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Les neurones qui s’activent ensemble
se connectent ensemble.
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Principe 1

Activer les neurones a plusieurs reprises

Comment ?

Stratégie 1 Stratégie 2

Planifier plusieurs moments Entrainer la récupération en
d’activation mémoire
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The testing effect in free recall is associated with

h d 5

or ional Pr

Frankiiy M. Zarows axp ey L. Roepier TTT
Washington Universit, St. Louis, Missouri

In two experiments with categorized lists, we asked whether the testing effect in free recall s related to en-
hancements in organizational processing. During a first phase in Lxperiment 1, subjects studied one list over
cight consecutive frials, they studied another st six times while taking two interspersed recall fests, and they
Tearned a third st in four alternating study and testtrials. On a test 2 days later, recall was directly related 1o the
number of tests and inversely related to the number of study trials. In addition, increased testing enhanced both
the number of categories accessed and the number of items recalled from within those categories. One measure

Effets de I’entrainement a la récupération en mémoire vs étude

of organization also increased with the number of tests. Tn a second experiment, different groups of subjects

jed alist afinal criterial test recall

test est. Prior testi
also improved category clustering. The result
because te

s suggest that the benefit of testing in free recall lea
ting creates retrieval schemas that guide recall

y later, and

clative to studying on the final test a

A robust finding is that testing a person’s memory for
previously learned material enhances long-term reten-
tion, relative to o restudying rl\e ‘material for an equivalent
amount of tim ier & Pashler, 1992; for a re-
Giow, e Rocdiger & Karpicke, 2006, This finding,
Known as the festing ¢ffect, has been demonstrated using
a wide range of study materials and types of tests, in both
laboratory and classroom settings and in various subject
populations (e.g.. Butler & Roediger, 2007; Gates, 191
Kang, McDermott, & Roediger, 2007; McDaniel, Ander-
son. Derbish, & Morrisette, 2007; Roediger & Karpicke,
2006b; Spitzer, 1939; Tse, Balota, & Roediger, in press).
Recent years have scen renewed interest among rescarch-
ers investigating the potential benefits of testing for lear-
ing as a means to improving learning in educational set-
tings (McDaniel, Roediger, & McDermott, 2007; Pashler,
Rohrer, Cepeda, & Carpenter, 2007).

One limitation with this work s that testing effects typi-
cally report improvements in learners’ retention of dis-
crete facts (e .. foreign vocabulary words) without neces-
sarily demonstrating a better understanding of the subject
‘matter through testing (Daniel & Poole, 2009). However,
a growing body of rescarch has shown that testing can
serve as a versatile leaming tool by enhancing the lony
term retention of nontested information that is concep-
tually related to previously retrieved information (Chan,
2009: Chan, McDermott, & Roediger, 2006), by stimulat-
ing the subsequent learning of new information (Izawa,
1970; Karpicke, 2009; Szpunar, McDermott, & Roediger,

08; Tulving & Watkins, 1974) and by permitting bet-
ter transfer to new questions (Butler, 2010 Johnson &

Mayer, 2009: Rohrer, Taylor, & Sholar, 2010). In the pres-
ent rescarch, we further examine the potential benefits of
testing by asking whether testing can improve individuals’
learning and retention of the conceptual organization of
study materials, relative to studying the materials alone

a question not yet addressed in the literature

Psychologists have long grappled with questions of how

the processes involved in mentally organizing informa-

tion influence learning and retention (¢.¢., Ausubel, 1963;
Bartlett, 1932; Katona, 1940). One theoretical assumption
that has ‘much of the cognitive research examining
organization and learning was Miller's (1956) conception
of recoding, o chunking, in hich hean rgued that the key
to learning and retaining large quantities of information
was to mentally repackage, o chunk, the study materi-
als into smaller units. Evidence for chunking has come
primarily from studies using serial recall and free recall
paradigms in which subjects often study and attempt to
recall verbal materials such as lsts of words over multiple
alternating study and test trials (e.g., Bower & Spring-
ston, 1970; Tulving, 1962), but it has also come from other
techniques (e.g., Mandler, 1967).

