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&5 Allilaracy in undsigraduale education is dafined as the understanding and abilily (o use, evaluate, and alhically
= s, It is measured thr cales and questionnairas that assess dittarant
Definition of Al Literacy
Al litoracy encompasses sovaral key dimensions:
Knowledge and Understanding: This involves a underszanding of Al concepts )
Usage: Ths zaility to eff y use Al tools and applications 2 9
Evaluation: |ha capacity to crifically assass Al tachnalog nd their implicaticns a
Ethics: Understanding the cthical considerations and societal impact 2 9
Measurement of Al Literacy
Alliteracy is measurec using varicus ools and scales:
Al Literacy Scale: Dsve oped for specilic or Chinese collags students, vehich
includes dimensions ke awarenass, usage,
Al Literacy Questionnaira: A somprshensiva ool asssssing kowledgs-ataled, operationsl, crilical, snd slbica
dimensions 3
® Al Literacy Test: A validated multiple choice tost to asscss Al liceracy among university students, facusing on
ad fundamental understanding and varianee in litcrasy lovels &
Insights fram Research
Alliteracy is crucial for edu atteinment and acacemic well-being, as demonstrated in studies involving
Iranian and Ch students 1
> There is a significant veriance in Al literacy smong students, influen s such as technic

s & Results
and prior experience ¢ .
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Comparison of Current Study with Previous Research on Al Literacy

The studly titled "Competency Model Approach to Al Litsracy” presents a novel perspective on Al literacy.

fistinguishing ilselfl fom p

vious resesrch in several key weys

Focus on Competcncy Modecls: This study cmphasizes the do

clopment of a multi level competency
mode! for Al literacy. moving beyond =arlier conceptual frameworks. Previous research may have primarily
focused on defining Al literacy without providing & structured model for assessment and development

Pragmatic Approach: The authors advocate for a practical pathway o Al iteracy that includes
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Compelency Model Approsch (0 Al Lilerscy: Research-based Pall from hnilial Framework 1o Model

Comparison of Current Study with Previous Research on Al Literacy

The shudy fi

c "Competency Madel Approach to Al | terary” presents a navel perspective on Al literacy,
distinguishing itself from previous research in several key ways:

Focus on Competency Models: This stucy emphasizes the development of a multi-level competency
madel for Al literacy. moving beyond ezrlier conceptual frameworks. Pravious research may have prmarily
focused on defining Al literacy without providing a structured mode! for assessment and development .

Pragmatic Approach: The anthars advocate for 3 practical pathway to Al liferacy that includes

competency assessments, This cortra

studies that might rot have addressec the practica

implementation of Al literacy In educational settings, thereby lacking actionable frameworks for educators

Research Matrix Proposal: The introduction of a rasearch matrix as a foundationzl stap for futura Al
literacy research s a urique contribution of this study. This matrix aims to guide systematic e¥forts in
expanding competancy creas and assessments, which may not nave been a

us in prior research .

Terget Audience: The study identifies a diverse range of groups that require Al literacy. including
consumers. co-workers, collaborators. and creators. Previous research may not have considered such a
broad audience. often focusing on specific groups like st

nts or professionals .

Call for Coordination: The authors highlight the need for a cocrdinated effort involving pub
and

ion aurlets
esezrch funding to advance Al literacy research. This call for collaboration may not have been as
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AlLiteracy across Cumculum Lesign: Invesugating Coliege Instructor's Perspectives
Artincial Inzzlligence (Al) is Incre3singly prevalent. permaating various aspects of and spreading across eaucarion. However, a comprehznsive undersianaing of Al applications and now/ to define Al Iteracy Is undzr Investigated. On this note. teaching ang
evaluating Al literacy necessitating educators to integ in course content. The implemsntation and utiiization of Al are reshaping college students’ experiences mznnery. Alimited efforts hzve been mace to premote artficial inteligence {Al) literacy for
Inciiduals at academic Institutions. This stuay aims 10 Investigate college INSUUCIOrS’ Perspecives fowards Al Intgration In curmiculum design 3t a higher education nstitution, Palestine fechrical university Kadoorie (PTUK). A mixed study approach Is utlized
with a pre-existing questionraire containing 14 items in this study 2nd 17 semi-structured interviews. The Cata wer= collected from nine different departments 2t PTUX. The target population consisted of college 176. The resuits revealed that college
INSUUCLOrs 3re percening Al lieracy at a weak degree In the cummiculum. Three themes merged from qualtalve data: PositNe Perspectives, Negative perspectives, and wilingness of Iniegration of Al ieracy across e cumculum. Recommendations include:
there is 2 necessity to incorporate Al lteracy curriculum design 2nd in higher educaticn context in different disciplines.

wang - vuan 2025

Artificial Intelligence in Higher Education: The impact of Need Satisfzction on Artificial Intelligence Literacy Mediated by Self Reguiated Leai

tion, fostering essential Al iitzracy among universty studznts has become vital. Nevertheless.
2s7gate the refalionsnips among three components. the fuMiment of Un\versity students tnree psychological needs.
llznges effectively. To examine these connections, a Cross-sectional survey was administersd to

the factors tnat determine Al teracy remaln Insufficlently definec. This fesearch grounded In s
self-requiated leaming strategies (SRLSs), and Al literzcy. The aim is o enhance human capital efficiency 2nd prepar
1056 Universty stucents. The indings reveal that satistying the three psychological needs—percelved autonomy, competence, and related plays a pivotal role In agvancing Al Ifracy ameng uniersity students. Acditionaly, four SRLSs—cognitive
jement. metacognitive knowedge, resource management. and motivational belisfs—acted as mediators between these psychoiogical needs and Al literacy. Consequently, this study not only enhances our understanding of the psychological and
benavioral cevelopment of uni 1y students during their ngagement with Al education but aiso provices theoratical support and practical guidance for fostering tneir Al iiteracy.

A 2024

Empowering Online Teaching: A System Review of Online Instructors’ Professional Development in Higher Education

NS WIth TS INtroduction of online caucation 0D
ming outcomes. It idertifies key determinants impac:

This paper
educationa

NGCS Of ONiine kcarning. highlighting that oniing caucation often yIZkis poorer oulcomes, WIth lower compiction rat
of interaction within online courses, and digital literacy. The study emphasizes the importance of nal developi
v cmpower students and teacners to chalienge OPPIeSSIYE SITUCIUTSS and to Cortmbute 1o
= faciitators of leaming. promoting active dialogue ard collaborative knowedge construction. The paper discusses scafokding siratzgies, promoting student agency. enhancing interaction, and

educational equity. It stresses the nzed for instructors to
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What is Al Literacy? Competencies and Design
Considerations

Duri Long
Georgia Institute of Technology
Atlanta, GA, USA
duri@gatech.edu

ABSTRACT
Artificial

(Al) is becoming increasingly
in userfacing technology, but public
anding of o technologies is often limited. There is
a need for additional HCI resea gating a) what
competencics users need in order to efiectively interact with
and critically evaluste Al and b) how 1o design learner-

ontered Al technologies that foster increased user
understanding of AL This paper takes a step towards
realizing both of these goals by providing a concrete
definition of A! literacy based on existing rescarch. We
synthesize u variety of interdisciplinary litcrature into
core competencies of Al literacy and suggest several
design considerations to support Al developers and
cducators i creating leamer-ceatered AL Tl
competencies and design considerations are organized in a

conceptual framework thematically derived from the
litcrature. This paper’s contributions can be used to start a
conversation about and guide future research on Al literacy
within the HCT community

Author Keywords

Al literacy; Al education; Al for K- artificial
intelligence; machine learning; computing education

css CONCEPTS

« General and reference~Surveys and overviews

ocial and professional topics~Computing literacy

+ Compu ethodologies~Artificial intelligence
INTRODUCTION
Artificial in ncreasingly intcgrated in

user-facing er, algorithms on common
p]a(lumh an be opaque to users, who often do not rocogaze
interacting  with Al [10,

mlmonupuuns can limit people’s ability to cffectiv
collaborate with, and sct as critical conssmers of AT [57),
Widely held misconceptions about Al can also lead to
misdirected regulatory action [124] and public letdown if

dy use.

Brian Magerko

ieorgia Institute of Technology

Atlanta, GA, USA
magerko@gatech.edu

Design and education both play a role in contributing to
public misunderstandings about AL Black-box algorithms
(i.c. algorthms with obscured inncr-workings) can cause
s about Al [S5]. On the other hand —cven
of techni

with more transparent technologics—a I
knowledge onthe part of the uscrcan lead to misconcepions

25). There is a clear need for a better understanding of this

space from the perspectives of both &

Rescarchers in the HCI comity have
public misconceptions of Al
Tk siae uf Al (g [46]) and explociog b 45 leisga
more understandable technology (c.g. [67]). Howeve
is a need for additional rescarch investigating what new
competencies will be necessary in a future in which Al
transforms the way that we communicate. work. and live
with cach other and with machines. We refer to this sct of
competencies as A1 literacy

