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This study was prompted by the need to ex am ine how well AI tools and large lan guage mod els han dle geo log i cal is sues, par -
tic u larly lithological is sues, in lan guages other than Eng lish. The study aimed to eval u ate the qual ity of re sponses in Pol ish
gen er ated by free ver sions of AI tools ac ces si ble to non-ge ol o gists with lim ited tech no log i cal ex per tise. The sur vey, which
was con ducted be tween Feb ru ary and May 2025, in volved peo ple with a back ground in ge ol ogy and stu dents of
geosciences, whose task was to eval u ate each of the re sponses re ceived. The li thol ogy ques tions were the same for all re -
spon dents. The study in volved us ing ChatGPT, Claude, DeepSeek AI, Google Gem ini, Microsoft Copilot, Per plex ity AI, and
Qwen2.5. Re spon dents were most likely to use ChatGPT, Microsoft Copilot and Per plex ity. The as sess ment cov ered the
fac tual ac cu racy of the re sponses, the re li abil ity of the sources ref er enced, and the com pre hen si bil ity of the re sponses re -
ceived. The study re vealed that not all AI tools can pro cess the Pol ish lan guage ef fec tively, and a lack of rel e vant pub li ca -
tions in Pol ish hin ders the im prove ment of re sponse qual ity. It was shown that more com plete and com plex que ries that
delve deeper into sub stan tive knowl edge en able higher qual ity and more sat is fac tory re sults. These re sults in di cate the need 
to adapt al go rithms to re gional sci en tific ter mi nol ogy spe cif ics, which could en hance the qual ity, re li abil ity and use ful ness of
the con tent.

Key words: large lan guage mod els, li thol ogy, geo log i cal ter mi nol ogy, chatbots.

INTRODUCTION

The de vel op ment of tools based on large lan guage mod els
(LLM) and their grow ing pop u lar ity have in spired re search at
the in ter sec tion of ge ol ogy and pop u lar sci ence. Given that
geo log i cal in for ma tion is en coun tered not only in sci en tific pub -
li ca tions, on na tional park and ed u ca tional trails, and pop u lar
sci ence pub li ca tions, but also, in ci den tally, in stores such as
gar den cen tres and in te rior de sign shops, we de cided to as sess 
what in for ma tion con cern ing li thol ogy an or di nary cit i zen can
ob tain by ask ing ques tions to ar ti fi cial in tel li gence (AI) sys tems.
Given the prev a lence of Eng lish in the de vel op ment of AI tools,
and also the num ber of pub li ca tions in rep u ta ble jour nals in this
lan guage, one may ex pect that the qual ity of re sults in Eng lish
would be higher. Que ries in AI chatbots for mu lated in na tional
lan guages can re turn less sat is fac tory an swers (Zhang et al.,
2023; Jêdrzejczak and Kochanek, 2025). These as sump tions

led to the de sign and im ple men ta tion of the sur vey de scribed in
this ar ti cle. 

Our main ob jec tive was to as sess the qual ity and re li abil ity
of re sponses gen er ated by AI tools on geo log i cal is sues of vary -
ing com plex ity, de vel oped in lan guages other than Eng lish,
when the ques tions are asked by peo ple with out any geo log i cal
back ground. In for ma tion per tain ing to li thol ogy can be ac -
cessed on tak ing many dif fer ent routes through var i ous me dia,
in clud ing in for ma tion boards, leaf lets and pop u lar sci ence
books. The term ‘li thol ogy’ can be used to de scribe a va ri ety of
geo graph ical and cul tural fea tures. For in stance, it can be em -
ployed to char ac ter ize his tor i cal ob jects such as mar ble stat ues
and slate roof tiles. Ad di tion ally, it can be used to de scribe nat u -
ral at trac tions, in clud ing wa ter falls that cut through lime stone,
as well as ar tis tic cre ations such as ce ramic dec o ra tions made
of clay. 

Achiev ing this re search ob jec tive en tailed sev eral as sump -
tions. The sub ject mat ter of the ques tions was nar rowed down
to is sues re lated to li thol ogy, as sum ing that among the many
pos si ble geo log i cal is sues, terms re lated to rocks seem to be
the most pop u lar and un der stand able. An at tempt was made to
put one self in the shoes of a user who is not a ge ol o gist and has
at most ba sic geo log i cal knowl edge, which does not guar an tee
a crit i cal as sess ment of the re sults ob tained. Ad di tion ally, it was 
as sumed that knowl edge of how to use AI tools is ba sic, and
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this was re flected in the way ques tions were for mu lated for the
chat. This study was also con ducted to test how com monly
avail able AI tools han dle rel a tively sim ple ques tions and an -
swers not for mu lated in Eng lish. Ac cord ing to data from Au gust
2025, the to tal num ber of Pol ish speak ers world wide does not
ex ceed 45 mil lion (https://www.gov.pl/web/nauka/jezyk -polski -
-za-granica). An ad di tional goal was to check how AI tools deal
with terms that are am big u ous and whose mean ing is clar i fied
by the con text of the sen tence and by ad di tional at trib utes. Dif -
fer ences be tween an swers to the same ques tion, but writ ten in
a sim ple or com plex way, were also com pared. The study in -
volved mainly stu dents and ge ol o gists of var i ous spe cial iza -
tions, who used a ques tion naire to make a pre lim i nary as sess -
ment of the sub stan tive qual ity of the re sponses and ref er ences 
re ceived. 

APPLICATION OF LARGE LANGUAGE MODELS
IN GEOSCIENCES

LLM are be com ing in creas ingly im por tant in the nat u ral sci -
ences, in clud ing sci ences cov er ing geo log i cal is sues, es pe -
cially as con cerns data pro cess ing, doc u ment anal y sis and
knowl edge ex trac tion. His tor i cal stud ies, such as the work of
Camp bell and Roelofs (1980), al ready pos tu lated the use of AI
for in tel li gent spa tial data man age ment and de ci sion sup port in
the Earth sci ences – which to day, thanks to LLMs, is tak ing on a 
new di men sion in the form of in te grated as sis tants ca pa ble of
ana lys ing text, nu mer i cal data, sat el lite im ages and seis mic
mod els within a sin gle plat form.

Con tem po rary AI chatbots based on LLMs are in creas ingly
used in geo log i cal re search and Earth sci ences, of fer ing sup -
port in data anal y sis, in ter pre ta tion of re sults, and sci en tific
com mu ni ca tion. Mod els such as ChatGPT, Claude and Copilot
ex cel at spa tial and geoinformatics tasks. They per form well in
tasks re lated to spa tial skills, GIS the ory, and code and pro -
gram ming func tion in ter pre ta tion, but show weak nesses in car -
tog ra phy, code writ ing and spa tial rea son ing (Hochmair et al.,
2024). Ad di tion ally, sig nif i cant dif fer ences in ac cu racy have
been ob served be tween in di vid ual chatbots. Re search by
Cahyana et al. (2024) in volv ing soil sci en tists from the Na tional
Re search and In no va tion Agency, uni ver si ties, and mem bers
of the In do ne sian Soil Sci ence So ci ety (HITI), showed that the
over all level of trust in ChatGPT was 55%. Ad di tion ally, 80% of
re spon dents be lieved that ChatGPT could only be used as a
tool to sup port re search in soil sci ence and should not re place
the in volve ment of spe cial ists.

Anal y ses of the po ten tial ap pli ca tion of ChatGPT in hy drol -
ogy and earth sci ences have shown that, al though ChatGPT
can be a use ful tool to sup port sci en tists in cre at ing con tent and
ac cel er at ing sci en tific prog ress, there are also some sub stan -
tial con cerns. These in clude po ten tial er rors, model lim i ta tions,
and the risk of un eth i cal or in ap pro pri ate use. In ad di tion, there
is also the prob lem of ex clud ing non-Eng lish-speak ing us ers
who use lan guage mod els to edit and cor rect their own work
(Wee and Reimer, 2023). There fore, it is rec om mended that the 
ac a demic com mu nity adapt its reg u la tions and pol i cies to max i -
mize the ben e fits of us ing such mod els while min i miz ing the as -
so ci ated risks (Foroumandi et al., 2023).

Microsoft Copilot, thanks to its in te gra tion with seis mic data
vi su al iza tion and pro cess ing tools, has be come a plat form that
en ables com plex geoscientific anal y ses to be con ducted us ing
nat u ral lan guage. As part of the pro ject de scribed by Altynova
et al. (2024), a multimodal ex ten sion was de vel oped that al lows
for the anal y sis of bore hole data, seis mic pro files in SEG-Y for -

mat, and res er voir sim u la tion re sults in an in te grated AI en vi -
ron ment.

Gem ini and Per plex ity AI of fer high lin guis tic qual ity and ac -
cu racy of re sponses in text anal y sis – the for mer stands out for
its lin guis tic ac ces si bil ity, while the lat ter ex cels at ef fec tive in -
for ma tion re trieval and or ga ni za tion (Reyhan et al., 2024). In a
study by Salih et al. (2024), which eval u ated the com pe tence of
Gem ini and Per plex ity AI in tasks re lated to sci en tific pub li ca -
tions, both mod els showed com pa ra ble re sults to ChatGPT,
achiev ing high re sponse ac cu racy in tasks re lated to lit er a ture
re view and re search meth od ol ogy. These prop er ties may be
use ful in the anal y sis of geo log i cal lit er a ture and the au to ma tion 
of sci en tific re views. The ap pli ca tion of these lan guage mod els
in the Earth sci ences goes be yond clas sic text gen er a tion –
they are in creas ingly used as tools to aid data anal y sis, pre dict
nat u ral phe nom ena, and sup port sci en tific com mu ni ca tion. A
par tic u larly in ter est ing ex am ple is the study by Mousavi et al.
(2024), which showed that Gem ini 1.5 Pro can es ti mate the in -
ten sity of seis mic shocks based on un struc tured data from so -
cial me dia. This model showed con sis tency with mea sure ment
data, sug gest ing that it can draw con clu sions con cern ing phys i -
cal phe nom ena such as earth quakes de spite the lack of ac cess 
to clas si cal geo phys i cal data.

