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Th� r�l� �f �rtifi�i�l int�llig�n�� in d�t� visu�liz�ti�n �nd �r��tiv�
�r�bl�m-s�lving in STEAM dis�i�lin�s
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Webster University in Tashkent, Tashkent, Uzbekistan

This paper examines the application of artificial intelligence (AI) in data visualization and solving
complex problems in STEM (science, technology, engineering and mathematics) disciplines. AI
methods, such as neural networks, machine learning, and genetic algorithms, are analyzed, and their
impact on the efficiency of processing large volumes of data is discussed. The study investigates how AI
enhances the visualization of complex physical and biological processes, as well as the optimization of
engineering and mathematical tasks. The results demonstrate that AI not only improves the accuracy of
analysis but also opens new possibilities for creative problem solving, emphasizing its importance in
scientific processes.
Keywords: artificial intelligence (AI), data visualization (DV), neural networks, machine learning
(ML), genetic algorithms (GA), STEM disciplines, solution optimization.

Роль искусственного интеллекта в визуализации данных
и творческом решении проблем в STEM-дисциплинах

Г. Баисова
Вебстерский университет в Ташкенте, Ташкент, Узбекистан

В данной работе рассматривается применение искусственного интеллекта (ИИ) в визуализации
данных и решении сложных задач в STEM-дисциплинах. Анализируются методы ИИ, такие как
нейронные сети, машинное обучение и генетические алгоритмы, и их влияние на
эффективность обработки больших объемов данных. Исследуется, как ИИ способствует
улучшению визуализации сложных физических и биологических процессов, а также оптимизации
инженерных и математических задач. Результаты исследования показывают, что
использование ИИ не только повышаетточность анализа, но и открывает новые возможности
для креативного решения научных проблем, что подчеркивает его важность в научных
процессах.
Ключевые слова: искусственный интеллект (ИИ), визуализация данных (ВД), нейронные сети,
машинное обучение (МО), генетические алгоритмы (ГА), STEM-дисциплины, оптимизация
решений.

Intr�du�ti�n
M	dern STEM (s�ien�e, te�hn	l	gy, engineering �nd m�them�ti�s) dis�iplines f��e the

�h�llenge 	f pr	�essing l�rge v	lumes 	f inf	rm�ti	n �nd finding s	luti	ns t	 �	mplex
pr	blems th�t require multidimensi	n�l d�t� �n�lysis. D�t� visu�liz�ti	n (DV), �n essenti�l
step in interpreting �	mplex d�t�, pl�ys � �riti��l r	le in underst�nding the pr	�esses �nd
phen	men� studied in these dis�iplines. Tr�diti	n�l meth	ds 	f d�t� pr	�essing �nd �n�lysis
�re n	t �lw�ys ��p�ble 	f pr	viding suffi�ient ���ur��y �nd speed when w	rking with l�rge
d�t�sets, ne�essit�ting the intr	du�ti	n 	f new te�hn	l	gies. One 	f the m	st pr	mising t		ls
in this �	ntext h�s be�	me �rtifi�i�l intelligen�e (AI). It is in�re�singly �pplied in v�ri	us
s�ientifi� �nd engineering fields, signifi��ntly influen�ing h	w DV �nd �re�tive pr	blem-
s	lving t�sks �re �ddressed.
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Te�hn	l	gies like AI, in�luding neur�l netw	rks, geneti� �lg	rithms (GA), �nd m��hine
le�rning (ML), h�ve �lre�dy sh	wn their ��p�bility t	 signifi��ntly enh�n�e the pr	�essing 	f
l�rge d�t�sets while intr	du�ing new �nd unexpe�ted �ppr	��hes t	 s	lving �	mplex s�ientifi�
�nd engineering �h�llenges. The use 	f AI f	r visu�lizing multidimensi	n�l d�t� helps
rese�r�hers better underst�nd �	mplex physi��l phen	men�, bi	l	gi��l systems, �nd
engineering stru�tures, ultim�tely ���eler�ting the pr	�ess 	f s�ientifi� dis�	very. The g	�l 	f
rese�r�h is t	 �n�lyze h	w AI te�hn	l	gies ��n impr	ve DV pr	�esses �nd �	ntribute t	 m	re
effi�ient �nd �re�tive s	luti	ns in STEM dis�iplines.

