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Les neurones qui s’activent ensemble
se connectent ensemble.
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fundamental similarities and differences across learners. Our
why do some students learn faster than others? Or, do dlcy’ We model dau lmm Prior research, often using

) hypothesizes
provide follow-up instruction on student errors. Our models estimate, for both stu- that the path to expertise

and

afe cachpraci ppartanty, e agplied ou modes 0 13 millon obserations
in the context
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oielemenury <o college courses
of up-front
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modesniial preprac

that diferent learners acquire
‘competence at different rates.
Fitting cognitive and statistical
growth models to 27 datasets
involving observations of learning
and performance in academic
settings, we find evidence for the
first hypothesis and against the
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of large variation in studen initial performance and striking regularity in student
learning rate.
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‘opportunities per component of
knowledge. Students do not
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3. Learning-rate variation: How much do students vary in their learning rate?

PNAS 2023 Vol.120 No.13 2221311120

hitps:/doi org/10.1073/pnas 2221311120 1f 11

Taux d’apprentissage en fonction du nombre d’activations

Etude de

N

3
S

11

Overall Learning

0.6;

0.5;

-

- Ty,

Data
Model

2 3 4 5
Opportunity

+ 2,5 % par activation

~7 activations

12




Etude de

£
S

6\°

0123456780910 012345678910 0123456780910
Opportunity Opportunity Opportunity Opportunity

DOMAIN: LANGUAGE GRADE LEVEL: COLLEGE

95%
88%
73%
50%
27% )
12%. 7/

Success (percent correct)

&
=

012345678910 012345678910 012345678910 012345678910 012345678910
Opportunity Opportunity Opportunity Opportunity Opportunity

Taux d’apprentissage tres similaires

13

Principe 1

Activer a plusieurs reprises

Comment ?

Stratégie 1 Stratégie 2

Planifier plusieurs moments Utiliser fréquemment des
d’activation approches actives

14



actives

Produire

/" Approches

4 Approches N
passives

Ecouter / Lire

15

Etude de

® CrossMark

Active learning increases student performance in
science, engineering, and mathematics

Scott Freeman’, Sarah L. Eddy”, Miles McDonough”,
and Mary Pat Wenderoth®

Michelle K. Smith®, Nnadozie Okoroafor”, Hannah Jordt”,

“Deporiment of Biokogy, University of Washington, Seattle, WA 98195; and “School of Biclogy and Ecology, University of Maine, Orono, ME 04469

Edited by Bruce Albert, University of California, San Francico, G, and approved Apil 15, 2014 (eceived for review October 8, 2013)

25 e in e pbisd e wpiished e, The st
sy and mplementa.
s wroup

To et the hypothests that lecuring mainizes learing and
mance, we metaanalyzed 225 studies that

performance in undergraduate science, technology, engineer-
. and mathematcs (STEM) courses under traditonal lecurng
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Peter Vestergren “*, Lars Nyberg **

= Department of Itegrative Medical Blofogy, Mysiology Section, U University. 590157 Uned, Sweden

* Departmen o Rdaion Sinces, Umed Universiy Sweden
Uned Center fo Functiona Bran Imaging Sweden

ARTICLE INFO ABSTRACT

el hisory

Received 12 June 2 influence of
Neeped 2 Nowembr 2013

effect. This study investigated whether and how testing affectsbrain activity during subsequent restudy

of word pairs afer a cued-recal test Item-events during MR were categorized
Keyords according. recalloutcome tests. Activity was.
nawi higher for insula,orbital p g

e et BBOGIS. and Jower 1 1eions ImpIGILI 1 the e neswork, uch s precuncus
Retie supramarginal gyrus and the posterior middle cingulate. Findings are discussed in terms of top-down
jpers biasing of attention (o tested items with concomitant deactivation of regions in the default network.

Inresefoused ate
deeper semantic proce

o 10 tested items during restudy may lead (0 test-potentated encoding via
18 and increased associative bir

in.
< 2014 Elsevier GmbH. Al rights reserved.

