for tracking mood, setting goals, and accessing educational
resources related to mental health. Moodfit utilizes Al algorithms to tailorhekif
recommendations and swagj strategies based on user responses and progress.
4. Data Analysis and Prediction
Tesd: Tess is an Abased emotional support system that communicates with users via text
messages. It analyzes conversations to detect signs of emotional crises ands provide
personalized interventions while tracking t
Mental Health A®: This category encompasses tools that analyze large volumes of mental
health data to assist professionals in making more accurate diagnoses. Thesaoapplicat
employ machine learning techniques to identify patterns in mental health data, allowing for a
more personalized approach to patient treatment.
5. Emotional Recognition
Affectiva®: Affectiva develops technologies for emotional recognition that analysal fa
expressions and vocal tone to gain deeper insights into individuals' emotions. This technology can
be applied in therapeutic settings to assess patients' emotional responses during sessions, enabling
therapists to adjust their approach accordingly.
Emotient: Acquired by Affectiva, Emotient uses Al to interpret emotions through facial
recognition. This technology can be beneficial in therapy and in research on emotional responses,
facilitating a better understanding of how patients feel at any givememio

3 Koko is filling this gap and providing scientificallysupported tools to klp those who are struggling, -
https://www.kokocares.org{(accessed on 18 November 2024).
4 Mental healthcare for every momenthttps://www.ginger.io, (accessed oth8 November 2024).
5 Your Emotional Health Assistanthttps://www.youper.ai/, ¢
5Tools & Insights for Your Mental Health, https://www.getmoodfit.com/, (accessed 080 November 2024.
“When | feel stuck, Tess helps me look at the situation in a different wantps://www.x2ai.com/uprisehealth
(accessed 020 November 2024).
8 Mentat Ai - Your Mental Health, https://play.google.com/store/apps/details?id=com.ai.mentat&hl=en
(accessed 081 November 2024).
SHumanizing technology with Emotion Al, htt ps://www.affectiva.com/ (accessed o081 November 2024).
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6. Learning and Training Resourc&lverCloud®: This platform provides evidendmsed
mental health intervention programs. It leverages Al to adapt content to users' needs, offering
access to a variety of séitlp tools and educational resources alnoental health.

Challenges and opportunities

The use of Al in psychiatry and psychology presents both challenges and opportunities. Al can
enhance mental health monitoring, treatment planning, and personalized care by providing
unprecedented insightsttncomplex human behaviours. However, the integration of Al also raises
concerns around issues like privacy, bias, and the limitations of using algorithms to address inherently
human challenges.

Artificial intelligence in psychology faces several challesigsuch as:
1. Ethical Concerns: Ensuring that Al apps in psychology prioritize patient confidentiality and privacy
by implementing robust data protection measures, obtaining informed consent, and maintaining
transparency in data usage. Ethical considerat also extend to issues such as algorithm
transparency, accountability, and the potential impact on the thepagisnt relationship.
2. Bias and Fairness: Addressing the inherent biases present in Al algorithms used in psychological
assessments anaterventions. This involves regular auditing and testing of algorithms to detect and
mitigate biases, ensuring fair and equitable outcomes for all individuals, regardless of their
background or characteristics. It also requires ongoing education and esgagnong developers
and users about the potential biases in Al systems.
3. Lack of Human Touch: Balancing the practical benefits of Al apps in psychology, such as
scalability and efficiency, with the emotional and empathetic support that human thqrapigts.
Integrating elements of human touch, such as emotional intelligence and interpersonal connection,
into Al applications can enhance the user experience and ensure that patients feel supported and
understood.
4. Data Privacy. Safeguarding patienttaddrom unauthorized access, breaches, or misuse by
implementing robust data security measures, encryption protocols, and compliance with data
protection regulations such as GDPR. Transparency about data collection, storage, and usage
practices is essentito build trust with users and ensure the ethical use of personal information.
5. Regulation and Oversight: Navigating the complex regulatory landscape governing Al applications
in psychology, including compliance with healthcare laws, data protectiofatiegs, and ethical
guidelines. Collaborating with regulatory bodies, industry experts, and stakeholders to establish clear
standards and guidelines for the development and deployment of Al apps can help ensure ethical and
responsible use of Al technolp@n mental health care.

However, artificial intelligence applied to the field of psychology also offers us numerous
opportunities for psychotherapeutic practice, such as:
1. Personalized Treatment Plans: Harnessing the power of Al to analyse vast arhpaii¢sit data,
including genetic information, medical history, lifestyle factors, and treatment outcomes, to develop
personalized treatment plans tailored to ever
approach can improve treatment eftigapatient outcomes, and overall satisfaction with mental
health care.

10 Evidencebased, digital mental health and wellbeing coursddtps://www.silvercloudhealth.com/
(accessed okl November 2Q4).
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2. Remote Monitoring and Support: Leveragingp®wered tools to provide continuous monitoring,
assessment, and support for individuals with mental health issues, especially iroramdesrserved
areas where access to traditional mental health services may be limited. Al apps can deliner real
feedback, reminders, coping strategies, and crisis intervention services to help individuals manage
their mental health effectively.
3. Pedictive Analytics: Using Al algorithms to analyse patterns, trends, and correlations in mental
health data to identify early warning signs of mental health issues, predict future outcomes, and
recommend proactive interventions. By detecting subtle chandpehaviour or mood, Al apps can
help prevent crises, reduce hospitalizations, and improvetésngmental wetbeing.
4. Virtual Therapy Sessions: Offering virtual therapy sessions througbowéred platforms,
including textbased chatbots, video cenéncing tools, and immersive virtual reality environments,
to increase access to mental health care and overcome barriers such as geographical distance
transportation issues, and scheduling conflicts. Virtual therapy sessions can provide a convenient and
confidential way for individuals to receive therapy from licensed professionals in a familiar and
comfortable setting.
5. Behavioural Insights: Leveraging Al to analyse a wide range of behavioural data, such as social
media activity, smartphone usage pais, physiological responses, and speech patterns, to gain
valuable insights into individual mental health status, preferences, triggers, and coping mechanisms.
These behavioural insights can inform treatment decisions, identify personalized interyamibns
track progress over time, leading to more effective anddtatan approaches to mental health care
delivery. By proactively addressing the challenges and maximizing the opportunities presented by Al
apps in psychology, mental health professionals barness the transformative potential of Al
technology to enhance patient care, advance scientific knowledge, and improve mental health
outcomes for individuals around the world.

Overall, the opportunities presented by Al in psychology and psychothemagignificant but
must be carefully balanced with the challenges to ensure the ethical, responsible, and effective
implementation of these technologies.

Conclusion

Al applications in psychology present both opportunities and challenges. On the ortedyand,
can enhance access to care, improve diagnostic accuracy, and provide personalized support for
patients. Artificial intelligence can analyse large datasets to identify patterns and trends that aid in
diagnosis and treatment planning. Additionally;peiwered chatbots and virtual assistants can offer
roundthe-clock support and resources for individuals seeking mental health assistance.

However, the integration of Al in psychology also raises ethical concerns. It is crucial to ensure
that human intervedion and oversight remain central to mental health treatment, as algorithms can
perpetuate biases or make mistakes that could have serious consequences for patients. Additionally,
the privacy and security of sensitive patient data must be rigorously tebeecthese technologies
become more prevalent.

As these Al applications in psychology continue to evolve, it is essential that developers,
researchers, and clinicians work collaboratively to uphold ethical standards, prioritize patient well
being, and raintain the human touch that is so vital in the field of mental health. Striking the right
balance between leveraging Al's capabilities and maintaining human expertise will be crucial for
improving mental healthcare outcomes.
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Uhtsl 2000-wywu pywywuutipp ghunuwlwuutpp, hwunmwwniebuwpwuubpp,
opwagpwynpnnubpp  dwnpnud - thu, Rt huswhuph  nbwpbpnd,  nhppbpnwd N
hpwyhdwyubpnw £ htwpwynp (hubine Yhpwnt] wphGunmwlwu hunbGlunp: Uwlwu,
2010-wywt pwywuubpp 2pownwpdwihu thu wju wnnwind, np ghwniygjwu pnnp
puwgwywnubpnd  punhwupwywtu  &und  ulubight  gnpdwdt  wphbunwywu
pwuwlwuntejwu punndhtu hwwnyniegyniuubipp:

2020-wywu pJwywutbphg uluwsd, wju UGpwnwlywu Ybtpwny wnwpwnbuwy
nnpnuinwiinbfuthywih dhongny ubipfunidnd b wdbuopjw Yywup ni wpwnwhwynynd k
wnwnupu gnpdnwitingjwu dbg: (dtiplu, dhusk nwpwdwpun  jnippupwugnp wuhwun
niubtwint £ wuduwlwu, hpbu uywuwpynn wphbunwlywu huwnbtyunh gnpdhpwowpp’
punhniy wju Ywpnn £ wpnwhwjndtp ynuypbin  nbuuhyuwywi  nwdnwdubpny: Uw
thnihnfubine £ n's dpwju wnopjw Ywupp, Yppenigjwu npwyp, wy tw'll uywndwu
Jwnnigqwdpu ni wpunwnpnyjwu  Junnigwlwpgp, Jbpwihnfubine £ wnuwnbunyejuu
hwuwnwunnieuwlywu ywwnytipp: Updnyph dhowqgquiht hhduwnpwdh thnpdwgbnubiph
nhwnwpydwdp nw ninnwyh, pE wuninnuyh wgnbgnie)ntt £ pnnubiint hwdwuwphwjhu
nuwnbuniejwu woluwwnwwntintiph 40 wmnynuhg wytijhh Yypw':

Spwlwuniejwt wluwpy.

DYnbu 1770-wywu  pwywuubphg uyhgp £ wnund nwuwlwu wnbunyejwu
opowuwyubipnd dwnwgwd wju hwpgwnpnuwip, L ghnwwbuuhywlwu wnwopupwgn
hus swihny £ wgnnw woluwwnwywndh pwpdpwgdwt Yypw, nppwuny b bwyywuwinnid unp
woluwwmwwinbinbph  umbnddwup UL gnpdwqpynieyuu  tjwqdwup®:  Fwuwlwu
nunbiuwghwnwlwu pulwdwdp ghnwwmbfuuhywlwu unpwpwnpniejniuutph Ubpnpdwdp

' https://www.imf.org/en/Publications/Staff-Discussion-Notes/Issues/2024/01/14/Gen-Al-Artificial-Intelligence-
and-the-Future-of-Work-5423797?cid=pr-com-SDNEA2024001 /Ununp' 20.11.2024/: "w  ninqulhnpbu
wpdwuwgpnud £ Gplnyph npuwlwt b pwgwuwwu Ynndbpp, htuswbu twle ninbugnd £ pwguuwyw
hwuqwdwupubph «ytuuwgnpdniubinigjwu» huwpwynp Yuubignudp:
2¢. # d3d Is, RfifMdzj Hso Odedy © HdtesH] d f tod ydUOE dzseldsicyq g lase?
Zzdlsj Ozt 88962, M. 80
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wybGjwunwd £ woluwwnwup nbunipup tywndwdp ywhwuownyp, npu | wwjdwuwynpnid
£ wouwunnnubiph unghwjwlwu yhdwyh pwnpbjwyndp:

Cwoyh wnubiny wju hhduwfuunph Ywplnpnieniup, npwt  wunpunwpd |
wwpniwynd  dwppujwt  nuwnbuwghwngeniup: L<bnwhwjwg  Ybipndnigjudp
ubpyuwjwgywd £ wju Jdhupp, np ghnwwnbuthyuwywu  unpwpwpnyejudp  dwpnnt
w2fuwwnwupp thnfuwphuynwd £ «dbptiuwjwgdudp»®:

Shwwlygbin wyu putwpynwiubph Yuplnpniejniup, hwuwpwwywu gnpdhsubpp
U pwnwpwlwu deluwpwuubpp pwqihgu wunpwnwnunw Gu wyjw hhduwfuunphu: Wu
hwdwwbipunnud, Ugfuwwnwuph dhowqquiht  Yuqdwybpwniejwtu  thnpdwgbinubipp
nhunwplydwdp, wphGunmwlwu  hunbitynp  gnpdwoényeniup - wwjdwuwynpbint  §
wofuwwnwontuih - Ywnnigjwdpwiht  thnthnfunieyniup, npp wlb  hp  npwlwu
wgnbigniiniut £ niubuwint woluwwnwuph wpunwnpnnuwunyjut pwpdpwgdwt ypw:

UphGunwlwtu hunbtYnp ubpppdwu huunhnnighnuwp Ynndkpp

Unghw|-hwuwpwwywt hwpwpbipnigniuubph hnfuwybpuydwt wpnh o2powuntd
qupgwgwd U qupqugnn dh 2wpp bGpypubp qwjunpbu ubpnund Gu wphGunwywu
hunbGywp  wnunbunyeyjuu  dbg:  Ujuniwdbuwjuhy, nw wnwowgund £ npnawlyh
pwpnnigjniuutin: Lwfu, hwdwwpqwiht wnnwWny nunbunyEjwu dbe wphbunwlwu
huwnbitywnph  ubpnpdwtu L wjunpbu gnpdwéddwu  wnnwing  wuhpwdbtion |
hwdwwwwwufuwt  hdwnneyniuubph npnowyh  wwowp, nph pwgwlwnyenitup
funspunnunnid £ wbhuuninghwlwu  qupgqwgdwun, wnunwnpnnwywunyejwu
pwpépwgdwup: Pwgh npwuhg, wnwug hwdwwywunwuluwu Gupwlwnnigywdpubtiph
wnlwjnyejwu,  wnwug qupgugwd  hwoynnuywu  wnbuupyuwh b pYwhu
wbfuuninghwubph  gnnuyEjwt, npp hwéwfu Wwywund £ hwnwwbu qupgqugnn
Gpypubpnud, wthtwp £ wwwlybpwgub] wphGunwlwu  hunblGynh  Ubpnpnwdp
wnuwnbiunyjwu dbg: Hinlwu, |hwpdtip duwynpwd sk wju pudpnunwip, np wbwp L
duwynpbi| dJwuuwghwnwgywsd Ywnnygubin, npnup Ydowybu wphbumwlwu huwnbtynp
ubipnpdwt pwnwpwlywunyeinwup, Yninnnpntu b Yhwdwywnpgbu wyn gnpdpupwgp: Wu
wnnuny Ywpnn £ nwnignnuywu (hub] Gdpnywywu Upnyejwu, huswbu twl UUL-h
thnpép: Wn  Gpypubpnud gnpdniu Gu wwpwwnbuwy  YJwnnygubp, huswyhuhp  Gu
Gypnwwlwu UphGunwlwu huwnb|Glyunh Uywuup (European Al Alliance), UU U-h Ugqujhu
wphbunwlwu hunblEyunp nwgdwwpwywu hwuduwdnnndp (National Al Initiative
Office): “pwup JGdwwbu Jwunuwlwpgnwd Gu  wndu| nnpund - dwywynn
gnpdpupwgubipp' ogunwwbptph huwpwynppuu Wwonwwuyws ndjwiubph hhdwu Ypw
Guwynpnwd tu  unghw-hpwywlwu  hwdwwwunwufuwt  dhowdwyn, wwwhnynd b
hupuwsatuwun, wywnndwnwgywd npnanudubip Ywjwgunn hwdwlwpgbph
donwnhwnwnpynidp, uwhdwund Gu UphGunwlwu huwnbiGynh Yhpwndwl ninpunutpp,

