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The Impact of Generative Al on Critical Thinking: Self-Reported
Reductions in Cognitive Effort and Confidence Effects From a
Survey of Knowledge Workers

Hao-Ping (Hank) Lee Advait Sarkar Lev Tankelevitch

Carnegie Mellon University Microsoft Research Microsoft Research
Pittsburgh, Pennsylvania, USA Cambridge, United Kingdom Cambridge, United Kingdom

haopingl@cs.cmu.edu advait@microsoft.com levt@microsoft.com

Ian Drosos Sean Rintel Richard Banks
Microsoft Research Microsoft Research Microsoft Research Cambridge
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Nicholas Wilson
Microsoft Research
Cambridge, United Kingdom
niwilson@microsoft.com
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On the Dangers of Stochastic Parrots:
Can Language Models Be Too Big? §

Emily M. Bender” Timnit Gebru®
ebender@uw.edu timnit@blackinai.org
University of Washington Black in Al
Seattle, WA, USA Palo Alto, CA, USA
Angelina McMillan-Major Shmargaret Shmitchell
aymm@uw.edu shmargaret.shmitchell@gmail.com
University of Washington The Aether

Seattle, WA, USA

(Benderetal., 2021)
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9.9 or 9.1 which number is bigger?

The number 9.11 is bigger than 9.9. This is because if you interpret these as

decimal numbers, 9.11 can be seen as 9.110, which is larger than 9.090 (or

simply 9.9).

your math is broken. 9.9 is equivalent to 9.900

You're right; | misspoke in my explanation. When comparing the numbers 9.9
and 9.11, you would indeed interpret 9.9 as 9.900, making it larger than 9.110 (or
9.11). Thanks for pointing that out!
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Large Language Models Pass the Turing Test

Cameron R. Jones Benjamin K. Bergen
Department of Cognitive Science Department of Cognitive Science
UC San Diego UC San Diego
San Diego, CA 92119 San Diego, CA 92119
cameron@ucsd.edu bkbergen@ucsd.edu
Abstract

We evaluated 4 systems (ELIZA, GPT-40, LLaMa-3.1-405B, and GPT-4.5) in
two randomised, controlled, and pre-registered Turing tests on independent pop-
ulations. Participants had 5 minute conversations simultaneously with another
human participant and one of these systems before judging which conversational
partner they thought was human. When prompted to adopt a humanlike persona,
GPT-4.5 was judged to be the human 73% of the time: significantly more often
than interrogators selected the real human participant. LLaMa-3.1, with the same
prompt, was judged to be the human 56% of the time—not significantly more or
less often than the humans they were being compared to—while baseline models
(ELIZA and GPT-40) achieved win rates significantly below chance (23% and 21%

“‘EZ2| HAEZ x|X2 ENSHOIZX|S”

(Jones & Bergen, 2025)
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Google DeepMind

An Approach to Technical AGI Safety and
Security

Rohin Shah!, Alex Irpan”™!, Alexander Matt Turner !, Anna Wang !, Arthur Conmy -1, David Lindner 1,
Jonah Brown-Cohen !, Lewis Ho >, Neel Nanda"!, Raluca Ada Popa!, Rishub Jain™!, Rory Greig-!, Samuel
Albanie™!, Scott Emmons -1, Sebastian Farquhar -1, Sébastien Krier !, Senthooran Rajamanoharan !,
Sophie Bridgers 1, Tobi Ijitoye 1, Tom Everitt -1, Victoria Krakovna !, Vikrant Varma -1, Vladimir Mikulik 2,
Zachary Kenton ™!, Dave Orr!, Shane Legg!, Noah Goodman!, Allan Dafoe!, Four Flynn! and Anca Dragan!
1Google DeepMind, 2Work done while at Google DeepMind, “Core contributor, alphabetical order
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=1y)l
Al= OLI7HR| BT

=

L

"= | LM BE2 BlackBoxO|LCt.



EI_

We inves

BlackboxS 1ot A St}

On the Biology of a Large Language Model

tigate the internal mechanisms used by Claude 3.5 Haiku — Anthropic's lightweight

production model — in a variety of contexts, using our circuit tracing methodology.

say
capital

visual
deficits

—
say | sayX
Austin | Chinese |

» ["rabbit“m [ “habit” ]ﬂ

say large
16 LJ_I

preeclampsia

r 3

i

Known |
Answer

Rhymes with "1t~

(

o) (2]

[Dallas] Chinese - 7' pregnancy

Introductory Example: Planning in Poems Muiltilingual Circuits Addition Medical Diagnoses
Multi-step Reasoning

Refusal BOMB

Harmful
Reguest

»