1. Introduction

benefits of testing for learning and memory are well
documented for various ypes of tets and mterss (o revews
50.51). Repeated testing (after initial study) and mixed
tesingstudying generlly Iead t better memory reention com-
pared o only repeated study (eg., [13,30,74]). The theoretical
explanations for such testing effects have mainly focused on
reieval processe engaged during testing or already acqired
terial, termed direct, or unmediated effects of testing |5
more precisely defined as the beneficial effect o successful et ol
on retention. Recently, Amold and McDermott [2] stressed the
importance of distinguishing these direct effects from other
indirect, or mediated effects of testing (also see [51]) when research
paradigms include restudy opportunities and/or feedback that
re-presents the material. This is particularly important as it is under
such conditions that the greatest effects of testing on memory
performance wpicalyar abserved (see g, (29, suggesting thc
eval-encoding s during st study sequences
Contibute 1o the benellal efects of esting
A particularly noteworthy mediated effect, test-potentiated
encoding (TPE: formulated as potentiation of the effectiven
bsequent based on

et s’

. 590187 Uned. Sweden Tl +46.90 786 5186,

2119493 - see front m

et © 2014 Hievier GbH. Al rghts reserved.

f experiments with paired asocaes by zaws (2. (27
The author concluded that lcaming docs ot oceu on testsper ¢
(a5 measured by increased correct-esponse. probability over
successive tests without intervening study). but that testing
prevents forgetting and increases the effectiveness of encoding
at subsequent restudy (for a recent replication of the results, see
2]). Observations of testing effects when there are no opportu-
nities for restudy or feedback naturally lend themselves to
theoretal explanation with a ocus on successtu retieal and
thus retrieval processes (but see [65]). TPE
Wighights a potential role for previous unsuccessul ]
attempts and encoding processes. The possibiity that testing not
oy benefs etention bt s ncuding s s mplctios o
ke regular
fess, knowing tha they, even If flling. have benets fo foture
learning. Furthermore, investigations of retrieval-encoding inter-
actions contribute to our basic understanding of memory pro-
ceses with applably o many otter discipines
lzawa [27] was one of the first to a a possible role of
et fo encoding durig restudy, It more recent st have
also found evidence that unsuccessful retrieval attempts enhance
memory (2049, provided that they are followed by restudy.
However, whereas the effects of successful retrieval on future
etrieval and retention are relatively straightforward to investigate
with behavioral paradigms, effects of testing on subsequent encod-
ing are more .umpm.ml 10 uncovr. The foremost chalenge is one
of disambiguating the contributions of successful encoding and
Successilrevieva to mermory petormance fo  inlr rgummen

Effets de la récupération

en mémoire (tests) vs étude
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Rewiring the brain with repeated retrieval: A parametric fMRI study of the
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e esting effct rfes (0 the beneial fectson memory performance from being esied 3

et is frmly

19 August 2011

we used

Accepted 31 August 2011
e

mesrc desig o how

ds to

nory
“civityin the anterior o cnguste core (40 3t 3 Subsequent et phas. The extent o
pe

5 months later. In rela-

otz

but the test situation itself can also constitute a learning opy
tuniy Accordinly hving tests 35 part of the “cquisition phase

as bee an even better leaming strategy than pure
oy prosedures, \udmg 0 sronge and Linger-daing memo-
ties [7.8,17,18], For example, Karpicke and Roediger demonstrated
that
if e are dropped from futher studying once they have been
successfully recalled 8]

he neurocogntive mechinlsms of the testing efect are st
toc well known. KU et L had 8 rpeste-tetng condkion

part of 3 retrieval-induced forgetting recadigm nd fou
duced actvity n frontopirietal reglons whe compariag ot
and third memory tests (1], The reduction was imerpreted 25
reflecting decreased need for cognitive control processes dur-
ing the third test occasion compared to the first, possibly due
10 the testing effect making the third test easier than the first
Similarly, Kompus et al. found reduced prefrontal activity when
comparing face-name pairs tested (and studied) six times with
pairs tested one time during a six-week period [9]. Using sim-
ilar materials, Zeineh et al. demonstrated reduced hippocampus