Tn support of the chunking hypothesis, rescarchers have
pointed to the finding that when people study lists of words
coming from different conceptual categories in a random-
ized order, they tend to recall them in an organized fashion

(WA

Bousfield, 1953; W. A. Bousfield, Cohen, & \’vhllmﬂnh.
1958). Furthermore, response clustering s often associ-
ated with greater retention (Mulligan, 2005; Puff, 1979).
Similarly, Tulving (1962) found that when students leamed

. Zaromb, fzaromb@ets.org

995 © 2010 The Psychonomic Society, Inc
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Activer les neurones a plusieurs reprises

Comment ?

Stratégie 1 Stratégie 2
Planifier plusieurs moments Utiliser fréequemment des
d’activation approches actives

Stratégie 3
Entrainer la récupération en
mémoire

Stratégie 4

Elaborer des explications
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Neural Correlates of the Spacing Effect in
Explicit Verbal Semantic Encoding Support the
Deficient-Processing Theory

Daniel E. Callan'* and Nicolas Schweighofer”

'Computational Neuroscience Laboratories, ATR, Kyoto, Japan
2Division of Biokinesiology and Physical Therapy, University of Southern California,
Los Angeles, California

. .
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Abstract: Spaced presentations of to-be-learned items during encoding leads to superior long-term
retention over massed presentations. Despite over a century of research, the psychological and neural
basis of this spacing effect however is still under investigation. To test the hypotheses that the spacing
effect results either from reduction in encoding-related verbal maintenance rehearsal in massed relative
to spaced presentations (deficient processing hypothesis) or from greater encoding-related elaborative
rehearsal of relational information in spaced relative to massed presentations (encoding variability hy-
pothesis), we designed a vocabulary learing experiment in which subjects encoded paired-associates,
each composed of a known word paired with a novel word, in both spaced and massed conditions
during functional magnetic resonance imaging. As expected, recall performance in delayed cued-recall
tests was significantly better for spaced over massed conditions. Analysis of brain activity during
encoding revealed that the left frontal operculum, known to be involved in encoding via verbal main-
tenance rehearsal, was associated with greater performance-related increased activity in the spaced rel-
ative to massed condition. Consistent with the deficient processing hypothesis, a significant decrease in
activity with subsequent episodes of presentation was found in the frontal operculum for the massed
but not the spaced condition. Our results suggest that the spacing effect is mediated by activity in the
frontal operculum, presumably by encoding-related increased verbal maintenance rehearsal, which
facilitates binding of phonological and word level verbal information for transfer into long-term
9, 201

memory. Hum Brain Mapp 31:645- 2009 Wiley-Lis e

Key words: fMRI; encoding; frontal operculum; spacing effect; maintenance rehearsal; elaborative
rehearsal; hippocampus; encoding; verbal learning; semantic

. -

INTRODUCTION

In the spacing effect, spaced presentations of to-be-
leamed items lead to superior performance on delayed
retention tests compared to massed presentations [Melton,

Additional Supporting Information may be found in the online
version of this article

1967). Although the spacing effect has been known for
over a century [Ebbinghaus, 1964] and is one of the most
robust effects in psychology [Dempster, 1990; Janiszewski
et al, 2003], its behavioral and neural bases are still
undlear. Our aim in this study is to determine the neural

Received for publication 18 February 2009; Revised 15 July 2009,
Accepted 30 July 2009

Contract grant sponsor: NSF; Contract grant number: 1IS 053
(to NS); Contract grant sponsor: National Institute of Information
and Communications Technology

*Correspondence to: Daniel E. Callan ATR, 22-2 Hikaridai, Seika-
cho, Soraku-gun, Kyoto 619-0288, Japan. E-mail: deallan@atr.jp
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Published online 30 October 2009 in Wiley In
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Cued memory reactivation during
sleep influences skill learning

James W Antony', Eric W Gobel?, Justin K O'Hare?,
Paul] Reber'? & Ken A Paller'?

Information acquired during waking can be reactivated during
sleep, promoting memory stabilization. After people leared
to produce two melodies in time with moving visual symbols,
we enhanced relative performance by presenting one melody
during an afternoon nap. Electrophysiological signs of memory

auditory stimulation that does not disrupt sleep can nevertheless
bias memory consolidation in relevant brain circuitry.