M�in ��rt. Artifi�i�l int�llig�n�� t��ls d�s�ri�ti�n
Alg	rithms b�sed 	n AI pl�y �n imp	rt�nt r	le in s�ientifi� rese�r�h �nd in s	lving

�	mplex pr	blems within STEM dis�iplines. They �ll	w f	r f�ster d�t� pr	�essing �nd the
dis�	very 	f new �ppr	��hes t	 pr	blems th�t require �re�tive thinking. The use 	f AI meth	ds
in DV �nd �re�tive pr	blem-s	lving signifi��ntly in�re�ses �n�lysis ���ur��y, �ut	m�tes
pr	�esses, �nd 	pens up new 	pp	rtunities f	r s�ientifi� dis�	very.

V�ri	us AI meth	ds �re used f	r DV in s�ientifi� rese�r�h. One 	f the m	st p	werful
meth	ds, whi�h mimi�s the stru�ture �nd fun�ti	n 	f the hum�n br�in, is the n�ur�l n�tw�rk.
It �	nsists 	f � l�rge number 	f inter�	nne�ted �	mput�ti	n�l elements – �rtifi�i�l neur	ns –
	rg�nized int	 l�yers (input, hidden, �nd 	utput) [1]. The prim�ry t�sk 	f � neur�l netw	rk is t	
le�rn fr	m d�t� �nd subsequently predi�t 	r �l�ssify new input d�t�. An	ther br�n�h 	f AI is
ML, whi�h f	�uses 	n �re�ting m	dels th�t ��n le�rn fr	m d�t� �nd m�ke de�isi	ns 	r
predi�ti	ns b�sed 	n th�t d�t�.

The se�r�h �nd 	ptimiz�ti	n meth	d b�sed 	n the prin�iples 	f n�tur�l sele�ti	n �nd
geneti�s is ��lled � GA. These �lg	rithms mimi� ev	luti	n�ry pr	�esses, su�h �s mut�ti	n,
�r	ss	ver, �nd n�tur�l sele�ti	n, t	 find 	ptim�l s	luti	ns in �	mplex pr	blems. They �re
p�rti�ul�rly useful where numer	us p	ssible s	luti	ns exist, �nd tr�diti	n�l se�r�h meth	ds �re
ineffe�tive due t	 the �	mplexity 	f the pr	blem. E��h 	f these meth	ds h�s its �dv�nt�ges 	ver
tr�diti	n�l �ppr	��hes �nd ��n be effe�tively used f	r d�t� �n�lysis �nd DV in s�ientifi�
rese�r�h (t�bl.) [2, 3].

T�ble
C	mp�r�tive �n�lysis 	f tr�diti	n�l meth	ds �nd AI-b�sed �ppr	��hes

Crit�ri�n Tr�diti�n�l m�th�ds AI ���r���h�s
Pr	�essing
	f big d�t�

Limited in the �bility t	 �n�lyze
l�rge v	lumes 	f d�t� F�st �nd effi�ient pr	�essing 	f l�rge d�t�sets

An�lysis
���ur��y

Depends 	n hum�n f��t	rs �nd the
�	mplexity 	f the meth	d

High ���ur��y due t	 the use 	f neur�l
netw	rks

Pr	�ess
�ut	m�ti	n Requires signifi��nt m�nu�l eff	rt Full �ut	m�ti	n 	f visu�liz�ti	n �nd �n�lysis

pr	�esses
Cre�tive
s	luti	ns

St�nd�rd �ppr	��hes, limited by
existing meth	ds Gener�ti	n 	f new s	luti	ns using GA