Cortapomdaauora Department o g el oy oy

may operate at the ‘memory

©2011 Elsevier Ireland Lt Al ights reserved,

involvement during retrieval as face-name pairs were learned

ity in several regions including superior temporal and occipital
cortex [26]. The blocked design used by Zeineh et al. prevents.
Specific conclusions on repeated retricval but indicates
o systemslevel consolidation process during, repeated lesting
Such that memory information initially involving medial
poral lobe structures becomes distrbuted over material-speciic
regions. Such reorganisation is i line with human and rodent
research showing a shift from nitial reiance on the hippocam-
s 0 neocriex specfcallymedia C for e compared o
recent memories [6,16.21). Smm.\r (-Ilmls have also been demon-
Sraed In Todents for repeated memory reactvationsietrieval
12}
Here we investigated the neural correlates of the testing effect
MRl and Dased

on the fact that repeated testing continuously improves learning,

such that more testing leads o better subsequent memory pe

formance [7,8]. A key feature of memory processes in relation to
7],

also benefit from unsuccessful retrieval [ 10]. In the present exper-
iment all items were tested equally many times and the criical
parameter was the number of times each item had been success-

took part dasingle test was

Secion,Umea University. 5-901 87 U, Sweden
866696,
E-mal addrs: johan rksson@physiolumuse . Eksson)
03043940 matter © 2011 Elsevie reland 1d. Al ghts rserved.
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performed during scanning. To evaluate the long-term effects of
repeated testing in relation to brain activity (consolidation) we
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The testing effect in free recall is associated with
enhanced organizational processes

FRANKLIN M. ZAROMB AND

HENRY L. ROEDIGER

Washington Universit. St. Louis, Missouri

In two experiments with categorized lists, we. Jm.mmum e sing offct n e recall is related t0 en-

ocements incrgnizaionl prcesin, Duing » s
cight conseuti

t,
hey e nethe s i i whil akig two mmnm red recal tests,

jects studied one st over
they

Tearned third st n trials, On  test 2 days later,recall was.
number of tests and inversely elated o the number of study tils Vn.«k ion, mu\.N.nHulvmthuvudb«ﬂh
the number of categories accessed of items recalled fr One measure

oforanization ast ncreased with he mumber of s In sccond periment, dfcrent ymmu»l subjects

st test. Prior testin

an il recll

iz impeoved caegory clitelg, Toe rnuh\ sugsest ﬂmx the be

because testing creates retrieval schemas that

Il relative o studying on the final test a d
it of testing in free recall learning arises

A robust finding is that testing a person’s memory for
previously leamed mateial cabances long-term e
ive o restdying the mateial for an equialent
amount of time (c.¢ ; Care & Pable, 199 for o
View, see Rocdiger & Karpicke, 20064, This finding,
Known s the /U/Hu:(/]v(/ has been demonstrated using
wide range of study materials and types of tests, mm.m
Iaborstory and classroom setngs and in varous subject
populaions (e, Buter & Roedige, 2007 Gates, 1917,
ang, McDermot, & Rodiger, 2007 MeDaniel, Ander
son, Derbish, & Morri ; Roediger &
30060 Spiser, 1939, T Bt & Rocdiger, in mm

por
xmpwn Danicl, Roediger, &Muxﬁmu 2007 Pasler,
Rohrer, Cepeda, & Carpenter, 2007).
One limitation with this work i that testing effects typi-
cally report improvements in learners’ retention of dis-
crete facts (¢.g., foreign vocabulary words) without
sarily demonstrating a better understanding of the subje
matter through testing (Daniel & Poole, 2009). However,
3 growing body of research has shown that eting can
versals lewring oo by enlancing e long-
teem etcaton of Roatestod inforaaton it p
tually refated to previously retreved information (Cha,
2009;Chan, McDermot, & Rocdiger 2006), by sl
ing the ubssqent leaming of new i (Izawa,
1970; Karpicke, 2009: S7punar, MeDermort & Rocdig
2008 Tuing & Watking, 1974) and by permittn
ter transfer to new questions (Butler, 2010; Johnson &