Emerging rescarch is exploring how to foster Al literacy in
audiences without techmcal backgrounds. Within the past
ar, companics have pursued initiatives to broaden Al
education to underrepresented audiences in an effort to
increase workforce diversity [5.148]. educators have
published guides on how to imcorporate Al into K-12
curricula [145}, and researchers are exploring how  eng:
young leamers in creative programming activitics involving
AI[45.79.132,146,149). The “Al for K12 working group is
currently developing a set of stardards for K-12 classrooms
to determine what c: grade band \luuld know .:buu( Al
[130]. The group has also ideatified five * "
guide the standards development: 1) “Computers per
the workd using scasors”; %) ARy ek
models/representations of the world and use them for
3)“Computers can learn from data”; 4) “Making

ents interact with humans is a subs
developers™; and 5) “Al applications
both positive and negative ways™ [130]

ge for Al
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Artficial Intelligence (Al) Is becoming
nceeasingly inlegraled in user-facing
technology, but pubiic understanding of these
technologies i often limited. Thare is a nead
or agditional HCI research Investgating a
whal compelencies users need in order o
offedtively interact with and critically evaluats
Al and b) how to design leaner-contered
lechnologies that foster increased user
underslanding of Al This paper lakes a step
towards realzing both of those goals by
providing & concrete definition of Al iteracy
Dased on existing research. We syninesize a
variely of interdisciplinary lilerature info  set
of core competencies of Al literacy and
suggest several design considerations fo
Support Al davelopers and educatars in
crealing leame-centered Al These
compotencies and design considerations aro
organizad in a conceptual framework
thematically derived from the Iterature This
paper's contribubons can be used lo start a
converzation about and guide future rescarch
on Al iteracy within the HC! community.
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"Al Teaches Itself": Exploring Young
Learners’ Perspectives on Artificial
Intelligence for Instrument
Development

<scp>Al<iscp> literacy curriculum
and its relation to children’s
perceptions of robots and attludes
towards engineering and science:
An intervention study in early
childhood education

A study on the knowlodge and
percoption of artificial intolligence

Al Comics as Art: Scientific Analysis
of the Multimedia Content of Al
Comics in Education

Al Course Design Planning
Framework: Developing Domain-
Specific Al Education Courses

Al Education for K-12: A Survey
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AdAssuNAURUQA - nmswauuilasvsi1vn1sI9e

-~

vagduaanuuulasvsivviudsstlukirva ? Tagwiuds:zlauavil

——A——8——8——®
Jaaus:avAn1sIve aIAISIVY asaulludAQNISIFY 3815399 ANUd 1Ay UavAISIHY

s:ylkAsudiduLazsawu dofmuninsaunau osuelkdapuwsay styUszianms3de 38ms 95U191NSIVe U
UszlGuidavmsanms uwumw 1iudoya 1azMs3LASIA Us:louudalasin
goyantsuIzay

AdassuHAUAUG - mswasunlasvs1vn1s3de

m dredudsuuniidmissumuisslukdda “ ? lasiiunmsadungusunuaanudrAgyuav
Us:tGuidovmisiinw waunvaanavamwiymindovmsudilvagwdawu

dredumikua3anUs:avAnIsITaIKSURIGD “......” TasiiulhnsaunauusaGuidovmisiing
Tasvsivni1s3ve (Research Proposal) Ha:A0AEIVAURINIUAISTIY
Us:naudde: . ,
@edudeiaiunisidudksukata 2 Tngwiulknsaunaudsadundavmisinw wu
Usduiinado ., ANUAUWUSS:K3WAIUUSE, waRldoramsWaILn. wSoust1duR

1. unth (Introduction) = 5 i
davmsAuKIWuL

2. JanUs:avAmsive (Research Objectives)
3. ManuAsdde (Research Questions) @dudannuuasaunuraamsidediksukada * TagasursAvaaulsitiesion wu
4. pasaunudAamsive (Conceptual @uusdas:, frudsmu, uazdulsunsadau (H1id) wiaunvddenauwumwinaavaNuduus

Framework) sz uUsIKAT

5.58ms3ve (Research Methodology) drsdudanuuuisnmsidediksurdia ¢ 2 Tags:yds:ianms3de (1BoUsSua, 180

6. AudAtyyaRMIsIY (Significance of AW, KSDLULUKAD) wiBUAYaSUIB3EMISIAUSIUSILTaYA, NANGIDEIY, Ha:3EMSIIASIR
the Study) doyantkuran

7. dadhiauevms3ve (Limitations of the

S wedugunanudiAyguavmsIdodksukito . ? logosuinsimsiduua:uds:luytida
Study) (ahcovms) e

Wnlheddovadvls wu Ua3de, gUiuaviulugaaikassu, kSadmkuaulone
] TS . . e oy A = = reeur] : . i
Hrudus:yiadinauovnisidelukiio .2 lasaBuindviodunatvdvnadonnuuiud
wavmsAaw wu vauwamsiividoya, ndudredwoils, ndadasrdalumsiinsikioya




ufmavisadov [s:ykddomsise] lasi
agus:avAdoAnw [s:usagus:avams
358] Madwduisatisuustinadavisoluns
1usausaudoyanikun:auAumsaau
Sagus:avAnmikua

Jumadvrmssedov [nagnsmisdoaisdumswain
Agvdu: naauniSeuninavAasssasluds:inalng]
losidsanus:avAmsiduag 3 dofa [1. tkaAnw
wa:wWssutisuuuImomsiikuaulovie 33onmAd
nagns ua:na3sdunnudviuvovusenaan:iiou
tuaarakdnnswadukous:inalng ua:usendwna
tuus:inalne 2. isdAnwna:wWssutiguuusny
msdudunagnsmsdoaisadudvduvavusenoa
naigulunatakannswgukvus:inAlng uausen
thundtus:analng 3. WasasiRuudlivsuuuy
nagnsmsdoaisaumswWasunidgvduvovusen
vualkajluds:inalng] ;Madivduisadrouustin
nsaviialumsiiusiusiudoyanikuizaniums
asuaaus:avAny 3 Jolkkuioo:
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a 4o = ;o e s
@ nmmdanasavdalunsiiususnurayabisaaaaaviuianlszaeinsiia

PRI -4 < 5 ) = - 2
Nafiansdmaniifodas "nagmsmsdaasiunsenniideiu: aaaumdouainasansgsAalu

szmalng” Tasd Yaqilszasan1sisa 3 2a Junauuzh ie3asialunmsiAusiusiuiaya Avinzau

% < R RO o
dmiunnmauianbradurarda dolids

2 Janquszasdii 1 vladnsuasulSnuiisuuumenisiiuaulous Sdaviad nagvs uaznais
suanudviunasuiimianaiisuluaaiavannivdaivivlszavalna uazuivminunaty
szmdalng

wndavilaiuusi:

Andunuaitdvan (In-depth Interview)
TldmsumAndayaain {ususszduge wia WillAmiasAunsAivuauTmnauaznagvs 1aiasdng
Aad: annsaimzdnfonsanumnéa Emsdedula uaviduaviminasasdnsldaiwandua
Adaidu: nana wagdasiinmsedundiai1d

MIANHianals (Document Analysis)

dnwanaisiitizaias tziu o ulszanil (Annual Report), s1avuanudviiu (Sustainability
Report), uluununavavAns (Corporate Policies)

Wad: danaitlailarmiihmiemsuazainsaenaaauld

Aaidu: deyaaahinsauaaunnilsuduiidaondnm
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dumavinseidon [s:yRcdiamside] Iauﬁ:‘nqu:ann’w‘ia
finu [s:y5aqUs:avAms3de] disuuziilnsvasvuon
wvuasumnikinzau lasuvvibudrudwg wu doyawugiu
ANuAIRU ta:msus:iu tWalknsaunausagus:avAndikua

*n smisias
emudodiu

nauiimang: yaanstusdsmanadntusaesdnvdnduiolsavaing

Janszave: adsaiunisiuiuarmiionaladmfinagvsmsiaasanudofuiuivsiuans

& TasvasuuuEauaMnaNzaN
@il 1: Aayafiusiu (General Information)

Fastage: safutayah livasdnavauusaue i R As: SuarAnutonala

fanuEaH:
et O 2o O wegs 2 Su q (Tusasty)
21020301 0 31-40 1 £ 41-50 T 0 51 Tt
Aumison: O wilnau O d3ans O dudns O du 4 (Wsasey)

wwuavivi: O mseata O CSR O msusvandinius O thanda O 3u 9 (Tusasvy)

MdudavmsAaviuazwseutisuuudmvmsdutiunagns R LAY Y O datndt 18 0 1:58 06:109 O wnads 108

msdaasadudviugovusdnsan:iisuluaarakannsweg

wkvusanalng lnsfo:tiuuuasumuniods:iiumssugua:

@i 2: msdugiAmAunagnsnisdamsaudadiu (Perception of Sustainability
Communication Strategy)

anuwowalblAsdAunagnsmsdaaisanudviuiuda: Indstaon: salsuiusaunstufuaodauuuuERu M AnAUnaLEMsdamsa g sBunaaisn
usénimsdndumsavaduithsushuaainstuusén Audanng (azunluszau Likert Scale 1-5):

sunutsauuztilasvaswuavuuuasuauntkuzan log (1 = LisuFag, 5 = fufnnvige)

wuvtludiudivg As10u wu ﬁauav‘;umu n1sSUS AW yutAg s uiayadimAunagmgnisizasanudeiurauiimiiati? O Lite O tae (Tsessyinmn

walolunagnsmisdeaisanuduiiu uasswsigazidoalu

udazdulhkuson:

daonale)

vufiauuhlainmulonouasnazgnisiansanuthwanfdmnmiasfinla? 0 10203 0
405

yudufesensinndasGacarmdedurudenolaine? (dwmndanisuinnii 1 va)

0 Gulesaiin ¥

un3dgarulnagidnal 80% Waunis
AUKY MAWA:d10 uazdas:1isudaya
PIUDUNKIAA

uaztsainwev 20% tnuu
lums31As1:KUayadsv
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Step Aoutirioyadu (1BvUsLIA) AldulUUs:wanaia

mms3iasiRiaya W3desnludoviins:uoumsiii Data
Cleaning

ChatGPT awnsadwnislumisyas Cleaning dayald

asdvasudoyangudau (Complex Data): doyanbrhangr
metuwaddon wWu “Go-uwana’, “Suf-van Gugn
dandAAUDETOLU Kiadoyanldskadudau (Wu "ID-
1234-5678")

asyaaaudoyailiasvoi Format Afikua
(Inconsistent Formatting): dsduuuuanconu wu
“2025-04-10" “10/04/2025” “April 10, 2025” hSa
sUuuuanchoiu @ 000”, “1000”, “1.000”
K3aloyanibudannuindse:ludaiay Wu “au”, “1.530”

as29K1 Missing Data ua:tayanaawata (Errors &
Missing Data): Anowwan (NaN kSa NULL) wSadiayan
AaunGkSaIAUYaURIA WU 21glu “-20” stAndu “-5000”

msri1 Normalization ua: Standardization: msusuli
gayasglusUuuuntbumasyuidediu wu msmiksnus
Wudmwuvilkadrivkua K3a1danvkua

A unoums Clean Data &dajlau
Why data quality is a KING?

