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Aims of the AgeFok Project

ESTIMATING EFFECT OF COMPARING THE IMPACT EXPLORING THE NEURAL
AGE ON DIFFERENT OF AGE ON DIFFERENT CORRELATES OF
DOMAINS OF TYPES OF METAMEMORY METAMEMORY
METACOGNITION JUDGEMENTS
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Metacognition: Back to basics

Knowledge people
have about their
cognitive abilities,
strategies, tasks, ...

Regulation: cognitive monitoring (e.g., error
detection, source monitoring in memory retrieval),

cognitive control (e.g., conflict resolution, error
correction, inhibitory control, planning, resource
allocation)

Fernandez-Duque, Baird, & Posner (2000); Flavell (1979); Nelson & Narens (1990); Reder & Schum (1996)



I Theoretical Framework
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processes in progress

Nelson & Narens (1990)
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But, How Do We Measure Metacognition?

Memory performances = Type 1 performance
Judgments
Metacognitive precision
Metacognitive bias

Metacognition efficiency

Metacognitive Accuracy




Feeeling Of Knowing (FOK)

Recoghnition

Encoding phase Recall
: bird
bird - land bird - ?
lake - secret banana - land

Do you think you wiill
recognize this item “?”
later?

50% ° 100%

paper - cake




And Retrospective Confidence

Judgments (RCJ)
Encoding phase Recall Recognition
: bird
bird - land bird - 7
lake - secret banana - land
paper - ca ke FOK How confident are you?

50% ° 100% 50% ° 100%




Assessing Metacognition with ...

the individual tendency
to underestimate or
overestimate

cognitive performance

the ability to adapt
confidence judgments,
considering the correctness

of the response

Gamma and phi correlations



Gamma Scores

Congruent Incongruent

bird bird

50% 100%
4B

banana-laad k bargna-land °. k

Yes-Success
No-Fail

Yes-Failed
No-Succeed

Nf_‘ — Nd Nc = number of congruent pairs
— Nd = number of incongruent pairs
Nec+ Ng

Y


https://www.statisticshowto.datasciencecentral.com/wp-content/uploads/2017/08/image1_corr.png

Diminished episodic memory awareness in older
adults: Evidence from feeling-of-knowing and recollection

° [ ]
Exa m p ‘ e I n Ag I n 9 Céline Souchay **, Chris J.A. Moulin , David Clarys °,

Laurence Taconnat °, Michel Isingrini b

Semantic task Episodic task
0,6 0,6
0,5 0,5
0,4 0,4
:
£ 03 0,3 ke
O
0,2 0,2
0,1 0,1
0 0
B Younger ® QOlder B Younger ™ Older

But, no consideration of metacognitive bias
Souchay et al., 2007



http://leadserv.u-bourgogne.fr/files/publications/000922-diminished-episodic-memory-awareness-in-older-adults-evidence-from-feeling-of-knowing-and-recollection.pdf
http://leadserv.u-bourgogne.fr/files/publications/000922-diminished-episodic-memory-awareness-in-older-adults-evidence-from-feeling-of-knowing-and-recollection.pdf
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Methodological Issues Ot The Measures
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https://www.frontiersin.org/journals/human-neuroscience/articles/10.3389/fnhum.2014.00443/full

I Beyond the Performance

scientific reports

| 0 Gheck for updates

OPEN Episodic and semantic
feeling-of-knowing in aging:
a systematic review
and meta-analysis