Re search con ducted by Khanifar (2025) showed that LLM -
-based chatbots such as Claude 3.5 Son net, GPT-4o, GPT-4o
mini, Gem ini 1.5 Pro, and Gem ini 1.5 Flash dem on strated vary -
ing de grees of ef fec tive ness in an swer ing ques tions re lated to
soil sci ence. The re sults in di cate that Claude 3.5 Son net and
GPT-4o achieved sim i lar, prom is ing re sults, al though ~35% of
their re sponses con tained er rors. This sug gests that soil sci -
ence ques tions are par tic u larly chal leng ing for chatbots. Fur -
ther more, the per for mance of the GPT-4o model did not de -
pend sig nif i cantly on the in put lan guage, which means that lan -
guage is not a lim i ta tion in the ap pli ca tion of ChatGPT to this
field.

Al though DeepSeek AI and Qwen2.5 have not yet been
ana lysed in de tail in the con text of geosciences, their open ar -
chi tec ture and de vel op ment in open-source en vi ron ments sug -
gest that they can be eas ily adapted to the geo log i cal do main,
es pe cially when in te grated with lo cal da ta bases and GIS tools.
These find ings show that LLM chatbots, when prop erly tuned,
can serve as in tel li gent as sis tants in Earth sci ences, sup port ing
data anal y sis and sci en tific com mu ni ca tion, and also geo log i cal 
ed u ca tion.

At the same time, spe cial ized LLM mod els ded i cated to us -
ers in volved in geosciences are emerg ing. Ex am ples in clude
GeoGalactica, which spe cial izes in the anal y sis of geo log i cal
ter mi nol ogy (Lin et al., 2024), the K2 model, which fo cuses on
cli mate and Earth sci ences (Deng et al., 2023; Hadid et al.,
2024), and GeologyOracle, a GPT-3.5-based chatbot de signed 
for geo log i cal ed u ca tion, GeoChat, pre sented by Kuckreja et al. 
(2024), which pro cesses im ages in ad di tion to nat u ral lan -
guage.

How ever, it should be noted that de spite tech no log i cal ad -
vances, there are also lim i ta tions and risks as so ci ated with the
use of LLM in geosciences. Hawkins (2024) de scribed the case
of the Chi nese GeoGPT model, which, de spite its tech no log i cal
so phis ti ca tion, cen sored terms and re stricted free dom of sci en -
tific ex plo ra tion. This case high lights the im por tance of al go rith -
mic trans par ency and in de pend ence in the con text of us ing ar ti -
fi cial in tel li gence in geo log i cal re search.

How ever, all of the so lu tions de scribed above, de vel oped
for and with the par tic i pa tion of ge ol o gists, are tools de vel oped
for the needs of the in dus try. They are gen er ally lit tle known,
and, likely, they will not be used to the same level as pop u lar AI
tools im ple mented in most brows ers at a mass scale. There -
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fore, our study reached out to wards those pop u lar so lu tions that 
are used by the vast ma jor ity of the pop u la tion.

Due to the grow ing pop u lar ity of AI tools, the Eu ro pean
Com mis sion at the leg is la tive level (PE/24/2024/REV/1 2024)
em pha sizes that gen er at ing syn thetic con tent us ing AI cre ates
the risk of pro vid ing in for ma tion that mis leads the user. This re -
quires sys tem pro vid ers to take var i ous mea sures to min i mize
these risks. The re sults of our study can be used by AI us ers
and pro vid ers to iden tify pos si ble er rors and prob lems when us -
ing this tech nique.

MATERIALS AND METHODS

We aimed to as sess the qual ity and re li abil ity of AI-gen er -
ated re sponses to ba sic ques tions about li thol ogy for mu lated in
Pol ish, of the kind asked by us ers who are not ge ol o gists and
have only ba sic knowl edge of how to use AI tools, as well as
those who can use AI tools in the same way as they pre vi ously
used internet search en gines. Is sues re lated to rock ter mi nol -
ogy used, for ex am ple, in con struc tion and in te rior de sign were
not as sessed here, as the terms used in these fields are, in
most cases, in cor rect from a geo log i cal point of view. An ex am -
ple is the com mer cial term “mar ble”, which, from a geo log i cal
point of view, can be mar ble, lime stone, or do lo mite that has
been ground and pol ished, mak ing it at trac tive from a dec o ra -
tive point of view. When ana lys ing the re sponses re ceived, at -
ten tion was paid to whether the sources were ap pro pri ately se -
lected and based on geo log i cal knowl edge.

An other risk that may arise among non-ge ol o gists us ing the 
AI chatbot is the un crit i cal ac cep tance of the an swers gen er -
ated by the tool. The study in volved stu dents, doc toral stu dents, 
and re search ers as so ci ated with the field of ge ol ogy. The spec -
trum of chats we ex am ined re quired a large re search sam ple,
en sured by a wide range of re spon dents. At the same time, fo -
cus ing on peo ple as so ci ated with ge ol ogy gave us the op por tu -
nity to more re li ably as sess the con tent of the re sponses ob -
tained. The study in volved em ploy ees of the Pol ish Geo log i cal
In sti tute – Na tional Re search In sti tute and lec tur ers and stu -
dents from the Fac ulty of Ge ol ogy at the Uni ver sity of War saw. 

The study was di vided into two stages. The first stage was a 
sur vey. Microsoft Forms (MSForms) was used for this pur pose.
The sur vey was anon y mous, but it was de signed so that the first 
part de ter mined the pro file of the re spon dent. Then, the re spon -
dents chose an AI tool, which they used to com plete the main
part of the sur vey. A to tal of 202 com pleted ques tion naires were 
col lected for fur ther anal y sis.

The sec ond part of the sur vey con tained seven ques tions
that had to be cop ied and pasted into the chat win dow. For the
re sults to be com pa ra ble, the set of ques tions was for mu lated
as one would ex pect from a per son who is not a ge ol o gist and is 
not pro fi cient in the use of AI tools, which should be un der stood
as, among other things, a lack of knowl edge and ex pe ri ence in
the field of math e mat i cal al go rithms, and a lack of abil ity to cor -
rectly for mu late que ries in AI-based tools. It should be em pha -
sized that knowl edge of li thol ogy is cru cial in or der to con struct
prompts in such a way as to in crease the ac cu racy of the re -
sponse re ceived. There fore, even a pro fi cient knowl edge of AI
tools would not guar an tee a sub stan tively cor rect re sult. In ad -
di tion, one of the ques tions was de signed to test how AI copes
with the am bi gu ity of lithological terms that the av er age cit i zen
may en coun ter. It was as sumed that there was a risk that it
might search for def i ni tions of terms whose full mean ing is de -
rived from con text, so it was de cided to test how AI would deal
with this is sue when no ad di tional ex pla na tion was avail able,

be cause a po ten tial in ter ested party would not have suf fi cient
sub stan tive knowl edge. It has of ten been stated that, dur ing the
de vel op ment of dic tio nar ies for in ter na tional pro jects and ini tia -
tives (OJ L 108, 2007; https://eurogeosurveys.org/pro jects/one -
geology -eu rope/; Asch, 2010; Asch et al., 2025; Stêpieñ et al.,
2025), that am bi gu ity can cause prob lems. It com monly hap -
pens that one Eng lish term cor re sponds to many more pre cise
terms in na tional lan guages and vice versa. All AI re sponses to
que ries and sources were pasted into the sur vey by re spon -
dents to en able later ver i fi ca tion and eval u a tion.

AI TOOLS

For se cu rity rea sons, it is rec om mended to use AI tools that
do not re quire log ging in. Some in sti tu tions, in ac cor dance with
their in ter nal se cu rity pol i cies, do not rec om mend, or even pro -
hibit, log ging into ex ter nal sys tems. Cau tion is ad vised, as it can
be ar gued that the data sent to the chatbot for anal y sis is a kind of 
pay ment for the free use of AI tools. This means that this data
could be fur ther used by other us ers (https://www.gov.pl/web/baza -
-wiedzy/pulapki-zwiazane-z-wykorzystywaniem-sztucznej-inteligen
cji—jak-unikac-zagrozen). The re stric tions in tro duced are also
intended to min i mize the risk of phishing and data leaks. Pub lic
en ti ties are par tic u larly vul ner a ble to data theft. 

The list of mod els used for test ing in cluded seven LLM -
-based tools (Ta ble 1). The se lec tion cri te rion was the pos si bil -
ity of us ing the tool free of charge. Re spon dents were in formed
about the con di tions for free ac cess to the AI tool, i.e., the ne -
ces sity or lack of ob li ga tion to log in. This in for ma tion is im por -
tant for net work se cu rity rea sons. Some us ers do not log in of
their own ac cord, while oth ers, us ing work de vices, can not log
in to ex ter nal plat forms, in clud ing AI tools, for se cu rity rea sons.
There fore, re spon dents were asked about the fre quency and
scope of their use of AI tools to date. The rest have their own
ded i cated en gines. The most im por tant fea tures of the tools
pro posed to re spon dents for use in the study are dis cussed be -
low.

ChatGPT, de vel oped by OpenAI, stands out for its wide
avail abil ity with out the need to log in and the abil ity to use the
internet brows ing fea ture in se lected ver sions. This model is
widely used to gen er ate def i ni tions, clas si fi ca tions, and ex pla -
na tions in many fields, and its in tu itive in ter face makes it easy to 
use for us ers of all skill lev els. ChatGPT is good at syn the siz ing
in for ma tion from var i ous sources, al low ing it to pro vide up-to-
 date and com pre hen sive an swers (https://openai.com/in -
dex/chat gpt/).

Claude, de vel oped by Anthropic, is a model fo cused on se -
cu rity and han dling large data sets. It stands out for its abil ity to 
ana lyse very long doc u ments, sum ma rize them, clas sify them, 
and draw con clu sions. Claude re quires log ging in, which al -
lows for per son al iza tion and ac cess to con ver sa tion his tory.
This model is par tic u larly use ful for tasks re quir ing in-depth
text anal y sis and work ing with ex ten sive source ma te ri als
(https://www.an thro pic.com/claude).