3[ . 1 &zOkg, CCtdsdidduj MS Ow 3" helzd 426108 3, B Bi&RY0] CIsd o § ., rdd
‘ht t www loa/rge s drue ygse n e raaltii keeal gymre attchee g ¢ rodys 19.11.2024/7/ :
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huswbu twl Yuwunuwynpnu GU wudwnwugnyejwt b pupbdwppnipjuu swihwupoubpp'
wwwhnybnd hwupnygjwt Junwhnientup unp nbjuuninghwubiph uwwndwdp:

2wpgwgwdé  bpypubpnd whwwlwu  Shuwtuwynpdwdp, dwutwynp
Uwfuwadbnunigjwdp ghunwhbunwgnunwlwt  hwunmwwnngentuubpt hpwlwuwgunw  Gu
nwqiwjwpwlwu  wnwouwhbppeneny’  hnswlwd  wphbunwlwu  huwnbtlynp
qupwqugdwup b ubpnpdwup ybpwpbpnn twfuwaqdtp, npnup ninnywd Gu Yyhpwnwywu
inbuwuyntuhg wnwowgnn Yunwuqubiph sGgnpwgdwup: Ujunwwdbuwjuhy, qunpqugnn
Gpypubipnd  wphbunwywu hunblGynp  Jwjuwdwdw] Yhpwndwup  funspunnunnd k
hwlwwwwwufuwt  Bupwlwnnigwdpubph'  npwlyw|, wpwqwugnpd  hwdwgwugh
hwuwubhnypjwtu pwgwlwjniejniup, wphGunmwywpd, pwpép npwlwynpnd nwubignn
nGuniputtph  uwwynyeyniup:  UphGunmwwu  puwnblGynh  gnpw;  wwhwugwnyp
punuyunudp Ywpnn £ bwwunb] qupgugnn tpypubiphg /uwludwehd/ npwljwg
dwutwgbwnubph wpunwhnuphtu nbwh qupqugws tipypubip, nw k| hp hbpehu funpwgunwd
£ 2Gpunwynpnudp nyjw) ptwgwywnnid:

Uphbunwlwtu punmblElnp  gnpdwédiwt quwhwnmdwt  wnunbuwlwu
pwnunphgubipp

Lbipyuynid, dhowqquiht  nmwpwwnbuwy Ywqdwybpwniyeniuubp qpunwsd Gu
nuwnbunigjwu  wwppbp §nintpnd wphbunwywu  pwuwwunejwt  ubpwndwu nt
gnpéwddwu  hwdwpytiph dowydwdp: Uju  wnbuwuyniuhg Ywplunp £ hwdwpynid
wphbunwlwu huwnbtynp ubpnpdwt, qupqugdwt nnnuejwdp  hwnlwgndubiph
imbuwywpwp Yohnp Gpypph wbinwlwu pntinud, huswybiu twl <LU-h Yunnigwdpnid:
Sunbunipjwt  dby dwdwuwlwlyhg ni fupunn  Unpwpwpwlwl o wju  npuip
huuwnhwnnighnuw| upwuwynyejwup yepwptipnn gnigwuhsubphg Yunbip § wnwuduwgub’

_ wphGunwlywu huwnbGyunh qupgugdwt negnpdwddwt ninnniejwdp Yuwwnwpynn
ubpnpnwdubiph dtdnieyniup,

_ inunbuniejwt dby, huswbtiu bwl wnwudhu §nintipnd wphGunwywu huwnttynp
gnpéwodwu dwlwpnuwlyu nt «yuudwu» wunmhbwup,

wphbunwlwu puwnbitynh qupqugdwtu puwqwywnh  wfuwwnwntwih
nhuwdhluw,

wphGunwlwu  puwnbGGlunnd  ninpppwd wpunwnpnnuwunyjwu
gnigupgubipp,

_ wphbunmwlwu huwnbtynh unpwpwnpnignitubiph swthwuhaubpp
b wyu:

Wju gnigwuhgutiph nhunwpynwip hwnluwwbu Yupunp £ wjupwuny, nppwuny np
nw huwpwynpniginiu £ pudbinnd pwuwlwwbiu swihbp nt npuwywwbiu  quwhwunb)
wphbunwlwu  hunbGlGynh  wpnwnpnnuywuneiniup,  dhypnnbnbuwywu L
dwypnunuwnmbuwlwtu nbuwuyniuhg ubpyujwgunud £ win «Gwuwwwphny» unbndwd
numbuwlwu wpdtipp, wpwwgnind £ wphbunwlwu  hunbGyunptu ubpnpdwuu nt
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gnpéwddwut  wnusynn  wpnnuwgpbph pwuwlyp,  npwyp,  wnbluuninghwywu
wnwopupwgn:

Wunwidbuwyuhy, wpu gnigwuppubph  dowynwdp  Ywpnn £ ninblgyb)
huuinhwnnighnuw| pwpnnieinituubpny: “thgnip' hwyyh wnubing nyjw) puwgquywnh fuhuwn
unpwpwpwlwu  punypp®, wbfuuninghwubph  UGpwnwlwunyeinup L npwug
thnthnfuwwunyejwu npuunpnudubipp, wnw Gu nwpwdwjuneniuubn wphGunwywu
huwnbtywnh L wphbunwywu pwiwywunyejuu uwhdwudwu b gnpdwddwu nuwownnud,
huswbu twl' swihnnuwunyejwt wwpwgwynid:

Uwunwlwu wnunbuwlwu hwpgnwdubpp, indjuiubph hwjwpwgpdwu nwuwlwu
dbpnnutipt punhwupwlywu gnpdéwddwdp Ywpnn GU wpryniwwybin gihub;: Unghw-
hwuwpwlywlywu wnwopupwght YGpwptpnn htunhnnghnuw| wju dwpunwhpwybiph
hwnepwhwpdwt hwdwp  wuhpwdbon £ hwdpunhwunyp  hwdwgnpdwlygniejniu
ypbwwgpwlwu gnpdwlwnipnituubph, ghunwhbunwgnunwywu hwunwwnnieniuubph
dhowqgqwjhu Ywnnygubiph dhol,, npnwbiugh huwpwynp |huh pwgwhwjnt| wphGunwywu
huwnbGywnh  hwunwwnniebuwlwlu, wunbuwywu wnwybjugnyt  dwdynypp: Pwgh
npwuhg wuhpwdbiow k hwoyh wnub wju gnpdhph ubipnpdwu Yupbwunl, dhouwdwdytin
nt  GpYywpwwlb  hGwnbwupubpp, ptuswybu twl  pwpnnenibubp Gu - wnwowund
unpwpwpwlwu wju Swyh gnwn /wnwuduwyh/ hGnmbwupubpp hwodwpytihu, pwuh np
wphbunwlwu huwnbGynh gnpdwddwu hwdwp wuhpwdbyn Gu hwdwwwwnwujuwu
hdwnnyeynwiutip, nbluuhyuwywu ngjwiutp nt nbuuninghwubp:

Lbpywynw wouwwnwuptbp tu ppwlwuwgynud, npwbugh twb win hwdwpeytph
hpdwu Jpw (hwodyh wnubind pwqldwpehy Gupwhwdwpeytp) huwpwynp [hup
nwuwlwpgbi] qupgwgwd n. qupqugnn tipypubiph nunbunie)niuubpp®: dwdwuwywyhg
dwpunwhpwybpubpht nhdwywbiny,  huswybu  twlb  wphbunwlwu  hunbGYnp
ghpdwodwl  unghw|-huunmhwmnghnuw|  huwpwynpniyniutpp . hwodh  wnubing
wuhpwdtinnieinwu £ dwgnwd dowyb unp hwdweybp nu swihdwu dninbgnudubip, npnug
hpdwu Jpw Ywpbh E wnwdb bhwdwywpihwly quwhwunb  hwuwpwlwywd,
nuwmbuwlwu dhowdwjpnid npulinpynn thnihnfunyeyniutiipp:

Uugnipun, wju gnigwuhoubiph hwodwplydwu wnwuduwhwwnyniejniuubiph ni npwug
dowldwu dbpnnwpwunigjwu  Ybpwpbpwp  hnpdwghnwlwu  quwhwunwywuubpp
wmwppbpdnd Gu, wjuniwdtuwjuhy wdjw; hhduwhwpgh Ybpwpbpw| gpbiet pninpp

> Cwunwuwnebuwlywu  deluwlybpyn  wphbunwlwu  punblbynp  jwjiuwdwdw|  gnpdwdnieiniup
nuwnbunyejwu dby tywuwnnd £ ghnwwnbjuthywlwt wnweopupwght nt udwubgynud £ «nblutninghwywu
htnwihnfunypjwu»  ppwlwuwgdwup:  Uwunghw|-hwuwpwlwwu,  huunhnnighnuwj-inunbuwlwu
hwpwpbpniejnwuutpp npwlwywu  unp Jwlwpnwyp bGu  pwpdpwgpb, nph hnujuwwygqws,
«dnyunhwyhywuinpy»  htnmbwupubpt bwwbu  wbuwubih Yphubt  wnwophyw  wnwutwdjwyubpnud:  Wu
huwpwynpnipntuu nt dwpunwhpwybpp sghinwygnn b wuwmbunn wqgbipu nu wbinneniiutipp hwynuybint
tu ghnwwnbluupyulwu nwonh Ginuwwwhh nhppbpnd’ vwhdwuwgwyting hpbug hblwgqw qupgqugdwu
huwpwynpnipyniuutipp:

¢ https://oxfordinsights.com/wp-content/uploads/2023/12/2023-Government-Al-Readiness-Index-1.pdf /Ununp'
21.11.2024/:
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hwdwywnpdhp Gu, np wjn gnpdhpwywqip wbwnp b wuhwwwn ubpnubp nu Yhpwnb;
inunbuwwi gnpdniutinyejuu quwhwwndwu hwdwn:

®njuwnusnieiniuubinh wju  whpnypenw, ubplwind ubpnpdt £ UphGunwywu
huwbitywunh wpunwnpnnuwuniejwu swihdwu gnpdwyhgp: Uju ninnnijwdp hwdwpybp
dowyblhu hwodh Lt wnuynd wnbwnbunygjwtu  nwppbp nnpunutpnud - UphGunwywu
huwmbtyunph ubpnpdwtu swihp bW npw wqgnbignyeniup dhoht  punhwuniyp  dwfupbipp,
uwhdwuwjhu dwfupbiph, wpunwnpwuph thnthnfunyejwt Yypw: Uu wwpwaqunid, wbwnp
hwoyh wnub] bwl dwdwlwyh fubwinnnpjwu hwugqwdwupp, npnanwdubiph punnwdwu
wpryniuwybnnypjut pwpdpwgdwu npulinpnwdutpp, unpwpwpnyenubbph ubipnpdwu
wuwinphbwup, huswbiu uwl wtitnp N yGuwmpnuwuw|  «dwpn-dbpGuw»
hwdwagnpdwygnypjwu, utipnwotwly woluwwnmwuph hpwlwuwgdwu Yypw:

Lwonpn Yuplinp gnpdwyhgp Ywpnn £ wpwnwgnitip hwydbpjw] wpdtiph unbnddw,
unp  wpwnwnpwwnbuwyubph wpunwnpnpjwt pupwgpnd  UphGunwlwu  huwnbtywnh
Yhpwndwt, Ywnwdwpdwu L Ywnwldwpbhnpeuwu pwpdpwgdwt  wuwmhbwup: Wu
nbwpnw, wtwp L hwoyh wnub| unbndwd wpryniuph npwlwywu b pwuwlwywu
thnthnfunyegniup’ wwypdwuwdnpdws  Uphbunmwlwu  buwmbltlwh  gnpdwddwu
dwlwpnwyny:

Jdbpngpjw) dwupwdwutnieyniuubiphg pwgh, hwwnjwwbu d6d Yupunpnieginiu niup
twl pwpbwppnpjwt bW pwpnughunwywu Ynndbph putwpynwip: LepYwynd, wyu
wdbuh hpdwu dJpw, dhowqgwiht Ywnnygubpp hwdwynndwuh woluwwmwupubn Gu
hpwlwuwgunu hwuwpwwywu wnunbuwlywu Yuwupnd UphGunwywu buwnbtlunp
ubpnpdwt ninnnigyudp whnnejwu dGntwpywsd wupubph quwhwwndwl, unghwi-
huunmhwnnighnuw|  «wwwpwunjwdnyjuu»  wpdunpdwu  hwdwpyh  dowlydwu
ninnijwdp’: SYyjw; hwdwphyp pwnyugws t pwqiwphy Gupwhwdwpeytiphg, npnug
hpdpnid wnlw Gu quwhwwwlwuubp Gpypnw gbpwpwquagnpd hwdwlwpghsutipp
wnYywjniejwu, hwdwgwugh hwuwubjhnyejuu, hwdwgwugh wpwgnyejwu, <LU-h dby
UphGunmwlwu buwnbtynp  ubpnpdwt  Sdwiuunwdubiph  hwpwpbpwywtu  dGéniejw,
dwpnwjpht - Juwwhwwih, win puwgwdwnnd  woluwwmwupubp  dwywinn  wudwug
pwuwlywlywu nt npwlwlwu Ynndbpph, hwdwwwunwufuwt Gupwywnnigwdputiph
wnYywjnizjwu W dph 2wpp wj| hwuqwdwupubiph ybpwpbpuw: Wn wdtup ubpyuwjwgywsé
punhwunin hwdwpyny (C.£.)°%, npu £ pwnyugwd £ Gpbip hhduwywu pwdhulbiphg,
hugwhuhp U

U) ywnwlwpnigjwu Jupwd punwpwlwunieginut £ wphGunwlwu huwnbtyunhp
ubpnpdwt fupwfunwdwu ninnnyejwdp,

7 https://oxfordinsights.com/ai-readiness/ai-readiness-index/: Ununp' 01.12.2024:
8 https://oxfordinsights.com/wp-content/uploads/2023/12/2023-Government-Al-Readiness-Index-1.pdf/ /Ununp’
21.11.2024/:
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F)  tnuph
dhypnhtunhwnnighnuw L
inGuwul)nibhg,

nuwnbuntejwl

wbfuuninghwywu
dwlpnhuunhwnnighntiwy

huwpwynpnieyniuubpu &Y'

wwwinpwunywdnipjwu

%) hwdwwywwnwufuwt Gupwywnnigwdpubnh wnyw)nyeiniut k:

Unyniuwly 1.
L./& Epypubpp L& uw) P) 9)
1. |[UUUL 84.8 86.04 | 81.02 | 87.32
2. | Uhuqwuwnip 81.91 90.4 66.19 | 89.32
3. | Uughw 78.57 82.5 68.8 | 84.42
4. | Shujwunhw 77.37 88.34 | 60.36 | 83.39
5. | Ywlwnuw 77.07 85.3 64.73 | 81.17
6. | Spwuuphw 76.07 84.03 60.4 83.8
7. | <py. Ynpbw 75.65 87.55 | 54.36 | 850.2
8. | Ytpdwupw 75.26 80.78 | 63.28 | 81.72
9. | Bwwnuphw 75.08 80.76 | 56.85 | 85.61
10. | Lhnbipjwunubip 74.47 78.9 61.96 | 82.55
11. | ‘twupw 73.91 84.11 59.98 | 77.65
12. | Uunpwihw 73.89 83.34 | 52.57 | 85.75
13. | Lnpytghw 72.71 81.77 | 54.97 | 81.40
14. | Cbinhw 72.55 74.7 62.71 | 80.26
15. | Ujuuinphw 72.37 77.69 | 56.43 | 82.98
16. | 2huwuwnnwt 70.94 77.32 | 60.76 | 74.75
17. | Eunnupw 70.86 80.54 | 52.52 | 79.54
18. | hnjwunhw 69.82 71.51 56.96 81
19. | Lnipubidpnipg 69.41 83.11 46.51 | 78.6
20. | Uwwghw 68.71 79.99 | 5413 72
21. | cybjguphw 68.57 57.33 | 62.96 | 85.42
22. | Mnpunnwqwihw 68.28 80.48 | 50.95 | 73.42
23. | hvwjhw 67.63 76.61 | 50.98 | 75.29
24. | buywuhw 67.47 72.86 | 50.96 | 78.6
25. | Phghw 67.28 73.09 | 56.02 | 72.74
26. | hupwyb 65.46 53.68 | 66.29 | 76.42
27. | 2bluhw 65.17 7225 | 47.72 | 75.55
28. | Ppwghihw 63.7 72.44 | 45.08 | 69.31
29. | Pwpwp 63.59 69.64 | 44.31 | 76.81
30. | Lhnghw 63.33 75.31 43.7 | 70.99
31. | Lkhwuwnw 63.1 69.79 | 46.84 | 72.66
32. | (Gwjwun 63.03 77.21 41.33 | 70.55
33. | Mnwwuwnwt 62.92 7413 | 43.38 | 71.26
34. | <unwuwnwu 62.58 7518 | 49.39 | 63.17
35. | hunnutighw 61.03 76.24 | 43.48 | 63.38
36. | {ntuqwphw 60.66 69.96 42.2 | 69.82
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37. | Mipnigyuwy 60.57 74.4 35.32 | 71.99
38. | [@nipphw 60.51 75.08 | 42.32 | 64.13
39. | Lwwnyhw 60.3 72.07 | 38.57 | 70.27
40. | Linp RLjwunhw 60.18 51.85 | 47.05 | 81.66
41. | Pnynwphw 58.64 66.04 | 38.17 | 71.73
42. | <nluwuwnwt 57.95 55.92 | 48.37 | 69.56
43. | Upghunhtw 57.72 70.31 35.27 | 67.59
44. | Ubpphw 55.57 7429 | 3713 | 55.3
45. | Mbpnt 54.87 7015 | 32.29 | 62.18
46. | dhtinuwd 54.48 69.04 | 37.82 | 56.58
47. | Mypwhuw 53.29 68.93 | 36.18 | 54.75
48. | Gghwywnu 52.69 68.19 | 40.11 | 49.77
49. | Ukipuhyw 50.37 43.08 | 39.55 | 68.49
50. | Lnuybje 49.86 38.14 | 40.58 | 70.85
51. | unpJwpehw 49.34 42.25 | 39.35 | 66.42
52. | Mwquwfuunw 48.56 48.56 | 30.97 | 66.13
53. | Unbppwowu 48.15 55.86 | 30.77 | 57.82
94. | Lhpwuwu 47.62 50.56 | 36.99 | 55.31
55. | Unuwnbubgpn 47.15 40.21 35,53 | 65.7
56. | Uunnpw 46.25 38.82 | 35.04 | 64.9
57. | [dnwhu 46.07 48.31 | 38.47 | 51.44
58. | Pwugwunb 46.04 57.96 | 26.07 | 54.1
59. | Nnuwtnw 45.39 67.82 | 27.87 | 40.48
60. | <wjwuwnwu 45.22 43.5 33.58 | 58.57
61. | Mwuwdw 43.91 38.33 | 33.26 | 60.15
62. | Nigpblunwu 43.79 49.07 24.8 | 57.49
63. | Uwpnyn 43.34 37.54 | 35.69 | 56.79
64. | Upwuhw 43.26 4253 | 31.97 | 55.28
65. | Unnnjuw 42.97 42.69 | 28.21 | 58.02
66. | Ukutiqu) 42.58 59.65 | 27.67 | 40.43
67. | Mwyhuwnwu 42.2 43 34.07 | 49.53
68. | hpwu 42.07 31.56 | 38.77 | 55.88
69. | Ypwuwnwu 41.27 4196 | 30.33 | 51.5
70. | Ptuhw 40.19 40.03 | 28.95 | 51.58
71. | Pwppwnnu 40.13 33.53 | 32.87 54
72. | Lhgbphw 39.88 4494 | 2449 | 50.21
73. | Sphupnwn bW Snpwlyn 39.44 32.7 32.25 | 53.38
74. | PGlwnnw 39.2 30.95 | 32.28 | 51.38
75. | Ununnjhw 38.99 3583 | 27.71 | 53.43
76. | Swohluwnwu 38.78 53.18 | 20.41 | 42.77
77. | Mwpwqyuwy 36.85 37.45 | 24.32 | 48.79
78. | Pnuupw U <btpglignyhtuw 36.49 27.92 | 31.68 | 49.86
79. | Uidhp 35.99 30.1 30.56 | 47.3
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80. | FJwptdwjw 65.76 29.55 | 2494 | 52.78
81. | Ynipw 35.52 35.32 | 27.09 | 44.15
82. | Lwdhphw 35.37 32.02 28.3 45.8
83. | Pnjhdhw 35.25 28.47 | 26.66 | 50.63
84. | Gpbuwnw 34.63 27.77 | 25.48 | 50.65
85. | Niqwunw 33.44 38.06 | 20.96 | 41.3
86. | hpwp 33.4 28.86 | 29.07 | 42.26
87. | Swpnu 33.09 25.12 | 27.67 | 46.47
88. | Swuquuhw 32.86 3546 | 20.71 | 42.42
89. | pnywhw 32.59 37.29 | 20.35 | 40.1
90. | Gwuw 32.58 34.66 | 23.23 | 39.87
91. | Rwdphw 32.36 32.32 | 20.33 | 44.42
92. | Ywuwuwnnt 31.91 26.19 | 25.23 | 44.32
93. | Ywdpnohw 31.88 27.93 | 22.53 | 45.17
94. | [nippdblUunwl 31.17 20.05 | 30.51 | 42.94
95. | Ujwudwnp 30.91 21.63 | 27.98 | 43.14
96. | Lbww 30.77 31.04 | 2421 | 37.06
97. | R2hdpwpyb 30.71 24.08 | 23.41 | 44.63
98. | MwwnuwLnpSyhubw 30.41 25.82 | 22.56 | 42.84
99. | Sngn 29.69 29.74 | 19.96 | 39.36
100. | Uugnjw 29.14 22.55 | 18.51 | 46.37
101. | Pnipyhuwdwun 27.5 27.04 18.2 | 37.26
102. | Uwih 27.45 24.71 19.12 | 38.52
103. | Uwyphnwuhw 27.09 22.21 22.27 | 36.8
104. | LGununn 26.21 25.41 20.46 | 32.75
105. | Unqudphy 25.62 21.9 17.82 | 37.15
106 | Unipw 24.51 15.42 | 23.35 | 34.75
107. | Qun 23.44 21.1 16.65 | 32.56
108. | Lhphw 22.24 19.28 19.9 | 27.55
109. | Undwih 21.98 18.01 19.35 | 28.58
110. | Unwuuwnwt 21.27 13.99 21.71 28.11
111. | Uhpphw 18.12 13.67 | 28.13 | 12.55

UphbGuyppwlwt buptyipph tbpnpdwt ptnhwapwlwt hwdwphyp®

Unynwiwy 1-h indyuijubph hwdwdwju, wyuhwyn £ wjt, np qupqugwd Gpypubipnud
whwnmwlwu onwyubpp Jwpnuw Gu UphGunwlwu huwnbitynh ubpnpdwu fupwiunwudwu
pwnwpwywunteintu, nphu twywuwnnw £ hwdwwywnwufuwt  Gupwywnnigywdpubiph
wnYwjniiniup, npwyjw| dwpnyuwiht Ywwhwwih /ubpnidh/ wnlwnyeniup: 2Qwpgwgnn
Bpypubpp' puwuwnwu, Uwjwghw U wju, wnunbuwywtu wéh no pwpgudwddwu
wnwowughly dhwnwutip G wpdwtwgpnd twb UphGunmwlwu huwnbtlynh ubpnpdwu

¢ Cwyppd ubpyuyugdwsd £ 111 Gpypubph Ybpwpbpuw) wbntlwwdnyeniup: Unwyb) dwupwdwut nb'u
https://oxfordinsights.com/wp-content/uploads/2023/12/2023-Government-Al-Readiness-Index-1. pdf:
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fupwfunwdwt pwnwpwlwunyejuwu hpwlywuwgdwu 2unphhy: Wu wnnwiny, pwjwywuhu
npwgpwy b <wjwuwmwuh nhppp’ 60-pn wbnp wndjw; wunpbwuwywnpgdwu dby, npp
wwpnibwynd £ qupqwgdwu dGd ubipnid, pwuh np <wjwunwunwd  wnlw  Gu
utwwuwnwynp wwydwuubp' hwdwwywwwufuwu Jwpnuiht ubpnid, hwdbdwunwpwp
pwnbjwyywd Gupwwnnigdwdputp, huswbu twle hwdwwwwnwufuwu
nwqdwywpnigjuu gnpdwpydwu nbwpnwd huwpwynp £ nunbuwlwu wéh wwywhnynid
twl wyju puwgwywnh qupgwgdwdp:

Gqpuljwgnipynit

UphGunwlwu punbGyunp  Yunngnnuwt  tpwlwyniyeniup  ghunwygnd  Gu
qupquwgwd U qwpgugnn  bpypubph  wnweunpnubpp,  thnpdwgbnubpu  nt
hwunwuwnieuwpwuutpp:  Wu  hwdwwwwnwufuwt  hnthnfunyeynutp £ pbpbnt
hwdwofuwphwih  wunbuwlwpgbpnud'  twwuwnbind  dwpnyngyuu  EYnynighwih
wpwgwgdwu tGpwnwlwu huwpwynpnyeiniuutph punwjudwup:

Cwldwwwunwufuwt nunbuwywtu nwgqdwwpnipjwt hpwlwuwgdwu nbwpntd,
nw Ywpnn £ bywuwnb| ny G woluwwnwunbntph thwydwup, gnpdwgpynypjuu wbhu L
unghwwywu yhdwyh Jwunpwpwgdwup, wj Ywpnn £ npuwlwiu wqnbgnyeiniu pnnub
w2fuwwnwunbinbph  wybjwgdwu, unghwwywu Jhdwlh pwpbjwydwl, wnunbunyejuu
wmwpwplnype puwqwywnubph  unwjwpdwt L Yuwnwdwpbhniygjwu  dwlwpnwyh
pwpdpwgdwu Ypw:

Uphtunwlwu huwnbGyunp gnpéniubinejuu b nbiph quwhwwundwu gnpdhpwownh,
hwdwpytph  ubtpnpdwdp  huwpwydnp £ Ynuypbin  wpdwuwagpt; wyn  ninpuinp
dtnppbipnudutin, wnweptpwgp U hGwnpupwgp, wpwg wpdwqwuupbing wbnh niubgnn
thnthnfunyeynwutiphu:

Wunwwdbuwyjuhy, wju ninpinh wunbudwu, hwdwwwunwufuwt Yupguynpnidubiph
pwgwlwniyejuu nbwpnw, Ywpnn Gu wpdwuwgpybi| bwb pwgwuwlwu npulinpnudubn,
huswhuhp &U'  wdjwiubph  wpunwhnupp, pwpnughnwlwu  /pwpbdwppnipjwu/
Jwppwlwunuubiph fuwfunnuubipp, huswbu bwl inunbuwlwu wuynwtu nL unghwjwywu
Yynpnwunubipp:
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THE INSTITUTIONAL SIGNIFICANCE OF ARTIFICIAL  INTELLIGENCE
IN MODERN ECONOMIC RELATIONS
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Abstract

Artificial intelligence is poised to reshapeetiglobal economy and the structures of both
developed and developing nations. Its probBstving capabilities and continuously evolving
processes are already impacting national, secamomic, and institutional development. This
transformative power offe humanity opportunities to accelerate progress across various sectors.

While opinions diverge, some believe Al will drive social weding, create jobs, and spur
economic growth. Others express concerns that it could lead to job losses, increasedynmempl
and, ultimately, contribute to societal decline

Keywords Artificial Intelligence, "Al Economics”, developed countries, artificial
intelligence implementation, scientific and technological progress.
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Abstract

Meaning processing problem is a critical aspect of natargjuage (NL) processing. Recent
advances in deep learning techniques, particularly the ability to operate with the entire human
recorded data and transformsased architectures (e.g., GPT, BERT), added new opportunities for
text understanding capabilities

We aim to advance in learning expert meaning processing (LEMP) for a comprehensive
professional English vocabulary.

Overcoming the complexity of LEMP we are focusing on a specialized combinatorial class
known as reproducible game trees (RGT), whichblsaadequate modeling of meanings. RGT
problems share unified solution properties, where advancements in one sub problem can extend
across the entire class.

In this work, we focus on the first phase of the research, aimed at advancing expert meaning
processing, for the kernel RGT problem of chess, developing and testing models fore@xing
and meaningdext transformations, tailored to expéetvel knowledge of the domain.

Keywords Meaning processing, combinatorial problems, natural language pragessi
1. Introduction

1.1.In Cambria et al. Natural Language Processing (NLP) is defined as a branch of artificial
intelligence that enables computers to understand, interpret, and generate human language in a way
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that is valuable, engaging, and meaningfin Bender, E. M. et al on its turn Natural Language
Processing is defined as the science and engineering of enabling machines to comprehend, reason
and produce human language through computational techniques, capturing both literal meaning and
contextuhicues to respond in a coherent maAner

As a subset of artificial intelligence, NLP spans various tasks, including language translation,
sentiment analysis, and information extraction. However, within NLP, the task of meaning
processing, or understandiagext's semantic content to use that meaning in contextually appropriate
ways has remained complex and is less directly discussed.

Meaning Processingn NLP seeks to extract not only the surféeeel representation of words
and syntax but also the imigt, contextually driven meaning conveyed in text. This level of
processing requires the system to handle ambiguity, contextual nuances, and inferencing, which are
deeply rooted in human cognition and knowledge of the world. For NLP models to "understand"
meaning in this way, they must go beyond statistical associations to capture more nuanced semantic
relationships, which remains a cuttiedge area in Al research.

1.2. Popular models like GPT and BERT, despite their impressive language generation
capabiities, face challenges when it comes to meaning processing:

Shallow Semantic Understanding These models rely on vast amounts of data to predict the
next token, but they lack an inherent understanding of the meaning behind words. They process
language bsed on token probability and pattern recognition rather than actual comprehension.
This probabilistic approach can lead to responses that are grammatically correct yet contextually
inappropriate or misleading.

Lack of World Knowledge and Inference While models like GPT can be finened with
fact ual knowl edge, they do not #Aknowd or fAund
that require a deep integration of world knowledge or understanding complex human values and
intentions ae often beyond the capabilities of these maodels

Ethical Implications and Misinterpretation of Meaning: Incorrect or shallow interpretations
of meaning in sensitive applications can lead to ethical issues, such as generating biased or harmful
content. Tle lack of true meaning processing means that these models can perpetuate stereotypes or
provide misleading information unintentionally, raising concerns about their deployment in high
stakes environments

Transferability and Adaptability : Current LLMs $ruggle to generalize effectively across
domains without extensive firtening. Meaning processing would ideally entail adaptive, domain
agnostic understanding, which is currently beyond the reach of even advanced models, limiting their
practical applicatin in varied and dynamic contexts

1.3. The development of texheaningtext transformations, has been shaped by pivotal
l inguistic theories and technol ogi cal advance

1 Cambria, E., & White, B., Jumping NLP curves: A review of natural language processing research. IEEE Quaputati

Intelligence Magazine, 9(2), pp. 4%, 2014.