Pr	�essing
time

Time-�	nsuming, espe�i�lly when
�n�lyzing �	mplex d�t�

Signifi��ntly redu�ed pr	�essing time th�nks
t	 AI

Meth	d
�d�pt�bility

Limited by predefined p�r�meters High �d�pt�bility, �bility t	 le�rn fr	m new
d�t�

D�t�
interpret�ti	n

Str�ightf	rw�rd, 	ften requires
m�nu�l refinement

Dete�ti	n 	f hidden p�tterns, diffi�ult-t	-
interpret m	dels

The �	mp�r�tive �n�lysis highlights the signifi��nt �dv�nt�ges 	f AI-b�sed �ppr	��hes
	ver tr�diti	n�l meth	ds. Te�hn	l	gies driven by AI pr	vide f�ster �nd m	re effi�ient d�t�
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pr	�essing, gre�ter ���ur��y thr	ugh the use 	f neur�l netw	rks, �nd full �ut	m�ti	n 	f
visu�liz�ti	n �nd �n�lysis pr	�esses. Unlike tr�diti	n�l meth	ds, whi�h �re 	ften limited by
m�nu�l eff	rts �nd predefined p�r�meters, �rtifi�i�l intelligen�e �ppr	��hes pr	vide gre�ter
�d�pt�bility, the �bility t	 le�rn fr	m new d�t� �nd gener�te inn	v�tive s	luti	ns, espe�i�lly
using GA [4]. The use 	f AI signifi��ntly redu�es pr	�essing time �nd reve�ls hidden p�tterns
in the d�t�, whi�h is diffi�ult t	 ��hieve using tr�diti	n�l meth	ds. These fe�tures m�ke AI �n
indispens�ble t		l f	r s	lving �	mplex s�ientifi� �nd engineering pr	blems.

Th� Im�l�m�nt�ti�n �f AI t��ls in STEAM dis�i�lin�s
The use 	f AI te�hn	l	gies 	pens new 	pp	rtunities f	r in-depth expl	r�ti	n 	f �	mplex

t	pi�s by �ut	m�ting r	utine t�sks �nd en�bling students t	 f	�us 	n �re�tive �nd �n�lyti��l
�spe�ts. This �	ntributes t	 the �re�ti	n 	f �d�ptive le�rning envir	nments th�t �djust t	 the
individu�l needs 	f students, enh�n�ing their le�rning experien�e. H	wever, the imp��t 	f su�h
te�hn	l	gies 	n the ��quisiti	n 	f interdis�iplin�ry kn	wledge �nd skills in STEAM dis�iplines
requires pr��ti��l study.

M�th�ds
A study w�s �	ndu�ted 	n the r	le 	f �rtifi�i�l intelligen�e in DV pr	�esses �nd �re�tive

pr	blem-s	lving in STEM dis�iplines. M	dern meth	ds were empl	yed t	 �ddress DV
�h�llenges �nd find �re�tive s	luti	ns in STEM. The rese�r�h inv	lved � series 	f experiments
f	�used 	n the use 	f �rtifi�i�l intelligen�e f	r visu�lizing �	mplex multidimensi	n�l d�t�, su�h
�s physi��l pr	�ess m	dels �nd bi	l	gi��l netw	rks, �s well �s �ut	m�ted pr	blem-s	lving in
engineering �nd m�them�ti�s. ML �lg	rithms were �pplied f	r DV t	 �re�te m	re intuitive
represent�ti	ns 	f multidimensi	n�l d�t�. In physi��l m	dels, su�h �s qu�ntum systems, AI
en�bled the represent�ti	n 	f �	mplex phen	men� thr	ugh inter��tive gr�phs �nd �nim�ti	ns.
In bi	l	gy, ML meth	ds were used t	 visu�lize �	mplex geneti� d�t�, �ll	wing rese�r�hers t	
better underst�nd the stru�ture �nd beh�vi	r 	f bi	l	gi��l systems. Aut	m�ted pr	blem-s	lving
w�s f��ilit�ted by GA �nd neur�l netw	rks, whi�h were �pplied t	 find s	luti	ns f	r �	mplex
m�them�ti��l �nd engineering t�sks. A series 	f experiments w�s �	ndu�ted t	 test AI's �bility
t	 �ut	m�te the pr	�ess 	f finding 	ptim�l s	luti	ns f	r design �nd m�teri�l 	ptimiz�ti	n
pr	blems, �s well �s s	lving �	mplex m�them�ti��l equ�ti	ns.