DeepSeek AI uses Trans former ar chi tec ture with Mix ture of
Ex perts (MoE) el e ments, which en ables it to ef fec tively ana lyse
long and com plex texts. This model is par tic u larly ef fec tive in
pro cess ing large doc u ments, mak ing it suit able for tasks re quir -
ing ac cu rate anal y sis and syn the sis of in for ma tion. The free
ver sion re quires log ging in, which al lows for per son al iza tion and 
ac cess to con ver sa tion his tory. DeepSeek AI stands out for its
speed and abil ity to ana lyse text at mul ti ple lev els of de tail
(https://www.deepseek.com/en).

Google Gem ini is a multimodal model that can ana lyse both
text and im ages, mak ing it unique among lan guage mod els.
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Gem ini uses tools such as a web search en gine and file anal y -
sis to search and syn the size in for ma tion from var i ous data for -
mats. The model was de vel oped by Google DeepMind and is
in te grated with Google ser vices, al low ing for seam less col lab o -
ra tion with other Google ap pli ca tions (https://gem ini.goo -
gle.com).

Microsoft Copilot is an AI as sis tant in te grated with Microsoft 
365 ap pli ca tions such as Word, Ex cel and PowerPoint, al low ing 
it to di rectly ana lyse, gen er ate, and vi su al ize data within these
tools. Copilot uses OpenAI tech nol ogy (in clud ing GPT-4o),
which gives it ac cess to the lat est lan guage mod els. This model 
is par tic u larly use ful for tasks in volv ing doc u ments, spread -
sheets and pre sen ta tions, and its in te gra tion with the Microsoft
eco sys tem en ables seam less col lab o ra tion with other Microsoft 
ser vices. Com pared to the Pro ver sion, the free ver sion has lim -
ited func tion al ity (https://copilot.microsoft.com).

Per plex ity AI is an AI-based search en gine that au to mat i -
cally cites sources in its gen er ated re sponses, which sets it
apart from other lan guage mod els. This model is par tic u larly
use ful in sci en tific re search, as it al lows you to quickly ob tain
and ver ify in for ma tion from many re li able sources, such as sci -
en tific ar ti cles, news and fo rums. Per plex ity AI is avail able with -
out log ging in and al lows for easy com par i son of in for ma tion
(https://www.per plex ity.ai).

Qwen2.5, de vel oped by Alibaba Cloud, is a model that sup -
ports ad vanced data clas si fi ca tion and tasks re lated to cod ing
and math e mat i cal data anal y sis. The model is avail able af ter
log ging in and is dis tin guished by its high per for mance and abil -
ity to han dle long con texts. Qwen2.5 is par tic u larly use ful for
doc u ment anal y sis and tasks re quir ing the pro cess ing of large
amounts of text and nu mer i cal data (https://Qwen.ai).

Due to the pace and in ten sity of change and de vel op ment of 
AI tools, it should be noted that the re search was con ducted be -
tween Feb ru ary 3 and May 31, 2025. 

SURVEYS AS A RESEARCH METHOD

The pri mary re search tool was a sur vey de vel oped in
Microsoft Forms, com pris ing sev eral parts: an in tro duc tion that
de fined the re spon dent’s pro file and the tool used to com plete
the main part of the sur vey, a set of sub stan tive ques tions, and
a sub jec tive as sess ment.

The in tro duc tion to the sur vey served to de ter mine the re -
spon dent’s pro file; the first ques tions con cerned ed u ca tion.
There were six pos si ble an swers to choose from: first-cy cle stu -
dent, bach e lor’s/en gi neer’s de gree, sec ond-cy cle stu dent,
mas ter’s/mas ter’s en gi neer’s de gree, doc toral stu dent, doc tor
and above. Al though the sur vey was ad dressed to em ploy ees
of the Fac ulty of Ge ol ogy at the Uni ver sity of War saw and the
Pol ish Geo log i cal In sti tute – Na tional Re search In sti tute, ques -
tions were also asked about the field of study to en sure that, as
in tended, the sur vey was com pleted mainly by peo ple with an
ed u ca tion that would al low them to crit i cally eval u ate the an -
swers gen er ated by AI. This was a mul ti ple-choice ques tion,
and in ad di tion to the an swers sug gested (ge ol ogy, ge og ra phy,
geo phys ics, geoinformation, com puter sci ence), it was also
pos si ble to pro vide other an swers not in cluded on the list. An -
other ques tion de fin ing the pro file of the re spon dent was a sub -
jec tive as sess ment of their knowl edge of ar ti fi cial in tel li gence
(no knowl edge, ba sic, in ter me di ate, ad vanced, ex pert). Re -
spon dents were also asked about the fre quency of their use of
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T a  b l e  1

The sum mary of ba sic in for ma tion about the AI mod els used

Model De vel op ers Coun try Ver sion Ar chi tec ture/Base Model Re lease date Avail abil ity In ter face

ChatGPT OpenAI USA GPT-4o GPT-4 (Trans former) May 2024 free 
(no login re quired) ENG/PL

Claude Anthropic USA
Claude 3.5, Claude 
3.7 Son net, Claude 

Son net 4***

Anthropic’s pro pri etary
Claude 3.x ar chi tec ture

(Trans former, MoE,
multimodality)

June 2024, 
Feb ru ary 2025, 

May 2025

free 
(login re quired) ENG

DeepSee
k AI

DeepSeek
AI China DeepSeek R1 DeepSeek-V3-Base 

(Trans former + MoE) Jan u ary 2025 free 
(login re quired) ENG

Google
Gem ini

Google
DeepMind USA Gem ini 1.5 Flash,

Gem ini 2.0 Flash*
Gem ini 1.5/2.0 
(Trans former)

July 2024, 
Feb ru ary 2025

free (Google ac -
count re quired)** ENG/PL

Microsoft
Copilot Microsoft USA Copilot (GPT-4o) GPT-4o (Trans former,

OpenAI, via Az ure OpenAI) May 2024 free 
(no login re quired) ENG/PL

Per plex ity 
AI

Per plex ity
AI, Inc. USA Per plex ity 

De fault

Per plex ity’s pro pri etary 
ar chi tec ture 

(LLM/Trans former, 
fine-tun ing search ing)

De cem ber
2022

free 
(no login re quired) ENG/PL

Qwen
Alibaba
Cloud,

Qwen Team
China Qwen2.5 Max,

Qwen 3****
Qwen2.5 

(Trans former + MoE)
Feb ru ary 2025, 

April 2025
free 

(no login re quired) ENG

*  On Feb ru ary 3, 2025, Gem ini 2.0 Flash was not yet of fi cially avail able to all us ers through the main Gem ini in ter face (gem ini.google.com)
or in mo bile ap pli ca tions – its gen eral avail abil ity be gan on Feb ru ary 5, 2025; 
**   Login re quire ment: Un til March 19, 2025, it was nec es sary to log in to a Google ac count to use Google Gem ini on the website. There fore,
in Feb ru ary, us ers who were not logged in could not use Gem ini through their browser: they were re quired to log in with a Google ac count; 
***   From Feb ru ary 24, Claude 3.5 Son net and Claude 3.7 Son net were avail able in par al lel, but free us ers were not able to choose a model;
the sys tem au to mat i cally as signed them the lat est avail able Son net model, most of ten in stan dard mode. Claude Son net 4 ap peared as the
de fault model for all us ers from May 22, 2025; 
****  Qwen 3 be gan to be in tro duced grad u ally from late April/early May, so some new us ers may have re ceived Qwen 3 as the de fault model,
but this was not guar an teed for ev ery one straight away.

https://copilot.microsoft.com
https://www.perplexity.ai
https://Qwen.ai


AI mod els (daily, at least once a week, once a month, less of -
ten, never) and the pur poses for which they use them (pro fes -
sional, ed u ca tional, en ter tain ment, other).

The next part of the sur vey asked re spon dents to se lect the
AI tool they used to de velop their an swers to the study’s main
ques tions. Seven glob ally known free AI tools were sug gested
for com plet ing the ques tion naire: ChatGPT, DeepSeek AI,
Google Gem ini, Per plex ity AI, Claude, Qwen2.5 and Microsoft
Copilot. Each tool was ac com pa nied by a di rect link and in for -
ma tion on whether log ging in was re quired. The Pol ish AI tools
were pur posely ex cluded from the re search. BIELIK was only
avail able to logged-in us ers, and PLLuM was launched af ter the 
sur vey had al ready be gun. Af ter se lect ing a tool, re spon dents
were asked to in di cate whether they had pre vi ously used it to
search for geo log i cal con tent: ‘Yes, sev eral times a week’; ‘Yes, 
sev eral times a month’; ‘Yes, but I do it oc ca sion ally, sev eral
times a year’; or ‘Never’. Only af ter this in tro duc tion did the main 
part of the study be gin.

As pre vi ously men tioned, the main part of the sur vey com -
prised seven ques tions which had to be cop ied and pasted into
the cho sen chat win dow. These ques tions var ied greatly in
com plex ity. The or der in which the ques tions were asked was
also im por tant. Ques tion 6 was a more spe cific ver sion of ques -
tion 5. Some ques tions re quested the sources of the def i ni tions
pro vided, while oth ers de lib er ately omit ted this in for ma tion to
see if it would be re turned by the chatbot. Be low is a set of ques -
tions in their orig i nal word ing, along side an Eng lish trans la tion
and com men tary to help you un der stand the lin guis tic nu ances
that played a spe cial role in the study (Ta ble 2).

The next step af ter re ceiv ing the re sponse was to paste it
into the sur vey win dow and en ter in for ma tion about pos si ble
sources pro vided by AI. 

The main part of the sur vey be gan with a ques tion ask ing
re spon dents to de fine li thol ogy, the field to which the sub se -
quent ques tions re lated. Re spon dents were not asked to cite
sources; the ques tion was sim ple and did not de fine the sub -
stan tive needs or knowl edge of the re spon dent.