2 Bender, E. M., & Koller, A., Climbing towards NLU: On meaning, form, and understanding in the age of data.

Association for Computational Linguistics (ACL), 2020.

SMarcus, G. , &3 ,DaBtyi @ e hGANMTfguage model & hasal hiond dab o w

Technology Revi ew, 2020

4Bender, E. M., Gebru, T., et al., On the dangers of stochastic parrots: Can language models be too big? Proceedings of

the 2021 ACM Conference on Fairness, Aatability, and Transparency, 2021.

*Bommasani, R., et al., On the OpportunitP&68af2d022RB s k s
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of transformational grammar in th@30s, which proposed that language could be understood through
transformations from meanings to téxt

Further meaning processing systems relied heavily onbaged approaches inspired by
Chomskyods theories. Syst ems | iukcesseE Inltexhdanimgn d S|
transformations, albeit within limited contexts and applicatiohater in the 1990s probabilistic
models started becoming more popular. These models attempted to approximate meaning through
statistical language pattefns

A recent study on language processing approaches meaning through cognitive architectures.
Research in this field, such as cognitive task analysis for rapid procedure acquisition from written
instructions, views language as a form of procedural knowledge thdteckearned and executed.

This approach requires gedirected procedures to be explicitly defined within the text, allowing
systems to interpret and act upon instructions as actionabl€ steps

1.4.Work on meaning processing has been conducted alNX$since the late 1950s, initially
focusing on two primary aspects: linguistic and mathematical. The extensive work on machine
translation at the Computer Center naturally led to the objective of developing a specialized computer
dedicated to this task.

Igor Melchuk, a pioneering researcher of the-teeaningtext approach® and the originator
of the corresponding theory, was among the initial initiators and participants in this project. In the
1970s, a machine trans/| at opednAltlisoygh thexemvere \&idegpreadin G a
beliefs at the time that machine translation was impossible, these opinions have since been refuted by
advancements in the field.

Since its inception, IIAP at NAS RA has explored various aspects of language proeesking
meaning extraction. A group of programmers was organized to support the world chess champion
Tigran Petrosyan by developing a system, known as TEQP, for providing chess positions based on
text queries from experts. In 1973, Edward Pogossian was tagtkeddvancing this project within
the newly established fACognitive Al gorithms &
group that supported Tigran Petrosyan.

To enhance TEQP, an extensive expert chess vocabulary was extracted from available
knowledge sources and transformed into a comprehensive Repository of chess clasatfiers
ontology representing expert knowledge in chess. Approximately 300 units of the Repository,
including concepts, descriptions, rules, and other efetated texts, we systematically classified
according to traditional chess frameworks for analysis and simufdtion

A finite logic of predicate calculus with type variables was developed for the theoretical
analysis of chess concepts, enabling the specificatiorbidfeay compositions within the game tree.

This ontology was built as a hierarchical structure, where each layer includes models composed of
subordinate concepts with added attributes and procedures.

5Chomsky, N., Synta@&®b@ Structures. Mout on,
Wi nograd, T., Under st alredni cglPN7ZEtssr, a l Language. Aca
8Church, K. W., & Mercer, R. L., I ntroduction to the s

Computati onal Li 2¢yi 4d9198s, 19(1), pp. 1

°P. Langley, H. Shrobe and Bapgiid Kradzed uCrogg nd d g wies ittaiskn &

in Annual Conference on 1Agdxmaxh@xes in Cognitive Systems

IMe'lkI.A. ffrls Isjtstedd dzd dzc o doty iy f gafy Cenfiso ses bl gvadzp.8 1.4, 9 7 4

lPogossian E., Hamuauinyamy ¥n, MA, Repository of Units of

of their | Matirpomalt ahAdaodhesmy of Sciences of ABF&OBiOa, I 1 AF
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Later, several studies at IIAP focused on the Univedstvorking Language (UNL) and its
relationship to natural languages, including research on translating from UNL to Armenian were
conducted?.

1.5. Following the background in cognitive modeling, as well as the studies of meaning
processing held in [IARye approach to meaning processing (including text to meaning translation)
in scope of presenting them as systemic classifier®- place classifiefs. The approach
demonstrates adequacy in modeling various cognitive doings, while the experimentaldrisne
backing the theory, RGT (Reproducible Game Tree) Solvers, also touch the problems of text to
meaning problems. RGT Solvers have certain advances of modeling human doings for that specific
class of problems of combinatorial nature, including wide eaoigurgent problems. And for the
problem of text to meaning conversion we approach also from the perspective of expert language of
the domain. The results, as a rule, are being experimented with chess, where, as said abotieg
classifiersand their complexity is defined, where we attempt to enhance the knowledge integration
in RGT Solvers with the help of chess experts.

We assume that combinatorial games with known hierarchies of utilities and solutions in
spaces of possible strategiea game trees can represent Humatniverse (HU) problem with
proper adequacy Then, we narrow Humadniverse to the Solvers of Reproducible Game Trees
(RGT) problems with only a few requirements to belong to:

- there are (a) interacting actors (players, cetitqrs, etc.) performing (b) identified types of

actions at (c) specified moments of time and (d) specified types of situations,

- there are identified benefits for each of the actors,

- situations, in which the actors act and in which are transformedtlaéeactions, can be

specified by certain rules, regularities.

It can be confirmed that RGT problems and Solvers of RGT problems (RGT Solvers) are
constructively regularized, are models of Humblmiverse and human cognizers.

Many urgent problems of conmatorial nature, including marketing and management, network
protection from various types of intrusions by hackers, chess and chess like problems, certain
problems of decision making in battle fields, marketing (competing in oligopoly marketing
environmat) and management (supply chain management case, as an example) problems, etc. can
be represented as RGT problethRGT problems are reducible to each other, particularly, to some
standard kernel RGT problem'R e.g., ches§, thus, we get an opportity to integrate the best

12, Zaslawskiy, A. dveptlieseaanm btWocGe wnragywyar,ookup Aut oma
Generation", I nternational Journalyoh. Sofioam@BODlbgamdihaop
1%ogossian E., Constructing Models of iBa&, ng@m&wVWaCo,gni zi |
Pogossian E. (1983), Adaptation of Combinatorial Al gor |
l1Pogossian, E., Focusing management strategy provisio
Comput er Samiferaomtadmnd2 0relYhenrdeDvBain ,e s

Pogossi an, E. , Javadyan, A. & |l vanyan, E., Ef fective d

and Data MEBNAOhPt(ppPete2@bBrg, Russi a,

Pogossi an, E., rVvgbrgdpwpaA, , VOn&cGmpeting agents consi st
Autonomous I nt-AgéengenandybPaeamsMi niza@Q7 St. Petersburg,
Pogossi an, E. , Di onne, D., Grigoryan, A.r,ecCe®ut usreear ch.
empowering strategies against single ownship air threa
and I nfor mat i20{ Presebt)yBo | Y@ ewanQ 0 Ar meni a,

15Pogossian, E. Spepieryinsg. pénsenaltzedaé Conference of
Di gitallbMEBE. (Pprcel2®d®M&, Spain,
18Gri goryan, S., On wvalidity of personalized planning

Proceediergrsatoifonlait Conf erence of Computer Sci€”de . and
Yerevan, Armenia, 2015.
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known achievements in solving particular RGT problems into RGT Solvers letting us apply those
achievements to any of RGT problem. This also lets us to follow the common approach in
experimenting such systems.

For the successfutiedy of RGT expert meaning processing we reveal the following phases to
overcome. Thus, learning expert meaning processing can be defined with the following three main
phases of research

First Phase- Leveraging expert meaning processing for kernel RGblpm, say chess. We
consider the interaction with natural language as utilizing tool for expert knowledge. Starting with
RGT and the abovmentioned background we conduct meaning processing researches for the RGT
kernel chess problem, which includes

- Prepaation of RGT Expert Classifier Repository for Chess. The phase involves developing
and revising the repository of expéetvel classifiers for chess based on the chess.
Classifiers are organized by complexity to facilitate learning by RGT Solvers.

- Advanement in RGT Expert Learning by Complexity Levels. For each specified
complexity level of expert classifiers, we refine and advance the learning capabilities of the
RGT expert model iteratively and level by level.

- Verification of RGT Solver. Confirming wability of at the time already RGT Solver
learned classifiers, particularly by demonstration of abilities of learning, identification of
realities, meaning to text to meaning transition.

- Enhancement of Solver. We further develop RGT Solvers to imphnewresatbility to acquire
increasingly complex expert meanings and enhance the quality of méasnéxg and text
to-meaning transitions.

Second PhaseBroadening Scope to the Entire RGT Class. The research expands to the whole

class of RGT problems, aing for a comprehensive learning of expert meaning processing.

Third Phase- Expanding to Natural Language. This expands the successful results from earlier
phases to the whole natural language content.

1.6.In the following work, we aim to address sevesabtasks within the process of learning
expert meaning processing. Specifically, we focus onlsyegiep coverage of the first phase in the
outlined path: preparing expert classifiers for the kernel RGT problem of chess, conductitgevel
level learnng and validation of these classifiers, and proposing enhancements to the RGT Solvers to
address any limitations identified in previous steps. Later we also provide our vision on the further
development of the research.

2. Learning Chess Meaning Processing

As discussed above we start research of meaning processing by learning expert knowledge for
the chosen kernel problem of RGT class, chess, which has long been used as an experimental
framework by Al researchers, dawaiaklt)g back to C

The Chess Vocabulary defines collection of chess lexical units ordered by the complexity of
their interpretations and has 4 levels of.

a. Fristlevel contains chess classifiers such as lines, groups of figures, occupied fields,
etc.

b. Second levetlefines compositions of first level classifiers producing more complex
ones, such as empty line, chains of pawns, etc.

c. Fourth level in its turn describes complex classifiers like, mate, stalemate.

"Shannon, C. E. (1950) . Programming a computer for pl
25875
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Initial Level Classifiers. We aim to integrate the abowsentioned classifiers of chess experts
into RGT Solvers, thus we follow the leveling8f however to define them in a more flexible way
we introduce another, lower level of chess classifiers as an initialization level. This approach was
described in'® and defines 4 nuclear typésf or chess. They are #AFigur
ACoord Xo and fACoord YOo. Field, Figure, and
Bishop, appear as compositions of these classifiers.

RGT Solver acquires cheslassifiers level by level, iteratively enhancing its knowledge. Let's
discuss some examples from each level in chess vocabulary

First level of classifiers:i Ver t i c al Lineo and fAHorizont al
fields vertically and horizana |l | vy respectivel y. APhal anx of
specifications, which lets us define it as a virtual classifier, specify it for white and black, then for
each provide more specific definitions (virtual classifiers and their specificatiotisgipyessence,
are similar to abstract classes and their specifications in OOP). The base class represents just
composition of APawno and AKnighto as attrib
APawno and AKni ght 0 s peaahispegficatiog definesetsregalarities; le.g.t e
one of them i s: AKnight is in front of pawno,
of AKnighto is greater then ACoord Yo of APaw
+ 10.

Seond level of classifiers?! effectively covers some of classifiers defined at initial, first levels
of chess vocabulary, as well as second level. Here we discuss some of second level chess classifiers
and their acquisition ibsy d&Seflivreed 4iiOmpielnarvVetrd ifc

AOpen Hori zont al Lineo) defined in first | eve
Fieldo defined, which in its turn is a classi
is Aemptyo or as we define fAemptyField.ft = 0
AEmpty Fieldso aligned vertically. AReachabl ¢
containing two atttribut es: Pawvkdaso defireawhitefarkdi e | ¢
bl ack specifications, then for AReachabl e Fie
= Pawn.y + 10. Similarly, AField is Under At
basically matchesthedeini t i on provided i n with specifying

Third level of classifiers Lets discuss some of third level classifiers that were aquired by the
Solver and the approach for them. Firstly, this level starts with definition of some pawifics

classifiers, such as dAfield of promotionod, wh
attributes of Apawno and dAfieldo type, where
two specifications one for white and one ftadk pawns, where field.y for white is 8 and field.y for
black is 1, dAdcritical field for pawno, #dAphala

particularly for bishop, etc.

!8Nalgashy dre,veZoping software for formation and .acRuD sit
Thesis, Yer20a€6, Armeni a,
1Gri gor ReseaBch and development of algorithms awe procg
application to. resDsTlaecsies pr2®Wdrdéevwasn, Ar meni a,
2%Khachatryan, K. & Grigoryan, S., Java programSEUAr pr
Annual CoppebBdhce&erevahQlAr meni a,
2 K. h&chatryan, V. Vahradyan, Graphical Language I nterpi
Knowl edge, CSIT2011, Yerevan, 5p., 2011.
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Fourth level of classifiers This level discusses the definiton o f cl assifiert
iStal emat?)adde¢ta¢ | ednapproach to fimateod cl assi
This demonstrates the importance of dynamic classifiers integration into Solvers and their usage.

3. Revealed Shortcomings and Wayt Overcome

The preparation and acqusition of chess classifiers defined in demonstrates Solver ability to
acquire RGT classifiers, particularly chess ones successfully and adequately, which was also
demonstrated in, however it also reveals some limitatiand issues in Solver that need to be
overcome to enhance it further for the next steps of expert meaning proc&ssincularly the
following limitations were observed

- Some first | evel classifiers sucbhwasf |l di d!
have issues. To overcome the acquisition
subtype of diagonal separately, particularly we have two types of diagonals top left to
bottom right and top right to bottom left and define diagonalscesposite classifier,
specifying it having B fields, and for each number of fields specify their exact relationship
between each other, e.g. if we have 3 fields: a, b, c, then we specify b.x =a.x + 1, b.y=a.y
+1,cx=ax+2,cy=ay+2anda@o The way to define such classifiers with Set types
is in research.

- Square of a passant pawn defines the zone in which the opponent king is able to reach the
pawn before it is promoted. This requires calculation of number as an output and at the
momentSolver does not provide a way to define number directly as classifier. Same
' imitation appears when dealing with dyna
of promotion of a pawno.

4. Meaning to Text Transformations

In 2 we describe approach dusolutions for presenting RGT classifiers as humeatlable
texts, additionally ir?* approaches and solutions were provided Solvers in explanation problems,
particularly for personalized interactive tutoring to chess. The explanation is mainly reduced to
providing the description of each chess concept relevant knowledge, and the regularities appearing in
it, while providing ways for addressing concepts, to which the explained one is referred to. The task
of explaining RGT knowledge by constructing texscigtors for them from the nodes in the network
of classifiers is as described.

Algorithms for providing strict format text (humamderstandable) for queried knowledge by
RGT Solver, provide humareadable strictly formatted texts for the descriptiohsoncepts, and
since the structure of network of classifiers is based on HBD English language main dimensions and
OOP, the approach concentrates on proper descriptions of the extracted main relations. It finds the
parent concept of the desired one ansilder i bes with fAbed relation,
Afhaveo relations, e.g., AKnight has coordX, ¢
referred by described one can be queried and described afNexglél Networkbased classifis
support explanation of classifiers.