Spontaneous memory reactivation during sleep my improve many
skill

P
acquision.Forcxample, artention interval wit slp relative 0 one
without ecp benefisrapidly tapping a five-clement sequence’ and
integrating sensory and motor elements®

Sleep also aids sensorimotor integration in songbirds’*. Learning
a new song causes subsequent changes during sleep in the activity
of a premotor nucleus that has been implicated in song production,
resulting in overnight improvement”. Song playback during sleep
elicits similar neural activity, constituting induced neuronal replay
in learning-related circuits®.

vation in h tial
conext o peciic scnnds"’ are present dunng both mmmg nd
sleep.
- upmmm.nm. akin to thereactivation of rodeat

Figure 1 Methods and behavioral results. (a) Subjects learned to play
melodies with four fingers of the left hand while watching circles that
Indicated which key to press when. Circles ascended at 10,8 cm s
toward four stationary targets (dashed yellow outiines). After nitial
learning trias, the amount of advance information was reduced using an
opaque mask (shown here s transparent). Two melodies were repeatedly
practiced (red and blue). Baseline melodies (green) were played during
testing periods before and after the nap. Either the high melody (eight
subjects) or the low melody (eight subjects) was presented coverlly
(cued) during sleep. (b) Accuracy scores (percent correct respanses) were
computed according to whether the cortect key was pressed at the proper
time. Differences were analyzed using two-tailed paired  tests (1 = 16,
*P<0.05, **P<0.005). Error bars represent s.e.m. in each condition
after removing across-subject variabilty (that i, subiracting the mean
across all conditions for each individual), which provides variability
estimates consistent with the erro terms used in the critical within.
subject comparisons.

USA,

Received 15 May; accepted 31 May; published online 26 June 2012; coected online 28 June 2012; doi:10.1038/n.3152

Northwestern University, Evanston, lincs, USA. 2Department of Psychology, Northwestern Universty, Evanston, lincis,
AP. ed
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spatial representations evidenced by specifc hippocampal firing
patterns during sleep following spatial learning’.

In human music lesrning, sensorimotor integration occurs as a
musician learns to link specific movements with written notes and
auditory outcomes. Both auditory and motor circuits are engaged
by passive listening and silent production of previously practiced
melodies! 2
for perception and action. The extent to which this sort of neural
plasticity can be facilitated during slecp is unknown.

Based on these separate lines of evidence, we hypothesized that
the ability to produce a melody could be influenced by auditory
cuing during sleep. We compared performance for two melodies
practiced for the same amount of time. Right-handed individu.
als learned to play these melodies by pressing four keys in time
with repeating 12-item sequences of moving circles (Fig. la,
Online Methods and Supplementary Movie 1). During an after-
noon nap, when electroencephalographic (EEG) recordings showed
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APPLIED COGNITIVE PSYCHOLOGY

Vd
Appl. Cognit. Psychol. 23: 1297-1317 (2009)
u e e Published online 19 January 2009 in Wiley InterScience

(www.interscience.wiley.com) DOI: 10.1002/acp.1537

Optimising Learning Using Flashcards: Spacing Is More
Effective Than Cramming

NATE KORNELL*
Depariment of Psychology, University of California, Los Angeles, USA

SUMMARY
“The spacing effect—that i, the bencfit of spucing leaming events apart rther than massing them
been in hundreds of but is not well known to educators or

leamers. T investigated the spacing effect in the re:
dlndc flashcards into relatively small stacks, but compared to a large stack, small stacks dccrcd\c the
g between study trials. In three expenmc.m participants used a web-based study programme
o learn GRE-type word pirs. g K

than studying four smaller stacks of flashcards s
effective than cramming—that is, massing study on the las

72% of the participants believed that massing had been more cffective than spacing. Copyright ©

2009 John Wiley & Sons, Ltd.

‘The spacing effect—that i, the fact that spacing learning events apart results in more long-
term learning than massing them together—is a robust phenomenon that has been
demonstrated in hundreds of experiments (Cepeda, Pashler, Vul, Wixted. & Rohrer, 2006;
Dempster, 1996: Hintzman, 1974; Glenberg, 1979) dating back to Ebbinghaus (1885/
1964). Leamers would profit from taking advantage of the spacing effect, both in
classrooms and during unsupervised leaming (e.g. Bahrick, Bahrick, Bahrick, & Bahrick,
1993)—and doing so seems feasible from a practical perspective because spacing does not
take more time than massing, it simply involves a different distribution of time (Rohrer &
Pashler, 2007). Yet the spacing effect has been called ‘a case study in the failure to apply
the results of psychological research’ (Dempster, 1988, p. 627). One reason for this failure
i that spacing has seldom been using that are directly applicable in
educational settings (although there are exceptions, e.g. Rohrer & Taylor, 2006, 2007;
Smith & Rothkopf, 1984). For example, in spacing experiments, a spaced condition s often
compared to a pure massing condition, in which the same item (e.g. a word pair) is
presented twice in a row with no intervening items. Pure massing is ineffective, but it i also
often unrealistic (Seabrook, Brown, & Solity, 2005). The goals of the present experiments
were twofold: First, to investigate the spacing effect in a realistic study situation, and
second, to examine students” attitudes towards spacing as a study strategy. The research
was also intended to provide learners with practical information about how to study.