Bear ing in mind that for AI tools, the or der of ques tions in a
sin gle ses sion is im por tant; if the user used the same ses sion
for the pur poses of the study, one ques tion ap peared twice, in
both sim ple and com plex form (ques tions 5 and 6). First, a sim -
ple ques tion was asked, and then a dif fer ently worded ques tion, 
with more de tail. The pur pose of this ques tion was to check
whether the model con tra dicted it self, and how re fin ing the
prompt would af fect the qual ity of the re sponse.

The sur vey ended with a sim ple ques tion about the def i ni -
tion of a rock with the am big u ous Pol ish name “³upki” which cor -
re sponds to sev eral Eng lish terms: slate, schist, shale. The
ques tion was in tended to test the prob lem of am bi gu ity of
terms, trans la tion, and pre ci sion of an swers. In Pol ish, this term 
is used to de scribe sed i men tary and meta mor phic rocks, and
its mean ing is de rived from the con text or clar i fied by an ad jec -
tive re fer ring to a spe cific group of rocks. The study was de -
signed to check whether the model would pro vide all pos si ble
op tions with out ad di tional guid ance.

An other is sue con sid ered in the sur vey was the level of
com plex ity of the ques tions. Ques tions 1, 3, 4, and 7 were
based on ba sic knowl edge, while ques tions 2, 5, and 6 re quired
ref er ence to sci en tific sources. The en tire ques tion ses sion be -
gan and ended with sim pler ques tions that did not re quire the
re spon dent to be so cau tious in as sess ing the re sult ob tained.
In ad di tion, three ques tions in cluded a re quest to pro vide sour -
ces for the an swer gen er ated (Ta ble 2, ques tions 1, 3 and 6).

Each ques tion in the sur vey con tained a sub jec tive as sess -
ment of the an swers pro vided by AI. Re spon dents an swered
the fol low ing set of ques tions: 

1. Does the tool pro vide sources for the in for ma tion pro -
vided? 

2. What are the types of sources pro vided in the an swer?
There was a set of source types to choose from (sci en tific, pop -
u lar sci ence, ac a demic text books, school text books, websites
run by sci en tific in sti tu tions, and websites), and the ad di tional
op tion to add a miss ing source type, as well as the state ment
that “the source seems un re li able”. 

3. Do you find the in for ma tion you re ceived un der stand able? 
4. Are you sat is fied with AI’s re sponse?  
5. Why are you not sat is fied with AI’s re sponse? 
6. Over all sat is fac tion rat ing for work ing with the se lected

AI tool?
7. As noted at the be gin ning, the re spon dents had suf fi cient

geo log i cal knowl edge to as sess the ac cu racy of their an swers,
so their re sponses to the above set of ques tions pro vided a pre -
lim i nary as sess ment of AI in the sur vey it self. This is a very im -
por tant part of the study, be cause in the case of sim ple in for ma -
tion pro vided by AI that does not re quire qual i fi ca tion, it is easy
to rec og nize its in ac cu racy (Fig. 1A). In ad vanced mat ters, it is
rel a tively easy to lose vig i lance and, due to a lack of suf fi cient
knowl edge and crit i cal think ing, ac cept in com plete or not en -
tirely re li able in for ma tion as fact, or even un know ingly be come
its pro moter (Fig. 1B).

The next stage of the as sess ment was based on the AI re -
sponses gath ered from the ques tion naire. The sur vey also en -
abled us to iden tify the sources of the re sponses, al low ing us to
com pare and ver ify them.

ANALYSIS OF SOURCES USED BY CHATBOTS

An au to mated an a lyt i cal pipe line, im ple mented us ing ded i -
cated Py thon scripts, was used to ana lyse the data ob tained
from the sur veys. The re search pro cess con sisted of four main
stages: data ex trac tion and clean ing, au to matic source clas si fi -
ca tion, re sult ag gre ga tion, and vi su al iza tion.

In the first stage, data from the MS Ex cel sur vey file was
pre-pro cessed. Internet do main names were ex tracted from the 
URLs con tained therein. For ex am ple, for the ad dress
https://pl.m.wiki pedia.org/wiki/Torf, the do main pl.m.wikipe -
dia.org was ob tained. Re cords con tain ing links to PDF files
were de lib er ately ex cluded from fur ther anal y sis, as this type of
re source was not sub ject to au to mated ver i fi ca tion un der the
adopted meth od ol ogy.

The cleaned do mains were au to mat i cally cat e go rized. Two
com ple men tary ap proaches were used in this pro cess: 

1. Clas si fi ca tion us ing an AI model: the main clas si fi ca tion
tool was the Per plex ity AI PRO model. This pro cess, su per -
vised by hu mans, in volved as sign ing each do main to one of
four pre de fined cat e go ries: sci en tific pub li ca tions, pop u lar sci -
ence sources, sci en tific in sti tu tion websites, and other web -
sites. 

2. Heu ris tic clas si fi ca tion: in ad dit ion, an al gor ithm was used 
to ident ify scien tif ic pu blic ati ons and acad emic text boo ks. It
oper ated ba sed on ru les that took into acc ount the pre sence of
key words and da tes in the re cords anal ysed. The re sults ob tai -
ned using this met hod were su bj ected to a ge ner al review by us, 
but due to the num ber of re cords (~1,500), they were not su bj -
ected to de tai led ve rif ica tion in each case. 
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T a  b l e  2

List of ques tions used in the ques tion naire

No Orig i nal ques tion in Pol ish Eng lish trans la tion of the ques tion Com ments

1 ZnajdŸ definicjê terminu “litologia” i podaj
 jej Ÿród³a

Find a def i ni tion of the term "li thol ogy" 
and give its or i gins

2
Wska¿ podobieñstwa i ró¿nice pomiêdzy

schematem klasyfikacji wêglanów 
wg Folka i Dunhama

Point out sim i lar i ties and dif fer ences 
be tween Folk’s and Dun ham’s car bon ate

clas si fi ca tion scheme

3 Podaj definicjê gezy i opoki wraz z odwo³aniem
do literatury naukowej

Pro vide a def i ni tion of geise and “si li ceous
marl” with ref er ence to the sci en tific

lit er a ture

The sec ond of these rocks,
known in Pol ish as “opoka,” does
not have an ex act equiv a lent in
Eng lish, but the term “si li ceous
marl” co mes clos est in mean ing

4 Podaj opis ró¿nicy pomiêdzy gezami a opokami Give a de scrip tion of the dif fer ence 
be tween gaize and “si li ceous marl”

Note on the Pol ish term “opoka”
as in ques tion 3

5
Podaj nazwê ska³y wêglanowej zawieraj¹cej

70% okruchów muszli œlimaków o œrednicy od 
1 do 2 mm oraz 30% mu³u wêglanowego.

Name a car bon ate rock con tain ing 70%
snail shell frag ments be tween 1 and 2 mm

in di am e ter and 30% “car bon ate mud”

“mu³ wêglanowy” can be trans -
lated dif fer ently in Eng lish, as
car bon ate mud, car bon ate silt,
cal car e ous mud, cal car e ous silt

6

Podaj nazwê ska³y wêglanowej zawieraj¹cej
70% okruchów muszli œlimaków o œrednicy od 

1 do 2 mm oraz 30% mu³u wêglanowego.
Odpowiedz, zachowuj¹c siê jak naukowiec

specjalizuj¹cy siê w geologii, stosuj¹c
precyzyjn¹ terminologiê i szczegó³ow¹

klasyfikacjê geologiczn¹. Uwzglêdnij procesy
powstawania ska³y. OdpowiedŸ powinna opieraæ

siê na artyku³ach naukowych. Jeœli istniej¹
bardziej szczegó³owe terminy w jêzyku

angielskim, przet³umacz je na jêzyk polski. Nie
uwzglêdniaj ska³, które nie pasuj¹ do tej

specyfikacji.

Name a car bon ate rock con tain ing 70%
snail shell frag ments be tween 1 and 2 mm
in di am e ter and 30% “car bon ate mud”. An -
swer by act ing like a sci en tist spe cial is ing
in ge ol ogy, us ing pre cise ter mi nol ogy and
a de tailed geo log i cal clas si fi ca tion. In clude 
the pro cesses of rock for ma tion. The an -

swer should be based on sci en tific ar ti cles. 
If there are more de tailed terms in Eng lish, 
trans late them into Pol ish. Do not in clude

rocks that do not fit this spec i fi ca tion

Note on the term “mu³
wêglanowy” as in ques tion 5. 

This ques tion was more com plex
and was sup ple mented with 

in for ma tion to help find a more
pre cise an swer

7 Podaj definicjê ³upków Pro vide a def i ni tion of “³upki”

The Eng lish trans la tion of this
ques tion is dif fi cult. In Pol ish, the

term “³upek” is am big u ous and
must be clar i fied with an ad jec -

tive, or its mean ing will be de ter -
mined by the con text of the

sen tence. “£upek” can be a meta -
mor phic rock, but also a sed i men -

tary rock with a char ac ter is tic
shale struc ture. De pend ing on the 

con text, the Pol ish term “³upek”
cor re sponds to the Eng lish terms

shale, schist, and slate

t

A B

Fig. 1. Ex am ple of in cor rect an swers gen er ated by the AI tool



All data clas si fied was ag gre gated in a sum mary ta ble. For
each re cord, the type of do main, the sur vey ques tion num ber
from which it orig i nated, and the AI model that in di cated the
source data, were spec i fied.

The ef fec tive ness of the au to matic pro ce dure was es ti -
mated at ~90%. This in di ca tor de ter mines the per cent age of
cells in which the sys tem rec og nized at least one source (link or
sci en tific ref er ence) among all non-empty re cords. How ever,
this is an es ti mate. The group of un ac counted cells in cluded,
among oth ers, cells con tain ing only ref er ences to PDF files that
were not re corded by the model, which means that the ac tual
de tec tion ef fi ciency could have been higher. In ad di tion, cells
were con sid ered cor rectly in cluded if some of the sources they
con tained were rec og nized, even if not all of them were re -
corded. De spite these lim i ta tions, the mech a nism adopted was
con sid ered the most ap pro pri ate for the char ac ter is tics of the
ma te rial col lected. In the fi nal stage, the ag gre gated re sults
were also vi su al ized.