5. Approach to Enhance Solvers for Expert Meaning processing and Future Works

2Grigoryan, S., Hakobyan, N & Baghdasaryan, Plr.oecdeéSod v er
of I nternational Conference of CompUpe#32%ei ¥acevand Al
2019

2%, Grigoryan, Automating Acquisition and20Ex5I| anation
24s | Grigoryany ainedv eLl.opBenrgbel nt er acti veod Maetrhseomaatliiczae d PTruotk
Computer Sciencle32,vo20.1544, pp. 116
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To enhance the ability to acquire from text presentations we attempt to integrate ontological
graphs (OG) and acquire classifiers from thegpfs constructed by these OGBis approach can be
described the following way:

1 OG is learning sequentially, levbi/-level from the text
1 Atevery step, OG is learning new classifiers
1 Algorithms are kept outside and referenced from OG nodes

5.1.Creationand maintenance of an Ontology of the domain specific to the field. Develop and
maintain an ontology specific to the domain of interest. This ontology can be described using RDF
(Resource Description FrameworR)Schema or OWAS. Initially, the ontology $ manually created
and kept simple but can later be expanded automatically as new concepts are learned and integrated.

Below is a simple example of graph ontology visualization for chess pieces.

Figure 1

xsd:strin,
rdfs:range 9

chess:stepPattern

rdfs:range

)’c;vl.DatatypePrope r;:y\ >

rdf:type

rdfs:domain

haaPaasih] rdf:type — ——
1:ObjectProperty
CCrommaPomalet rafs-domain _owObjectProperty >
chess:ChessPiece —
\,| any mumber of squares horizontally or vertically | e, owl:Class
@’“"’R""k chess:hasPossibleStep —
rdf:type R chess:Step
6; < Pawn chess:hasPossibleStep chess:PawnStep2 forward two squares from start |
- - chess:hasPossibleStep T - rdf:type
chess:PawnStepl
chess:stepPattern
@55‘ rdfitype owl‘Ontulo@

Namespaces:
rdf: https/iwww.w3.org/1999/02/22-rdfsyntax-ns#
rdfs: http:/fwww.w3.org/2000/01/rdf schema#
owl: https//www.w3.org/2002/07fowl#
xsd: http:ffwww.w3.org/2001/XMI Schema#
chess: http:/fexample.org/chess #

A simple example of graph ontology

5.2. Transformation of a natural language text into a graph structure. Existing solutions can be
employed, with potetial modifications, to transform natural language sentences into sets of <subject,
predicate, object> tuples. RDF is a suitable candidate for formalizing this data in a format that is both
human and machireadable, it provides a structure for descrildng exchanging data, represented
as triples (subject, predicate, object) that can be visualized as a grapt’BERTuning is used as
a solution for the task. The steps of natural language text to ontology graph transformation are the
following:

a. Entity recognition, e.g. Pawn, Step,

b. Relation extraction, e.g. hasPossibleStep,

c. Mapping to ontology aligning entities and relationships with existing or new ontology
terms,

2°Brickley, D., & Guha, R. V. ,1RODRDVo SalieRac y Whe2s0d0adt p b h ¢
2P a tSechhe i der |, P. F. ., Hayes, P., & Horrocks, I ., OWL Web
Recommendati on, 2004.

2 Devliin, J-W ,Chamrg, KM, & Touttraamiorviang Ko f, [BeEeRdl : BiPdier ect
Language dUumder sPtraoceedi ngs of the 2019 Conference of t
Computational Lingui sti cs4:lVhHU 8nétnt plsa nludabd@eNBTBEgE/2230dlI90 gi e s
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d. Generation of RDF/OWL converting triple into the correct human and maehmeadable
format.

5.3. Storing the knowledge graph. The generated graph data should be stored for further
processing. This data, represented in RDF or other format, can be stored in files, databases (e.g.,
AllegroGraph), or converted into Property Grajbr storage in systems like Neo4j or Spark GraphX.
Using the SPARQL query | anguage, i nference e
possible to validate data, check for structural and semantic consistency, derive new facts from existing
knowledge

5.4.0nce the knowledge graph has been processed, it is transformed into an HBD model that
can be used by RTG Solvers. This involves mapping the graph data into corresponding classes within
the existing RTG Solver. OG contains data about classesxtslgind their associations and hierarchy
of classes representing algorithms. Algorithms are stored either as rules or links to external files
representing them.

A textual representation AA pawn i s arscthess
move, it can move two squares forward. It cannot move backward. It captures diagonally by one
square. o0

The visualized representation in the OG will look as follows.

Figure 2.

- T — rdfitype awl-Class )

— Pawn l first move and both squares must be empty ‘

_—
——— " dfscomment | A pawn is a chess piace that can move one square f

chess:Pawn )—
(‘ b chesshasMove

chess:hasMove

—

~—

chess:hasCapture

Maove one square forward

~—_ chessiconditions | target square must have an opponent piece

diagonal one square

Namespaces:
rdF: http:/fwww.w3.org/1999/02/22-rdf syntax-ns#

Tdfs: http:/fwww.w3.org/2000/01 frdfschemad#
‘awl: hitp:/fwww:w3.0rg/2002/07 /owl#
xad: hitp: ffwwww3.org/2001 (KM Schemadt
chess: http://example.org/chass#

An example of OG for chess pieces with actions.

Conclusions

This research outlines our approach to meaning processing and represents the initial phase of
advancing learning expert meaning processing (LEMP). We focus on Reproducible Game Tree
(RGT) problems, which we consider an adequate representation of Humnhaerse poblems, with
a specific emphasis on chess as the RGT kernel problem.
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While the full research path has been defined, here we have undertaken only its first phase,
which includes:

)l
T

Preparation of a repository of expert classifiers for chess.

Development ofipproaches for levddy-level learning of these classifiers and acquisition

of the chess vocabulary defined above by RGT Solvers.

Evaluation and validation of acquired classifiers, alongside identifying limitations of RGT
Solvers in accurately implemeng these classifiers.

Provision of solutions to address the identified limitations.

Looking ahead, this work paves the way for the subsequent research phases. In the second
phase, we plan to broaden the scope of LEMP to encompass the entire RGT ittisg, bu

on insights gained in this initial phase to create a more universally adaptable framework.
Specifically, we aim to provide tools for acquiring strategic knowledge from texts through
the integration of ontology graphs (OG), which support an apptepievel of
representation for classifiers and readrld concepts in texts.
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Abstract

Al has great potential to solve some of the most serious problems that exist in education today,
and to innovate teaing and learning practices. Specially developed for educational purposes, as well
as general technologies, have become actively used in educational institutions. Therefore, today it is
extremely important to use artificial intelligence in educationjzieg its key capabilities, to prevent
emerging risks and eliminate unforeseen consequences.

Keywords Al in education, Generative Al chatbots, hungemerated knowledge, necessary
safeguards, regulation by governments.

Introduction

Artificial intelligence (Al) has been transforming various areas of public life in recent years,
and higher education is no exception

As a branch of computer science that aims to develop intelligent machines capable of
performing tasks that typically require human intelligeniceluding visual perception, speech
recognition, and decision making, Al has enormous potential to solve some of the biggest challenges
in education today, bringing innovation to teaching and learning practices.

The global Al market, which was valuedagtproximately $87 billion in 2022, is projected to
grow at a CAGR of 36.2% between 2022 and 2027. The main driver of market growth is the
emergence of Abased business models. Atrtificial intelligence, which has become one of the main
drivers of technolog development, can expand capabilities, increase the value, and improve the
efficiency of business processes. This concerns the automation of routine tasks, the analysis of large
volumes of data, the creation of algorithms and models for degisatimg, he emergence of new
algorithms and communication interfaces, such as chatbots.

In an effort to challenge the West's dominance in technology and infrastructure, the BRICS
countries are increasingly focusing on cooperation in artificial intelligence, assiedRhas made
promoting cooperation in science and advanced technologies, including Al, a priority issue.

The main areas of implementation of the Digital Agenda of the EAEU until 2025 have been
developed in accordance with the Statement on the Digitahdayof the Eurasian Economic Union.
According to this document, digital transformation is the manifestation of qualitative, revolutionary
changes that consist not only in individual digital transformations, but in a fundamental change in the
structure othe economy. As a result of digital transformation, a transition to a new technological and

! Laura MahrenbagiMihaela PapaCan BRICS Bea Leader in Atrtificial Intelligence Governance? Mar, 27. 2024
worldpoliticsreview.com/bricgroup-artificial-intelligencegovernance.
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economic structure is carried out, and new sectors of the economy are created. Al helps in the
automation of production processes, resource management, optimafdtogrstics and forecasting
market trends. This helps to increase the productivity and efficiency of the economy. Digital
transformation triggers mechanisms for transforming the labor market, which will significantly
change the balance of supply and dedhtor labor resources. The qualifications and skills of labor
resources will have a significant impact on the efficiency of economic transformation processes. And
the importance of Al, its role in training personnel is difficult to overestifate.

The UNESO Beijing Consensus on Artificial Intelligence and Education (UNESCO Digital
Library) has developed recommendations to improve the readiness of education policy makers to use
artificial intelligence, to develop a common understanding of the opportuaitetghallenges that
Al brings to education, and thenplications for the core competencies needed in thesral
UNESCO, at its core, requires a huntamtred approach to Al.

In 2022, one of the largest global forums on education was betdJnited Nations Education
Transformation Summit, held withthe framework of the 77th session of the UN General Assembly
(Microsoft Word- TES_Workstream Concept Note 2803.doax.¢rg. The Summit adopted a
Youth Declaration dedicated to the role of education in solyiolgal problems and involving young
people in the development and implementation of education policies. Unfortunately, this task is not
yet being addressed at the proper level in Russia and other CIS countries.

Artificial intelligence is a rapidly developg class of fundamental capabilities that are
increasingly being introduced into all types of educational technology systems. Specially designed
for use in educational purposes, as well as general technologies, have begun to be actively used in
educationalnstitutions.

Considering Al, there are Narrow atrtificial intelligence (narrowly specialized Al), aimed at
solving specific problems in a specific area, and Artificial General Intelligence (general or strong Al),
capable of performing most of the taskshaiuman efficiency. Today, the main trends in artificial
intelligence include Generative Al (GenAl) as a step towards Artificial Super Intelligence, which is
predicted to have intelligence superior to that of humans.

In late 2022 and early 2023, with thdvent of new Generative Al chatbots, there has been a
shift toward exploring how Al can be used to create curricula and lessons, write educational materials,
create images, personalize student assignments and more. As these systems evolve ragdly, there
been a renewed focus on the benefits and risks of chatbots and Al in general in education. First, Al
can help achieve educational priorities in more efficient ways, at a larger scale, and at a lower cost.
Second, the relevance and importance arise frmrawareness of systdevel risks and concerns
about potential future risks. Third, concerns arise from the scale of possible unintended or unexpected
consequences.

Therefore, today, it is of utmost importance to prevent or at least mitigate emesgggsgmt
eliminate unforeseen consequences by using Al in education and realizing its key capabilities. And it
is not surprising that many countries are showing increasing interest in legislative proposals related
to the use of Al. The adopted legislativetsaand government decrees contain principles and
provisions, as well as measures aimed at their practical implementation, helping to achieve the set
goal.

These initiatives, along with other A¢lated policy actions from both the executive and
legislatie branches of government, will shape the use of Al across all sectors of society.

2 Legal portal othe Eurasian Economic Union, docs.eaeunion.org/pd121967pd 28072017 att.pdf
3 Beijing Consensus on Artificial Intelligence and Education, UNESCO Digital Library.
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The European Commission recently published ethical guidelines for educators on the use of artificial
intelligence (Al) and data in teaching am@ning?

A report from the US Department of Education outlines a number of concepts and frameworks
for ethical Al. It points to the urgent need for safeguards and guidelines to ensure that the use of Al
advances in education is safe, especially giveraticelerating pace of Al adoption in mainstream
technologies. Since policy development takes time, policymakers and educational institutions
together need to start now to define requirements, disclosures, regulations, and other structures that
can shape positive and safe future for all stakeholders, especially students and educators. The report
links these objectives to the following requirements:

1. use automation to improve learning outcomes while protecting human deueskomg and
judgment;

2. invesigate the quality of the underlying data in Al models to ensure fair and unbiased pattern
recognition and decisiemaking in educational applications is based on accurate information
relevant to the pedagogical situation;

3. provide opportunities to studiypw individual Al technologies, as part of larger educational
or learning systems, may contribute to or hinder the provision of equal conditions and opportunities
for students;

4. seek to support the use of technology to improve teaching and learningi@uit s
innovation throughout the educational process;

5. take steps to ensure human checks and balances are in place to ensure reasonable constraint
on any Al systems and tools.

The recommendations in this report aim to engage educators, policymakeests,exp
educational technology developers and providers to work together in a coordinated manner on the
pressing policy issues arising from the use of Al in education (Artificial Intelligence and the Future
of Teaching and Learning (PDF).

One of the obvioubenefits of Al is the personalization of learning, or in other words, providing
adaptability, which requires Al models that can handle different learning paths and multiple
interaction modalities. Such models must be tested for effectiveness to preveossibility that
some students may be assigned an inappropriate learning resource.

Al can be defined as automation based on associations. Many machine learning algorithms and
neural networks operate based on associative links between data or assacfati@asfrom expert
knowledge, which is essential for creating artificial intelligence products and extending computing
beyond traditional educational technologies. Unsupervised learning models use clustering, a data
mining technique that groups unlalski#ata based on association rules based on their similarities or
differences, finding connections between variables in a given data set, and not always using strictly
logical analysis. Therefore, in some cases, Al can promote the dominance of assba&invg dver
rational thinking. This can damage people's cognitive skills, leading to a superficial understanding of
information, a lack of stimulation for critical analysis, a tendency to subjective assessments, and
unjustifiably hasty conclusions and onohded decisions.

A major concern is the ethical, social and psychological aspects of the impact of Al in
education. Il nteraction with Al technol ogies ¢

4 European Commission, Ethics guidelines for trustworthy Al, Artificial Intelligemee the Future of Teaching and
Learning, www.eaeunion.org/?lang=en#resources.
5 Global MOOC and Online Education Alliance &UNESCO IIT&goc.global
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their communication connections and relatiopshin public life. It is important to be aware of its
potential negative consequences and take measures to mitigate and regulate them.

First of all, this concerns Generative Al (GenAl). Al chatbots, such as ChatGPT, provide a
fundamentally different usexperience than Al technologies that support standard search in search
engines. Search technologies curate and rank a menu consisting mainly ofgamnmeeated content
in response to user queries. Chatbots, in contrast, generate answers using-geachiee content.

They offer short, seemingly definitive answers to questions that can be useful to students and teachers.
A significant number of inaccuracies, errors, including logical ones, which we pointed out during the

4 discussions conducted with ChatGptrecently, are contained in its texts. ChatGpt has fully
recognized them (aapsc.info). But machine knowledge technology can become dominant, to the
detriment of humaigenerated knowledge. Al platforms, some of which already havemzaopoly

power, will gain greater dominance over Ul (user interface)

The development of Gnerative Al poses difficult problems for the future of education. What
will be the ratio of offline and online learning, the role of the teacher with the widespread use of this
technol@y? What changes will occur in the system of assessing knowledge and skills if Al utilities
themselves can perfectly pass exams, do term papers and theses, conduct qualification certification
of specialists? And ultimately, will the current education systeithstand the pressure of new
technology?