F	r testing AI �lg	rithms, b	th re�l �nd simul�ted d�t�sets were used. Re�l s�ientifi�
d�t� in�luded bi	inf	rm�ti�s d�t�, su�h �s pr	tein inter��ti	ns, gen	mi� sequen�es, �nd results
fr	m physi��l experiments, su�h �s m	le�ul�r inter��ti	n me�surements �nd qu�ntum
phen	men�. These d�t�sets �ll	wed us t	 ev�lu�te AI effe�tiveness in s	lving re�l-w	rld
pr	blems. Simul�ted d�t�sets were �ls	 �re�ted t	 test the �lg	rithms' perf	rm�n�e ��r	ss
v�ri	us s�en�ri	s in physi��l �nd engineering dis�iplines. M	dern AI libr�ries �nd t		ls were
used f	r DV �nd d�t� �n�lysis:

T�ns�rFl�w �nd K�r�s were utilized f	r the devel	pment �nd tr�ining 	f neur�l
netw	rks, �s well �s f	r w	rking with deep le�rning �lg	rithms. These t		ls �ll	wed t	 qui�kly
�nd effi�iently pr	�ess l�rge v	lumes 	f d�t� [5].

M�t�l�tlib �nd Al�tl� were used t	 �re�te visu�l represent�ti	ns 	f d�t� �n�lysis
results. These libr�ries pr	vided the �bility t	 gener�te intuitive �nd inter��tive gr�phs, whi�h
m�de the interpret�ti	n 	f experiment�l results e�sier [6].

S���i�liz�d s�i�ntifi� d�t� pr	�essing �lg	rithms, su�h �s m��hine visi	n �lg	rithms,
h�ve been used t	 �n�lyze DV �nd �ut	m�ti��lly identify imp	rt�nt �h�r��teristi�s in
multidimensi	n�l d�t�sets [7].
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R�sults
In study, experiments were �	ndu�ted t	 impr	ve the visu�liz�ti	n 	f b	th physi��l �nd

bi	l	gi��l d�t�. The �ppli��ti	n 	f AI in visu�lizing �	mplex d�t� sh	wed signifi��nt
impr	vements �	mp�red t	 tr�diti	n�l meth	ds (fig. 1).

Figure 1. C	mp�ris	n 	f DV ���ur��y using AI �nd tr�diti	n�l meth	ds

In bi	l	gy, �rtifi�i�l intelligen�e w�s used t	 �n�lyze pr	tein netw	rks, where deep
le�rning �lg	rithms impr	ved the ���ur��y 	f identifying key inter��ti	ns between pr	teins. In
experiments, neur�l netw	rk �lg	rithms su��essfully identified imp	rt�nt inter��ti	n p�tterns
with �n ���ur��y 	f up t	 92%, whi�h is 15% higher th�n the results 	bt�ined using tr�diti	n�l
d�t� �n�lysis meth	ds. These �dv�n�ements n	t 	nly m�de the �n�lysis 	f �	mplex bi	l	gi��l
systems m	re ���ur�te but �ls	 m�de DV m	re intuitive, simplifying interpret�ti	n. Thr	ugh
visu�liz�ti	n, rese�r�hers were �ble t	 better det�il the stru�ture �nd fun�ti	ns 	f pr	tein
netw	rks �nd un�	ver hidden �	nne�ti	ns th�t were previ	usly un�le�r with tr�diti	n�l
�ppr	��hes.