Parsing
msinindoya
Hsomslradovorsadoya

Duplicate Elimination
msaugOdRILE o)
{47,12,35,...12,..} L

Standardizing
msmdoyaliidusUivuiGeaiu

A

Correct Data
msinludoyaidiowaa

&)

)
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gauigu 2567: fiugngu 2567:
naaddus:zuu CBC 13unadaus:uu
vdv NT uazuaav i CBS tuvvwui

waawsnssai$oua: wWaUs:1iiu

wjug Us:ansmw

iurAn 2567 : 15U asan1AN 2567: uSun True nawvl 2568 (mamsai):
wuuis:uuudviisu nadaus:uu LIVE-Cell s:uuu:wSauldviuasey
Agriu Cell ’ Broadcast Service it luuwWuRua:ifoudadu
Broadcast Service g ; ansaudvifiouwsauiu Auduyviaisnavuav
Tas nany. ua:usen ¢ Karwmuwiuuu Real-Time mAsy
InsAuunAu AIS uas
True

A VISUALIZATION mistihiduadoyaldvomwiwalrviadamisiianudilonanisia

Ntk 1saydgasvuaztinauasaauilu “b

f o ' @ naaluanasEuATIATIZINIEY tsahevin bar chart
chart” “pie chart” m$asauzuovuda:Uus:16u ol o

. o R S .
unuafasazuasinnuiianilnnglusdaziundnuinlvimiasny

Percentage of Content by Theme (7] 2567)

Percentage Of Content By Theme (il 2567)

1

Theme

fida Bar Chart uaavesauazaavimnuilanvidsingluuaazsuvan 1 2567 Ay 5l

aniia bitiuladaaud 8y Digital Laws & Regulations uay Satellite Orbit Authorization ii3uu
lavidnngasiiqe ety Traffy Fondue ﬁ*um\ﬁ'amﬁﬂﬂnau”agﬁamat
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= il [~ 9
GenAl uuaatuuudniv
— == -— -: i =t |
Jauaaisddenaksalu ?
WaDINMSILASIEROVAUS:NDUIELASID (Explorative Factor Analysis) owudn
ausasandunssudiAgnAumstds GenAl Talu 3 dnweu=dAry Taud

GenAl as a Work 3 GenAl as a Research
Horse Accelerator

GenAl lugustA3aviio GenAl lugnu:adisy
gaddunu ASEUDUNISIDY

GenAl as a Language
Assistant Only

GenAl lupuzgIgaIU
MM

Embracing the
Opportunities of Al

Al has the potential to transform our world for the better. By

embracing its opportunities and addressing its challenges, we can

create a future where Al empowers us to achieve greater things.

G U Tomorrow Ka

e
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NEUSENBUNSUTIENEWITD “Al in Research Life Cycle” — Prompt for Research Process

& = o a s
YUndUN 1 ﬂﬂiﬂ’]‘p‘iﬂﬂﬂiy’ﬁﬂﬂ’li')%ﬂLL?I%‘VI‘U‘VI')U’JiimﬂiiN (Idea Generation)

nstmundssiudgmnsiseihaladuiuseuiiddglunmsiide Welilsdeds
muidutlagusasanunsaauaueildediauiade nisliieiosilo Al uas Prompt filusdvEam
Preliisaunsanunudeyavuialugainunanneg wu lelaiide unaued 91891
gpamnssy wazunauide Wessyuunltuwasussiuiihdsldsuanuals frfunoesdenlu
dauﬁaz‘dm‘lﬁﬁ%ﬁammm‘lﬁﬁ Prompt fifuusliiieszyUssdiuilygmnsidelfesaiissaninm

wazansailuiaunidemsidefine uauessieanudsinsuivswesdauuazgnavnssule

Sunaumsl¥ Prompt iletvuaUssiiutymmsiseiiinaula
Yunoud 1: mstmuaTderieUsuiuiiaule (Define Research Area)

1. szyvhdevieussifiuiinuaule wu mawannuinngsy, Busagshamudeu (Circular

Economy), Msdeansiitennuddu
2. syymdrgy (Keywords) fietesiuiitofiauls wWu Al Innovation, Business Models,
Sustainability

{l’sumauﬁ 2: n1siden Prompt fwanzay (Select Suitable Prompt)

\don Prompt Awnzauiuinguszasdnisium wu:

o Fomsfumusaiuiilduanuadlallsdeaiifie — 14 Prompt 1

o gesmsaumunlinlwianunaue s — 14 Prompt 2

o faamsrumnuwilimnsenueaamngsy — 1§ Prompt 3

o #RINNIAUM Research Gaps Inglddayavnuaneunas — 14 Prompt 4

o somsuszdiuanuduarlunsivide — 14 Prompt 5
Sumaudi 3: m3ld Prompt Lﬁas'mi'am’faga (Collect Data Using Prompts)
Prompt 1: mMsfumUssiiuiildsuanuaulennladeaiiie

Ansvideyaledeaiiiie (Twitter, Facebook, Instagram, TikTok) lugas [sxaviian Wy 6
Woudiiuan] iessyUssduiirdsldsumuaulasniigaluihde Fhdeviaulal. asuussiuiing
wazuansagansTnadviaunaunmnillifunisnauugean wiouviauansd Sentiment Analysis
(Positive, Negative, Neutral) warmadsuwadlupnuadladiedsututisnateunti
Prompt 2: MsAAsIziunamY e duvinuualdulng

APTILAUNANNTNNUNAIUEATY (WU BBC, Reuters, The New York Times, Bangkok

Post) Teunslug [szevian wu 1 Yk ey Wdefiaulal. seywwililninlasuns

Tne as.M557 Saian ©2025 / 1



wNANTUTENOUNSUSTONeWIUB “Al in Research Life Cycle” — Prompt for Research Process

= P o & & o w ° v o o a X P
watwusefian wieuvivasuusziiuddy wwammsihlUly wesmsiaunidiatulugravnssui
g

:
A vy

Prompt 3: ﬂ'li%tﬂi'lﬁﬁiﬂUQWNQﬂﬂ’Mﬂii&ILWE)ﬂHW’I HuURlHUNSHAILILAZA UMY

AATNIBIUNAMNTTUIINUMAITBYARA 4 (W McKinsey, Deloitte, PWC) MNEWns

U

v o

Tyt [szeznan Wy 3 Yk Rerdu Phdefiaulal ssyuunlifunsiaun Ysadiuilddu
msAnwegnadudu uazeuimedigslailasunmsudly wiomfiesueiuwliudnanannsa
ilimuhdemsidelmildedals
Prompt 4: msszmim':'Nms%é'amnmﬁmmzﬁtﬁamswuwau
Arseideyavnundsiivannvans (udaiiie, unanudm, Nenugnamnsy, umAN.
3%0) ifenfurhie Phdefiala) Tuta [sregnm wu 2 Yk, ssydssduiildzummaula
atheaiiles, Ustdiuiiintulml wasdseiuiiddhifimsfnwethafisane (Research Gaps). wua
demsiielmifaunsowanldnnmsinseii
Prompt 5: nsUsufiuanuduatlunisiiseannisiaszsiuualiy
UixLﬁul,l,miﬁuuazﬂszLﬁuﬁlﬁ%’ummau‘mmﬂLma'ﬁay‘asm o (wFeaiiiiie, unaam,
swnugaanunssy) luside Fhdefiaulsl. insgiissiulafinnudululdieeiannduinde
Woiituseleviuazduannniign Tnefiarsanaintadern o wu mwalsvesdiny, mnusioans
Tugpamingsy, wazdesienisideiinu. thiauedeiusuuziioriuimsianuvhioideduline
Uselomigean
%y'uﬁauﬁ 4: nwsa@nauazﬁnaua (Analyze and Present Findings)
1. Tinsesinadnsiildainnsly Prompt fiden
2. asUUssduiinuildsuanuaula uazdesinenidensilildzunisfinu

3. dnauerhtemsideimihaula nfeuuansszloviiavaudualunsyiidy

Tne n3./vi357 Sse¥an ©2025 /2
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v - < a
ﬂ'liﬂizl’,.lﬂﬁﬂ'd Al LQ‘IN'WVI"IQL‘W@ﬂ"Ii‘IIUVI’]ﬂ'Ji‘SﬂJﬂii&ILLﬁSi&'i{ﬂiSLﬂuﬂ"ﬁ’JQU

%
o

dwmsuludruvasmsuszandld Al Tunszuaunisideduneuiituaziiuluiinigly Consensus

uae Elicit lnauwamnsmsiiduauitomdeninglunsinide (Research Gaps) Tuussuiiieadiunis