RANKING EVALUATION 
OF SELECTED CHATBOTS

The fi nal stage of the anal y sis as sessed the ef fec tive ness
of four se lected ver sions of ar ti fi cial in tel li gence tools
(ChatGPT, Per plex ity AI, Microsoft Copilot, Qwen2.5) as sup -
port in iden ti fy ing and de fin ing sim ple, non-Eng lish lithological
terms. The study took into ac count three key as pects of the
tools’ per for mance: the pres ence of ref er ences to in for ma tion
sources in the re sponses gen er ated, the com pre hen si bil ity of
the mes sages con veyed, and the level of user sat is fac tion with
the re sponses re ceived. Based on this data, a qual i ta tive rank -
ing of the in di vid ual tools was de vel oped. 

The cri te ria were as signed point val ues (Ta ble 3). Given the 
un even num ber of data sets for the se lected chats, the re -
sponse rates within a given cri te rion were cal cu lated for each of
the seven ques tions. These shares were then mul ti plied by the
point value. This al lowed for the qual ity of re sponses for each

ques tion to be rated on a five-point scale. The av er age rat ing for 
all ques tions gave the over all score for the chatbots ana lysed. 

RESULTS AND DISSCUSION

SURVEY RESULTS: CHARACTERISTICS 
OF THE RESPONDENTS

Dur ing the pe riod be tween 3 Feb ru ary and 31 May 2025, a
to tal of 202 sur vey re sponses were col lected. Thirty-three per
cent of re spon dents held a mas ter’s de gree. The same per cent -
age (33%) were re spon dents with doc toral de grees and higher.
The re main ing 34% of the sam ple were first- and sec ond-cy cle
stu dents, as well as in di vid u als in pos ses sion of a bach e lor’s or
en gi neer ing de gree (Fig. 2A). This in for ma tion is cru cial for the
pre lim i nary sub stan tive as sess ment of the re sponses re ceived.
The ob jec tive of the study was to ver ify the con tent of the re -
sponses, a task which is not al ways fea si ble for in di vid u als lack -
ing a back ground in ge ol ogy.

The sur vey re vealed that al most 70% of re spon dents in di -
cated that they pos sessed ei ther fun da men tal knowl edge of, or
lacked any prior ex pe ri ence in, uti lis ing AI tools (Fig. 2B). A
mere 10% of re spon dents claimed to pos sess ad vanced or ex -
pert knowl edge. Fig ure 2C il lus trates that 23% of re spon dents
uti lise AI tools on a daily ba sis, while 27% do not em ploy them.
Fur ther more, 66% of re spon dents re ported uti lis ing AI tools for
pro fes sional and ed u ca tional pur poses (Fig. 2D). An ad di tional
query posed to re spon dents per tained to the uti li sa tion of the
tool des ig nated in the sur vey, en quir ing whether the re spon -
dents had pre vi ously em ployed this tool in the pur suit of geo log -
i cal con tent. As il lus trated in Fig ure 2E, a sig nif i cant pro por tion
of re spon dents, amount ing to ~50%, se lected an AI tool with
which they had no prior ex pe ri ence.

ChatGPT emerged as the pre dom i nant plat form of choice
for con duct ing the sur vey, gar ner ing the se lec tion of 88 re spon -
dents. Microsoft Copilot and Per plex ity AI also re ceived sig nif i -
cant at ten tion, with 41 and 16 re sponses, re spec tively. The
least pop u lar of the sub jects was Claude and the Chi nese
DeepSeek (Fig. 2F). In view of the marked dis crep ancy in the
num ber of re sponses for each tool, the four with the high est
num ber were se lected for fur ther anal y sis and eval u a tion. The
fol low ing ex am ples are pro vided for il lus tra tion: ChatGPT, Per -
plex ity AI, Microsoft Copilot, and Qwen2.5. 

The anal y sis of the avail able data in di cates a clear cor re la -
tion be tween the fre quency of AI tool uti li sa tion and sat is fac tion
lev els. In di vid u als who do not uti lise AI tend to ex hibit lower, al -
beit more di ver si fied, lev els of sat is fac tion (Fig. 3). It is ev i dent
that among us ers who em ploy AI on a spo radic ba sis, there is a
sub stan tial in crease in sat is fac tion lev els, with the 3–5 range
dem on strat ing a pre dom i nant pres ence. The high est lev els of
sat is fac tion are re ported by in di vid u als who fre quently uti lise AI
tools, with the ma jor ity of rat ings fall ing within the 4–5 range, in -
di cat ing a nar row dis tri bu tion.

The level of ed u ca tion – ir re spec tive of whether the par tic i -
pants are stu dents, doc toral stu dents, or in di vid u als in pos ses -
sion of a PhD or higher – does not dif fer en ti ate sat is fac tion as
strongly as the fre quency of AI use. The same pat tern is ob -
served in each ed u ca tional group: the more fre quent the use of
tools, the higher the sat is fac tion. 
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T a  b l e  3

Point val ues as signed to an swers to ques tions

Ques tion Score

Does the tool pro vide sources for the in for ma tion
 it pres ents?

Yes 1

No 0

Is the in for ma tion you re ceived un der stand able to you?

Yes 2

Partly 1

No 0

Are you sat is fied with the AI’s re sponse?

Yes 2

Partly 1

No 0



SURVEY RESULTS: RESPONSES 
TO QUESTIONS

Af ter all the re sponses had been col lected, the anal y sis
was car ried out in sev eral stages. First, all the re sponses were 
com piled re gard less of the AI tool used, and then they were di -
vided into seven cat e go ries. The level of sat is fac tion with the
an swers re ceived was ana lysed. Af ter ob tain ing in for ma tion
on whether the AI tool pro vided sources in ad di tion to an swers

to the query, the re spon dents were asked about the type of
sources pro vided. Sci en tific pub li ca tions and ac a demic text -
books were con sid ered sci en tific sources, while school text -
books and web sites run by sci en tific in sti tu tions were con sid -
ered pop u lar sci ence sources. The "other sources" group in -
cluded websites and other sources whose cred i bil ity was dif fi -
cult to ver ify quickly. A to tal of 1414 re sponses were col lected,
al most 40% of which did not con tain any ref er ences to sources 
of in for ma tion.
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Fig. 2. Char ac ter is tics of the sur vey re spon dents



The first ques tion of the study aimed to de fine the term "li -
thol ogy" and pro vide ref er ences. De spite the clear re quest to
pro vide sources for the def i ni tions, 5% of the re sponses did not
in clude them (Fig. 4A). No pat tern was found here, as the
sources were not pro vided by Chat GPT or Microsoft Copilot,
which gave com plete an swers to most ques tions. The re main -
ing 94.6% of re sponses in cluded ci ta tions, most of which re -
ferred to pop u lar sci ence and other non-sci en tific sources (Fig.
4B). While 87% of re spon dents found the an swer un der stand -

able (Fig. 4C), only 64% con sid ered it to meet their re quire -
ments (Fig. 4D).

The com ments shared by dis sat is fied re spon dents are im -
por tant for eval u at ing the an swers. They added that the an -
swers gen er ated by AI did not al ways cap ture the full mean ing
of the term ”li thol ogy”, and that some times the an swers were
vague or even in cor rect. For in stance, one re spon dent de fined
li thol ogy as a branch of ge ol ogy. Re spon dents emphasised that 
the term “li thol ogy” is of ten con fused with ”pe trol ogy”, or is only
as so ci ated with sed i men tary rocks.

The sec ond ques tion was more com plex and re quired more
spe cial ised knowl edge. Re spon dents were asked to iden tify the 
sim i lar i ties and dif fer ences be tween Folk’s and Dun ham’s car -
bon ate clas si fi ca tion schemes. Al though this ques tion was
more dif fi cult, re spon dents were not asked to pro vide sources.
How ever, 37.1% of re sponses in cluded them (Fig. 5A). Sci en -
tific pub li ca tions con sti tuted over 40% of the sources (Fig. 5B),
which can be linked to the fact that the ques tion con cerned clas -
si fi ca tion, a topic that is less of ten the fo cus of pop u lar sci ence
stud ies. Sev enty-seven per cent of re spon dents found the an -
swer un der stand able (Fig. 5C), and as with the first ques tion,
65% were sat is fied with it (Fig. 5D).

Among other things, dis sat is fied re spon dents com plained
about an swers that were cha ot i cally for mu lated, overly brief, or
de scribed dif fer ences in a way that was some times am big u ous,
mak ing them dif fi cult to un der stand. Other is sues in cluded the
per ceived use of ma chine trans la tion and the use of overly spe -
cial ised terms with out ex pla na tion. Due to doubts about the ac -
cu racy of the an swers, re spon dents sought knowl edge from
ver i fied, re li able sources.

The third ques tion re lated to the def i ni tions of “gaize” and
“opoka”, as ref er enced in the sci en tific lit er a ture. These pop u lar
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Fig. 3. Box plot show ing the dis tri bu tion of over all sat is fac tion
with the use of a se lected AI tool de pend ing on the re spon -
dent’s ed u ca tion and how of ten they used sim i lar tools
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Fig. 4. A sum mary of an swers to the ques tion con cern ing the def i ni tion of li thol ogy



Pol ish terms do not have ex act equiv a lents in Eng lish. Al though 
95% of re sponses in cluded sources (Fig. 6A), only 47% met the 
cri te rion of pro vid ing ref er ences to sci en tific lit er a ture (Fig. 6B),
de spite this be ing re quested. Eighty-four per cent of re spon -
dents con sid ered the text of the an swers to be un der stand able
(Fig. 6C), and 61% of the an swers were deemed sat is fac tory
(Fig. 6D).