Méline Devaluez¥***, Audrey Mazancieux?>*? & Céline Souchay®

Douchamanea, Isingrinl & Souchay (2007) i 1,70[093, 247
Eakin & Herzog (2012} - smell set N Q.19 [-0,20, 0.58)
Eakin & Hertzog (2017) - large sat [ 40,51 [0.81, -0,12)
Eakin, Herlzog & Harris (2014) — 0.03 [-0,36, 0,42)
Herzog , Dunlosky & Sinclair (2010) - 480 s 0.02 [-0,35, 0.40)
MimcLaverly £ Herlrog (2009) . 0.0 [-0,19, 0,19)
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Sacher, singrinl & Taconnat (2013) - full atftention _— 129061, 1,99)
Sacher, kingrinl & Teconnat (2013) - altention encading P | -0.16 [-0,78, 0,45
Sacher, Isingrni & Taconmat (2013) - attention FOKs ———— 0.53 [-0.10, 1,17
Sacher, Landré & Taconnat [2015) . 1,19[ 0,80, 1,58]
Souchay & Isngrim (2012) P ——— 085013, 1.58)
Souchay et al (2007} ! —_— 1,0B[0,41, 1,74
Souchay et al {2007} — - 0,54 [-0,05, 1,22)
Souchay, lingini, & Espagnet [2000) | —— 0,7B[ 0,14, 1,43)
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Thomas, Bulevich, & Dubols (2011) - Exp 2 info alter FOK b - i 0,62 [ 0,04, 1,200
Thomas, Bulevich, & Dubais (2011) - Exp 3: FOK deadline — 0.29 [-0,28, 0.846)
Thaomas, Bulevich, & Dubals (2011) - Exp 3: Info deadline i - | 0,892[0,33, 1,52]
RE Model —— 0,53 [ 0,28, 0,78)
T T T 1
1 0 1 ) 3

Standardized Mean dilerence

Figure 3. Forrest plot of the effect of ePOK deficit in OA. Confidence interval of the overall estimated effect

does nol overlap with 0.

Allen-Burge & Storandn (2000) - Exp 1 002 [D40, 0.43]
Butterfeeid, Melson & Peck (1988) - Exp2 .—.-—| -0,05 [-0,43, 0.32)
Douchemane, Isingrind & Souchay (2007) - 0,20 [-0,36, 0.65]
Eakin, Herlzog & Harris (2014) |—-—.—| 0,20 [-0,19, 0.59]
Marquié & Huet (2000) - general knawledge : 0,61 [-1,22, -0.01]
Marquié & Huet (2000) - computer knowledge [ - -0,07 [-0,66, 0.53]
Morson, Maulin, & Souchay (2015) I—l—-—| <041 [-0.89, 0.08]
Souchay et al (2007) ! 0,38 [-1,01, 0.24]
RE Model —— -0,20[-0,29, 0.10]

I T T T 1
=150 -1.00 0,50 0,00 050 1,00
Standardized Mean dillerence

Figure 4. Forrest plot showing an absence of sFOK deficit in OA. Confidence interval of the overall estimated
effect does overlap with 0.

Meta-analysis by Devaluez et al., 2023


https://www.nature.com/articles/s41598-023-36251-9.pdf
https://www.nature.com/articles/s41598-023-36251-9.pdf

I No/Less difference when task performance is
controlled

EVERYTHING

A)Best older adults and worst you r adults and best younger adults

Perrotin et al. (2006) . . 2.15[1.45, 285]
Souchay & Isingrni (2012) 12) —_—— 1,79 082, 2.75)
Souchay et al, (2007) - Expl e Expl . - . 2251127 322
Souchay et al. (2007) - Exp2 ] Exp2 —— 1.15[ 0,32, 1,98)
Unpublished data - d . K , N ! 0,83 0,22, 1,89]
RE Model | — —— 1,67 (1,14, 2,20]
T T T T & : { t Y 1
-1,00 0.00 1,00 2 *, A P 100 000 100 200 300 400
Standardized Mean Difference ) Standardized Mean Difference

Meta-analysis by Devaluez et al., 2023
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Methodological Issues Ot The Measures
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memory performance
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0.25 A

0 -

Mratio

Task performance

v meta-d’ = d’ predicted on
the basis of their second-
order performance value is
interpreted in relation to first-
order performance (d’)

v metacognitive efficiency
Mratio = the ratio between
meta-d’ and d’