The pace of integration of Generative Al technologies into education systems in the absence of
comprehensive and clear regulation and control can be alarming. Cases of using insufficiently studied
and tested tectologies that have not yet been assessed by leading experts are not excluded. In such
cases, one of the main and most obvious risks of Al is its ability to manipulate users, especially
children and young people. Educational resources intended for usgcatiedal institutions should
be checked for the adequacy of content, age criteria, educational and methodological compliance and
relevance, as well as soealtural parameters. In May 2023, UNESCO organized the first global
meeting of education ministets share knowledge on the impact of generative Al tools on teaching
and learning, and to help create a roadmap for governments to collaborate with academia, civil society
and the private sector.

To this end, UNESCO has published Guidelines for the U&epérative Al in Education and
Research, which aim to address the distortions caused by generative Al technologies. It noted that
AGenerative Al can be a tremendous opportunit
and bias. It cannot be integed into education without public participation and without the necessary
safeguards and regulation by governments. o Th
educators make the best use of Al for the benefit of learners. They propose kegrsjepsrinment
agencies to regulate the use of GenAl tools, including mandatory data privacy protection and
consideration of age limits for their use. They set out requirements for GenAl providers to ensure
their ethical and effective use in education. Thaidelines emphasize the need for educational
institutions to review GenAl systems for their ethical and pedagogical suitability for education. They
call on the international community to reflect on their ldegn implications for knowledge,
teaching, leming, and assessment. The publication offers concrete recommendations for
policymakers and educational institutions on how to use GenAl tools to protect human agency and
bring real benefits to learners, teachers and researfchers

5 Armenian Association of Political Scientists, An abridged summary of four discussion dialogues witBROh4t,
https://shorturl.at/uiiRU
7 Guidance for generative Al in education and research, UNESCO Digital Library
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To implement new and corgx Generative Al resources, educational institutions and
ministries of education will need to create the required capacity in coordination with other regulatory
branches of government. Real cooperation between Al experts developing technologies and
applications for use and specialists in checking the safety of these applications and their suitability
for use, as well as in developing regulations, recommendations and ways to minimize negative effects
will be of great importance. In recent years, interesAliissues has been noticeable in Armenia.
Conferences on artificial intelligence have been heltAl Conf Armenia 2023", "Artificial
Intelligence for Business" (February 2024) and other events. In March 2024, the sixth conference on
artificial intelligerce was held in Yerevan with the participation of representatives of Deep Mind,
Google Brain, Google, Huawei, NVIDIA, AIRI, Sber, Yandex, Rosatom, VTB, Skolkovo, Moscow
State University, HSE, MIPT and other leading companies and research centers. Aomitberrgate
the first supercomputer center for artificial intelligence in the region in Armenia with the participation
of NVIDIA has been announced. A notable event was the Silicon Mountains 2024 Technology
Summit, held in Yerevan in November.

Above, we alked about how important it is to use artificial intelligence in education today,
realizing its main capabilities, while preventing or at least mitigating emerging risks and eliminating
unforeseen consequences. The adopted legislative acts and goveateaisons contain principles
and provisions, as well as measures aimed at their practical implementation, which contribute to
achieving the goal. Unfortunately, this most important area is missing from the draft Law of the
Republic of Armenia on Higher Edation and Science, which was recently submitted for
consideration. The draft law does not pay due attention to the legal regulation of the digitalization of
education, modern technologies and methods of both distance learning and hybrid learning (blended
learning) using artificial intelligence technologies. This may slow down the development of higher
education in Armenia, especially in the context of global trends. It seems that the creators of the draft
were guided by the provisions and guidelines ob2@ven 30 years ago. The draft law does not
outline strategic directions for the development of higher education and science in the Republic of
Armenia; it is unlikely to contribute to the achievement of a level by the education and science system
that caresponds to current development prospects.

Conclusion

Hopefully, the matter will not be limited to reports, statements and plans that exist only on
Apaper 0. It is i mpossibl e to ac hscaevngolvemerdoéf s uc
theeducati onal system. Unfortunately, the repul

institutions, are not doing enough in this direction yet. In order to solve this problem, it is necessary
to have an upo-date vision, clearly developed gsategulatory documents and developments, action
plans for the use of Al in education and scientific research in all the most important areas and spheres
mentioned above.
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Abstract

The traditional factors influencing human mental development have been supplemented by
humanatrtificial intelligence (Al) interaction. The capabilities of Al are truly impressive and, at first
gl ance, irreplaceabl e fpawea fhuUmamssesvang. a:
perspective of personal development, uncontrolled heddanteraction can lead to a number of
negative consequences. Humanity may gradually lose the achievements gained over the course of
evolution: critical thinking, reflection, independent decisinaking, a healthy identity, etc. The
present article analyzes the psydugital consequences of humaAhinteraction, anticipates the risks
that the human race may face, and proposes some steps and strategies for smooth adaptation.

Keywords Artificial Intelligence (Al), HumanrAl Interaction, Psychological Consequences,
HumanNeeds.

Introduction

Artificial intelligence is no longer a myth but a reality, regardless of how ready or willing
individuals are to apply it, be part of it, or accept the "rules of the game" in this new reality. Al brings
revolutionary changes to all @®of life, especiallin the field ofpersonality psychology. Therefore,
it is logical that one of the central concerns of the scientific community is the relationship between
Al and humans.

In this regardthe scientificcommunityis divided into optimiss and pessimists. Some believe
Al will enhance human capabilities and enable conftee humanAl cooperation. Others argue
that, as Al becomes a bearer of collective intelligence, humans will be left with fewer opportunities
in comparison. In such aestario, humans seem to be at a disadvantage.

Theoretical Background and Foundation:

There are undoubtedly lots of questions related to Al, and sometimes the responses are not
convincing.However, the questions raised by scientists are not intendedd¢zergrogressive
developments, but rather to identify the challenges humanity may face if we do not begin to
consider appropriate solutions, regulations, and strategies today.

The aforementioned concerns become even more relevant whesongsaler the futte
envisionedby leading scientists in the field of artificial intelligenegjo areopening the Overton
wi ndow. For instance, in his speech titled QA
Eart ho, Da v predict¥dahe épllowih . D,

- By 2030, some Al agents may demonstrate consciousness aawasdhess.

thttps:// www. | i nk eadrime ncioana /cpoonsptasn/y / i mc
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- Within the next 15 yearghere may bel billion humanoid robots, 300 million Al office
workers, and countless ndamological emotional companions.

- By 2035, the first country maggalize marriage with Al companions.

-By 2040, protests with slogans | i ke fARobot

- By 2045, society will include hybrid membérbiological beings with noibiological
implants, and vice versa.

- By 2050, the first country edd grant human rights to ndsological or hybrid entities.

According to the scientistpeaker, these changes require experts, executives, and investors to
reconsider humanity's place in this changing world.

The abovementioned predictions, at least, sdumpossible or surprising (a typical response
to the first stage of the Overton window), but it is a fact that artificial intelligence (Al) is already
being used in every aspect of life and science, finding its permanent position and significance as an
assistant to a specialist in a given field, carrying out tasks that a human expert would find challenging.

In the current conditiondyoth sides of the humaAl interaction are "satisfied," because Al
programs perform a number of professional functionsféiitate human labor.

For instance, students may believe that Al can provide themcoorprehensivenformation
than a lecturer or teachéiikewise,a child or teenager might prefer to ask Al questions rather than
consult a parent as "Al is more kn@adbeable and has a modern mindset," etc. In the latter case,
adolescenAl interaction often replaces parectild engagement.

As it turns out, the new humail interaction replaces traditional hum#ghuman
communicatiorform rather than merely supplentigny it. What aFPre the reasons for this shift, and
how do people perceive Al as a part of communication?

Interestingly,the personality profile of Al is one of the factors contributing to huin
interaction. A study concluded that GPT exhibits a pelggnaofile that ischaracterized by high
openness, agreeableness, and extraversion, but low conscientiousness and neuroticism. This suggest
that GPT tends to be creative, friendly, and outgoing, but also carelessmnd he study also found
that GPTS personality can be shaped by using different prompts or instructions to elicit specific types
of responses. Research has shown that matching the personality of a conversational agent to the user*
personality can improve user satisfaction, engagemest, and persuasion.

J. Balakrishnar& Y. K. Dwivedi, based on their reseafgtpropose a conceptual model
identifying three major Al factors: perceived anthropomorphism, perceived intelligence, and
perceived animacyrom the perspective of relative absoluteness, it is evidentthibae three
attributes are exclusive to humans.

Findings from another stufighed light on themotional, cognitive and behavioral changes
resulting from interactions between individuals and Al technologies. Participants' reactions to Al
varied, with somexpressing satisfaction and trust in their interactions with smart gadgets and virtual
assistant€EEmotional bonds were particularly strong when Al systems exhibited hlikegnaits and
empathetic responses. However, some participatpeessed feelingsf anxiety and apprehension,
particularly when Al's decisiemaking skills outperformed their own. These negative emotional

2Li o, W, Liu, J., Mi,u,& ASap ,BHNMEBHAXO 28hDaipaibnng LLM Person
Training-Gomukuwrean Xiakw apreprint ar Xiv:2410.16491.
SBal akrishnan, J., Dwivedi, Y. K. Convpeavwertdd ndil gActoardmea sc:

Oper 3B8BHIB87 (RBO2@ES$://doi . o0dyU408.91007/s10479
“Rayhan, Shahana, and Abu Rayhan. &quot; The Psychol o
Machi ne.0&Buot ;
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reactions were significantly influenced by privacy concerns and fear of losing control. What about
cognitive impact? Some particigarshowed symptoms of cognitive offloadimglying heavilyon

Al for routine activities, others claimed that having ac¢essast amounts of informatiamproved

their decisionmaking abilities. However, oveeliance on Al in some cases led to a dedinsome
peopl eds critical t hi-solkingskijls. and i ndependent pr

Participants' behavior also changed due to the integration of Al into various aspects of daily
life. Some adapted their communication styles when interacting with chatbots tad assistants
powered by artificial intelligence, while others altered their habits and routines by using Al tools to
manage their time and stay organized.

A phenomenon known as Al Anxiety (feelings of trepidation or anxiety resulting from the fast
devebpment of Al technologies) has emerged as a result of growing concerns highlighted by the
rapid evolution of artificial intelligence (Al). The primary source of Al anxiety is the fear of being
replaced by Al. Secondary reasons include the unchecked/ witadsie growth of Al, privacy
issues, false information generated by’Al.

In light of the aforementioned, it is reasonable to comprehend what might motivate individuals
to engage in a novel kind of interaction with Al, as well as the potential outcomgshahteractions.

To answer this, we must consider human needs. Understanding human behavior through the lens of
needs is an effective way to explain why people act as they do. At the core, much of human behavior
is driven by an attempt to satisfy cémtaeed8 physical, emotional, social, and psychologftal.

Selfdetermination theory (SDT) analyzes the crucial role of three psychological needs for the
personal welbeing: the need for competence, autonomy and relatedness. It means everyone wants
to becompetent, selfletermined, and a part of different social groups. On the one hand, Adman
interaction satisfies the above mwonh capabildyd n e e
and independence. On the other hand, this interaction may iresaetiuced cognitive functioning,
incompetence, lack of autonomy, and loneliness (Table 1).

Reliance on Al for everyday tasks or complex thinking may make people feel less capable.
When Al consistently produces accurate results, users may begin totlieutlmwn skills and feel
inferior. In workplace environments, comparisons between human performance and Al accuracy can
lead to anxiety and lower sedkteem. Users may feel that decisions are being made for them, which
can take away their sense of cohtithis phenomenon is already observable among students who
use artificial intelligence extensively to get quick answers to their questions. As a result, they often
stop researching or thinking critically about the information Al provides. But how relimlbieat
information? Do students truly understand the potential consequences of using it? It is important to
know that GP¥4 is not always completely reliable. It can distort facts, make reasoning errors.
Furthermore, it can generate misleading or haregatent’
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Table 1.

HUMAN -Al INTERACTION PERSONALITY PSYCHOLOGICAL
NEED CONSEQUENCES
Increasing Huma#\l Interaction | Relatedness Decreased Emotional Contact
with People, Social Isolation,
Loneliness
Decisions Made with the Help ¢ Autonomy Al Addiction, Loss of Autonomy
Al and DecisiorMaking
Al is able to Perform mor{ Competence Decrease in Competence,
Complex Tasks Identity Crisis, Vulnerability to
Manipulations
Collection of Personal| Protection Anticipatory Anxiety,
Information, Violation of Human Uncertainty Towards the Future
Rights,UncontrollableProcesses Disability to Adjust to the New,
Chaotic Reality, Trust Issues,
Risk of Misinformation
Pseudo Achievements Achievement, Competitiveness, Dependence
Success FOMO, Doubt about one'
Abilities, Self-Esteem
Distortions

Psychological Consequences of Hurfdrinteraction Through the Prizm of Some
Human Needs

Over time, users may internalize Al guidanoesuch an exterthat it overshadows their own
preferences. This can dease their initiative and increase reliance on external sources. When users
donodt grasp how Al reaches its deci simaking, t h
process. For instance, a person who depends solely on GPS navigation for dieationsfamiliar
areas, may stop noticing street names, landmarks, or alternative routes. If the GPS fails, they might
struggle to navigate even wédhown places. Their confidence in their ability to find their way
diminishes, leading to anxiety or helggmess without Al support.

Replacing human interaction with Al in areas such as in elderly care, companionship, or
therapy, may lead to emotional loneliness or weak social connections. Knowing that Al doesn't have
feelings or empathy can cause emotionasadinance, particularly when users are seeking emotional
support or human connection. Heavy reliance on Al may subtly change how people interact with
others, leading to impatience, reduced empathy, or social withdrawal. Individuals often turn to Al to
meettheir emotional and social needs. Since Al is always available, accepting, and affirming, they
may start to prefer interacting with it, avoiding r#fd social challenges, reducing social
engagement, and stopping reaching out to friends and family.elrshrt term, they may feel
comforted and validated, but they risk losing essential social skills such as handling conflict,
interpreting body language, or dealing with tough emotions in relationships. Eventually, they may
find it hard to form or maintaimeaningful connections with otheisturns out that while human
needs motivate human interaction with Al, this very interaction can disrupt the satisfaction of those
same needs, especially psychological ones.

41



The psychological consequences of hum&nnteraction presented in Table 1 are certainly
not exhaustive, and this list can be expanded. Furthermore, the concerns expressed are not rooted in
professional pessimism, but in professional rationality. It is obvious that humanity has entered a
gualitatively new stage of development. Following the same rational logic, it is essential to
emphasize potential negative consequences in advance so that appropriate steps and solutions can
be proposed, ultimately helping to prevent the emergence of a mentalbitagrsociety.

Conclusions

HumanAl interaction is inevitable. As we have seen, humans are interested in and motivated
to use various tools powered by artificial intelligence. It is also obvious that in this cooperation,
people must remain sober, consdpprepared, and digitally literate; otherwise, the opportunities of
humanAl interaction smoothly turn into risks, leading to negative psychological consequences.
One's own resources, selfficacy, independence, mental health, and cognitive functicang be
undermined.

Humans are social beingsersonal development and identity are shapéke environment of
people. Therefore, human-human interaction is indispensable and primary for a person's mental
health and welbeing. Interpersonal relationpls provide sel awarenesspersonal growth, and
changewhereas isolation and loneliness hinder these processes.

Al brings serious psychological concerns, many of which are still unknown or speculative.
Nevertheless, they highlight how crucial it is tddeess the ethical, social, and emotional
ramifications of Al technology. To guarantee that Al development advances benefit mankind in ways
that do not jeopardize mental health, societal cohesiveness, or individual autonomy, responsible
governance and relgion of technology are crucial. Developing transparent, hueeatered, and
ethically designed Al systems will be essential for reducing these hazards and fostering a harmonious
coexistence of humans and technology.