Dangers of
Bleach+Ammonia

Refusals

wses in AI systems. One fir
as' Mit igation« Recent research
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YOLO
(You Only Look Once)

You only look once: Unified, real-time object detection
J Redmon, S Divvala, R Girshick... - Proceedings of the IEEE ..., 2016 - cv-foundation.org

... Using our system, you only look once (YOLO) at an image to ... of-the-art detectors, we look at
a detailed breakdown of results ... [19] For each category at test time we look at the top N predic...

v MZ 99 Q12 481483 Q18 EEH St=XtzE HAH 517He HE o9

(Redmon et al., 2016)
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S X S grid on input

Fmal detectlons

Class probability map

(Redmon et al., 2016)
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A B C D E F G H | J K L
epoch train/box_loss train/cls_loss train/dfl_loss metrics/precision(B) metrics/recall(B) metrics/mAPSO0(B) metrics/mAP50-95(B) val/box_loss val/cls_loss val/dfl_loss Ir/pg0
1 1.5159 2.3792 1.5882 0.68369 0.8414 0.8358 0.51029 1.2959 1472 1.5636 0.00032867
2 1.2415 1.0116 1.3344 0.49813 0.43634 0.43446 0.21405 1.5275 1.841 1.6732 0.00066498
3 1.2001 0.93257 1.2821 0.77312 0.93098 0.87592 0.56465 1.2277 1.265 1.2724 0.0009945
4 1.1972 0.92524 1.2879 0.81595 0.81885 0.85583 0.5514 1.3093 1.0359 1.3676 0.0013172
5 1.1927 0.91659 1.2725 0.73211 0.86191 0.86615 0.53675 1.2451 1.0089 1.3487 0.0013724
6 1.1689 0.86433 1.2526 0.73258 0.86698 0.84025 0.53378 1.3246 1.0178 1.2947 0.0013583
7 11734 0.85193 1.2593 0.80981 0.88261 0.88392 0.57001 1.2371 0.9636 1.2836 0.0013441
8 1.1485 0.8409 1.2301 0.79901 0.89221 0.89109 0.61386 1.1471 0.86196 1.1889 0.00133
9 1.1521 0.83284 1.2194 0.84417 0.90676 0.91429 0.60947 1.2361 0.83234 1.2527 0.0013158
10 1.1066 0.79733 1.2079 0.79522 0.92144 0.90795 0.61235 1.1867 0.92465 1.2074 0.0013017
11 1.1308 0.80042 1.2167 0.79939 0.91485 0.91643 0.62559 1.2034 0.86242 1.2414 0.0012875
12 1.1295 0.80229 1.2289 0.80249 091704 0.91923 0.61403 1.1937 0.79067 1.2415 0.0012734
13 1.1207 0.80079 12155 0.82285 0.84707 0.88347 0.58266 12727 0.94212 1.2527 0.0012592
14 1.1175 0.8041 1.2122 0.84925 0.89866 0.89699 0.61283 1.1471 0.81326 1.1623 0.0012451
15 1.1287 0.80062 1.2092 0.81481 0.89046 0.90025 0.60743 1.1654 0.8579 1.2193 0.0012309
16 1.1055 0.77332 1.1968 0.84376 0.90689 0.90983 0.62417 1.2681 0.78287 1.2078 0.0012168
17 1.0852 0.75824 1.1843 0.85801 0.89273 0.91875 0.62861 1.1362 0.82162 1.1973 0.0012026
18 1.091 0.76703 1.1899 0.82492 0.9153 0.91484 0.62576 1.1486 0.76588 1.1951 0.0011885
19 1.0935 0.7657 1.1871 0.81068 0.91558 0.90737 0.61786 1.2124 0.8083 1.1995 0.0011744
20 1.0598 0.72654 1473 0.84604 0.87829 0.9142 0.63039 1.2091 0.81026 1.2089 0.0011602
21 1.088 0.74643 1.1839 0.82606 0.90607 0.91081 0.61682 1.2499 0.77576 1.2697 0.0011461
22 1.0904 0.74589 1.1918 0.83608 0.88948 0.9087 0.60685 1.2582 0.7519 1.2222 0.0011319
23 1.0637 0.7215 1.1654 0.84137 0.89165 0.91786 0.64233 1.1402 0.70659 1.1472 0.0011178
24 1.0691 0.73375 1.1684 0.84214 0.89283 091111 0.62275 1.1828 0.82283 1.1896 0.0011036
25 1.0739 0.73439 1.1761 0.81804 0.9097 0.90556 0.61796 1.1541 0.83412 1.1848 0.0010895
26 1.0448 0.72127 1.164 0.82813 0.90823 0.91766 0.63336 15571 0.85077 1.2086 0.0010753
27 1.0519 0.72275 1.1689 0.85691 0.85256 0.91976 0.61135 1.264 0.844 1.226 0.0010612
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M Check for updates