x Needs a lot of trials: difficult
in Episodic Memory


https://watermark.silverchair.com/niab040.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAA1MwggNPBgkqhkiG9w0BBwagggNAMIIDPAIBADCCAzUGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMriTWdEDa7iv-J98CAgEQgIIDBgOPCKW8PBQpG4pmsZlJbz6qf5OjmQCvXoUam8Sh2-Haz3ahBo9vaEb7b1ru2p37_ev1imWzcrK8Hc3JpGOT6nV6Vo7yiKVZNV02psGLkEq5vWCt3M6-lVy9-ZBrT9P5bb85-5N_EufAulugg-LrpIFCpIaCHqsD7Bw2s5ZBoQGYyE50Z0dwFiZyzicA9_HQIgCwMa8JO1ywa7G332tsacNxK4e6QrZNCmixx4Zz_UmtgEZfXT962D24PF2PAHbAfwq683gv51y9fZUh3BWlhiI1295t4dvCLW6v4B4PkakS9KUKDsKxgJ5Rvvsp2cP73FQxkQVqunw96Bh2B2X999GLcA7D09G6Cc_iqLjZY_egV-fEJW4s_vrXJpPnYgvU48bUYFviH7lJLxdmFV3U-xDwfme3df0b-r40_IPq5q-A2K2QpfP1Db226ToongKiEsrDdnmtXJpPpINojGyKbqrGuYINNEZlcL-UmR4X0kOxAo9zK8dnhuL-YPs-BHlv_dkeJB7NGrb6gQ89aXkk0uwldbHv3isPYN9adDmvoER2BAHGJqWphuNDIoVhH3uLjuzaOBmymgRNcAqqN1jLYQuZM3ayal0RNOT2eFRhksZEZODZsm2mGsKr8bBzdRjLD5vWDDsq6gypMUmoZLluOwEuQor9sqZKlY613_JMJAIqE-Unt1NQiuU8TgFtBLawynFPlU9xzzTlt_xKyoE1oQS_lcAp_Tnk3hXXLPj7T_3wYSUJGEjlJkixN-gSAN_3VjOMkCUWwPJulnep0YS-DURKSVs_-hyQ6D1zK-A0mtQtLuCmWzprmzlCdFGK0WpBYHxJqdx4ELa1blug7zTE1rZ_VEOLJczooSaovk0IHtaav5u5KHChRBuhdWuZPARdvzw94WtMOQPfiRbLCCmCckQpQF_vn6f0pBi1udKYZHvGzxdwV4g-AaOcToDyPa8SE7jreMRljw7He3ncp-vdKuL1Wj7jre_lKnn8OKgK20CMrSrk_wmePmxatCncLUjVpvGQ7GCmyg
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So, How Do We Measure Metacognition?

the individual tendency to the ability to adapt confidence
underestimate or overestimate judgments, considering the
cognitive performance correctness of the response

v' AUROC2

v' Mratio
v Hmeta-d estimates the metacognitive efficiency at the group level




Then, How Did We Proceed in AgeFok?

In healthy aging and in
different metacognitive
domains

Estimating the accuracy of Large sample sizes
metacognitive judgments :
a modeling approach

&

Hierarchical Bayesian

framework (Hmeta-d;

Fleming, 2017)


https://osf.io/ymg96/

Review Article | Published: 17 November 2022

Towards a common conceptual space for metacognitionin
perception and memory

W ‘ I y .; Audrey Mazancieux, Michael Pereira, Nathan Faivre, Pascal Mamassian, Chris J. A. Moulin & Céline Soucha\,{B

Nature Reviews Psychology 2, 751-766 (2023) | Cite this article

— Comparing different domains on a systematic manner
— Confronting a correlational, a neuropsychological, and a neuroanatomical approach

— Studying aging allows for potential differential trajectories and further comparisons

a. otrong domain-generality b. Weak domain-generality G Domain-specifcity d. Example of spurious
. doOmain ;';I'“l"l'“".ﬂ i'_':l-'

Meta Level




Metacognition
& Cognitive
Domains

"f"!ﬂ.- I;;"I:'.IR.)‘N

Bt L& Pavciownaic .
=5 ocmon Journal of Experimental Psychology: General
€ 020 The Authoris) 2020, Vol. 149, No. 9, 17881799
ISSN: 0096 3445 hitpafida.dod.ong/ 10,1037 x ge000T46

Is There a G Factor for Metacognition? Correlations in Retrospective
Metacognitive Sensitivity Across Tasks

Stephen M. Fleming

Audrey Mazancieux
University College London

Grenoble Alpes University

Céline Souchay and Chris J. A. Moulin
Grenoble Alpes University



https://psycnet.apa.org/fulltext/2020-19836-001.pdf

Metacognition & Cognitive Domains




Metacognition & Cognitive Domains

Which circle contains the most How confident are you?
dots?

left or right? 50% ® 100%




Metacognition & Cognitive Domains

7AS5N2



Metacognition & Cognitive Domains

Which one of the two presented
responses corresponded to How confident are you?
the sum of all numbers and the
relevant letters?