Mayer, 2009; Robrer, Taylor & Sholar, 010), Inthe pres-
ent fescarch, we furter xamine the potential benefts of
{estng by asking whethertestng can improve ndividuals’
learing 'and retntion ofthe conoeptual erganization of
the

aquesion ot yet addressed in the literature
logists have long grappled with questions of how
the phocesses mvolved ih oy orgslzing iformy
tion influence learning and retention (e.g., Ausubel, 1963;
Barer, 1932;Katona 1940).One thore
that has guided much of the cognitive rest

rch examining
a 2 was Miller’s (1956) conception
of recoding, or chunking, i g
0 leaming and etining lage quanities ofinformation
age, or chunk, the study materi-
ler units. Evidence for chunking has come
studies using serial recall and free recall
Paradiguus in which subjects oftn study aad aiompt ©
recall verbal el s s st of words over muhiple
ternating study and test tria Bower & Spring.
on, 1970; Tulving, 1963, but it ha lso come 5
techniques (c.g., Mandler, 1967)
Insupportofthechunking hypotbes, resere
pointed o the finding hat when people stdy it of o
coming from et con ptual categories in a random-
vul(mlu ey tend o recal them inan orga u.-m‘“h n
by clustering conceptually rlated responses together (W.
Ilmhlulxl T WA Bovstel, Cohen, & Whimarh,
1958). Furthermore, response clusteing i often associ-
2005; Puff, 1979).
Similarty,Tulving (1962) ound that when studentsleamed

m other

F. M. Zaromb, aromba ets.org

995 © 2010 The Psychonomic Society, Inc
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Rethinking the Use of Tests: A Meta-Analysis of
Practice Testing

Olusola O. Adesope
Washington State Universit

Dominic A. Trevisan
Simon Fraser University, Canada

Narayankripa Sundararajan
Washington State University

The testing effect is a well-known concept referring to gains in learning and
retention that can occur when students take a practice test on studied material
before taking a final test on the same material. Research demonsirates that
students who take practice tests often outperform students in nontesting learn-
ing conditions such as restudying, practice, filler activities, or no presentation
of the material. However, evidence-based meta-analysis is needed to develop
a comprehensive understanding of the conditions under which practice tests
enhance or inhibit learning. This meta-analysis fills this gap by examining the
effects of practice tests versus nontesting learning conditions. Results reveal
that practice tests are more beneficial for learning than restudying and all
other comparison conditions. Mean effect sizes were moderated by the fea-
tures of practice tests, participant and study characteristics, outcome con-
structs, and methodological features of the studies. Findings may guide the
use of practice tests to advance student learning, and inform students, teach-
ers, researchers, and policymakers. This article concludes with the theoretical
and practical implications of the meta-analysis

Keyworbs:

practice test, testing effect, retrieval practice, meta-analysis,
systematic review

Johnny comes home from school exhausted. He’s scheduled to take five tests
within the next few days (American literature, C++ programming, U.S. and
Global Economics, Caleulus, and Forensic Science), and results will determine
whether he can graduate. Despite spending hours each night preparing for exams,
he becomes overwhelmed grappling with complex topics. “Why do we have
tests?” Johnny exclaims to his parents. “How do I study for these tests? I don’t
know!” Johnny’s parents notice his frustration and are concerned that he’s consid-
ering dropping out of high school, since he struggled to make it to Grade 12
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Elaborer = Réactiver
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Elaborer = récupérer en mémoire + établir des liens
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Elaborer =

activer des neurones
liés a 'apprentissage visé

+

activer d’autres neurones
(notions reliées, connaissances antérieures, etc.)
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The neural correlates of strategic reading comprehension: Cognitive control and

discourse comprehension
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ARTICLE INFO ABsTRACT
e iy g s of i ompsherson oo s o e shd e T on the b
e G200 ki undeng g g o (et Ths, h presnt sy was Gsgnd 1 e

“""*'“’A ‘2" question of what brain areas are .\mvc unnx »('\lmmwm of complex rrmwx smxrmcx Rcvmwg
et Comprherion STcs e deSaned t IpIOve  €wer compreheno of . or cxampe, sl

explanation s a complex reading. strategy. that enhances

Sing comprencsion procesee i was

hypothesized that reading stategies would involve areas o the brain that are normally involved in reading