@

o

Feuaziannuinnssuems Weendniaueiuuulvale dnad

ATNAILILAZUIANTTY
(Development and

Innovation)

AMATNMBUALUATIA
(Challenges and

Barriers)

NNSAUNNTBIIINITANEI

(Research Gaps)

msAnwUSeuiisu

(Comparative Studies)

“Food innovation and
product development”
“Innovative food products
in the food industry”

“New product development
processes in food industry”
“Trends in food innovation
and technology”
“Technological
advancements in food
product development”
“Innovative food processing
techniques”

“Emerging technologies in
food production”

“Novel food ingredients and
formulation”

“Innovation frameworks in
food product
development”
“Consumer-driven food

innovation”

“Challenges in food
innovation and product
development”

“Barriers to implementing
food innovation”
“Challenges in developing
novel food products”
“Obstacles in food product
commercialization”
“Regulatory challenges in
food innovation”
“Sustainability challenges in
food product
development”

“Ethical concerns in
developing new food
products”

“Technical challenges in
food processing innovation”
“Market acceptance of
innovative food products”
“Barriers to consumer

acceptance of novel foods”

“Research gaps in food
innovation and technology”
“Unexplored areas in novel
food product
development”

“Research gaps in
sustainable food
innovation”

“Understudied aspects of
food product innovation”
“Emerging trends and gaps
in food product
development research”
“Unaddressed challenges in
developing innovative food
products”

“Research gaps in consumer
acceptance of novel foods”
“Knowledge gaps in food
processing technology”
“Research gaps in food
safety and innovation”
“Gaps in innovation
frameworks for food

product development”

“Comparative analysis of
food innovation
frameworks”
“Comparative studies on
novel food processing
techniques”
“Comparative research on
consumer acceptance of
innovative foods”
“Cross-cultural studies on
food innovation
acceptance”
“Comparative studies on
technological
advancements in food

industry”

Tne 03551 S5a¥an ©2025 /3
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WwAAUSENOUNSUTTONEWITe “Al in Research Life Cycle” — Prompt for Research Process

Az lunislénueiesiie
dwu Consensus: assnamaaiduluiinnudealuusaiuiiaule wu
= “What are the most common frameworks used in food innovation research?”
= “What are the main challenges in developing innovative food products?”
= “What gaps exist in food innovation research?”
Tng Consensus Al azgaeliiiiunmsmin Useinuluuldsumsfnwiegaunsvans wie
Usziiuluiidaduiianideser
d193u Elicit: Werduilifeatosiuusuiudngg idesnswizan wu
»  “Research gaps in food innovation and technology”
= “Challenges in food product commercialization”
= “Consumer-driven food innovation frameworks”
Elicit Al Sugnanseldiliaes Report Generation %58 Notebook View Wiy Literature
Review a8 Wazidun waziisuifisudayannnatsundmiontu dufusnfsansolilunms

o a & ao = 9 v 1 9 don = ' =
NIV Nﬂia‘ULLU'Jﬂﬂw5835ﬂ’ﬁﬂﬂwq‘hﬂ'ﬂm‘lﬂlﬂﬂ LLa%Ui%Lﬁiﬂﬂu‘Vmﬁl&mnqiﬂﬂ"i‘ﬂaﬂr]\'iﬁzlaaﬂﬂ

wadaiafsianisideuniaizasnniu

v v 2

1. ddesmsiiuluiiviunvestsemelng (Thailand) awnsauiind1in “in Thailand” adlulu
fAule WU “Challenges in food innovation in Thailand” %3 “Novel food product
development in Thailand”

2. annsavfuudsiAui el uusundideanisanuld wu drdesnisiiuil wansusi
mmﬂﬁaqmmw (Healthy Food Products) 1519191912 97iaz14#191 “Health-oriented
food innovation” wdathdesnsiiuiinudstu (Sustainability) niilddin “Sustainable

food product development” TludAulatae

@

Whmnevesmsld Consensus wae Elicit Al dudulditelismesfiuemisefiiedodas
Tusndufissfosdudusemuuuidug Tng Al v 2 il avdhedansesuideiifiang
Aendestudsadudemiisalaunisldhnsdnvuasdimsasdomamauasng
Aenfumsdenlomaveanisinuauidese Aifedeaiionsulandnuidedisnly

pgraduszuu wasiansaaudlualenauidenieg Mineteadiotundnwiiuils

Tne n3./viss" Ssavan ©2025 / 4



LNETUTENBUNISUTIENEWITD “Al in Research Life Cycle” — Prompt for Research Process

Scispace Al nwilaiatasiiodndnlun1svinnisnumiuassunssu (Literature Reviews)

Scispace (W¥aiRuEEN1 Typesetio) iuadesile Al fivaelwenuenansise (PDFs) uay
Anseiilewldedrsiivsvaviam Tneiflwesilansuie “scispace Copilot” atheaduneifom
fogluvnmuidefif ey uazdrsnoumouisafuidomluunamudug fegesanda Fad
AIINzaNeE 1 funsuiidesnisdilaenansisededn ¥39MINTIEOUTBY AR
59157

- SciSpace U591 Literature Review ({lpfasgulonansnuidenalgativ) vuneainy

1Y F= -

71 5ansaUszgndld Scispace itgunariinnsilonansideiitogudd Tasaunsaduluan
tonans POF wazmafmaanieatuiomaeluld Wneshegnsmanyiiuangaslunmsthluuuldlsun

“What is the main research question of this paper?”

“What methodologies are used in this study?” %3

“What are the key findings of this research?”

Fafunsdentld scispace 3siivstlomipgrannlunaisdosnissnienanssiuaunn
9819520157 wavduusuiuddnldegnsfiussansnm

- scispace fuunuwlunisnsnadeunaztasagudeya dmsuunumianiniulunsdi
wildenansiiieatomudalaiinazanann Elicit wie Consensus WioanMsAuMTIEAUB Y
wrazolUld SciSpace Moruenaisiiazatustisaziden LLﬁzﬁ;UUixLﬁuﬁwﬁiyﬁLﬁ'm%'aqaam
s fnfuSamnyanerunnumailulinsaaeunuuiuwesieyaiiduwy wietieluns
apldlemdmiunsfsunsnuiounalasamsludiuveumiseiiiyides

- SciSpace NUUNUINTIUNNSAILATIHBUAUATUAIUVBIN15ANEN (Research Gap

Analysis) nanafe l5@msald Scispace Tun1stiensrvaouin unanulalimneuniedelils

a

Anwluuszdiulatie wieerananiladn Wunsl Scispace lenufanuiieaiu research gap
thuee) Tasuwmesanufianunsahluuulfiiemdesidlunsifennmidefiduaian uazen
thlugnsimususziiunuilmivaulald wu

“Does this paper mention any research gaps related to ........ 77

“What limitations are identified by the authors?”

- SciSpace AUUNUIMNTUN1IATIVEBUAMANYBIIUTTY (Quality Checking) nadfe
\1anansald Scispace Wit orasasivdeuin unaruihuldsrsduiudaudrdedenied
Joranaralag w3l suedEnnsataeasivaeuldn WmAdelianuanvnaunanieiivednia

fimssyiaferiunaniside Wienseuiunsive naenaunmsiinan1sveluldedsls
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madnsilagsmauiaasanaly Scispace wevinanudnlasnuidededn

Uszihumnany

f79819A1018

Aanunenulasesns
91U398 (Research

Structure)

“What is the main research question of this paper?” (fauwaniumsidsfossls?)
“What are the objectives of this research?” (%}qﬂizaaﬁﬂumﬂﬁé’]’aﬁ’ﬁaaﬂs?)

“What conceptual frameworks are used in this study?” (nsouwnAadlumsiseiiae
ozls?)

“What are the hypotheses proposed in this study?” (Hauyigiulatheiililunisided?)

AmauigN Uity

(Research Methodology)

“What research methods are employed in this study?” (435n1533ezlstne)
“What sampling techniques were used?” (ivafiamsgusietiseylstng)
“What data collection methods were applied?” (f3smsifiusiusideyanzlstne)

“What statistical analysis techniques were used?” (Ifmafianmsinssinsatauuula?)

AMMABINUNANITIVY

(Research Findings)

“What are the main findings of this study?” (nan1533endnaesyls?)
“What conclusions are drawn from the findings?” (Teasufildainuansidefiensls?)
“What recommendations do the authors provide?” (f@leulviuugiherlstne)

°o_w

“What limitations are acknowledged in this study?” (fe3inveinsideiifeayls?)

AanigInuTeIng

MsANY (Research

a

“What research gaps are identified by the authors?” ({iTeusvyfistositanisanm

orlstne)

Gaps) “What areas of future research are suggested?” (QL%HULLu:ﬁW’LﬁﬁwmsﬁnmLﬁuLazﬂu
Sodlathe)
“What aspects of this topic have not been thoroughly studied?” (ﬁUisLﬁu1Muﬁ€1’d
lildsunsAnwetiaziden?)

fonuieafuns “How does this study compare to previous research on this topic?” (MHdeiiian

wWisuiisu uwnnsnavderdeadatunmiitereunthiledndls?)

(Compoarative Analysis)

“What frameworks are commonly used in research related to this topic?” (nsau

aw o a

uwAnlafldiuteslunsidefiiendes?)
“What trends are identified in the literature related to this topic?” (wualthiinulu

aw dd v oo w
ﬂ?uﬁﬁ]&lﬂLﬂﬂ’J‘Uﬁﬁu@ZliU’N?)