Scientists are enthusiastically imagining ways in which artificial intelligence (Al) tools
mightimprove research. Why are Al tools so attractive and what are the risks of
implementing them across the research pipeline? Here we develop a taxonomy of
scientists’ visions for Al, observing that their appeal comes from promises to improve
productivity and objectivity by overcoming human shortcomings. But proposed Al
solutions can also exploit our cognitive limitations, making us vulnerable to illusions
of understanding in which we believe we understand more about the world than

we actually do. Suchillusions obscure the scientific community’s ability to see the

formation of scientific monocultu ires, in whichsome types of methods qt 1estions and

Svivia TS Ul HivLtnivud, uoSuiUiis Giiu

viewpoints come to dominate alternative approaches, making science lessinnovative
and more vulnerable to errors. The proliferation of Al tools in science risks
introducing a phase of scientific enquiry in which we produce more but understand
less. By analysing the appeal of these tools, we provide a framework for advancing
discussions of responsible knowledge productionin the age of Al.

(Messeri et al.,

2024)



= 7t=E A0

= Messeri S (2024)0]| [2H 7|Z2| Al &I& =o|(Tg, @

=, M

O A7} QIZHe| QIX[A SEAIE Tiil S0 AAZE MM[HLCE [ 210] Ololot

Cli= 22151 SHS 4 QLK 9130| US

" Al E710| §240| SH HHZ, o7 AR, 2Eare MS5}
712l IS BHRIT T B3P S SN QIS XIXE:

" Al =R0] 7tz dihd 2hJ0] BIEA] 2febH Oloiof ol
=

H, @021 Olo}

[I= O|X|X]



1. 24 el 1
TIPS ZATNE WEH E=6H 0] 2T
-|x:|E'| k=3 6|:b ‘M 7|O|9_
A, AZHOIEA 1 24kS
=o| a|/7}H /5|, 1k Q2| £

2SS EPNox [ [ =) gt

= Al=

= [I}2

12

AZF S odist
| |/ = T 3a-

oo o ==
== s derid &

s =YK E0E

g, H2l 1S

215}

= AlF| XIAI0] ZJ0]Q1A OJ5H5!H



]

Q

2. °H|TE AL Al B SA| B

» Al= &3 H|0|E{Q JHEAIC| B S i

jol0

=)
T K
20
100 —
B4 D
=~
K0
K 50
o 8
58 <0
M 110
o ol
<l mr
=0 J|0
U )
= )
]~
xr A
b

|[o)
0w
N
oy Mk
N 5
D
N
<{ T
- Ol
=1 Lo
=5 N

o =
d, =28 E

;

__OO



_ o
3. WHEX ClIxo| Holx RS 52 215}
"Al=EE8 R IE1I0IE1(C§%F’5., CHte)Rt HEOS, HE QAN ZES
5ol

o2 T

= O] Z301| Mt=obA| 2EotA st S5t £ AOZ HEE= G| HE =S|
O

(Monoculture of knowing) 7 SME 4= QIO AIZ £lA EfFS 4= Q= H

27t MEEID 07 |= B H0|9] = zZK(llusion of exploratory of breadth)

o LIS A 0|2
= Ss= T A\O

|
o
L
4
o

LR 2% OFLRH 20X 967, 21, €7, O 18 §
O| 7Ix



Hr 80
11 o
0 &
E T
5 =
go 4
- 10
ol
CUE
m__ﬂ KIr
OH ol
Lo
Ty
o I
w: ol
_:E ml

1|0
=
T
= 1O
=<

_ll
m_m mli
G B

=<
ol
dl ofn
= OH
3 R
s
< KI

—

Sdp HHE EE

= %}0]
- O

ol St E Of

-

L



- HRTON KPR OR[N LR

L T
R S5, Lyt 889 /i
HiZt 2Es 7R Q1ZF AEAL
@)

9

o
A(QIXIN, QI T3HN CIOFA0| ZHaHE 4 IS

0|2t Q10| =21 1 OfL|2t ApSIR| ASRIRT} FHoto| MSOIS

F— kst U= JHK =g =1 EE . H|TE OJO|C{HE BEIXNA|7|




"HELLM EE
M 2E1=2 BlackBoxO|C}.”