—
exding comprebension comprehension alon with areas that are involved in strategic control processes because the readers are
Reading srteges intentionaly using a complex reading strategy. Subjects were asked 10 reread, paraphrase, and self-explain
ki hree different exts in a block design MR study. Activation was found in both executive control and

comprehension arcas, and furthermore leamin rom text was assocated with acivation in the anterior
apFc APFC may play.a

Tnowled:

Introduction

porta is
evident to anyone who has attempted to learn about a new field of
science by reading a textbook. Comprehension is not a simple process
of accessing word meanings and then combining them. The process of

of atext, which is referred to as  situation model (e, Kintsch, 199;
s and Radvanity 1998:The consnucon of 5 dudon mode

«
Ifrence rucesss i belpntgrte thecurntsentene with pri
sentences and knowleg

The complexity of text comprehension processes results in large.
individual differences in the strategies that students utilize to
understand texts as well as what students learn from texts (e.g, Chi
et al, 1989; Just and Carpenter, 1992; McNamara, 2004). Although
there have been neuroimaging studies of text comprehension (e.g..
Ferstl and von Cramon, 2001; Xu et al, 2005; Yarkoni et al, 2008
2008b). these studies have not examined the differences in brain

* Conresponding author a: De
State MS 39762, USA. Fax: +1 662 325
ol ads o mssomst No),
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xternal modes of thought that are necessary for inegrating new knowledge from texts with prior
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sty asociied with diflere reading srateie. Understanding
the neural correlates of different types of strategic reading.

hension processcs should hlp us to better undersand ihe brin
mechanisms underlying comprehension.

Strategic reading comprehension

There are a number of theoretical frameworks that describe the
ocesses underlying text comprehension (Kintsch, 1985,
1998; Mc Nm\mmmul  iglano, 20; 2o t o, 1995 My of
these theories propose that the reader constructs a situation model
that i representaton of tex conten that abstracts away from the
written form of the sentences composing the text and  includes

situation model requires tha the reader form a textbase on the basis
of the propositions contained directly in the text itself, and elaborate
on this information by using prior knowledge through inference
proceses (Kinsch 1988, 1996 Zwaan. 1993 Zwaan and Radvansy,
19

98).

The qultyof the sitation el depends on how sccessul the
reader is at representing the propositions of the text, providing
information missing from the o prior domain-general and
d Knowleds

drawing inferences across phrases in the text (Kintsch, 1995;

Effet de 'auto-explication vs relecture
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51 % de rétention vs 41 %

39

Cortex
préfrontal

Auto-explication > relecture

40



Etude de

Cortex
préfrontal
antérieur

Corrélation :
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Inducing Self-Explanation: a Meta-Analysis
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Abstract Self-cxplanation is a process by which leaners generate inferences about causal

or conceptual A lysis was conducted on research that
investigated leaming outcomes for participants who received self-explanation prompts while
studying or solving problems. Our systematic search of relevant bibliographic databases
identified 69 effect sizes (from 64 research reports) which met certain inclusion criteria. The
overall weighted mean effect size using a random effects model was g=.55. We coded and
analyzed 20 moderator variables including type of leaning task (e.g.. solving problems,
studying worked problems, and studying text), subject area, level of cducation, type of
inducement. and treatment duration. We found that self-explanation prompts are a potentially
powerful intervention across a range of instructional conditions. Due to the limitations of
relying on instructor-scripted prompts, we recommend that future rescarch explore computer-
generation of self-explanation prompts.

Keywords Sclf . i ion - Meta-analysis - Prompts

Self-explanation is a constructive cognitive activity learners can enact, at will or in response to
a prompt, to comprehend new information or leam skills (Fonseca and Chi 2011). When self-
explaining, it is theorized that leamers generate inferences about causal connections and
conceptual that enhance The content of self- ranges
widely; for example, explanations can describe how a system functions, the effects of serial
steps in a procedure, the motives of characters in a story, or concepts presented in expository
text (Chi 2000; Siegler 2002).

Tt has often been observed that students learn steps in a procedure without understanding
how each step relates to others or contributes to the goal of the procedure (Siegler 2002).
Consequently, learners are less able to transfer the procedure to tasks with differing conditions.
Similarly. students studying an expository text may read each sentence but neither connect new
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Synthese
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