Re spon dents who were dis sat is fied with the an swer found it 
to be im pre cise and con tain ing fac tual and lin guis tic er rors.
They also com plained that AI was con fus ing con cepts and us -
ing in ap pro pri ate terms. There were also com plaints about the
lack of a clear ex pla na tion of the dif fer ences be tween “gaize”
and “opoka”. The def i ni tions pro vided were of ten in ac cu rate
(e.g., de scrib ing "geza" as a car bon ate rock). Re spon dents
emphasised that the cited sources were un sci en tific or from
pop u lar sci ence websites (mainly Wikipedia), which they said
re duced the cred i bil ity of the in for ma tion. Some an swers were
also ir rel e vant, re fer ring to an other is sue (e.g., a bib li cal city).

The next ques tion was re lated to the pre vi ous one. This
time, re spon dents were asked to de scribe the dif fer ences be -
tween “gaize” and “opoka”, rather than pro vid ing sources. Con -
se quently, fewer than 40% of re sponses in cluded sources (Fig.
7A), 44% of which re ferred to sci en tific lit er a ture (Fig. 7B). Nev -
er the less, the an swers were un der stand able (Fig. 7C), and sat -
is fac tion lev els were sim i lar to those for the pre vi ous ques tion,
at 67% (Fig. 7D).

Sev eral re spon dents who were not sat is fied with the re -
sponses per ceived the an swers to be overly gen er al ized and
lack ing in pre ci sion, and even po ten tially fal la cious. As with the
pre vi ous ques tion, there were com plaints about fac tual er rors
and the in cor rect def i ni tion of gyp sum and lime stone. The sig -

nif i cant dif fer ences be tween these rocks were also not high -
lighted. At ten tion was drawn to the lan guage used, which was
in ac cu rate in places and con tained words or phrases in a for -
eign lan guage. There were no ref er ences to re li able sources or
sci en tific lit er a ture, which made it dif fi cult to ver ify the in for ma -
tion. Im por tant fea tures were omit ted from the de scrip tion, such
as the role of sil ica sponges and the phys i cal char ac ter is tics of
rocks. Those dis sat is fied with the an swer pointed to dis or ga -
nised in for ma tion, un nec es sary and mean ing less de scrip tions,
and a fo cus on in dus trial ap pli ca tions rather than geo log i cal fea -
tures. Com ments were also made about the style of the de scrip -
tion pro vided.

The fifth ques tion of the sur vey re quested the name of a car -
bon ate rock with the fol low ing char ac ter is tics: 70% snail shell
frag ments with a di am e ter of 1–2 mm and 30% car bon ate silt.
Just over 30% of re spon dents pro vided sources (Fig. 8A), of
which only one-third were sci en tific (Fig. 8B). Sev enty-six per
cent of re spon dents found the an swers easy to un der stand (Fig. 
8C), but fewer than half of the an swers were con sid ered sat is -
fac tory (Fig. 8D).

A sig nif i cant prob lem was the lack of ref er ences to sources
and spe cial ist lit er a ture, par tic u larly geo log i cal clas si fi ca tions
such as those of Folk and Dun ham. Ac cord ing to some re spon -
dents, this ren dered the in for ma tion pro vided un ver i fi able, and
re duced the cred i bil ity of the en tire re sponse. In ad di tion, re -
spon dents re ported fac tual er rors and im pre cise def i ni tions of
rocks and their clas si fi ca tions, as well as in cor rect, non-ex is -
tent, or in ac cu rate names. Re spon dents also com plained about 
the lack of in di ca tion of the main types of rock, in stead be ing
given only their va ri et ies.
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Fig. 5. Sum mary of an swers to the ques tion con cern ing sim i lar i ties and dif fer ences be tween
the Folk and Dun ham car bon ate clas si fi ca tion schemes



Some re spon dents in di cated that they were dis sat is fied
with the an swers be cause they did not ad dress all as pects of
the ques tion. For in stance, key de tails about shell di am e ters
were omit ted, re sult ing in a def i ni tion that they deemed in com -
plete and su per fi cial. There were also ter mi no log i cal er rors and
mis in ter pre ta tions of rock clas si fi ca tions, mean ing the an swers
did not meet the re quired level of sci en tific ac cu racy. Some an -
swers were cha otic and in con sis tent. Res er va tions were also
raised about the lin guis tic cor rect ness of the an swers.

The sixth ques tion was sim i lar to the fifth. How ever, it was
for mu lated in much greater de tail. The AI was asked to adopt
the per spec tive of a ge ol o gist and use pre cise ter mi nol ogy and
clas si fi ca tion. It was emphasised that the an swer should be
based on sci en tific ar ti cles, which were to be trans lated from
Eng lish into Pol ish if nec es sary. Rocks that did not fit this spec i -
fi ca tion were to be ex cluded. Al most 75% of re spon dents to this 
ques tion in cluded sources (Fig. 9A), with nearly half of these
be ing sci en tific (Fig. 9B). Re spon dents found these re sponses
more un der stand able than those in the pre vi ous task (Fig. 9C).
Sat is fac tion lev els also in creased (Fig. 9D). The pro por tion of
re spon dents who were dis sat is fied with the re sponse was
halved.

De spite the more pre cise de scrip tion of the is sue, some re -
spon dents were dis sat is fied with the an swer. They com plained
about er rors and short com ings in the de scrip tion and clas si fi ca -
tion of rocks, par tic u larly shelly lime stones. The text con tained
er rors such as con fus ing cal cium with lime stone, the in cor rect
use of geo log i cal terms, and the mix ing of Pol ish and Eng lish
names, which caused lin guis tic con fu sion and made the text dif -
fi cult to un der stand. The def i ni tions were in com plete and in con -
sis tent. De spite re quests for sci en tific sources, the an swers

were based on non-sci en tific sources. Ac cord ing to the dis sat is -
fied re spon dents, this un der mined the cred i bil ity of the in for ma -
tion pro vided. There was also in cor rect or im pre cise ter mi nol -
ogy here, and the clas si fi ca tions given in the an swers were
some times con tra dic tory or in con sis tent with ac cepted sys tems 
such as the Folk or Dun ham clas si fi ca tions. Ad di tion ally, the AI
ei ther did not pro vide spe cific rock names or did so in an un clear 
man ner, mak ing it dif fi cult to ver ify the in for ma tion. While there
were many positives, some of the re sponses were con sid ered
in suf fi cient from a sci en tific per spec tive, re quir ing sig nif i cant re -
fine ment in terms of both re li able sources and lin guis tic ac cu -
racy.

The fi nal ques tion of the sur vey ad dressed the am bi gu ity of
the lithological term "³upek". De pend ing on the con text and ad -
jec tives used, the Pol ish term "³upki" can be trans lated as
"shale", "schist" or "slate". It was de lib er ately phrased with out
any con text, as the study as sumed that re spon dents would lack
the geo log i cal knowl edge re quired to un der stand it. Of those
asked this ques tion, 70% pro vided sources (Fig. 10A), 41% of
which were sci en tific pub li ca tions (Fig. 10B). While 90% of the
re sponses were clearly de scribed (see Fig. 10C), only 56% re -
solved the am bi gu ity of the term (Fig. 10D).

The re spon dents emphasised that some of the an swers re -
gard ing "³upek" were in ac cu rate in terms of both facts and lan -
guage. The def i ni tion con fused the char ac ter is tics of sed i men -
tary shale and meta mor phic schist, fail ing to ac knowl edge their
sig nif i cant dif fer ences. Im por tant in for ma tion about the or i gin
and di ver sity of these rocks was also omit ted. The re spon dents
also re ceived def i ni tions that were too su per fi cial and in com -
plete. Of ten, these def i ni tions fo cused only on sed i men tary
shale, com pletely omit ting meta mor phic schist and other types
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Fig. 6. A sum mary of an swers to the ques tion con cern ing the def i ni tion of “gaize” 
and “opoka”, with ref er ences to sci en tific lit er a ture
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Fig. 7. The sum mary of an swers to the ques tion about 
the dif fer ence be tween “gaize” and “opoka” 
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C D

Fig. 8. The sum mary of an swers to the ques tion con cern ing the name of a car bon ate rock
with spe cific pa ram e ters
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Fig. 9. The list of an swers to the ques tion con cern ing the name of a car bon ate rock 
with spe cific pa ram e ters, to gether with ref er ences 

A B

C D

Fig. 10. The sum mary of re sponses to the ques tion about the def i ni tion of “³upki”



of rock that are also re ferred to by this term. Some an swers
were un clear or con tained in cor rect terms and were dis or ga -
nised, with rep e ti tions and sec tions taken out of con text that
could be mis lead ing. The lack of pre cise no men cla ture and ref -
er ences to re li able sci en tific sources was also con sid ered an
er ror. Ac cord ing to the re spon dents, these short com ings made
it very dif fi cult to ver ify the in for ma tion re ceived. Ad di tion ally,
some re sponses con tained trans la tion er rors, mix ing Pol ish
with Eng lish or Chi nese, which re duced the clar ity and cred i bil -
ity of the re sponses fur ther. This gave the im pres sion of a pop u -
lar sci ence de scrip tion that did not meet the re quire ments of a
re li able, com plete geo log i cal def i ni tion.

As ex pected, in clud ing a re quest for sci en tific sources in the 
ques tion to AI tools (ques tions 1, 3, and 6) no tice ably in creases
the like li hood of re ceiv ing a sat is fac tory an swer. How ever, such 
a re quest does not guar an tee that a list of re li able sci en tific
sources will be pro vided. An swers to ques tions about am big u -
ous terms, such as ”³upek”, tend to be less sat is fac tory. Fail ing
to clar ify an am big u ous term leaves the AI un able to re turn all
pos si ble op tions, but in stead in di cates only one an swer out of
many.

AUTOMATIC VERIFICATION OF RESPONSE SOURCES

The au to mated anal y sis of the sources uti lised by chatbots to 
for mu late re sponses to in qui ries within the do main of ge ol ogy fa -
cil i tated a quan ti ta tive and qual i ta tive com par i son of four AI mod -
els: ChatGPT, Per plex ity AI, Microsoft Copilot, and Qwen2.5.
The study cov ered seven ques tions and clas si fied a to tal of 223
unique web do mains iden ti fied as sources of an swers.