“Correspondence to: Nate Komell, Department of Psychology, University of California, Los Angeles, 1285 Franz.
Hall, Los Angeles, CA 90095, USA. E-mail: nkomell @ucla.edu

Copyright © 2009 John Wiley & Sons, Ltd.
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Principe 2

Espacer les activités d’apprentissage

Comment ?

Stratégie 1

Distribuer I’'apprentissage
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Regroupé

Activité 1 Activité 2 Activité 3
Distribué

Activité 1 Activité 2 Activité 3
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Plus souvent moins longtemps
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Principe 2

Espacer les activités d’apprentissage

Comment ?

Stratégie 1 Stratégie 2

Distribuer I'apprentissage Entrelacer les apprentissages
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Regroupé

Entrelacé
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Lundi

Mardi

Mercredi

Jeudi

Etude du chapitre 3
en physique
(20 minutes)

Etude du chapitre 3
en chimie
(20 minutes)

Etude du chapitre 4
en maths
(20 minutes)

Etude du chapitre 3
en physique
(20 minutes)

Etude du chapitre 4
en maths
(20 minutes)

Etude du chapitre 3
en physique
(20 minutes)

Devoir en philosophie
Partie 1
(30 minutes)

Etude du chapitre 3
en chimie
(20 minutes)

Devoir en philosophie

Etude du chapitre 4

Etude du chapitre 3

Partie 1 en maths en chimie Imprévus
(30 minutes) (20 minutes) (20 minutes)
29
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Entrelacer en revenant sur les
contenus déja abordés

» Capsule de révision

» Ajout aux exercices et examens de questions portant sur du contenu

antérieur

« FEtude avec retour sur le contenu antérieur

31
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Rétroaction =
retour d’information survenant a la suite d’une action
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Rétroaction négative =
retour d'information indiquant qu’une erreur a été commise
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Effets de la rétroaction négative sur le cerveau

Wisconsin Card Sorting Revisited:
Partlmpatlng in Different Stages of

R d Functional M

Oury Monchi,'2 Michael Petrides,? Valentina Petre,’ Keit

“The Joural o Newroscience, October 1, 2001, 21(19L7783-7741

Distinct Neural Circuits
the Task Identified by Event-

Resonance Imaging

Worsley,'* and Alain Dagher!

McConnell Brain Imaging Centre and *Cognitive Neuroscience Unit, Montreal Neurological Institute, and *Department of
Mathematics and Statistics, McGill University, Montréal, Québec, H3A 284 Canada

The Wisconsin Card Sorting Task (WCST) has been used to
assess dysfunction of the prefrontal cortex and basal ganglia
Previous brain imaging studies have focused on identifying
activity related to the set-shifting requirement of the WCST. The

tudy used event-related functional magnetic reso-
nance imaging (IMRI) to study the pattern of activation during
four distinct stages in the performance of this task. Eleven
subjects were scanned while performing the WCST and a
control task involving matching two identical cards. The results
demonstrated specific involvement of difierent prefrontal areas
during different stages of task performance. The mid-
dorsolateral prefrontal cortex (area 9/46) increased activity
while subjects received either positive or negative feedback,
that is at the point when the current information must be related
1o earlier events stored in working memory. This is consistent

with the proposed role of the mid-dorsolateral prefrontal cortex
in the monitoring of events in working memory. By contrast, a
cortical basal ganglia loop involving the mid-ventrolateral pre-
frontal cortex (area 47/12), caudate nucleus, and mediodorsal
thalamus increased activity specifically during the reception of
negative feedback, which signals the need for a mental shift to
a new response set. The posterior prefrontal cortex response
was less specific; increases in activity occurred during both the
reception of feedback and the response period, indicating a
ole in the association of specific actions to stimuli. The puta-
men exhibited increased activity while matching after negative
feedback but not while matching after positive feedback, im-
plying greater involvement during novel than routine actions.