50% ° 100%
14AN  or 16AN



Metacognition & Cognitive Domains

Encoding phase Retrieval phase
Which one matches the How confident are you?
. cue word?
bird - land
lake - secret bird 50% " 100%

paper - cake banana - land




Metacognition & Cognitive Domains

How confident are you?

How high is the Mont
Blanc?

50% 100%
4810m 4953m ®




I Metacognition & Cognitive Domains

Visual perception Semantic memory Executive functioning
A 20
é‘ 15
v N = 181 healthy young o
3
adults - ST
. D 20
v’ Four 2-alternative :
. § . 15
forced-choice tasks g § i
v' Across-domains
correlations 1
E
g
3

0.5 10 15 20



I And, in Aging?
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Metacognition in Aging &
Cognitive Domains

x Palmer et al., 2014

( Filippi et al., 2020;
McWilliams et al., 2023

Bertrand et al., 2016;
McWilliams et al., 2023

‘ NEUROSCIENCE 8k 30:108%ufslna0
of Consciousness

Metacognitive domain specificity in feeling-of-knowing
but not retrospective confidence

Audrey Mazancieux @ *, Claire Dinze, Céline Souchay and Chris J.A. Moulin

Lab ire de Psychologie et NeuroCognition (LPNC) CNRS 5105, 1251 Avenue Centrale, St Martin d'Héres,
Université Grenoble Alpes, 38040 Grenoble, France
“C ing author. 1 je et NeuroCognition (LPNC) CNRS 5105, 1251 Avenue Centrale, St Martin d'Héres, Université Grenoble

3 de
Alpes, 38040 Grenoble, France. Tel: +334 76 82 57 10; il

x Meta-analysis by
Devaluez et al., 2023

J Meta-analysis by
Devaluez et al., 2023



Does age affect metacognition? A cross-domain
investigation using a hierarchical Bayesian

framework

Meunier-Duperray et al. Under review in Cognition

442 participants aged 18 to 79

4 metacognitive tasks

+
Semantic memory task
Question? Confidence?
target distractor
So% 100%
. target distractor S
Confidence?
target ow o
Visual perception tasl k Executive functioning task
500 1000 m 900 ms
W:gteo::t:: d Confidence? Confidence?
+ : 7A5N2 14AN 16AN
S0% 100% S0% 100%
L R o




I The Bayesian framework: (R)HMeta-d model

v'Metacognitive efficiency

v'To estimate metacognition with a greater independence
(but not perfect) from memory performances

v'To better differentiate the effect of age on cognitive and
metacognitive processes independently

v'an extended version of the HMeta-d model

v’ developed to estimate metacognitive efficiency
integrating within- and between subject uncertainty in
parameter estimates (Fleming, 2017)




Age Effect on Metacognition

O

Episodic memory Visual perception
3_
1.41
824 2
B T4l
= s10
1 -
067
O_ T T T T T T T T
20 40 60 80 20 40 60 80
Age Age
Semantic memory : Executive functioning
3_
2 4
8 g
¥ B
= =
1 4
1 -
20 40 60 80 20 40 60 80
Age Age

Evolution of metacognitive efficiency in the episodic and
semantic tasks is progressive throughout aging

sample regression beta

0.1

0.01

age

task

episodic memary
visual perception
semantic memaory

'.' executive functions



Cross-task Correlations

v' Executive functions

Memory @0  with the other 3
Performance (d’) domains

v" Semantic & Episodic

Metacognitive bias % All 6 correlations

v Executive functions
% with Visual & Semantic
v

Metacognitive
9 Semantic & Episodic

efficiency (HMeta-d)