In physi�s, AI dem	nstr�ted the �bility t	 signifi��ntly impr	ve the m	deling 	f
�	mplex phen	men�, su�h �s qu�ntum pr	�esses. Visu�liz�ti	n 	f qu�ntum effe�ts, perf	rmed
using ML meth	ds, �ll	wed rese�r�hers t	 simplify the interpret�ti	n 	f multidimensi	n�l d�t�
�nd m	re ���ur�tely �n�lyze the beh�vi	r 	f sub�t	mi� systems. The ���ur��y 	f qu�ntum
m	del �n�lysis w�s impr	ved by 20%, signifi��ntly enh�n�ing the �	n�lusi	ns dr�wn fr	m the
experiments. Inter��tive AI-b�sed m	dels dem	nstr�te p�rti�le beh�vi	r m	re �le�rly �nd help
rese�r�hers better underst�nd �	mplex physi��l pr	�esses.

Thus, the use 	f AI f	r DV in bi	l	gy �nd physi�s pr	ved effe�tive, pr	viding � m	re
���ur�te �nd underst�nd�ble represent�ti	n 	f �	mplex systems, �nd impr	ving the qu�lity 	f
s�ientifi� �	n�lusi	ns. The use 	f AI pr	vides high effi�ien�y in s	lving engineering �nd
m�them�ti��l pr	blems (fig. 2).

Figure 2. C	mp�ris	n 	f the perf	rm�n�e 	f pr	blem-s	lving meth	ds using tr�diti	n�l �ppr	��hes
�nd AI-b�sed meth	ds
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The �ppli��ti	n 	f GA f	r s	lving stru�tur�l 	ptimiz�ti	n t�sks led t	 the devel	pment
	f new s	luti	ns th�t were previ	usly n	t �	nsidered by tr�diti	n�l meth	ds. In p�rti�ul�r, AI
�lg	rithms pr	p	sed inn	v�tive s	luti	ns f	r 	ptimizing the m�ss �nd strength 	f stru�tures. In
	ur experiment, GA redu�ed the m�ss 	f �n engineering stru�ture by 10% while m�int�ining
its strength �nd 	per�ti	n�l �h�r��teristi�s. This impr	vement is � signifi��nt step f	rw�rd, �s
tr�diti	n�l 	ptimiz�ti	n meth	ds �re 	ften limited in their �bility t	 find su�h s	luti	ns with	ut
signifi��nt time �nd res	ur�e �	sts. The intr	du�ti	n 	f AI n	t 	nly ���eler�ted the 	ptimiz�ti	n
pr	�ess by 27%, but �ls	 pr	vided � m	re �re�tive �ppr	��h t	 s	lving engineering pr	blems.

Using AI in s	lving �	mplex m�them�ti��l pr	blems, su�h �s differenti�l equ�ti	ns, led
t	 signifi��nt ���eler�ti	n in �	mput�ti	ns �nd in�re�sed s	luti	n ���ur��y. During the
experiments, AI �lg	rithms �ut	m�ted the pr	�ess 	f finding s	luti	ns t	 �	mplex
m�them�ti��l m	dels, ���eler�ting the s	luti	n pr	�ess by 32% �	mp�red t	 tr�diti	n�l
meth	ds. This 	pens new 	pp	rtunities f	r m�them�ti�i�ns �nd engineers wh	 need qui�k
s	luti	ns in the �	ntext 	f l�rge d�t� v	lumes 	r multidimensi	n�l systems. M	re	ver, AI n	t
	nly ���eler�ted the pr	�ess but �ls	 	ffered �ltern�tive �ppr	��hes t	 pr	blem-s	lving th�t
were previ	usly un�le�r.

The study �	nfirmed th�t AI ��n signifi��ntly ���eler�te the pr	�ess 	f s	lving �	mplex
pr	blems by 	ffering �re�tive �nd effi�ient s	luti	ns th�t w	uld be un�tt�in�ble thr	ugh
tr�diti	n�l �ppr	��hes.