Over all, pop u lar sci ence sources ac counted for the larg est
pro por tion of re sponses gen er ated by Per plex ity AI (60.3%)
and Microsoft Copilot (33.5%) (see Fig. 11A). ChatGPT used
sci en tific sources more of ten than other mod els (18.3%), but
even in this case, pop u lar sci ence sources ac counted for a
large per cent age (29.6%). On the other hand, Qwen2.5 was
dis tinc tive due to its sig nif i cant pro por tion of sci en tific sources
(38.7%) and min i mal uti li sa tion of other clas si fi ca tions. Re cords 
con tain ing no or un re cog nised sources were noted in all cases,
most fre quently for Copilot (31.1%) and ChatGPT (30.3%).

The dis tri bu tion anal y sis of sources for in di vid ual ques tions
re vealed con sid er able vari abil ity. For in stance, all mod els in di -
cated pre dom i nantly pop u lar sci ence sources for ques tion 1.
How ever, for more spe cial ised ques tions (e.g., ques tion 6),
Qwen2.5 re lied al most ex clu sively on sci en tific sources
(81.2%), whereas other mod els main tained greater di ver sity.
Ques tions 2, 4 and 5 were the tough est: over 50% of the an -
swers to these ques tions in the case of ChatGPT and Copilot
did not con tain any sources, which sug gests that the mod els
have lim i ta tions when it co mes to top ics that re quire a deeper
sci en tific knowl edge.

The sur vey re sults also al lowed us to ana lyse the re la tion -
ship be tween the in di cated source type and the sub jec tive as -
sess ment of an swer qual ity (see Fig. 11B). The high est per -
cent age of sat is fac tory re sponses was based on sci en tific
sources (68%), though slightly lower val ues were ob tained for
pop u lar sci ence sources (61%) and other sources (62%). In -
ter est ingly, 58% of re spon dents rated an swers with out sour -
ces as sat is fac tory, sug gest ing that the pres ence of a source
does not al ways have a de ci sive im pact on the per ceived
value of an an swer.

The per cent age of re sponses con tain ing un re cog nized
sour ces ranged from 1.4% for Per plex ity AI to 19.6% for
Microsoft Copilot. The sig nif i cant pro por tion of re sponses that
did not cite any sources, par tic u larly in the case of Copilot

(31.1%) and Qwen2.5 (33.9%), may in di cate dif fer ences in how
sources are re ported be tween mod els, or sug gest that some
sys tems have a lim ited abil ity to jus tify trans par ently the con tent 
they gen er ate.

The re sults in di cate dif fer ences in the strat e gies for se lect -
ing knowl edge sources be tween the mod els ana lysed, with
some mod els fa vour ing cer tain knowl edge sources over oth ers. 
Per plex ity AI pre fers pop u lar sci ence sources, whereas
Qwen2.5 uses sci en tific lit er a ture. Copilot and ChatGPT are
more vari able and of ten do not in di cate any sources. There is a
no tice able trend in the cor re la tion be tween the type of source
and user sat is fac tion: an swers based on sci en tific sources are
most of ten rated as valu able. These find ings lay the ground -
work for fur ther re search into the trans par ency and qual ity of the 
sources em ployed by gen er a tive AI sys tems in the con text of
spe cial ist knowl edge.

EVALUATION OF THE TOOLS EXAMINED 

Anal y sis of the re spon dents’ an swers re vealed clear dif fer -
ences in the ex tent to which the AI tools pro vided in for ma tion
about the sources used to gen er ate the an swers (see Ap pen dix
1). Per plex ity AI was the most con sis tent in this re spect, with
95% of re spon dents say ing they had re ceived clear ref er ences
to source ma te ri als. There was al most com plete agree ment in
the re sponses, in di cat ing the pres ence of sources, par tic u larly
in ques tions 1, 3, 5 and 6. This is a sig nif i cant ad van tage of Per -
plex ity AI over its com pet i tors.

In the case of ChatGPT, there was sig nif i cantly greater vari -
a tion, with an av er age of 47% of re sponses in di cat ing the pres -
ence of sources. Ref er ences ap peared most fre quently in ques -
tions 1 and 3 (ac count ing for ~94% of ref er ences), but in ques -
tions 2, 4 and 5, this per cent age dropped sig nif i cantly (fall ing
<20%), sug gest ing in con sis tency in the gen er a tion of ref er -
ences. This was par tic u larly ev i dent in the spe cial ised ques tion,
where ChatGPT was asked to pro vide sources for pub lished in -
for ma tion. Here, ChatGPT re corded the low est ef fec tive ness of
all the tools tested, at 62.5%. Microsoft Copilot showed a mod -
er ate level of source at tri bu tion, av er ag ing 60%, with clear vari -
a tions be tween ques tions (<23% in ques tion 5 and over 90% in
ques tion 1). Al though the Qwen2.5 model was highly ef fec tive
in ques tion 1 (100% of ref er ences to sources), it was sig nif i -
cantly less re li able in the other ques tions, with the per cent age of 
ref er ences fall ing <20% (e.g., ques tion 4).

The as sess ment of re sponse com pre hen si bil ity (see Ap -
pen dix 2), based on re spon dents’ opin ions, con firmed Per plex -
ity AI’s su pe ri or ity. It achieved the high est av er age rate of com -
pre hen si ble re sponses – 88%. No ta bly, this tool also stood out
with an ex cep tion ally low per cent age of in com pre hen si ble re -
sponses – <3% – dem on strat ing high pre ci sion in for mu lat ing
Pol ish mes sages and pro vid ing sat is fac tory in for ma tion.
ChatGPT and Microsoft Copilot achieved sim i lar rates of com -
pre hen si bil ity, at 83 and 84% re spec tively, with a mod er ate pro -
por tion of re sponses rated as par tially com pre hen si ble. No ta -
bly, de spite its high level of con tent trans par ency, Microsoft
Copilot gen er ated slightly more re sponses that were par tially or
com pletely in com pre hen si ble (up to about 5%).

The low est level of clar ity of re sponses was re corded for
Qwen2.5, which had a sig nif i cantly higher per cent age of re -
sponses rated as par tially or com pletely in com pre hen si ble – a
to tal of 39%, with only 61% of re sponses fully com pre hen si ble.
This dif fer ence was par tic u larly ev i dent in the more com plex
ques tions (2–6), where us ers found the con tent dif fi cult to un -
der stand, sug gest ing that the model has lim i ta tions in its abil ity
to in ter pret and syn the sise spe cial ist knowl edge. The best com -
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pre hen si bil ity re sults, both in di vid u ally and on av er age, were re -
corded for ques tions 1 and 7, prob a bly due to their sim pler or
more uni ver sal sub ject mat ter.

Anal y sis of user sat is fac tion re vealed in ter est ing dif fer -
ences in re la tion to the clar ity rat ing (see Ap pen dix 3). ChatGPT 
achieved the best re sult in this cat e gory with an av er age of
67%, in di cat ing a rel a tively high level of user sat is fac tion de -
spite a lower level of source ref er enc ing. Sat is fac tion with Per -
plex ity AI was slightly lower at 63%. Microsoft Copilot achieved
a sat is fac tion level of 45%, in di cat ing a dis crep ancy be tween
the per ceived read abil ity and the ac tual sat is fac tion with the
qual ity of the in for ma tion re ceived. This was prob a bly due to the 
in com plete na ture of the re sponses or their in suf fi cient rel e -
vance to user que ries. The low est sat is fac tion level was re -
corded for Qwen2.5 (48%), which con firms the need to fur ther
op ti mise this model, par tic u larly con cern ing the us abil ity and
rel e vance of the gen er ated con tent.

User sat is fac tion lev els dropped sig nif i cantly for ques tions 4 
and 5, which were more de tailed. The num ber of par tially or
com pletely un sat is fac tory rat ings in creased for these ques -
tions, which may in di cate that the tools have a lim ited abil ity to
pro vide sat is fac tory an swers to spe cial ised or mul ti fac eted
ques tions.

The qual ity rank ing of in di vid ual tools was pre pared on the
ba sis of an in te grated as sess ment. This as sess ment took into
ac count the pres ence of ref er ences to sources, the com pre -
hen si bil ity of re sponses, and user sat is fac tion. The re sults are
il lus trated in Fig ure 12. The scores re flected the over all qual ity

of the in for ma tion pro vided and the prac ti cal use ful ness of the
tools in the sci en tific en vi ron ment.

It is ev i dent that Per plex ity AI dem on strated a marked dis -
tinc tion from the other mod els, at tain ing the high est mean score 
of 4.37 points (on a scale of 0 to 5), thereby sur pass ing
ChatGPT (3.82 points) and Microsoft Copilot (3.80 points) by
~0.5 points (Fig. 11). The low est score was re corded for
Qwen2.5 (3.32 points).

The anal y sis of in di vid ual ques tions dem on strated that Per -
plex ity AI’s ad van tage was par tic u larly ev i dent in ques tions 2, 4
and 7, where the tech nol ogy scored high est (>4.3 points),
thereby high light ing its su pe ri or ity in terms of both com plete -
ness and pre ci sion of the re sponses gen er ated. The other tools
dem on strated greater vari abil ity in their re sults, par tic u larly
Qwen2.5, which scored sig nif i cantly be low av er age on some
ques tions.

SUMMARY

The re search de scribed in this ar ti cle was con ducted in Pol -
ish dur ing the first half of 2025 (3 Feb ru ary–31 May 2025). The
anal y sis was based on the re sults of a sur vey con ducted among 
202 re spon dents, in clud ing ex pert ge ol o gists, ac a demic staff,
and stu dents of geosciences. The par tic i pants ana lysed their
an swers to seven ques tions of vary ing de grees of com plex ity,
tak ing into ac count the pres ence and type of sources, com -
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Fig. 11. Per cent age shares of source types iden ti fied dur ing au to matic ver i fi ca tion (A), 
and cor re la tion be tween source types and sat is fac tion with the re sponses re ceived (B) 



plete ness and fac tual ac cu racy, com pre hen si bil ity of the mes -
sage, and over all sat is fac tion with the in for ma tion re ceived.