Executive functions with
Episodic & Semantic

% All 6 correlations

All correlations
except % Visual & Episodic



Summary

But, Haven’'t We Just Showed Between-

Metacognitive efficiency of tasks Correlations?
@ episodic memory declined

with age v' Metacognitive efficiency appeared to rely on a

. . domain-general process in older adults
Metacognitive efficiency

@ of semantic memory in line with the dedifferentiation hypothesis: Cerebral
increased with age activations become less specific to the task in hand,

impairing cognitive performance, thus being more

No age effect for Executive correlated

functionning and
G no consensus on the alteration and preservation of

metamemory processes in aging depending on the
metacognitive judgments used




Alterations and Preservations of Metamemory in
Healthy Aging in two Domains: Episodic and Semantic

Memory

v'Metamemory abilities
v’ Episodic and Semantic tasks
v'Feeling-of-knowing (FOK)

v" Retrospective confidence
judgments (RCJs)

v' 240 participants aged 19 to 79

Meunier-Duperray et al. To be submitted

Age-related decline of metamemory
accuracy

For the FOK:
Devaluez et al., 2023: Episodic ~ Semantic /7
But Episodic \ is always observed, Why?

For the RCJ:
Semantic: no deficit with aging

Episodic: inconclusive



1. Encoding phase

meteorite

rock
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SWOos

forest

fauna

W O0ST

Episodic task

2. Recall phase

AN

rock

write

meteo

ER-1

3. Recognition phase

FOK

0%

100%

Semantic task

Part of zoology that deals with

ethelogy

Rock
metzorite rock
RCJ
50% 100%
&
=
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Part of roology that deals with
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Type 1 Pertormance: Memory

A. Recall performance

B. Recognition performance
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Metamemory

C. Metacognitive bias

semantic episodic v

Judgment Type: more underconfident in

FOK > RCJ
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AN

Age effect: increased bias = more
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metacognitive bias
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AN

Age*Task: Older Episodic > Semantic

age B The age effect between episodic and semantic
was higher for FOK judgments than RCJs



I Metamemory

v' Judgment Type:

FOK > RCJ in both tasks
v Age effect:
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Discussion

v Metacognitive bias in older adults
depends on the level of expertise
they have in a domain

x No evidence of an age effect on
metacognitive efficiency using
FOK judgments in both episodic
and semantic tasks
Very low in both groups!

— predominantly used the 50%
rating: implication of guessing!

— Problem in the instructions « how
confident ..? »

— Further analyses showed that FOK
judgments were clearly based on
recall accuracy rather
than a prediction of future
recognition



Discussion

Cues from recollection Cues from familiarity

Retrospective Confidence
Judgment (RCJ)

Cauvin et al., 2019; McWilliams et al., 2023

Feeling of Knowing (FOK)

Hertzog et al., 2010; Morson et al., 2015;
Sacher et al., 2013; Souchay et al., 2000, 2007

FOK Deficit In Older Adults Is May Be Due To Their Difficulties Of
Recollection

Lucile Meunier-Duperray et al. (2023) PhD Discovery Bastin et al. (2019), Ange/ etal. (2013)



The role of Familiarity and Recollection for

metamemory judgments
Preregistered Methodology: Meunier-Duperray et al., (2023), OSF

Block 1: Familiarity Block 2: Recollection

Quel mot avez-vous déja vu ?

o
£ Iz -
i
o)) bonbon dégoat “
=
* -
-g Retrospective judgments Retrospective judgments
-t A quel point étes-vous sOr(e) de votre A quel point étes-vous sOr(e) de votre
: réponse ? réponse ?
w
réponseau | 1 | ‘ | | | certain(e) de réponseau | 1 | . 1 | | certain(e) de
hasard | 1 | 1 I 1 ma réponse hasard | 1 | 1 I 1 maréponse
50% 60% 70% 80% 90% 100% 50% 60% 70% 80% 90% 100%

2500 ms



Discussion

G The Role of Cognitive Reserve on

Episodic Metamemory: An Aging Study
Preregistered Methodology: Grégoire et al., (2024), OSF

o

A Higher Cognitive Reserve Will
Contribute To Better Metamemory

Efficiency in Older Adults

Chiara Scarampi: Unravelling cognitive reserve
mechanisms in aging: The impact of metacognition