Dis�ussi�n
The rese�r�h h�s sh	wn th�t using AI in STEM dis�iplines brings signifi��nt �dv�nt�ges

in b	th DV �nd s	lving �	mplex s�ientifi� pr	blems. One 	f AI's m�in �dv�nt�ges is its �bility
t	 pr	�ess l�rge v	lumes 	f d�t� �nd un�	ver hidden p�tterns, whi�h gre�tly ���eler�tes
rese�r�h pr	�esses. The AI-driven DV h�s signifi��ntly impr	ved the underst�nding 	f �	mplex
multidimensi	n�l systems, whi�h h�s been �	nfirmed by experiments in physi�s �nd bi	l	gy.
F	r ex�mple, visu�lizing qu�ntum pr	�esses �nd bi	l	gi��l netw	rks with AI sh	wed higher
���ur��y �nd �l�rity �	mp�red t	 tr�diti	n�l meth	ds [8].

The use 	f AI h�s dem	nstr�ted its effe�tiveness in s	lving �re�tive t�sks. Applied t	
engineering �nd m�them�ti��l pr	blems, GA �nd ML meth	ds pr	p	sed new �ppr	��hes th�t
were previ	usly n	t �	nsidered by tr�diti	n�l meth	ds. In engineering dis�iplines, AI led t	
signifi��nt stru�tur�l 	ptimiz�ti	n, whi�h �	ntributed t	 m	re effi�ient s	luti	ns. In
m�them�ti�s, AI ���eler�ted �	mput�ti	ns �nd �ut	m�ted pr	�esses th�t previ	usly required
m�nu�l l�b	r, whi�h �ls	 gre�tly in�re�sed pr	du�tivity �nd 	pened new �re�tive �ppr	��hes.
Thus, the study emph�sizes the imp	rt�n�e 	f further devel	ping AI te�hn	l	gies in STEM
dis�iplines �nd their integr�ti	n int	 s�ientifi� �nd engineering pr	�esses f	r s	lving m	re
�	mplex t�sks �nd supp	rting �re�tive s	luti	ns.

C�n�lusi�n
The results 	f this study sh	wed th�t AI pl�ys � signifi��nt r	le in impr	ving DV

pr	�esses �nd supp	rting �re�tive pr	blem-s	lving in STEM dis�iplines. Applying AI
subst�nti�lly in�re�ses the ���ur��y 	f multidimensi	n�l d�t� �n�lysis, �ut	m�tes r	utine
�	mput�ti	n�l t�sks, �nd 	ffers new �re�tive �ppr	��hes t	 s	lving s�ientifi� �nd engineering
pr	blems. Neur�l netw	rks �nd GA used in this study dem	nstr�ted their effi�ien�y in
in�re�sing pr	du�tivity �nd the qu�lity 	f visu�liz�ti	n, �s well �s in 	ptimizing �	mplex
systems. The intr	du�ti	n 	f AI t		ls int	 s�ientifi� pr	�esses ���eler�tes rese�r�h, impr	ves
	ut�	mes, �nd 	pens new 	pp	rtunities f	r s�ientifi� dis�	veries.
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The pr��ti��l signifi��n�e 	f the study lies in dem	nstr�ting th�t AI te�hn	l	gies ��n
signifi��ntly in�re�se the effi�ien�y �nd pr	du�tivity 	f s�ientifi� rese�r�h in STEM dis�iplines.
This 	pens up pr	spe�ts f	r the wider �d	pti	n 	f AI in rese�r�h pr	je�ts �nd ���demi�
pr	gr�ms, whi�h ��n gre�tly ���eler�te the s	luti	n 	f �	mplex pr	blems in physi�s, bi	l	gy,
m�them�ti�s, �nd engineering. The results highlight the need f	r ��tive use 	f AI te�hn	l	gies
in edu��ti	n�l pr	�esses �nd rese�r�h initi�tives, prep�ring future s�ientists t	 w	rk with big
d�t� �nd new digit�l t		ls.
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