Ao IATIERAI Y
Ukedie (Quality
Checking)

“Are there any methodological weaknesses identified in this study?” (deunwsaslu
MskRsN1Iuvsely?)

au

“How reliable are the findings of this research?” (Hams33sidianui@eiioualwu?)

wanaunsly SciSpace iiuszansamn:

v o a 2 aw = | v v 1% v o '
o TRmaunzaslulssiiuinen1sfine Wy §19een1saum Research Gaps TildRmaman

“What research gaps are identified by the authors?”

o aunsaldimanuiiiisatiosiu Research Objectives / Methodology / Findings / Research

Gaps / Recommendations Liplilanwsiuwesideegensuiiu
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YJUADUN 2 NTHAILILATISIINNS5I8IA8 ChatGPT

Prompt 0 AMSRRAININTWSINYBIUITeNaUTavziin
T : aw o v, i v -
Fredusonuuulaseseidelusiade «... Tnaiuseinugadl:
1. Fguszasdnside: seyliasudnuuazdnnu
2. MM sIVe: Aomfinseunguussiudisesnisfinem
3. ASOULLIANNTIVY: aduneliTalunSouLNUAIWENS
4. 3n153: szylsuann1side, Brsiivdeya wavmsliessideyaiivanza
5

. AR YeInIsIve: adueiimvelavdulszlevidsslasig

/ Prompt 0: nsWaIAWTINvasATefiaulaasiin \

Hedusenuuilassamddsluiide “msussyndld Al deiaumsiansuinnssulugsialne” Tay
whuspidiudeil

1. JaguszasAn1side: seylinsudiunazdainu laswnznsi Alinlilunmsdanisuinnssalugsialne

2. fowmside: dadmowiinseunquusaiuiivosmsine wu ansuvivnglunsi Al uild, anuduen
Tumsamu, warnansenusen1sianisuinngsu

3. nseuUUIARMSITe: eueliamundonusunmin Tnodexlumquiiiiendes Wu Diffusion of
Innovation way Al Adoption Models

4. 35m3330: szulstnvnnside (Wu Beamnm, BeUSing, viewaunan), Fonsiivleya (Fu ns
dunweliBadn, msdsa), uermsisevideyaiivanzan

5. A dyuesnside: siuehmsideimdulsdenieysiolneatnils Tnsawzluuivasmsiiia
UsgdvSmmuazauenusalunisudedu

K 6. svynsaunaTumsiiiiums: fmunsseznattunsifudeya mslnsevdeya waznisdeusieau /

nsUszendly Prompt fiavesdUsznauiiieaseazidealunswauilassnensite
1A59919M159%8 (Research Proposal) fitsnazadns Usenaudae:
1. unmi (Introduction)

TngUszeedn15338 (Research Objectives)

A181uN157398 (Research Questions)

N58ULUIAANISIFY (Conceptual Framework)

35015798 (Research Methodology)

AUEIAYVDINISIVY (Significance of the Study)

e M= S -

4931MAv89N15338 (Limitations of the Study) (§1684n13)

Tne n3.5vissn S5atan ©2025 / 7
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Prompt dwiumsaiislassisnuidefiazesdusenau (Prompt uwuuwendIn) iietaels
msvihnuluszuusagasuiu wielliwandunasounquesdusznounuiifesnissuunnunseu
Tasssamfednedustsd

Prompt 1 M1 (Introduction)

PredudsuumhdmivnAdeluide «......” Tnonlunseduigudunuazanudfgues
Ussidiuiidosmsinu wieunsnanisanmigmiidesmsuilvegnetaau Tnelidnisdow
citation Tstgmiausii in-text 4@z bibliography

Prompt 2 IngUsz9AN15338 (Research Objectives)

HawduimuaingUszasdnisisvdmiuinde ...~ Taawulinsouaquussifuiidosnis
finw uazaepAdeIiUMAINNTITY

Prompt 3 A19131N15338 (Research Questions)

Heduisrmnmnsidedmsuide ...~ Tnedilinseuaguusziiuiidenisfnu wu
Jodudiilnane ....... , anuduiussymingudseneg, safildannsiau... videUseiiufidesms
AUMLALLRY

Prompt 4 N$aULUIAANTSIVY (Conceptual Framework)

fredusenuuunseuknAanSITedmsuhide “.....” TnseSuedulsiieados wu
FuUTBasy, MuUsany, wazfuusunsndeu Ghil) nieuatienaunun mikanInLETLS
sywinaduuswvant

Prompt 5 35115998 (Research Methodology)

HedusenuuuBmRedmiuiite “.....” laeseyussamn1side (BeUTunm, Wnunm

wisuuuray) wiewvvedugmaiuniunindeys, ndudiedn, uazisnmslinnzideyaiimuivay

Prompt 6 A211d1AYYRIN153Y (Significance of the Study)

v
o v a a

PredulisunudAguesnsivedmiuite “.......7 lngeduiginsidelasiuseluvilse

= o

Wendesednsls wu Wndde, JUitiRnuluesavnssy, viedimuaulewvie

B

v v

Prompt 7 98311invaen15398 (Limitations of the Study) (1@a4n13)

Preduszytedninvemisideluide «..” lagadueiladenionadwmasionuutugrves

msfinw Wy veuwansiivdeya, nquiiedneiild, vsededialumsinseideya

auuzdnindulunsfeu Prompt Wemuilasisamsideiia wasseulandlinsmudeinis Tu

M3 prompt Al Huiidedes 1) ssyiideidvegnetnuiiieli ChatGPT Wiladillomidesmsainauieades

fuseserls 2) ssyusaduidesntsidu Wu drenlitiuinisSeuiisuseninengudedis vienmsimunseu
a & £ o < v o = S v

uwAaaz Amssyyliag 3) awidanuuazasslsauidislilidneuiinssmudideins uay 4) sy

asAUsEnaUiifeIN1seE9aziBen (WU f1feansliasauaunI (Diagram) YBInNsaULLIAR YiSelsvhanTsesuy

13 al o Vo
finsdisusyyguuuunmsihiauslidaaulviae

Tne a5.M357 SsaTan ©2025 /8
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Jumoudl 3 N1598NUUUNI5I98 (Research Design) - MsWmuLAIosfiouazn1sin
nsziiudaya

dnsuluduvesiuneudt 2 Tarlimuddgiunisussgndld Al lumsesnuuuaise
Tnsmeludniifndesiumsiaueiediendnililunsifunusndeya lnenssusunisluns
ianiadoslelumsideiuazduiudmsfiansanta “maden” weduadeslendniindldlumsiiv
susadoyatumsduwuuln Feideasdesiliidafoddqmasesliinaduingussadns
33 vouwanside duus mwazmnlumsiiudeya suusznaiidiedd dedrinvessvoznailums
Fuflumside vun uevdnuarvesnguitesns Wudu danfulumsuszgndld Al dietaslunisiaun
wdnsilondniitefunurtoyaluasiaduluiinisussgndld chatepT iesnifuindasiiod
wanglumsuuzinlassadswesuuasunlimnzaufulssamvestoyaiifesnmsrausald saus
aunsntnTNFeUANLAeRRdesTEYIng Uszasdmeideiumauiiairstuldlnede atmsains
Prompt luusiazduneuvesmsimueiesdislumafunusadoyatuiswandondsil

Prompt 0 M3Yaideniasasiisfivnzaufunsiiusiuradoya

v oo v oo awu o o av = ¢ ¢ aw
Suidainideizes [srymtemyide] lneilingUsvasamefinu [seyingUsvainiside] an

Heusetreuusinadesislumafiunundeyafimnzautumsneuinguszasidiiovun

Prompt 1 nMsaanuuusuuaauad (Questionnaire Design)

Furndaifidues sryrdemside) lnellingussasdliiofnu [seynguszasdniside) doe
wusilassadevesuuuasumuiinyan Tasusadudaurine wu Foyaiugiu anuAniu uasms
Uszilutelvinsounguingustasdtiinmun

Prompt 2 MseBNLUULUUSUNEal (Interview Protocol)

dudemmsainueiesledmiunsdunmualidsdniuiate [ssuiiteonsdde] lnedingUsvasd

3

° w

Wednw [szyingUsvasimsive] daeasumaudunvaiinseunquynusznuiidfey nedadiiu

]

'
o ado a

Fanalifivnzay wasuusiAsnsosiudniionat s lilieyaiand @iy
Prompt 3 MIATINEBUANNEDAATBIVBIAAUAIUTAUIAIA (Alignment Checking)
Suldasrauuuaeunussi: [Farenuuuaeunwiiadien] (e “wuulwiuuuaeuny POF?)
FaensrdeuiuuvdeunwiiasounauTngUsvasdnside [sxyingusvasinigidel asudiunielsl
wazuughmauiaduionsiudteliteyailatianuamnysal
Prompt 4 msa¥uetasiiafiusausateyaiienaniw (Qualitative Data Collection)
dudesniseanuuudmudmiunmsdunsalluiade [szyite] lneiunisiiudesads
AunmReIty [sryUssdiuiiesnsine] Saeuugihdmadunvalifiniunsvensany msagdn

waznsRemaNnlanitg (Open-ended Questions)
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UNUTM ChatGPT fluN13A5I88UANAINATAWD

ms@ew Prompt el ChatGPT awnsalugdelumsnsivseuanumnyanvennsosile
n9Ideluguzavssnandl/Wengylaegndusy@niam wavdiemuanusiunsussiluesng

WRNEELHUIT Az BRsal

Prompt §M5UNMIASIE8UANNMRUIZENYDILUUFBUNY

fusipsslise act as fnsenanal/fivsrglumsussiivamnn “.....” Mduldsuielv
annsathlldiiununudeyalunsideses ...~ Idegndusvdvinm lnedudeinisiviisede