Recommendations

Provide digital and Aliteracy in education and public discourse to help individuals to critically
understand how Al operates and its limitations. Use Al as a tool for learning, not a replacement.
Ensure individuals are actively involved in decisioaking rather than outsaing complex
thinking. Maintaining cognitive engagement preserves critical thinking, deseisaking, and
confidence in oneds own abilities.

Encourage regular, meaningful interpersonal interactions in both personal and professional
contexts. Human relatiships are vital for emotional support, identity development, and
psychological resilience. Constant interaction with Al can lead to emotional detachment or flattening.
Foster habits that strengthen emotional regulation and psychological resilidreenindfulness,
social support, and breaks from technology. Offline time restores mental balance.

Advocate for Al systems that are designed transparently, respect privacy. Technological tools
that are poorly aligned with human ethics can exacerbate social litggoenipulation, and
psychological harm. Integrate mental health impact assessments into Al policy development,
especially in education, healthcare, and workplace. Preventative psychological care is more effective
than reactive care; thus, policies moshsider longerm emotional and societal effects.
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Abstract

This article is devoted to forecasting economic development scenarios using artificial
intelligence methods. It aims to explore the conceptual frameworks, challenges, opportunities, and
expert opinions surrounding Al's potential applications in economic forecasting. It is emphasized,
that the correct and ethical use of artificial intelligence significantly contribute to developing
economic scenarios, institutional development and ensuring-tésng economic efficiency.
However, as noted in the article, there are also certain risks associated with the adoption of Al. One
of the most discussed job displacement, which could lead to social consequences.

Keywords: Artificial intelligence, developing economic scenarios, future economic trend,
economic predictions, data privacy, business strategy.

Introduction

The continuous development of thelghl economy will inevitably lead to the expansion of
artificial intelligence (Al) usage and the reassessment of its role across various sectors. These
emerging technologies, which are already improving economic modeling, business efficiency, and
public pdicy formulation, could significantly alter both the structure and functions of the global
economy.

In recent years, artificial intelligence (Al) has emerged as a transformative force across various
sectors, with its potential to revolutionize economiefasting at the forefront. As global economies
face increasing complexity and uncertainty, traditional methods of economic prediction often fall
short in capturing the dynamic and interdependent nature of modern markets. Al, particularly machine
learningalgorithms, offers new possibilities for analyzing vast datasets, identifying patterns, and
making more accurate and timely predictions about future economic trends.

However, the application of Al also brings with it a range of social, economic, polarual,
psychological consequences that require careful consideration and responsible approaches. While
these impacts may improve certain sectors, they could also pose new challenges related to changes ir
the labor market, data privacy and security issuesglisas political and social inequalitfes

This paper explores the role of Al in forecasting economic scenarios, examining its strengths,
limitations, and potential applications in shaping policy, business strategies, and global economic
decisions. By deing into both the opportunities and challenges posed by Al, we aim to highlight
how these advanced technologies are reshaping our understanding of economic dynamics and their
role in decisioAamaking processes.

Forecasting the economic trajectory of natichas always been a complex task, involving
numerous variables that interact in often unpredictable ways. However, with the advent of artificial

YMNttps:// hbr. oholozR4l t 8 axpsasdeaieadgioarr ke@ 1. 12. 2024 .
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intelligence (Al), a new era in economic forecasting has emerged, where advanced algorithms, big
data, and mdtne learning (ML) models are enabling forecasters to generate more accurate and
dynamic economic scenarfosn this article, we will explore the role of Al in economic forecasting

and its transformative potential for economic planning and deemsaking

Methodology and Literature review

The instruments of economic regulation have a significant impact in managing the social
standard of living in the country and in the global community. Several approaches are considered,
consisting of a predictive bloand a combination of empirical and predictive blocks. The aim is to
understand the practical applications of Al, as well as the perceptions and challenges associated with
its integration into economic forecasting. In this research we employ a qualifgingaeh, focusing
on the exploration of expert opinions and existing literature regarding Al's role in forecasting
economic development scenarios. Qualitative research isswedld for this inquiry, as it allows for
an indepth understanding of complekgnomena, particularly the evolving intersection of Al and
economic forecasting, where theoretical and exipesed perspectives are crucial. For reviewing
literature or expert opinions, we use content analysis to evaluate how Al is currently beingapplied
viewed in economic forecasting scenarios. This qualitative research methodology provides valuable
insights into the role of Al in forecasting economic development scenarios, offering a nuanced
understanding of its potential applications, challenges opportunities. Through expert interviews
and an irdepth literature review, this article aims to contribute to the growing body of knowledge on
Al 6s capabilities in economic forecasting anc
predictions.

Most relevant studies emphasize that Al has the potential to significantly impact economic
growth in wvarious ways. For Foveastipglwith Artificialt h o r ¢
Il ntelligence: Theory and Appl ovm@forecasting accueacyp h a s
using neural networks, met@arning and deep learning for economic scenrits the book titled
AArtificial I ntelligence in Forecasting: Too
business and economic forecastimgJuding advanced neural network methods and case studies in
diverse industrie$The economics literature is still undecided on how Al may transform society, with
a lively discourse evident in the literature. Some have pointed to the authoritariarapoteXxl and
related smart technologies, especially in the wriosigds>Some have pointed Al 0
role in macroeconomic planning and its challerfyes.

Analysis
The world is witnessing an intensive growth in investments in Al, as well aetledopment
of national strategies and programs aimed at advancing this field. According to the International Data

" Yong Qin, Zeshui Xu, Xinxin Wang, Marinko Skare, Artificial Intelligence and Economic Development: An
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Corporation (IDC), government and business spending coeAlric systems is projected to
exceedb300 billion by 2026

According toPwC, Al could contribute up to $15.7 trillion tihe global economy by 2030,
which is more than the current output of China and India combined. Among the leaders in Al
development are thenited StatesChing the European UnionJapan and South Korea These
countries and regions possess strong scierdiid technological bases, large markets, consumer
demand, and active support from both government and busineddnité@ Statess the global leader
in Al innovation In the USA operate the largest technology companies, such as Google, Microsoft,
Amazam, Facebook, and IBM, which develop and implement cutithge Al solutions across various
sectors. The US also hosts thousands of Al startups, which attract significant investments from
venture capital funds.

The United States also has a strong academitonment for Al research. Leading universities
such as Stanford, MIT, Carnegie Mellon, and Berkeley train highly qualified Al specialists and
conduct both fundamental and applied scientific research. China is one of the largest Al markets in
the world ad one of the most active participants in international cooperation in this field. China has
signed cooperation agreements on Al with more than 20 countries and regions, including the United
States, the European Union, Japan, South Korea, India, Ruskiathans. China is also involved in
the development of international Al standards and principles within frameworks such as the UN,
OECD, G20, and other international organizations. China recognizes the importance of ethical and
legal aspects in Al develomnt and is committed to building responsible, trustworthy, and secure
AlS8

Armenia is not staying on the sidelines of this process and is actively developing its Al
ecosystem, relying on strong scientific traditions, highly qualified personnel, andativeo
businesses. Armenia is known for its continuous development of the IT sector and gained its
reputation as the main Caucasian hub of software development, industrial computing, and electronics.
Due to the increasing number of investments in the,flélis one of the most significant sectors in
the Armenian economy. According to Armenian National Statistics Service, the ICT sector grew by
5,3% in the last year and its value was estimated at more than $170%million

There are 24 companies in Armetiiat provide artificial intelligence services. Armenia is set
to launch its first artificial intelligence (Al) supercomputing center, equipped with cugtigg
technology. The grountdreaking project is backed by a budget of USD 8.5 million (3.5 billitDA
and represents a significant | eap towards Arm
also faces a number of problems and challenges in Al development, such as insufficient funding,
lagging in hardware infrastructure development, low levéldigitalization in key sectors of the
economy, uncertainty in legal regulation, and more. To overcome these challenges, it is necessary to
strengthen government support for Al development, stimulate ppiiiate partnerships, improve
the quality of eduation and science in Al, and foster international cooperation in the field of Al.

Forecasting the economic trajectory of nations has always been a complex task, involving
numerous variables that interact in often unpredictable ways. However, with thé efdagrficial
intelligence (Al), a new era in economic forecasting has emerged, where advanced algorithms, big
data, and machine learning (ML) models are enabling forecasters to generate more accurate and
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dynamic economic scenarios. In this article, wi @xplore the role of Al in economic forecasting
and its transformative potential for economic planning and deeisating® [A. Wirjo, S. Calizo
Jr., G. Vasquez, E. Andres].

Economic forecasting traditionally involves predicting future economic Jeg&alsuch as
GDP growth rates, unemployment levels, and inflation datessed on historical data and statistical
models. Scenario analysis takes this further by building multiple plausible scenarios of the future
based on certain assumptions, such as clsamgeechnology, policy, or market conditions. This
enables policymakers and businesses to understand a range of possible futures and prepare for eack
However, these conventional approaches can struggle with capturing nonlinear trends, sudden market
shifts, and the vast complexity of interconnected economic factors.

As economies around the world become increasingly interconnected and complex, traditional
methods of economic forecasting often struggle to keep pace with the rapidly changing dynamics.
Artificial Intelligence (Al), with its advanced data processing capabilities and predictive power, has
emerged as a promising tool for improving economic forecasting accuracy and dewgiog. Al
can analyze vast quantities of data, identify patterns, andagemesights that human analysts might
miss, offering new possibilities for understanding future economic trends. Al enhances economic
forecasting in several ways, allowing for a more precise and nuanced understanding of economic
phenomena. Al can procesgssive amounts of data from diverse soudraesging from financial
records to social media activitytransforming raw information into meaningful insights. This
capacity to analyze both structured and unstructured data, such as text, images, anchaioless, e
forecasters to incorporate more data points than ever before. Besides, witheatdta integration,

Al can continuously update its predictions based on the latest available information. Fhirmeeal
analysis is especially useful for shtetmforecasts and helps respond to economic changes almost
instantaneously.

Here are some practical Application of Al in Economic Development Scenarios

1. GDP Growth Forecasting
o Al models, such as ML regressions and neural networks, are used to predict
GDP growvth rates by considering variables like trade volumes, investment flows,
and even internet search trends. These models are particularly effective for short
term GDP forecasting and can be fin@ed to analyze specific sectors, such as
technology or healttaze.
2. Employment and Labor Market Projections
o Alés ability to analyze vast dataset
factor in changing skills demands and automation trends. Policymakers can use these
forecasts to guide workforce development programasaaldress future skills gaps.
3. Risk Assessment in Financial Markets
o Al enhances risk analysis by identifying market sentiment, trading patterns,
and external factors affecting investment behavior. This capability is invaluable for
central banks and finaradiinstitutions that need to assess systemic risks and
safeguard economic stability.
4. Infrastructure and Urban Development Planning

wpP. S. Channe, , The I mpact ofMakli ngn BEpEmoamiumihikadreesc asntdi
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o Al helps in forecasting economic outcomes tied to infrastructure investment,
especially in urban areas. Al models can sineutatpulation growth, traffic flows,
and energy demand, guiding lotegm urban planning.
5. Climate Impact Modeling

0 Al is increasingly applied to assess the economic effects of climate
change, helping nations prepare for changes and mitigate risks. Focéngthnan
forecast agricultural yields under different climate scenarios, helping farmers and
governments adapt.

Challenges and Ethical Considerations

While Al offers substantial benefits for economic forecasting, it also poses challenges. Data
privacy ®ncerns, particularly with the use of personal and behavioral data, need careful handling.
Furthermore, Al models can perpetuate biases present in historical data, potentially leading to skewed
or unjust policy recommendations. Transparency in Al modéjjdesmd accountability for Atiriven
decisions are crucial for responsible use.

However, the integration of Al into economic forecasting also raises important questions
regarding its limitations, ethical implications, and potential risks.

This SWOT analyis explores the strengths, weaknesses, opportunities, and threats associated
with the use of Al in forecasting economic development scenarios. By examining these key factors,
we aim to provide a balanced vi ewecorfomiddpoligys p ot
and strategy.

Strengths:

Data Processing Power:

Al systems can process and analyze vast amounts of data much faster and more accurately than
traditional methods, enabling re@he or nearreattime economic forecasting.

Predictive Accuray:

Machine learning algorithms can identify complex patterns and relationships within economic
data that might not be immediately apparent, improving the accuracy of predictions.

Adaptability:

Al models can continually learn and adapt to new data, impgoever time. This flexibility
allows for more responsive forecasting that can adjust to shifting global economic conditions.

Handling Complexity

Al can analyze mulidimensional data, accounting for a variety of factors (e.g., political events,
social tends, environmental changes) that impact economic development, offering a more holistic
view than traditional models.

Automation

By automating much of the data collection and analysis, Al reduces human error and labor
costs, freeing up resources for otkeonomic tasks or polieynaking decisions.

Weaknesses:

Data Quality and Availability:

The effectiveness of Al in economic forecasting is highly dependent on the quality and
completeness of the data. Inaccurate or incomplete data can lead to misleadiictgops.

Complexity of Algorithms:
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Some Al models, particularly deep learning algorithms, can act as "black boxes,” making it
difficult for analysts to understand or explain how predictions are made. This lack of transparency
can undermine trust in therkecasts.

High Initial Costs:

Implementing Al systems for economic forecasting requires significant investment in
technology, expertise, and infrastructure, which may be beyond the reach of some organizations or
governments.

OverReliance on Technology:

Over-dependence on Al predictions could result in policymakers ignoring qualitative factors or
historical context, leading to decisions that may overlook crucial human and societal dynamics.

Vulnerability to Bias:

If Al models are trained on biased or incdetp datasets, they may perpetuate or even
exacerbate existing biases, leading to skewed economic predictions.

Opportunities:

Improved DecisiorMaking:

Al can enhance the quality of decisioraking by providing more accurate, dal@en
insights, helpinggovernments, corporations, and organizations to make more informed economic
policies and investments.

ReatTime Economic Monitoring:

Al allows for continuous monitoring of economic conditions, which can help identify emerging
trends or economic crises kar than traditional methods, enabling more proactive responses.

CrossSector Application:

Beyond just macroeconomic forecasting, Al can be applied to specific sectors like labor
markets, trade, healthcare, and energy, offering granular insights intr-geetific economic
scenarios.

Global Economic Modeling:

Al 6s abi | it yscatedatagrononcuktidessoutces argl eegions makes it particularly
valuable in simulating global economic interactions and predicting how global events (e.g.,
pandemicsclimate change) may influence economic development.

Personalized Economic Forecasting:

Al can create more personalized forecasts for businesses or even individuals, offering tailored
insights that help stakeholders better navigate economic uncertainty.

Threats:

Privacy and Ethical Concerns:

The use of vast amounts of personal and economic data in Al systems raises concerns about
data privacy, security, and potential misuse, especially if sensitive data is not adequately protected.

Job Displacement:

The automation of economic forecasting and decisiaking processes could lead to job
displacement in sectors reliant on traditional forecasting methods or human expertise.

Economic Inequality:

There is a risk that the benefits of-Aliven economic forecasiy may be concentrated in
wealthier nations or corporations that have the resources to invest in such technologies, potentially
widening global economic inequality.
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Risk

of Overfitting:

Al models, particularly those based on machine learning, can soraéwexfit" to past data,
making them less effective in predicting future trends if conditions change dramatically.

Geopolitical Risks

As Al is integrated into economic forecasting, countries may use these technologies for
competitive advantage, leadingt geopol i ti cal tensions, espec.i
influence global economic policy disproportionately.