= L MO[AM2] "SHEA" Rzt 2IE0f| Cfolf SS0] |7 |EX[O] LI AL

OO
A8 WPE= O17H0] 2HM0| Ofoliot ALt offMst 4= Gli= MEHS S|0fotLt.

e L

£ 101 TFROLEENN, AT 52, HaHo] XS T, A4 L] 7|20) £

" LLMS E%qé(transparency) B2 ofd, WAL 2R, ws YT} G

I2|E =52 = Ko

|'|_|\l
o
Pl
OIH
I'_>'



LM 220K6t7f?

 LLMS 3l BIO|E{O] LIKHEI ASIR T4 2413 Haakperpetuate), 53
A % 9IS — O1F, 6, 23, AlSl/ZHK Xigl, oI0Y/ 291, 20f 92 5
7} 2+ T7A0| LLMOj| ‘ATHS 4 9IS

* LLM®] ‘BlackBox'i= 0|213t B174 SX|, 491 FICt 2 QIBIS D1 027 2t
— WEE IS BEIX AN, STHSH IO Y A, KRESIE JHol
(ex : S EEF S0 Lt 212 7|0HX| M), S, 7|slo] SHSs R, S
X 31 ’éIEfQI A9

* Al 210} Bt == 0| SAKS D[=Q1 4N 25} HEIS XHYMSI0] 2%

ﬂﬂ_etﬁﬁﬁ 2SS 30% OAF ZIAAZICH L ewis et al., 2025)= 7 &
e =X




O O|l20}o
[ LM= 2=/}
* LLM2| ‘Blackbox’ @M= W= E7I0|AM E712| EfdL, A= 20| SO

3 Lt.

o
M0
i

[S)
S

A= LLMO| sklo| MtH|E "HEA" &t B7Fsh=X| Oloffe =~ U0

1 O

y
Ho

Z4

A= ME|ot] S-S B 4= QIX|BF Blackbox = Qlot S5HA

—

[oliS Yoligt.

<
o

=
Il

o

ro
=

ER

—



S
o
0|
~H
ol o
= o
= K
2o 0%
..
K2 K
™ KK
..__/A| ol
T
m__ 1[0
Y ~0
= N
O
ol ®r
K X
o KO
Wt
[0}
w10
o o
o H
oo of0
o) <0
=
n0 KT
0 &r
= Of
O

W =
Ol o
10 ol
ol R0
Do
o oI
w <0
I
= Kl
] |
W =
5 U
b
NI
<O Jjo
KIr 1104
I =
O [ ——
ar "~
oll ._Vm
Py @)
@)
&r I
< =
5o _._Wo
o <
<V ol
ol +
v
W =
KF 0
ol a1
= X
— ol

~ 2102 cajlf= o

o|l2
MO

Al

54

SAEsk= 4

Or£1 O]0] X dAMlol &




X1 5251
ol

. Lee, H. P. H., Sarkar, A., Tankelevitch, L., Drosos, I., Rintel, S., Banks, R., & Wilson, N. (2025). The Impact of

Generative Al on Critical Thinking: Self—-Reported Reductions in Cognitive Effort and Confidence Effects From a

Survey of Knowledge Workers.

. Bender, E. M., Gebru, T., McMillan—Major, A., & Shmitchell, S. (2021, March). On the dangers of stochastic

parrots: Can language models be too big? & . In Proceedings of the 2021 ACM conference on fairness,

accountability, and transparency (pp. 610-623).

. Shah, R., Irpan, A., Turner, A. M., Wang, A., Conmy, A., Lindner, D., Brown—-Cohen, J., Ho, L., Nanda, N., Popa,
R. A., Jain, R., Greig, R., Albanie, S., Emmons, S., Farquhar, S., Krier, S., Rajamanoharan, S., Bridgers, S., ljitoye,

T., .. Dragan A. (2025) An Approach to Technical AG/ Safez‘y and Secur/z‘y [Preprint]. arXiv.
httos //arxiv.org/abs/2504.01849

. Jones, C. R., & Bergen, B. K. (2025). Large language models pass the Turing test. arXiv preprint

arXiv:2503.23674.

. Redmon, J., Divvala, S., Girshick, R., & Farhadi, A. (2016). You only look once: Unified, real-time object

detection. In Proceedings of the IEEE conference on computer vision and pattern recognition (pp. 779-788).

. Messeri, L., & Crockett, M. J. (2024). Artificial intelligence and illusions of understanding in scientific

research. Nature, 62/8002), 49-58.

. Lewis, A. A. (2025). Unpacking Cultural Bias in Al Language Learning Tools: An Analysis of Impacts and

Strategies for Inclusion in Diverse Educational Settings. /nternational Journal of Research and Innovation in Social
Science, A1), 1878-1892.




UL

ol
=

]

I.

N1