Key words: basal audate nucleus; IMRI; prefrontal
cortex; set-shifting; Wisconin cerd sort ing

The Wisconsin Card Sorting Task (WCST) has been used to
investigate deficits in executive function in humans (Milner, 1963;
Nelson, 1976; Stuss et al., 2000). The subject is asked to match test
cards to reference cards according to the color, shape, or number
of stimuli on the cards. Feedback is provided after each match,
enabling the subject to acquire the correct rule of classification.
After a fixed number of correct matches, the rule is changed
without notice, and the subject must shift to a new mode of
classification. Thus, the WCST measures cognitive flexibility, that
is the ability o alter a behavioral mpnm mode in the face of
changing contingencies (set-shifting

Paonts with esons of T pummm cortex (PFC) are im-
paired at card sorting (Milner, 1963; Nelson 1976; Stuss et al.,
2000). The basal ganglia also play a eic ST performance as
shown by impairments observed in patients with Parkinson's
discase (Bowen et al., 1975; Lees and Smith, 1983; Gotham et al.,
1988), consistent with the strong anatomical connections between
the PFC and basal ganglia (Alexander et al., 1986; Middleton and
Strick, 1994). Alexander et al. (1986) proposed the existence of
parallel cortical basal ganglia loops, each comprising a specific
location in the cortex, basal ganglia, and thalamus. There is

Recelved May 14, 201; revised July 19, 2001 accepted July 20, 2001

This wark was suppored by the Casdian Instruts for Health Rescarch and the
Internarional Cansortium for Human Brsin Mapping, National Insitutes of Healt -
National Insttute of Mentil Health, We thank P. Abad for help with stmulus
presentaion v, J Ason and €. Lis for belp it s s und A

Chail, A. Evans, P. Neclin, 1 discussio
oo o s . M e N ol Brin
Insi,
A S o o e s o e s

Copyiht © 01 Sy for Newrscnee (27067401 2177535515100

evidence that the nature of the deficit is different in Parkinson’s
disease than after PEC lesions (Rogers et al., 1998), although the
specific roles of PEC and basal ganglia remain unclear.
Functional neuroimaging studies have confirmed the in-
volvement of the PFC in set-shifting (Berman et al, 1995;
Nagahama et al., 1996; Goldberg et al., 1998; Konishi et al.,
1998, 1999a; Rogers et al., 2000; Nagahama et al., 2001). Basal
ganglia involvement has been less evident. Rogers et al. (2000),
using positron emission tomography (PET), reported increased
activity in the caudate nucleus during an attentional set-
shifting task only during reversals in the rule of classification,
but not during the types of extra-dimensional set-shifts that
oceur in the WCST. Moreover, the events during set-shifting
can be separated into those occurring at the point of receiving
negative feedback ating that the current set must be
changed, and those occurring while the action is performed
under the new attentional set. Thus far, brain imaging studies
of the WCST have not attempted to differenti
between these two aspects of set-shifting. In addition, these
studies did not separate activity occurring during the moment
of receiving positive feedback, indicating that the current set
must be maintained, and activity occurring when matching
according to the current set. A computational model predicted
the involvement of dmmcl corticostriatal loops during these
four stages of the WCST (Monchi et al., 2000). Here, we used
mixed-trials event- relmcd functional magnetic resonance im-
aging (IMRI) to determine the specific location and pattern of
activation in the PFC and basal ganglia during these four
stages of the W
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Cortex préfrontal
dorsolatéral

Cortex préfrontal
ventrolatéral

Cortex cingulaire
antérieur

Etape 2
Analyse de la situation

Etape 1
Détection de conflit d’information

Activation du systeme de correction d’erreur
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Rétroaction positive =
retour d’information confirmant la réussite
ou les bienfaits d’une action
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Goals and task difficulty expectations modulate striatal

responses to feedback

Samantha DePasque Swanson « Elizabeth Tricomi

Published online: 18 March 2014

€ The Author(s) 2014. This article is published with open access at Springerlink com