Conclusion

Artificial Intelligence is one of the most promising and rapidly developing fields of science and
technology, with huge potaat for increasing the efficiency and competitiveness of the economy, as
well as solving complex social and humanitarian issues. With its ability to process vast data, recognize
complex patterns, and simulate various scenarios, Al provides a powerftdrtgalicymakers to
make informed decisions. By leveraging Al effectively, countries can improve economic resilience,
adapt to future challenges, and foster sustainable growth. The integration of Al into economic
forecasting offers substantial advantagesdarms of speed, accuracy, and complexity handling.
However, it also presents challenges, particularly around data quality, transparency, and biases. While
the potential for Al to improve decisiemaking and economic resilience is clear, careful managemen
and regulation are essential to ensure that the technology is used ethically and effectively, and to
mitigate the risks associated with its deployment.

49



ARTIFICIAL INTELLIGENCE (Al) IN ECONOMICS, MANAGEMENT AND
FINANCE: OPPORTUNITI ES AND CHALLENGES

Anna Hanisyan
Republic of Armeniarerevan
EUA, Chair of Management, Lecturer
RA Prime Ministe
PhD in Economics, Associate Professor
anna.hanisyan@gmail.com

Abstract

Artifi cial Intelligence (Al) has emerged as a cornerstone of digital transformation across
industries, driving efficiency, enhancing decisimaking processes, and fostering innovation in
economics, management, and finance. Among its transformative applicttisrssudy highlights a
novel approach: the use of -Alliven microfinance platforms to advance economic inclusion by
leveraging unconventional data sources such as mobile phone usage and social media activity. These
innovations democratize access to ficiah services, particularly for underserved populations in
developing economies, catalyzing equitable growth. This article providesdapiin analysis of Al's
impact, explores its opportunities and risks, and proposes strategies for sustainable aive inclu
adoption.

Keywords Atrtificial Intelligence (Al), Management, Finance, Economic Inclusion,
Microfinance, Systemic Risks.

Introduction

Artificial Intelligence (Al) has rapidly transitioned from a futuristic concept to an integral
component of moderusiness practices. In economics, Al is redefining macroeconomic forecasting
and microeconomic decisiamnaking. In management, it is streamlining operations, improving
customer experiences, and enabling dynamic resource allocation. In finance, Al andicatige
from fraud detection and algorithmic trading to personalized financial planning.

Despite these advancements, Al adoption is not without risks. Ethical considerations,
particularly concerning algorithmic bias and transparency, have come todfreritrSimilarly, data
privacy breaches and workforce displacement are pressing concerns. This research explores the dual
aspects of Al in economics, management, and finance, presenting solutions for leveraging its benefits
responsibly.

Opportumittiifeescioafl A ntelligence

1 Enhanced DecisioaMaking in Economics Al enables sophisticated analyses of large and
complex datasets, allowing economists to make informed predictions. Advanced tools, such as neural
networks and reinforcement learning, have bemlied to macroeconomic modeling. For instance,
Al-driven models predict inflation trends and GDP growth more accurately by integrathtignesal
data from diverse sources, including social media, government reports, and satellite imagery

M Agrawal, A., Gans, J., & Goldfarb, A. (2019he Econmics of Artificial Intelligence: An Agend&niversity of
Chicago Press, p.98
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Additionally, Al aids in behavioral economics by analyzing patterns in consumer behavior. This
insight is critical for businesses and policymakers seeking to optimize pricing strategies and public
policies.

1 Process Optimization in ManagementAl technologies are revolunizing organizational
management by automating routine tasks and enhancing operational efficiepoyvekkd tools like
robotic process automation (RPA) handle repetitive functions such as invoice processing, payroll
management, and customer supporificantly reducing costs and errors. In strategic management,

Al facilitates realtime decisioamaking by analyzing market trends and competitor behaviors. For
example, companies use sentiment analysis powered by natural language processing (NLB) to asses
customer opinions on products and services, enabling targeted marketing catmpaigns

1 Risk Management in FinanceThe financial sector has witnessed significant Al integration,
particularly in risk assessment and fraud detection. Machine learning algogtiatyze transaction
patterns to detect anomalies that may indicate fraudulent activities. A notable example is PayPal,
which uses Al to identify suspicious transactions within milliseconds, reducing fraud losses by over
509%. Al also supports portfolio amagement through rotamvisors!, which offer personalized
investment strategies based on users' financial goals and risk tolerance. This democratizes access tc
financial planning, making it more affordable and inclusive.

Challenges in Al Adoption

1 Ethical and Governance IssuesThe deployment of Al in sensitive areas like credit scoring
and hiring processes has revealed significant ethical challenges. Algorithmic bias, stemming from
skewed training data, can lead to discriminatory practices. For exangfd@0astudy showed that
some Al systems disproportionately denied loans to minority applicants, raising questions about
fairness and accountabilftyGovernance frameworks lag behind the rapid pace of Al innovation.
Current regulations often fail to addrase unique risks posed by Al, such as accountability for
autonomous decisions and the lack of transparency in “blackmodels.

Workforce Displacement: Automation powered by Al threatens to displace jobs in sectors
reliant on routine tasks. Accordingttoe report by the World Economic Forum 2823usinesses are
adopting automation more slowly than expected. Currently, 34% of business tasks are automated, a
modest 1% increase since 2020. This falls short of earlier predictions that 47% of tasks would be
automated by 2025. Expectations have now shifted, with 42% of tasks projected to be automated by
2027, ranging from 35% in reasoning and decisi@aking to 65% in information and data
processing.

Data Privacy and Security Risks:One of the critical challeges in Al adoption is ensuring
data privacy and security. Al systems often rely on large datasets, which may include sensitive
personal or organizational information. The collection, storage, and processing of such data raise
significant concerns about f@mtial breaches, unauthorized access, and misuse. Furthermore,
compliance with data protection regulations, such as the General Data Protection Regulation (GDPR,

" Brynjolfsson, E., & McAfee, A. (2017Machine, Platform, Crowd: Harnessing Our Digital Futui&'.W. Norton &

Company
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a legal framework that sets guidelines for the collection and processing of personal infofroat
individuals who live in and outside of the European Union) or similar frameworks, adds complexity
to Al implementation, especially in crebsrder applications. Al systems can also introduce new
vulnerabilities. For instance, adversarial attacks$ @ata poisoning can compromise model integrity,
while improper anonymization techniques might inadvertently expose private information.
Organizations must adopt robust cybersecurity measures, implement ethical Al practices, and
prioritize transparent datgovernance to mitigate these risks. Balancing the benefits of Al with
stringent privacy and security protocols is essential to fostering trust and ensuring sustainable Al
adoption.

Systemic Risks in Financial Markets:The integration of Al into financiaharkets introduces
significant systemic risks. Adriven algorithms, widely used for trading, risk assessment, and
decisionmaking, can amplify market volatility due to their speed and complexity. For instance,
algorithmic trading systems may respond tarket fluctuations in milliseconds, potentially leading
to flash crashes or unintended feedback loops. Moreover, the opacity of Al models complicates risk
management. Financial institutions may struggle to fully understand or predict the behavior of
complex machine learning algorithms, leading to errors or biases that propagate across the system.
This lack of transparency can hinder regulators' ability to oversee and mitigate risks effectively. Al
also increases interconnectivity within financial marketgkimy systems more susceptible to
cascading failures. A disruption in one segmemthether due to cyberattacks, model errors, or
systemic miscalculations could trigger widespread consequences. To address these challenges,
robust regulatory frameworkspgtinuous monitoring, and fadafe mechanisms are essential to
ensure that Al enhances market efficiency without jeopardizing stability.

The graph below shows the most common ways companies are using Al.

Graph 1.
Most common ways companies are using Al
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The Graph 1 highlights the diverse applications of artificial intelligence (Al) across various
business functions, underscoring its transformate in modern organizations. The data examined
reveal that the highest adoption rates are observed in customer service (56%), followed by
cybersecurity and fraud prevention (51%), and digital assistants (47%). Notably, Al is also
extensively utilized in cstomer relationship management (46%), inventory management (40%), and
content creation (35%), reflecting its versatility in optimizing operational efficiency and enhancing
customer engagement. Furthermore, product recommendations (33%), along with agcauahti
supply chain operations (both 30%), illustrate Al's significant integration in financial management
and logistics. The presence of Al in recruiting (26%) demonstrates its growing role in streamlining
human resource processes.

This distribution of Alapplications underscores its pivotal role not only in enhancing economic
functions, such as supply chain optimization and fraud prevention, but also in advancing management
practices, including customer relationship management and recruiting. AdditjoAB#lyuse in
financerelated domains, like accounting, highlights its critical importance in ensuring operational
accuracy and security. So, the widespread adoption of Al across these diverse functions reflects its
dual role as a driver of innovation aafficiency. Its integration into economics, management, and
finance demonstrates the technology's capacity to address the complexities of modern business
environments, enabling organizations to remain competitive in an increasingly dynamic global
market.

Scientific Contribution and Future Direction

This study presents a novel application of Artificial Intelligence (Al) in advancing economic
inclusion, focusing on the use of -Alliven microfinance platforms. These platforms leverage
unconventional data sows such as mobile phone usage patterns, social media activity, and satellite
imagery to assess creditworthiness with remarkable precision. This approach provides an alternative
to traditional credit risk models, enabling financial institutions to exteeditcto individuals who
lack formal credit histories, thereby addressing the gap in financial accessibility for underserved
populations.

Despite its promising potential, Alriven microfinance is currently limited to a relatively small
number of countriés While nations in countries like China, the USA, the UK, India, Bangladesh,
Mexico, Indonesia, the Philippines, and Kenya have embraced these innovative financial solutions,
the technology's adoption remains uneven across the globe. Many regions,gobrticose with
high levels of financial exclusion, have yet to integrate Al into their microfinance systems. This gap
underscores the need for broader implementation to unlock the benefitsliovéxd microfinance in
addressing economic disparities.

To bridge this divide, | propose expanding the adoption efldhten microfinance to additional
countries, especially those with underserved populations and developing digital infrastructures. By
leveraging alternative data sources andpBWered analytics, #se countries could significantly
enhance financial inclusion, enabling individuals without formal credit histories to access essential
financial services. Establishing such systems globally would represent a critical step toward reducing
inequality and fetering economic development.

T Margarete Biallas, Felicity eill. Artificial Intelligence Innovation in Financial Services. World Bank Document.
https://documents1.worldb&.org/curated/en/839801596184068790/pdf/Artifidiztklligencelnnovationin-
FinanciatServices.pdf
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This innovation represents a paradigm shift in credit risk assessment. Unlike traditional systems
reliant on static data like income statements or credit recorel$;ivin platforms analyze dynamic,
behaviorbased data. Forxample, mobile phone usage data can reveal patterns of spending and
saving, while social media interactions may indicate trust networks and financial reliability. Similarly,
satellite imagery can be employed to evaluate the economic potential of spetorficea, such as
agricultural productivity or urban smdlusiness locations.

Offerings and Applications

1. Credit Risk Assessment Using Al: Al algorithms can process unconventional data to develop
comprehensive risk profiles for individuals without traatital documentation. This enables financial
institutions to design tailored credit products that align with the unique needs of diverse borrowers.

2. Personalized Financial Solutions: Based ordAVven assessments, financial products such
as microloans or payent plans can be personalized. For example, loans may be structured to match
seasonal income variations or repayment schedules can be aligned with predicted cash flows.

3. Integration of Financial Literacy Tools: Al platforms can include embedded financial
education features, such as chatbots or interactive modules, to guide users through loan application
processes, repayment strategies, and financial planning. These tools enhance user understanding
building trust in the system.

4. Scalable Technology Infrastiture: These platforms can be designed to operate in areas with
limited infrastructure, utilizing lightweight, clodblased systems that require minimal connectivity.
This ensures scalability and accessibility in remote regions.

Expected Outcomes

1 Enhancedaccess to credit for underserved populations, enabling individuals and small
businesses to pursue entrepreneurial and economic opportunities.

1 Increased accuracy and inclusivity in credit risk assessments, resulting in lower default rates
and higher finanal system stability.

1 Greater user empowerment through financial literacy tools, fostering informed financial
decisionmaking and trust in digital financial systems.

The table below shows the innovation of Al in addressing traditional microfinance gesllen

Table 1
Aspect Traditional Microfinance Al -Driven Microfinance
Credit Static data (income statements, crDynamic data (mobile usage, social
Assessment |records) media, imagery)
Operational : .
P Costs High (manual processing) Reduced (automated preses)
Credit - ._||Broader inclusion through alternative
- Limited for underserved populatior . .
Accessibility credit scoring
Fraud Detectior||Manual, errofprone Al algorithms for fraud prediction

Comparison of Traditional and ADriven Microfinance Approach&s
Future Research Directions
To ensure the successful implementation and scalability of this novel approach, further research
should explore:

YThe table is prepared by the author
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1 Ethical Data Use: Establishing frameworks that prioritize transparency, fairness, and privacy
in data collection angrocessing.

1 Bias Mitigation: Ensuring Al models are free from systemic biases by designing diverse and
representative training datasets.

1 Sustainable Models: Developing cadtective and adaptable platform architectures to serve
regions with limited digal infrastructure.

This innovative use of Al in microfinance redefines the boundaries of financial accessibility
and inclusion. By addressing these key challenges and refining the approach, this study provides a
foundation for the development of equitabinancial ecosystems, fostering sustainable economic
growth and social progress.

Conclusions and Recommendations

To sum up, Atrtificial Intelligence (Al) is revolutionizing economics, management, and finance
by enabling enhanced decistoraking, processptimization, and innovative risk management. In
economics, Al provides tools for predictive modeling and behavioral analysis, empowering
policymakers and businesses with actionable insights. In management, Al automates repetitive tasks,
reduces costs, arehhances operational efficiency, fostering innovation in strategic planning and
customer engagement. Similarly, in finance, Al applications such as fraud detection, algorithmic
trading, and rob@advisors have redefined traditional practices, increasirty bfficiency and
inclusivity.

One of the key contributions of this study is identifying the transformative role-dfi¥én
microfinance platforms in fostering economic inclusion. By utilizing-traditional data sources,
these platforms provide accesscredit for underserved populations, catalyzing broader economic
development and reducing inequalities in developing economies.

Despite its transformative potential, Al introduces significant challenges. Ethical dilemmas,
such as algorithmic bias and kaof transparency, have raised concerns about fairness and
accountability. Workforce disruptions caused by automation highlight the urgent need for reskilling
initiatives. Additionally, Al's reliance on vast datasets poses risks to data privacy ang setuiet
systemic risks in financial markets underscore the importance of regulatory oversight.

To harness Al's benefits responsibly, the followiagpmmendationare made:

7 Organizations and governments ought to collaborate to develop comprehensive ethica
guidelines for Al deploymentThese frameworks should emphasize fairness, transparency, and
inclusivity.

1 Policymakers should adopt adaptive regulatory approaches, such-basesk frameworks,
to ensure Al innovations align with societal values.

1 Governnents and businesses should invest in education and reskilling programs to prepare
the workforce for Aldriven economies.

1 Transparent Al models that allow stakeholders to interpret decisions are essential for building
trust and accountability.

1 Specific to A-driven microfinance platforms, researchers and policymakers must work
together to ensure sustainable scaling while safeguarding ethical and privacy standards.

By aligning technological advancements with ethical principles, adaptive regulations, and
inclusive practices, Al can serve as a force for sustainable innovation and equitable growth.
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