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Here 1s Mike, a college student.



"I've never understood math, and I’'m proud of 1t."
This negative attitude 1s on the rise and stands 1n stark contrast to
scientific progress.

J. Osborne, Attitudes towards science, Int. Journal of Science Education, 2003.
Valenti, S. et al. (2016). Adolescents' and Emerging Adults' Implicit Attitudes about STEM Careers:" Science Is Not
Creative". Science Education International, 27(1), 40-58.



Getting 1n the mind of students?
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T'o be able to assess someone’s mindset, we need to understand
how they perceive and associate 1deas.
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Behavioural forma mentis networks
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Stella, M., De Nigris, S., Aloric, A., & Siew, C. S. (2019). Forma mentis networks quantify crucial
differences in STEM perception between students and experts. PloS One, 14(10), e0222870.



Free (Conceptual) Associations

Free associations are ways of bringing concepts to mind without
consclously thinking about them.

For example, what are the first 3 words that come to mind when you read:

MODEL?
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Stella, M., De Nigris, S., Aloric, A., & Siew, C. S. (2019). Forma mentis networks quantify crucial
differences in STEM perception between students and experts. PloS One, 14(10), e0222870.



Our datasets

Teachers
High School and University Students

oo, STEM Researchers GPT-3, GPT-3.5, GPT-4




Which concepts should be “retired”?

In the formae mentis of the considered samples, which concepts are

K highly negative and should be «retired»?

Maths Statistics

Science

Physics

Abramski, K., Citraro, S., Lombardi, L., Rossetti, G., & Stella, M. (2023). Cognitive network science reveals bias in gpt-3, gpt-
3.5 turbo, and gpt-4 mirroring math anxiety in high-school students. Big Data and Cognitive Computing, 7(3), 124.



STEM Formae Mentis

Mathematics

Students Researchers
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STEM Formae Mentis
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GPT and Mathematics

GPT-3.5

GPT-3

GPT-4

Students

Teachers



GPT and Mathematics

v+ Qrowth Sent dry impor*
GPT-3.5 oV e
divis K\ \ jogarithmtncact’ / relev

& mdn\cem“m crunching.
2= \\\|/77 /s statist

qeometn 'Igebraexasper

arithmet anguish \ \ compic \‘| || dificutt uy valuabl
solut frustrat OO umin daun(\ \\ puzzl| | Il /7 / mastor ation
G—P I _3 "‘”'—9“"”\\ Vvefwhelm intimid meomry /.,:e,coneeplu
mathi fun in \‘ ll /// Pt =
om insight order_of_oper
reward X calcul

neutral

stalis! ggt€0ioU P
S challeng

nterest

inspir

tiv
deangeomon

™ \petmu(
N i
o{d Wadon

number

. ’ladof /
; 4
ot
~alcUcircle equ percent

A \
difficult ; algebra D
oo LIANRN
4 _imaginary_numb Jllf \ \
trigonome= 4 — S approxim
geometri? fff computanaiysi | fraction \ gecim (mmn
formuia gy oinenl [ M W0 W\ percentag
numbe: a (distan; .~ Z funct29Y
A L st
variaithjpgasithmic_funct~ —
GPT-4
& neural __space algorithm
9(/6 4 fime. real i | linear
¢ 3 \ration .
%, e/o/) / @ equibia %2\ \Y l || cyptographi /°°"'°‘°"
(o7} ,)7 y p 4 strateg! code-break | \\ ’v‘ caleuly | decrypt / !ru'sta
% iy Jeib \ \ max | deriv eneyPt” anyiets
I[; ibniz \ \ feary | .
& \\\ ient | |z dificui
pr gaUSS  jneqy \ \ ‘coeffci || | / / =
eVedib'l‘ 1nequ \parab symmat \  \ recurs theorem
: ilitg | o §
figure 'm‘wc
creativa BN ee
giorgio ~" overwhelm
esa\»_telli OPer giterent
= e = Combingior———— proot
dervaly N eansenagralo ™ °¢e = e tOpOIOG
2 &commn_eub‘ === precis symbol
39“ & eigenvector w_
“
Students ¢
N
Q. g
& L & TN ) - S, - =
& X8 G S23323%% T % 5
¥ = z 9 55222 % /vnsual/
> S i3 s 02 (\]
0 g 8 o o B mouota"gl/
ro %: 2" knot nimer
QJS g paradov
o \
P 2 Teachers = s \\ N\ s,
i P : m_or‘ ]
S geometri infin M pattem confus Statist

problem~-solv  struggl



GPT and Mathematics
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STEM Formae Mentis
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STEM Formae Mentis
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GPT and Physics
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GPT and Physics
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GPT e Scienza
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Conceptual associations reveal a view of mathematics among students as “counting”.
GPT-3, on the other hand, 1s even more negative and stereotyped: math 1s boring!



A vision devoid of creativity
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Partecipiamo all’esperimento
forma mentis:
https://tinyurl.com/forma26



https://tinyurl.com/formamentis26
https://tinyurl.com/formamentis26

Prima parte: Questionari

Mi sento ... con questaffermazione

Ho la fiducia in me stesso/a necessaria per sperimentare modi

diversi di comportarmi.

Sono disposto/a ad ascoltare e considerare diverse alternative per
gestire un problema.

Ho difficoltd a utilizzare le mie conoscenze su un determinato
argomento nelle situazioni quotidiane.

In ogni situazione, posso adottare diverse modalita di

comportamento.

Mi vedo come una persona che...

Abbdastanza
Per niente in Abbastanza Del tutto
d'accordo disaccordo Neutrale d'accordo daccordo

.8l agita facilmente O @ O O O
..ha una fervida O O @ O O

immaginazione

..fende a essere pigra O O @ O O



Seconda parte: Associazioni Libere

Nomi singoli, anche solo un responso per riga, basta
cliccare sulle caselle e scrivere.
Verbi, nomi, va tutto bene ma non bisogna pensarci

troppo.

equazione formula verifica
paura

tanti amici



Terza parte: Emozioni

Cliccando su ogni cella, decidere se si percepisce quel
concetto come positivo, negativo o neutrale.

Ti verranno presentate 6 parole (e le loro associazioni) per
pagina: per far comparire le parole successive primi la freccia
per andare alla pagina seguente.

Se ci sono spazi vuoti ignorali, corrispondono alle associazioni
che non sono state segnate nel task precedente.

‘ Numeri ‘ eguazione ‘ formula ‘ verifica

‘ Negativo v ‘ v
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