Usziunuuasunuuaglivalauaiurdmiumsuiulssuuuaeunuluisazinu Seazidendisil
1. AnudenraiuingUssadnnide: avadeuidnunaisiunseunquingUseasinig
Feiauavis ol
2. mudnrnuuaziiiladig (Clarity): asmasuimaulaudanu nsztu waghinguaie
3. AnumInganvadlasaaia (Structure): ATIRABUINNIIAGWUAMAUTANUAUVARUNG
& o w Aw
waeATEUAAUUIHIAUA AR NdRINSANY
4. ANUWRNEALYRISYAUNTIA (Measurement Scale): NMss¥AUNTIn W Likert Scale
wnzanfivsunvedeyafifeinsfiuniusmiell
5. AuATEUARN (Coverage): MTIT@BUIAINUATBUARUUSHI U ARyet WATUiY
6. anudunanuarusnFnend (Bias-Free): nvaaeuhdmmuliiinstth viohligneu
Wlafinludnwoaueilidunans
7. nslAwAIgEl (Appropriate Language): asavaauinAmamlltnniivingauiu
naut e waviiladne Enldlunsaiinguithvnetanuanziaigas)
o o A a o o & v ) i a o v - o
AuuzdNaAL: Tun1sWaun prompt 9ndudesseyinguszsasdmsidelidanuiel
ChatGPT anunsaUsziliumnuaenndosasdnulaegignies Taunwesdulnanuuuaeuaiui
o % M 0 a PV o aaa < PO s -~
Foanshinsasuiiaiannsainsvildedansudiu wazlunsaniiinasinsusediufiudunse

WIraNaNTNUTBweImsTEY TR Wy AnudenAdasiunguiildeneds

n3Uszendly ChatGPT fiunsvin Data Cleansing
TunszvaumsiidunmafiunusudeyaenafimasliauysaiegindduBefon duduieli
IfmAdeiiaunmiduluegbeiiagdiesiing Cleansing Data Afimstfusausasnieu lag Al
faumnyailunsuszgndldiiesaslumsianuaverndeyadulutiagiiuiiasendegnanli
nnaosilundsilfie ChatpT Tag Prompt fiwmsnzaudmsunsafiun1snszuiuns Cleansing

Yo

Data 9ndayafiiiusnain Google Form wuudauasisuSinatuauisaieuiedland

Tne as.fW3s1 S5aidn ©2025 / 10
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Prompt 0: mim’mﬁﬂumﬂﬂﬂ“ﬁaga (Overall Data Analysis & Anomaly Detection)

"Jufigpdeyanuuaeunudsuiinu uiddiudlaifiewiaunferlafnduth suniugae
nnaeuieyailasnmmuiiefumuaraguneazdonnmmuRauniin wu:

o A3 (Missing Data) 38 Null Values lunsazmodu

. Uizmwﬁa;‘gaﬁlﬂgﬂﬁm (Data Type Mismatch)

. ﬁagaﬁ%ﬁau (Duplicate Rows)

o inun@ Outliers) Turediifimsdusaiay

. deRawamanmstleudeyaiiinssmuguuuuiinnanis wu de-umanadluilidusoe

ovin videtoyaiinauiulunedutiies

. Jluuumsaznevidelimillisenndesiu (Su wainsenin ne' vy NeRe)

HraguneazBeavesmuinunAinuiamandoutusnuistuluudasussan uas
wuthiuneunisutlofinzaudeds:

Prompt 1: m’mﬂauuasau%’agaﬁ‘laiamuuiai (Missing Data)

"Juldifuteyauuvasunuds3unaun deyaursdiuendarinmiedoyailiauysel

U T

' '

sumutiensvasudoyaiifidndu Missing u3e Null Tuudazredu udrauumdisidmdrioon
wiousrenusuuunignausenluse’

Prompt 2: m’mﬁammzﬂ%’uﬂszmw%’aga (Data Type Conversion)

"Fuldiiudeyauuuaeuaui@a3unnmin Google Form 1 Tnedayaunsreduiaisdu
Flay (W 918, AZWL, $nuady) widhvegluguuuutenu (Text) sumuBuUasnoduifians
el Numeric Type (Integer e Float) wazauunaitlilanuisaudasly nieuseny
Fruuumivdesy’

Prompt 3: Annsasdayailaguanyasaun@ (Outlier Detection)

"HuldiAudoyalieuiinanin Google Form lnsaaduiiunedng W a1y wie Avuuu i
Afienanseglurisiinmun (9u engasegsewing 10 - 100 ) sumutisnsIsaeuazauLn)
"ayaﬁﬁmaeuiuanmqﬂﬂaﬁ wiousenuswuumiignavesnluse”

Prompt 4: m’aaaauﬁagaﬁﬂ (Duplicate Detection)

"Sulfifudoyauuuasunmuain Google Form warsasmslimsiaaouunidoyaditniu
(Duplicate Rows) Tnganaiinanngaeunuuasunmnsenteyavansats suniutisnsisaeutavay
undeyaiieniu nieussnuswauumiignavesnly”

Prompt 5: miﬁ”aﬁaﬂaé'uﬁl,l,aﬁmmﬁﬂuiiaga (Data Standardization)
"fuldifudeyeuuuasuanan dsifinsfionsdimivietonsdinilidaiau suniutiensde
podnflmimuiidusey uaznsrvaeuliiudlaindeyaluudasneduiiimuaenndoatu Wy engms

) & T I R L o v D
Jushiay iaadsiu ‘e’ vie M wintu warUSudsstayaliignees
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Prompt 6: nsusndayadnaaduiliien (Splitting Data Column)
"Huldiivdeyaann Google Form tnelunaduil (A) Imsviudeya ¥o-uwana 1ideiu
(wu 'auwe Tad) sumutieusndeyaesnidu 2 aedullnife Fe' uay 'winana’ nieunsivaeu

ANgnFBtvaIsuendeyall uazuansiegseyaiuenudilidunsiadey”

msuszandld Al funisdanssiiudeya (Weaaniw)

wwImeinslnswidenadisnnnminednlngaed 5 wetleddglaun

1. msdiAsgilidem (Content Analysis) lumsianesitenunietasyadiaonmy Tuiin
viawonans TnensseyBa (Themes) vievanavyfiAntulutoya Seanseinsesiladudem
(Quantitative Content Analysis) tazAaunw (Qualitative Content Analysis)

2. Myasinsdd@nw (Case Study Analysis) 1 un1s@nwiusingnisaini awmenisal
RNIZIRZN ﬁtﬁm%u‘luu‘%uwﬁm Lﬁa‘v‘hmwwﬁﬂﬁ)L%aﬁmﬁmﬁuﬂﬂ%ﬁdqwas\'aﬂimgmsnﬁuq

3. MyATIBIBUTINGN5aline (Phenomenological Analysis) iumsfne Usvaunisel
duyeravioypmemeslideya Wevheudlemumneiiwanulifusingmsaifidn

4. mydseidamnssy (Discourse Analysis) umsfinwiBnisinmwuasmsdoansgnly
Wioas g a¥1es e vieaumnumeussaluuiunmedinuvienisdles

5. MyeesiiienifiAnanufduius (nteraction Analysis) 1un1sTiasesiitsjaiulud
nssvaumsaun viemsufduiussevinalidoya tevhmudledsimnaiemnumng
sty veTsimnuansuvuwlumsauvn

Mneandendnumrvsanaiamsinneitoyadnmuniwia 5 wudusasnsaivun
Prompt ﬁmesauﬁw%mﬁLﬂi'\sﬁﬁayja@mmmwmuL,wiasmﬂﬁﬂv?a 5 uuudel
1. msaszsiitiomn (Content Analysis)

Prompt:

(Content Analysis) satunausiolUL-

1. szBumdn (Themes) fiintuandesafinonmy

2. dangaBugion (Sub-themes) fiedioaiuduman

3, agUmnumnevesarBimassniet i maTieiuayu (Quotes)

a. LLamwaé'Wﬁ"LuEULLuumsNﬁﬁﬁﬁa: Suvdn, Suges, feternn, mmwmaﬁaqiﬂﬁ

2. MINATRNTAANEN (Case Study Analysis)

Prompt:

Frefdensinsdifnuiiiendeatu «...” Wngldinadansdinsesinsdifing (Case Study Analysis)

matunauneluil:

Tne as.iM357 S5a¥dn ©2025 / 12
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1. aiausziAuazusunveslvideya (Profile & Context)
2. nmeilsuiuddgidbiteyalinruddglunmsussndld Al
3. aguderununddynieuTeuiisuiungui ineates wu Diffusion of Innovation vie Al
Adoption Models
o Ao v 2 o W v o =) v
4. wansmaansluguuuumsenivide: Ussiuddny, fetredme, anumunenaguld
3. MTIATIBATIWTINGNTIINeT (Phenomenological Analysis)

Prompt:

(Phenomenological Analysis) muumeuste Ui:

1. syyUsraumsalauyananyliideyaayieusonin (Individual Experiences)

2. s Buvdnilasvieufivussaunsaiuazysmesvesilideya

8 ajﬂmwumma‘ﬁmﬁiagaa§1asﬁua1ﬂﬂsxaunmﬁmﬁﬂﬁu wiensndathedmafianiuayu
4. thiaueramsiisgiluguiuuiiesunsrnumneidsdin (Thick Description)

4. MINATIEMTI1MMNTIN (Discourse Analysis)

Prompt:

Analysis) mutunsusoluil:

1. Annyilassadweimsdeans (Bu maiugn, mslddifioadnagiung, viennsainesmnuveusssy)
2. sz msiiglideyaldlumsadrsnnumnevieliiinalyiBuiiusoiuyue o