Abstract The striatum plays a critical role in leaning from
reward, and it has been implicated in learning from
performance-related feedback as well. Positive and negative
performance-s is known

during leaming by eliciting a response similar o the reinforce-
ment signal for extrinsic rewards and punishments. Feedback
is an important tool used to teach new skills and promote
healthful lifestyle changes, so it is important to understand
how motivational contexts can modulate its effectiveness at
promoting leaming. While it is known that striatal responses
seale with subjective factors influencing the desirability of
rewards, it is less clear how expectations and goals might
modulate the striatal responses to cognitive feedback during
learning. We used functional magnetie resonance imaging to
investigate the effects of task difficulty expectations and
achievement goals on feedback processing during leami
We found that individuals who scored high in normative
goals, which reflect a desire to outperform other students
academically, showed the strongest effects of our manipula-
tion. High levels of normative goals were associated with
greater performance gains and exaggerated striatal sensitivity
to positive versus negative feedback during blocks that were
expected to be more difficult, Our findings suggest that nor-
mative goals may enhance performance when difficulty ex-
pectations are high, while at the same time modulating the
subjective value of feedback as processed in the striatum.

Keywords Basal ganglia - Motivation - Feedback - Reward

Electronic supplementary material The onlinc version of this aricle
(doi:10.3758/513415-014-0269-5) contains supplementary material,
which is available to authorized users

. DePasque Swanson () - E. Tricomi
Department of Psychology, Rutgers Univarsity, Newark, NJ 07102,
UsA

cmailssswanson@psychologyrutgers odu

@ sprnger

Feedback about one’s performance is a valuable tool for
facilitating learning. Tt is used by educators, mental health
professionals, physicians, and others to teach new skills, en-
courage adaptive behaviors, and promote healthful lifestyle
changes. However, the context in which feedback is received

ing when individuals focus on increasing their knowledge,
rather than on demonstrating their abilities (Cianci,
Schaubroeck, & MeGill, 2010), but is less effective when
individuals are experiencing stercotype threat (fear of

confirming 2 negative stereotype by performing poorl
Mangels, Good, Whiteman, Maniscalco, & Dweck, 2011),

Contextual factors that influence learning may do so
through their effects on feedback processing in the striatum.
As the input region of the basal ganglia, the striatum has been
heavily implicated in reward processing and the motivation of
reinforcement-driven behaviors (Balleine, Delgado, &
Hikosaka, 2007; Robbins & Everit,, 1996; Shohamy, 2011).
Activation in the striatum is greater following rewarding
outcomes than following negative outcomes and appears to
scale with prediction error, which is the discrepancy between
expected and received rewards (0" Doherty, 2004; Schultz &
Dickinson, 2000). During feedback-based leaming, in which
participants learn to make appropriate choices through trial
and error, performance-related feedback engages the striatum
in an analogous manner, even in the absence of extrinsic
rewards (.. Daniel & Pollmann, 2010; Satterthwaite et al.,
2012; Tricomi, Delgado, McCandliss. McClelland, & Fiez,
2006). Striatal responses to positive and negative outcomes
are associated with leaming to adapt behavior to maximize
rewards (... O'Doherty et al., 2004; Pessiglione, Seymour,
Flandin, Dolan, & Frith, 2006; Schénberg, Daw, Jocl, &
O'Doherty, 2007), and proper functioning in this region is
required for feedback- or reward-based learning, as evidenced
by lesion studies and neuropsychology rescarch (c.g., de

Effet de la rétroaction positive sur le cerveau
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Striatum

Activation du systéme de récompense et augmentation de la dopamine
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Réussite = rétroaction positive T = striatum T = dopamine 1

= sentiment de plaisir/satisfaction T = motivation
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Principe 3
Maximiser la rétroaction

Comment ?

Stratégie 1 Stratégie 2

Offrir un maximum de Viser un équilibre entre
rétroaction rétroactions positive et nég.

41

Effets de la rétroaction

Rétroaction positive T = satisfaction T + correction d’erreur |

Rétroaction négative T = correction d’erreur T + satisfaction |

Donc équilibre

42




étUde de mﬂONS
X
/)