© © ©

o Leisure
Education Physical
ucati activi
ol ivites
activity
Bherer etal,, 2001; Audiffren et al., 2011 Fallah t al., 2016; Saj
i . ; allahpour et al., i Sajeev
Guerrero-Sastoque et al., 2021 Carvalho et al.. 2014 et al., 2016

Work Food

Sleep

Bubu et al., 2017; Hokett et
al., 2021; Zavecz et al., 2023



Conclusion & Further Discussion

Correlational approach

Using the Hierarchical Bayesian Framework
In Large and Different Samples

In Young and Older Adults

AN N N NN

In 4 Different Domains



Neuroanatomical Approach

G Comparing Brain Activations in
MCI Patients And Control

Exploring the Domain Specificity and the Neural Correlates of

Memory Unawareness in Alzheimer's disease

Lucile Meunier-Duperray'-?, Céline Souchay!, Lucie Angel?, Bric Salmon®, Christine Bastin’

Under review in Neurobiology of Aging

G Neurocognitive Patterns for Episodic

Metamemory Judgments In Young and

Amplitude (p Volt)
(=] v

Il
oo

Older Adults: An EEG Exploration
Preregistered Methodology: Grégoire et al., (2024), OSF
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I Thank you for your attention!

A Special Thank You and Bravo to

Audrey Mazancieux & Lucile Meunier — BSUILIAREREAILE UTTTHT
A'RESEARCHER IN METACOGNITION?

-

Any questions?

- ANY GUESS

coline.gregoire@univ-tours.fr

lucile.meunier-duperray@univ-grenoble-alpes.fr



Table 2. Summary of the metacognitive measures.

Lucile Meunier Ph

D Thesis, p.36

Index Framework Measure of... Calculation Advantages Disadvantages
Gamma and phi :
correlations Correlational Meta::qgn_itive c uﬁg?e;’ggga;ﬂgen Valid measure of I_nﬂuenced by bias and
{Gmdm? g?&g}l(ruskal, approach sensitivity accuracy and confidence metacognition first-order performance
AUROC2 (Galvin et Signal detection Metacognitive Area under the Type-2 Bias free Influenced by first-order
al., 2003) theory sensitivity ROC curve performance
Ratio between meta-d Bias free, independent
M2t (Maniscalco & Signal detection Metacognitive (Le., d’value estimated from Iﬁrst 0? der Need many trials to be
Lau, 2012, 2014) theory efficiency from second-order i reliable
s performance
performance) and d
Task-performance
: - M=+ estimates using a independency and strong
HMeta-d (Fleming, Model-based Metacognitive - - X P
2017) approach efficiency hierarchical Bayesian test-retest reliability, even

framework

when the number of trials
1s limited



Useful books

The Cognitive
Neuropsychology
of Déja Vu

DITED }
JOHN DUNLOSKY
ROBERT A. BIORK



https://www.taylorfrancis.com/books/mono/10.4324/9781315524931/cognitive-neuropsychology-d%C3%A9j%C3%A0-vu-chris-moulin
https://www.goodreads.com/book/show/5409128-handbook-of-metamemory-and-memory

Lucile Meunier, PhD Thesis: defense

« Distinguer les changements de meémoire liés a I'age des capacites de métaméemoire des personnes
agees : Données comportementales et de neuroimagerie dans le vieillissement sain et
pathologique » (réesumé détaillé ci-dessous).

La soutenance se déroulera en hybride le jeudi 24 octobre 2024 a 15h.
Pour assister a la présentation, deux options sont disponibles :

En ligne via Zoom : hitps://univ-grenoble-alpes-
fr.zoom.us/}/91396692477?pwd=4yvXibzFX|suXrP6L54xTRHIMxwr71.1
ID de réunion: 913 9669 2477

Code secret: 991001

Merci d'éteindre votre micro et caméra



https://univ-grenoble-alpes-fr.zoom.us/j/91396692477?pwd=4yvXibzFXjsuXrP6L54xTRHlMxwr7I.1
https://univ-grenoble-alpes-fr.zoom.us/j/91396692477?pwd=4yvXibzFXjsuXrP6L54xTRHlMxwr7I.1
callto:913%209669%202477
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