3. Aemeiuumnedsauviessdnsiidwmasomslinm

4. ayutedunundewisoduneilanadmesmsiemsaziiouiunaniogaunisalle

5. mednsziideviAaanUfduius (nteraction Analysis)

Prompt:

Hrediiesevideyaiinenmuannisaunungy (Focus Group) wesfiBeanavieduims «..." Tngld
wiallensieneiiemiliinanufdusius (nteraction Analysis) Msunsusslui:

1. Suiinmsaurmiviensisneusewineglvideya (nteraction Pattems)

2. sgylassaiesmsaunmn (W m3eu-ney, nslaides, matuayw)

3. AdsenisnisasemamaneTmiuvew iveya (Co-construction of Meaning)

4. aguranFiessinieussyunu v eaauzveidnTidinasensaunegiels
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aguuazdiaseninisld Elicit Al Tun1svin Systematic Review

Bernard, N., Sagawa Jr, Y., Bier, N. et al. Using artificial intelligence for systematic review: the example of

elicit. BMC Med Res Methodol 25, 75 (2025). https://doi.org/10.1186/512874-025-02528-y

srwazidean1sadueiunisly Elicit Al

1. 35a151%su Elicit Tunn59in Systematic Review

v
aw o

sl Elicit Al TunAdeiidunisvageu nsldnuiaiesile Elicit iotaelunszuiunisan
N589UNANNAIY (Screening Process) Tun19vin Systematic Review

14 Elicit lunsAumienansiiierteslnedeuranideaduunuiieslinsdunenidasn
WUULAN (Traditional Keyword-Based Search)

funmstumliinsounquiiififuridoud 2005 e 2021 Tnswsnnsduniiutas q awd
(1 2005, 2010, 2015, 2016, .. 2021) LlBLANAIMATBUARHYBIHAN AU

47e5 “Show More” Tu Elicit sundrazhifiunamuiisiin elwldnadwsiiasudouiian

Insuwasnsnmanulfafu (Chronological Order) WavnnsAnnsoufisLAs

2. nsusziunan191191uves Elicit (Assessment Criteria)

o

Repeatability (n15vh%1):

YnsdumEny Elicit siaviun 3 ade Tugianandisnedu wilddanddodeit) Wenaaeuin
Elicit Ivnadnsimiloutunselal

wamsrumuansatulUluuiazase: Trial 1: 246 wadws, Trial 2: 169 wadws, Trial 3: 172
WNAANS

Accuracy (A213usdugn):

Uszadiulaensasivaeuunaufidununiu Elicit renisdansesmannasietuiildlu
Umbrella Review 6‘1,;\‘1@1.1

Tunsdnnsesan wuin fiies 6 UnAwinswne

Reliability (Audaiiald):

Wisuisunadmdannisaumuuuld Elicit funisfumuuudada (Classical Screening
Method)

wundiunemaiinulas Elicit Alinuanisaadiy 3 unaany wasnunniesaduiilinulag
Elicit 14 unAany

i 1] v
UNAMUTNUTMAULLRES 3 UnAIY (ﬂﬂL"TJu 17.6% VBIUNAMUNTINVINUA)



s

v
Jof - Yardevasnisld Elicit Al Tuawdded

v o

Uana
1.

o

3.

o

(Advantages)
davaananlunisAuniienans:

Y .. o8 w v = & < I a o P
A5 Elicit vinlvimsAunienansiliusyuvannunazsiadinindy lagawnsafsunanui
Wentaslapgnsdluszansnn
v o aad a
Aunuunanui bitnewuluisasdu:

WU Elicit @3n50AUNUUNANNAISNSAURILUUALLAL (Classical Screening Method) lai
wuld 3 unAnu FauaBiisdneninues Al Tunisrumienansiienagnuestny
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Optimizing R&D with AT Tools

Al tools streamline R&D processes across pharmaceutical and academic settings through machine learning,
deep learning, and natural language processing, requiring high-quality datasets and expert collaboration for
successful implementation.

Abstract

Al tools such as machine learning, deep learning, and natural language processing optimize research and
development by streamlining key stages in pharmaceutical and academic settings. Four in ten studies assert
that AT enhances drug discovery through faster hit identification and improved protein-ligand interaction
prediction. Two in ten report benefits in clinical trial processes by increasing patient recruitment efficiency,
while similar gains appear in process engineering and academic research productivity. Quantitatively, seven
of ten studies underscore the critical role of machine learning and deep learning, and three highlight natural
language processing in tasks ranging from literature review to adverse event detection.

Speed, accuracy, and cost reduction are the most common benefits. Many papers emphasize that successful
implementation depends on large, high-quality datasets, system interoperability, and close collaboration be-
tween Al experts and domain specialists. In contrast, challenges such as data privacy, regulatory compliance,
and the need for robust computational resources are identified across applications.

Paper search

Using your research question "How to optimize the research and development process using AI Tools (in 2020-
2025 and peer review journals )", we searched across over 126 million academic papers from the Semantic
Scholar corpus. We retrieved the 50 papers most relevant to the query.

Screening
We screened in papers that met these criteria:

« Al in R&D Focus: Does the study focus on Al tools and applications specifically within R&D
processes?

« Study Type: Is the study either an empirical study (case study, experimental, or observational) or a
systematic review/meta-analysis with clearly documented methodology and results?

¢ Outcomes: Does the study report quantifiable outcomes of Al implementation in R&D?

+ Research Setting: Was the research conducted in an industrial, academic, or mixed R&D setting?

« Al Technology Specification: Does the study clearly specify and document the Al technologies
(e.g., machine learning, deep learning, natural language processing) used?

« Implementation Details: Does the study report specific implementation challenges and/or solutions?

+« Evidence Type: Is the study based on practical implementation rather than being purely theoretical,
opinion-based, or editorial content?

¢ Process Focus: Does the study focus specifically on R&D processes rather than other business
processes?

We considered all screening questions together and made a holistic judgement about whether to screen in
each paper.
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Data extraction

We asked a large language model to extract each data column below from each paper. We gave the model
the extraction instructions shown below for each column.

+ Study Type and Methodology:
Identify the type of study methodology used:

« Systematic review
o Narrative review

o Theoretical analysis
o Empirical study

Locate this information primarily in the methods or introduction section. If the study type is not explicitly
stated, infer from the study's approach and structure. If multiple methodological approaches are used, list
all in order of prominence.

Examples of acceptable answers:

o Systematic literature review
o Theoretical analysis with case study examples
o Mixed-method review combining systematic review and qualitative analysis

If unclear, note "Methodology not clearly specified” and provide a brief explanation.
« Al Tools and Technologies Examined:

List all specific Al tools, technologies, or approaches discussed in the study related to R&D optimiza-
tion.

Locate this information in the methods, results, and discussion sections. Be comprehensive but precise.
Acceptable formats:

o Machine Learning algorithms

e Deep Learning neural networks

o Specific AT platforms (e.g., IBM Watson)
o Computational modeling techniques

Include brief context about how each tool is applied in the R&D process if mentioned. If multiple tools are
discussed, list them in order of prominence or discussion depth.
o R&D Process Stages Analyzed:

Identify and list the specific stages of the research and development process that the study examines
in relation to Al optimization.

Potential stages include:

o Target identification
« Drug discovery

o Preclinical research
o Clinical trial design
o Data analysis



o Market assessment

Locate this information in the introduction, methods, and results sections. Prioritize stages explicitly dis-
cussed as being transformed or optimized by Al technologies.

If the study covers multiple stages, list them in the order they are discussed or analyzed.
« Key Optimization Outcomes:

Extract the primary outcomes or metrics used to demonstrate Al-driven optimization in the R&D
process.
Look for quantitative or qualitative measures such as:
¢ Time reduction in research cycles
o Cost savings
« Efficiency improvements
¢ Accuracy of predictions
e Success rates in drug discovery
Locate this information in the results and discussion sections. Include specific numerical values or percentage
improvements if provided.
If no clear outcomes are specified, note "No specific optimization outcomes reported™ and provide context.

« Limitations of AI in R&D:

Identify and list the limitations or challenges of using Al tools in the research and development process
as discussed in the study.

Locate this information primarily in the discussion or conclusion sections. Look for:

e Technical limitations

« Data quality issues

« Computational constraints

« Ethical considerations

« Gaps in current Al capabilities

If multiple limitations are discussed, rank them by the emphasis given in the text. If no limitations are
explicitly discussed, note "No limitations reported”.