ARTICLE
opeN

The Eighty Five Percent Rule for optimal learning

Robert C. Wilson'?*, Amitai Shenhav®, Mark Straccia® & Jonathan D. Cohen®

'\ Researchers and educators have long wrestled with the question of how best to teach their
\ clents be they humans, non-human animals or machines. Here, we examine the role of a
single variable, the diffculty of raining, on the rate of learning. In many situations we find that
there s a sweet spot in which training is neither too easy nor too hard, and where learning,
progresses most quickly. We derive conditions for this sweet spot for a broad class of
learning algorithms in the context of binary classification tasks. For all of these stochastic
gradient-descent based learning algorithms, we find that the optimal error rate for training is
around 15879% or, conversely, that the optimal training accuracy is about 85%. We

demonstrate the efficacy of this ‘Eighty Five Percent Rule’ for artificial neural networks used in
Al and biologically plausible neural networks thought to describe animal learning.
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Effet du taux de réussite sur I'apprentissage
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Etude de

dER/dp
N

Learning rate

|
|
|
|
|
|
|
|
|
+

0 0.1587 0.5
Error rate, ER

Taux d’erreur optimal : 15,9% Taux de réussite optimal : 84,1%
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Viser un équilibre entre
rétroactions positive et négative

* Fixer des attentes élevées, mais réalistes

* Ni trop facile ni trop difficile (pour avoir rétroaction positive + négative)
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Principe 3
Maximiser la rétroaction

Comment ?

Stratégie 1 Stratégie 2
Offrir un maximum de Viser un équilibre entre
rétroaction rétroactions positive et nég.

Stratégie 3

Privilégier la rétroaction
immédiate
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Méta-analyse
de
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Effects of Feedback in a Computer-Based
Learning Environment on Students’ Learning
Outcomes: A Meta-Analysis

Fabienne M. Van der Kleij
Cito Institute for Educational Measurement and University of Twente

Remco C. W. Feskens
Cito Institute for Educational Measurement

Theo J. H. M. Eggen
Cito Institute for Educational Measurement and
University of Twente

In this meta-analysis, we investigated the effects of methods for providing

sed feedback in a computer-based envi on students’learning
outcomes. From 40 studies, 70 effect sizes were computed, which ranged from
—0.78 to 2.29. A mixed model was used for the data analysis. The results
show that elaborated feedback (EF; e.g., providing an explanation) produced
larger effect sizes (0.49) than feedback regarding the correcmess of the
answer (KR; 0.05) or providing the correct answer (KCR; 0.32). EF was
particularly more effective than KR and KCR for higher order learning out-
comes. Effect sizes were positively affected by EF feedback, and larger effect
sizes were found for mathematics compared with social sciences, science,
and languages. Effect sizes were negatively affected by delayed feedback
timing and by primary and high school. Although the results suggested that
immediate feedback was more effective for lower order learning than delayed
Jeedback and vice versa, no significant interaction was found.

Kevworns:  feedback, computers, learning, meta-analysis

The importance of assessment in the learning process is widely acknowledged,
especially with the growing popularity of the assessment for learning approach
(Assessment Reform Group [ARG], 1999; Stobart, 2008). The role of assessment
in the learning process is crucial. “It is only through assessment that we can find
out whether a particular sequence of instructional activities has resulted in the
intended leaming outcomes™ (Wiliam, 2011, p. 3). Many rescarchers currently
claim that formative assessment can have a positive effect on the learning out-
comes of students. However, these claims are not very well grounded, an issue that
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Méta-analyse sur 'effet de la rétroaction

Meta-analyse
(o [-]
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Facteur

Ampleur de l’effet

Moment de la rétroaction
Rétroaction immédiate 0,46

Rétroaction différée 0,22
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Principe 3

Maximiser la rétroaction

Comment ?

Stratégie 1
Offrir un maximum de
rétroaction

Stratégie 3
Privilégier la rétroaction
immédiate

Stratégie 2
Viser un équilibre entre
rétroactions positive et nég.

Stratégie 4
Privilégier la rétroaction
élaborée et axée sur la tache
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Méta-analyse

Facteur

Ampleur de l'effet

Type de rétroaction

Rétroaction élaborée
(Fournir une explication)

Rétroaction sur I’exactitude

0,49

0,32

(Dire si la réponse est correcte ou incorrecte)

Rétroaction présentant la réponse correcte

(Fournir la réponse correcte)

0,05
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Synthese
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Principe 1
Activer les neurones a
plusieurs reprises

Principe 2
Espacer les activités
d’apprentissage

Principe 3
Maximiser la rétroaction

Planifier plusieurs moments d’activation
Entrainer la récupération en mémoire
Elaborer des explications

Distribuer I'apprentissage
Entrelacer les apprentissages

Offrir un maximum de rétroaction
Viser un équilibre entre rétroactions positive et nég.
Privilégier la rétroaction immédiate

Privilégier la rétroaction élaborée et axée sur la
tache
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