The find ings dem on strated sub stan tial dis par i ties among
the tools ex am ined. It is a mat ter of con cern that nearly forty per
cent of all re sponses were de void of any bib lio graph i cal ref er -
ences. Per plex ity AI was dis tin guished by its uni for mity in sour -
cing in for ma tion, with a ci ta tion rate of 95% across re sponses.
How ever, it should be noted that the ma jor ity of these ci ta tions
were from pop u lar sci ence ma te ri als. Qwen2.5 ob tained the
high est per cent age of ci ta tions to sci en tific lit er a ture, which had
a fa vour able ef fect on the sub stan tive eval u a tion of the con tent. 
Con versely, ChatGPT and Microsoft Copilot fre quently of fer re -
sponses with out pro vid ing ci ta tions, thereby con strain ing the
ca pac ity to as cer tain the ve rac ity of the in for ma tion im parted.

The study con firmed that the pre cise for mu la tion of que ries, 
tak ing into ac count re quire ments re gard ing the type of sources
and ex pert per spec tive, sig nif i cantly im proves the sub stan tive
qual ity of the re sponses ob tained. This phe nom e non was par -
tic u larly ev i dent in the con text of ques tions con cern ing lin guis ti -
cally am big u ous terms, where the mod els’ re sponses of ten
cov ered only one of the pos si ble def i ni tions, omit ting oth ers that 
were rel e vant in the con text of geo log i cal sci ences.

Re spon dents (mainly ChatGPT us ers) of fered com men tary 
on their ex pe ri ences, of fer ing a mul ti fac eted per spec tive on
their uti li sa tion of AI-pow ered tools. The com ments en com pass

a range of per spec tives, in clud ing both en thu si as tic and crit i cal
voices, as well as re flec tions that un der score the ne ces sity for
cir cum spect uti li sa tion of the in no va tive tech nol ogy.

Nu mer ous us ers have at tested to the high prac ti cal use ful -
ness of AI in their daily work, es pe cially in tech ni cal tasks such
as code cre ation, of fice suite tool op er a tion, and as sis tance with 
writ ing and trans lat ing texts. When em ployed with me tic u lously
for mu lated que ries, this tool has the po ten tial to mark edly en -
hance workflow, thereby re duc ing the time ex pended on spe -
cific tasks. The im ple men ta tion of ar ti fi cial in tel li gence has per -
me ated var i ous fac ets of so ci ety, in clud ing the do mains of ed u -
ca tion and en ter tain ment.

It was widely noted that the qual ity of the re sponses gen er -
ated was con tin gent on the pre ci sion and com plex ity of the
ques tion, a fac tor that was an tic i pated dur ing the de vel op ment
of the sur vey tasks. It was hy poth es ised that the qual ity of the
ques tion would have a di rect im pact on the prob a bil ity of re ceiv -
ing an ac cu rate and sub stan tively cor rect an swer.

A re cur rent lev elled crit i cism in this study per tained to the re -
li abil ity of its sources. AI sys tems have been ob served to ex hibit 
a lack of con sis tent ref er enc ing of sources for in for ma tion, with
this be hav iour man i fest ing ei ther in fre quently or only in re -
sponse to ex plicit in struc tion. This has given rise to con cerns re -
gard ing the re li abil ity of the con tent, par tic u larly in pro fes sional
and sci en tific con texts. It was also noted that im pre cise or even
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Fig. 12. Point-based eval u a tion of se lected AI tools for ques tions in cluded in the sur vey, 
and av er age point value



in cor rect def i ni tions were in ev i dence, as well as the use of lin -
guis tic em bel lish ments that may im i tate sci en tific style but lead
to an in ac cu rate fac tual de scrip tion. As dem on strated by a sur -
vey in which the ques tions were de lib er ately for mu lated to ap -
pear lay man-like, er ro ne ous de scrip tions could not be avoided,
de spite un der stand able an swers. Such de scrip tions can only
be crit i cally ver i fied and eval u ated by an in di vid ual with sub -
stan tive knowl edge.

Fur ther more, re spon dents ar tic u lated con cerns per tain ing
to eth i cal is sues that tran scended the pur view of the sur vey.
These con cerns en com passed the con sump tion of nat u ral re -
sources (en ergy, wa ter), the uti li sa tion of data with out the au -
thors’ con sent, and po ten tial risks as so ci ated with data se cu rity
and in for ma tion ma nip u la tion.

De spite their res er va tions, many re spon dents emphasised
that AI can be a valu able tool, but only for peo ple who can crit i -
cally ana lyse con tent and ver ify its cred i bil ity: this in stru ment is
not in tended to su per sede the pro cess of in de pend ent think ing.
How ever, it has been as serted that its uti li sa tion in the ab sence
of con tem pla tion can, re gret ta bly, di min ish the ef fi cacy of the
cog ni tive pro cess, par tic u larly within the con text of ed u ca tional
set tings. It is there fore ev i dent that not only should LLM be pro -
moted, but per haps above all, the fo cus should be on ed u cat ing 
in formed us ers.

The over all pic ture of the opin ions shared by par tic i pants in
the Pol ish-lan guage sur vey is am biv a lent. On the one hand, the 
func tion al ity of AI and its po ten tial as a sup port tool were rec og -
nized and val ued. On the other hand, sig nif i cant sub stan tive,
meth od olog i cal, and eth i cal lim i ta tions were iden ti fied and dis -
cussed. The piv otal fac tor ap pears to be user aware ness and
com pe tence, which sig nif i cantly in flu ence whether the uti li sa -
tion of AI re sults in value cre ation or the po ten tial for er ror and
mis in for ma tion. The ques tion re mains as to how gen er a tive AI
would cope with the same tasks if the study had been con -
ducted in Eng lish. A po ten tially fruit ful av e nue for fur ther re -
search would be to con duct this study in par al lel in other na -
tional lan guages, fo cus ing on non-ge ol o gist AI tool us ers. 

The anal y sis of the re sults ob tained in di cates the ne ces sity
for fur ther en hance ment of the mech a nisms for se lect ing con -
tent in ar ti fi cial in tel li gence tools, with par tic u lar em pha sis on
the prioritisation of lit er a ture that has un der gone the peer-re -
view pro cess and the de vel op ment of the abil ity to pres ent the
full spec trum of ter mi no log i cal in ter pre ta tions. The con sis tent
and re li able ci ta tion of sources re mains of cru cial im por tance,
as it is a fun da men tal pre req ui site for trans par ency in the do -
main of sci en tific com mu ni ca tion.

The fur ther de vel op ment of LLM for gen er at ing spe cial ized
con tent in fields such as ge ol ogy re quires, above all, a stra te gic

ap proach to di ver si fy ing datasets, with an em pha sis on in cor po -
rat ing re sources from underrepresented lin guis tic ar eas. At the
same time, it is cru cial to en hance se man tic anal y sis mech a -
nisms to en able sys tems to in ter pret con text, id i oms and lo cal
ter mi no log i cal nu ances more deeply. To en sure the high est ac -
cu racy, it is rea son able to de velop mod els ded i cated to spe cific
cul tural cir cles. This should be car ried out within the frame work
of broad in ter dis ci plin ary col lab o ra tion, com bin ing tech ni cal ex -
per tise with lin guis tic and cul tural knowl edge (Sato et al., 2024).
In the con text of Pol ish ter mi nol ogy, ex am ples of such mod els
in clude Bielik AI (https://bielik.ai/) and launched in 2025  –
PLLuM (https://pllum.org.pl/). The cre ation of such re gional
mod els should be ac com pa nied by in creased mar ket ing to
raise aware ness of these tools among us ers. Ad di tion ally, con -
sid er ation should be given to de vel op ing a sug ges tion mech a -
nism that would en able us ers to re fine their que ries in cases of
am bi gu ity. How ever, all these pro cesses must be closely in te -
grated with rig or ous eth i cal guide lines to en sure that the re sult -
ing tech nol o gies are ef fi cient, fair, and re spect lin guis tic di ver -
sity and the le gal as pects of in tel lec tual prop erty. In ad di tion to
the de vel op ment of LLM in lan guage groups, there is also a ne -
ces sity to pro vide new re search re sults and pub li ca tions in
these lan guages. The pre vail ing em pha sis on pub li ca tions in
Eng lish has re sulted in a pau city of pub li ca tions that pres ent the 
lat est state of knowl edge in na tional lan guages. This ap pears to 
be a piv otal fac tor in en hanc ing the qual ity and re li abil ity of the
re sponses ob tained.

In the light of the rapid ad vance ments and wide spread dis -
sem i na tion of AI tools, it would be in trigu ing to con duct a fol -
low-up study to eval u ate changes in the sub stan tive qual ity of
AI-gen er ated re sponses for non-ge ol o gists speak ing Pol ish. It
is rea son able to hy poth es ise that both the ex tant knowl edge
base and the num ber of avail able sci en tific pub li ca tions will ex -
pand, but also that many other pop u lar sci ence pub li ca tions will
ap pear, hope fully in Pol ish too. The ques tion of whether qual ity
will fol low quan tity re mains un re solved. It is hoped that knowl -
edge about the use of AI chatbots and the abil ity to for mu late
que ries will also evolve.

Ac knowl edge ments. This re search was a part of the pro -
ject ‘The de vel op ment of a de scrip tion stan dard and the sau rus
for Pol ish open geo log i cal data – on go ing task (stage I:
2024–2026), funded by the Na tional Fund for En vi ron men tal
Pro tec tion and Wa ter Man age ment (grant num ber
22.9001.2401.00.1).
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Question 1

APPENDIX 1
Does the tool provide sources for the information it presents?
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APPENDIX 2
Is the information you received understandable to you?
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APPENDIX 3
Are you satisfied with the AI response?