Results

Characteristics of Included Studies
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Al
Technologies Industry Full text
Study Research Focus  Used Application Key Outcomes  retrieved
Cascini et al., AT applications ~ Machine Pharmaceutical /Héalphosed Yes
2022 in clinical trials Learning, Deep patient
Learning, recruitment
Natural and matching,
Language increased
Processing, efficiency in
Al-powered clinical trial
clinical decision processes
support
systems
Chen et al., AT applications ~ Machine Pharmaceutical ~ Enhanced Yes
2020 using Learning, Deep adverse event
real-world data  Learning, detection, trial
in drug Natural recruitment
development Language optimization,
Processing, and drug
BERT, LSTM repurposing
Erdogan et al., Al in drug Deep Learning, Pharmaceutical Improved Yes
2024 discovery Convolutional protein
Neural structure
Networks, prediction,
Random Forest, protein-ligand
Deep Neural interaction
Networks, determination,
K-nearest hit compound
neighbor, identification,
Support Vector Absorption,
Machines Distribution,
Metabolism,
Excretion, and
Toxicity
(ADMET)
prediction
Kumar et al., Machine Machine Pharmaceutical Enhanced No
2021 Learning and Learning, Deep virtual
Deep Learning  Learning screening,
in data-driven peptide
drug discovery synthesis, drug
ADMET
screening, and
biomarker

discovery
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Al
Technologies Industry Full text
Study Research Focus  Used Application Key Outcomes  retrieved
Luetal, 2023 Alin No mention Pharmaceutical ~ Optimization Yes
pharmaceutical  found across all
sciences stages of drug
R&D, from
target.
discovery to
market
influence
Parvathaneni Al and Machine Pharmaceutical Improved Yes
et al., 2023 Machine Learning target
Learning in algorithms precision, lower
drug discovery  (Random toxicity, better
and Forest, SVM, dosage
development LGBM, DNN, formulations,
Graph enhanced hit
Convolutional identification
Neural and screening
Network),
Deep Learning,
IBM Watson,
Alphafold
Salman et al., Generative Al GPT-3, Academic Enhanced Yes
2025 tools in ChatGPT, Research research
academic CoPilot, Bard, productivity
research and Claude, Bing and quality,
peer review Chat, Aria, automation of

Poe Assistant,
Socratic,
Jasper, Al
Scholar, Elicit

routine tasks,
improved
literature
review and
manuscript
writing
processes
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Al
Technologies Industry Full text
Study Research Focus  Used Application Key Outcomes  retrieved
Suriyaamporn Al in AT, Machine Pharmaceutical ~Optimization No
et al., 2024 pharmaceutical —Learning, Deep across various
research and Learning, aspects of
development Advanced pharmaceutical
modeling R&D,
techniques including drug
discovery,
personalized
medicine, and
manufacturing
processes
Vemula et al., Computer- Al Machine Pharmaceutical Improved No
2022 Aided Drug Learning, Deep identification of
Design Learning drug
(CADD), candidates and
Artificial optimization of
Intelligence various steps in
(AI) and the drug
Machine discovery
Learning (ML) process
in drug
discovery
Yang et al., Big data and Machine Bioprocessing Improved No
2023 Machine Learning design and
Learning in algorithms, process
bioprocessing Natural engineering
Language strategies in
Processing, bioprocessing
Hybrid models,
Artificial
Neural
Networks

Based on our analysis of the 10 included studies, we identified the following characteristics:

o Research Focus :
— Drug discovery: 40% (4 studies)

— Drug development: 20% (2 studies)

Other focus areas (10% each): clinical trials, pharmaceutical sciences, pharmaceutical R&D, aca-

demic research, and bioprocessing

o AT Technologies :



— Machine Learning and Deep Learning: mentioned in 70% of studies (7 each)
— Natural Language Processing: mentioned in 30% of studies (3)
— Various other specific Al technologies (e.g., Convolutional Neural Networks, Support Vector Ma-

chines, GPT-3): mentioned in 1-2 studies each

o Industry Application :

— Pharmaceutical industry: primary focus in 80% of studies (8)
— Academic research and bioprocessing: focus in 10% of studies each (1 each)

o Key Outcomes :

— Improvements in drug discovery-related processes: reported in 50% of studies (5)
— Clinical trial optimization and general process optimization: reported in 20% of studies each (2

each)

— Various other outcomes (e.g., ADMET prediction, personalized medicine): reported in 10% of
studies each (1 each)

Thematic Analysis

AT Implementation Strategies

Al Tool Type

R&D Stage

Implementation Method

Success Factors

Machine Learning
algorithms

Deep Learning neural
networks

Natural Language
Processing

Al-powered clinical
decision support systems

Generative Al tools

Hybrid models

Drug discovery, Clinical
trials

Protein structure
prediction, Drug design

Literature review,
Clinical trial
recruitment

Clinical trials, Patient
care

Academic research,
Manuscript writing

Bioprocessing

Integration with existing
databases, Development
of predictive models

Training on large
biological datasets,
Integration with
molecular modeling
tools

Text mining of scientific
literature and clinical
records

Integration with
electronic health records,
Real-time data analysis

Integration into research

workflows, Training on

academic writing styles
Combination of
data-driven and
mechanistic models

Large, high-quality
datasets; Collaboration
between Al experts and
domain specialists
Access to extensive
structural databases;
High-performance
computing resources

Comprehensive text
corpora; Advanced
language models
Interoperability with
existing healthcare
systems; User-friendly
interfaces

Access to large language
models; Ethical
guidelines for use
Integration of domain
knowledge with
data-driven insights
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Al Tool Type R&D Stage

Implementation Method

Success Factors

Target identification,
Protein structure
prediction

Specific Al platforms
(e.g., IBM Watson,
Alphafold)

Deployment as
specialized tools for
specific tasks

Continuous updating
with new data;
Validation against
experimental results

Based on our analysis of the included studies, we identified information on AT tool types, R&D stages, and
success factors across 7 different AT applications in pharmaceutical research:

R&D Stages:

e Clinical trials were mentioned in 3 Al applications

« Protein structure prediction was mentioned in 2 applications

o Other R&D stages (each mentioned once) included drug discovery, drug design, literature review,
patient care, academic research, manuscript writing, bioprocessing, and target identification

Success Factors:

o Large datasets or models were mentioned as success factors for 3 AI applications

o Collaboration or integration (of domain knowledge or between experts) was mentioned for 2 applications

o Other success factors (each mentioned once) included computing resources, structural databases, text
corpora, language models, interoperability with existing systems, user-friendly interfaces, ethical guide-
lines, continuous updating, and experimental validation

The success factors identified varied across Al applications but often emphasized the importance of data
quality and quantity, as well as the need for integration with existing knowledge and systems.

Optimization Outcomes

Process Area Improvement Metric

Reported Benefits

Implementation
Challenges

Clinical Trials Patient recruitment

efficiency

Drug Discovery Hit identification speed

Absorption,
Distribution,
Metabolism, Excretion,
and Toxicity (ADMET)
Prediction

Accuracy of predictions

Increased enrollment
rates, Reduced time for
patient identification
Faster identification of
potential drug
candidates, Reduced
experimental costs
Earlier identification of
promising compounds,
Reduced late-stage
failures

Data privacy concerns,
Integration with existing
systems

Need for large, diverse
chemical databases;
Computational resource
requirements
Complexity of biological
systems, Data quality
issues



Process Area

Improvement Metric

Reported Benefits

Implementation
Challenges

Bioprocessing

Academic Research

Pharmaceutical
Manufacturing

Target Identification

Drug Repurposing

Personalized Medicine

Adverse Event Detection

Process optimization

Research productivity

Quality control

Success rate of identified
targets

Speed of identifying new
indications

Patient stratification
accuracy

Detection rate and
speed

Improved yield, Reduced
variability in production

Enhanced literature
review efficiency,
Improved manuscript
quality

Improved consistency,
Reduced waste

More relevant drug
targets, Faster
progression to lead
optimization

Faster time-to-market
for repurposed drugs,
Cost savings in
development

More targeted therapies,
Improved treatment
outcomes

Earlier identification of
safety issues, Improved
patient safety

Integration of Al models
with existing processes,
Interpretability of Al
decisions

Ethical considerations,
Potential for
over-reliance on Al tools

Regulatory compliance,
Need for robust
validation processes
Complexity of biological
pathways, Limited
experimental validation

Data integration
challenges, Regulatory
hurdles

Data privacy, Ethical
considerations in
Al-driven decision
making

Data quality and
standardization issues,
False positive
management

Based on our analysis of the included studies:

1. We identified 10 distinct process areas where Al is being applied in pharmaceutical research and

development.

2. Each process area had a unique improvement metric associated with it.

o Increased speed or efficiency (mentioned in 6 areas)
o Improved accuracy or quality (mentioned in 5 areas)
e Cost reduction (mentioned in 3 areas)

3. We found 20 unique reported benefits across the 10 process areas. The most common themes were:

4. We identified 15 unique implementation challenges. The most frequently mentioned were:

» Data privacy concerns (2 arcas)
« Ethical considerations (2 areas)
o Data quality issues (2 arcas)
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« Integration with existing systems/processes (2 arcas)

5. Every process area had at least one reported benefit and one implementation challenge associated with
it.

6. We didn't find any process areas where the number of challenges outweighed the number of reported
benefits.

7. Clinical trials and drug discovery were the only areas where we found challenges related to computa-
tional resources or large database requirements.

8. Regulatory concerns were explicitly mentioned as challenges in 2 areas: pharmaceutical manufacturing
and drug repurposing.
Industry-Specific Applications

The studies we analyzed predominantly focus on AI applications in the pharmaceutical and healthcare
industries, with some attention to bioprocessing and academic research. This industry-specific focus provides
insights into how Al is being leveraged to address unique challenges in these sectors.

In the pharmaceutical industry:
o Early stages of drug development:

— Al tools are being used for target identification and validation

— IBM Watson has been employed to identify RNA-binding proteins associated with ALS, demon-
strating AI's potential in uncovering new drug targets

— Deep learning models are being used to predict protein structures (e.g., Alphafold by DeepMind)
and identify potential hit compounds

o Clinical trials:

— Al tools are being used to optimize patient recruitment and matching
— Natural language processing is being employed to analyze clinical trial eligibility databases and
match patients more efficiently

« Personalized medicine:

— Al is being used to analyze large datasets of patient information to stratify patients and predict
treatment outcomes

In the bioprocessing industry:

o Machine learning algorithms and hybrid models are being employed to improve process design and
engineering strategies
o These applications potentially lead to increased yields and reduced variability in production
In academic research:
o Generative Al tools are changing how researchers approach literature reviews, manuscript writing, and
peer review processes
¢ Tools like ChatGPT, Bard, and AI Scholar are being integrated into research workflows

10
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