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 Minnessystem och processer: Uppmarksambhet,
minnesprocesser och minnessystemsystem centrala for
var formaga att forsta, lagra och komma ihag
information och forstaelse for individuella skillnader

* Biologiska processer for larande. Relationen mellan
beteende och hur hjarnan processar information

- Larstrategier: Evidensinformerade larsstrategier med
forankring 1 kognition- och neurovetenskap

« Som en rod trad loper exempel pa forskning som
lutar sig mot kognitionsvetenskap och "educational
neuroscience”

UMEA UNIVERSITY



Larande =ssm)p Kunskap?

oInformationsbearbetning
» En standigt pagaende process

= Uppmarksamma, organisera, komma ihag det du
studerat och integrera ny kunskap med tidigare
kunskap

* Involverar uppmarksamhet och vara
minnesfunktioner

UMEA UNIVERSITY



Centrala exekutiven

Lagring

Bearbetningi = inkodning

Minnessystem som involverar tre minnesprocesser
1.Inkodning

2.Lagring

3.framplockning

UMEA UNIVERSITY



Centrala exekutiven

Lagring

Bearbetningi = inkodning

Minnessystem som involverar tre minnesprocesser
1.Inkodning

2.Lagring

3.framplockning
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Centrala exekutiven

Lagring
i g Konsolidering

Deklarativt Procedurellt
Episodiskt | |Semantiskt Fardigheter Vanor

UMEA UNIVERSITY



INKODNING

Kom ihag orden i listan

Nu kommer en ny lista - men tva ord
ar nya- vilka da?

Vilka ar orden?

Flugspo

Fonster

UMEA UNIVERSITY

Balkong
Dorr
Racke
Persienn
Hus

Golv
ytterdorr
Fonster
Rullgardin
Golv
Markis
Altan
Flugspo
Solsida

Panel



Larande ar kontextberoende

UMEA UNIVERSITY



Lagring i langtidsminnet
» Lagringskapacitet— I princip oandligt

« Minneskonsolidering
« Synaptisk konsolidering

- Omstrukturering av existerande synaptiska
kopplingar eller skapande av nya

» systemkonsolidering
- hippocampus-oberoende minnen skapas over tid

« Re-konsolidering: Reaktivering av minnesspar

Ingen bandspelare: Information lagras och plockas
fram som en blandning mellan den faktiska handelsen
och gamla minnen

- Minnen ar rekonstruktioner

-
< =

UMEA UNIVERSITY



Glomska

The Ebbinghaus Forgetting Curve
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J. Murre, J. M., & Dros, J. (2015). Replication and Analysis of Ebbinghaus (1885), H. (2013). "Memory: a contribution to
Ebbinghaus’ Forgetting Curve. PLOS ONE, 10(7), €0120644.  [F A UNIVERSI experimental psychology." Annals of neurosciences 20(4):

https://doi.org/10.1371/journal.pone.0120644 155-156.



Flaskhalsen for bade inkodning

och framplockning r \

N\

. Visuospatial Episodic Phonological
Centrala exekutiven sketchpad buffer loop
inkoduigs Lagring v ' v
Visual Episodic
)frari plockning semantics LTM Languags

|:| Fluid systems |:| Crystallized systems

Central exekutiven

Central for var formaga att planera och reglera olika typer

1. Visuospatiala skissblocket av kggnitivt processande och beteende for att uppna

2. Fonologiska loopen specifika mdl

3. Episodiska bufferten Dessa mal kan bade komma 1nifrdn oss sjilva (interna),
men dven komma fran omgivningen (externa)

Kan liknas vid ett styrsystem” fungera lite som en ”chef”
som organiserar, samordnar och kontrollerar ovriga
subsystem.

Tre subsystem

UMEA UNIVERSITY Baddeley, A. (2010, 2/23/). Working
memory. Current Biology, 20(4), R136-
2024-04-19 R140.https.//doi.org/http.//dx.doi.org/10.1
016/j.cub.2009.12.014



DUAL CODING THEORY (PAVIO)

Verbalt System: lingvistisk bearbetning.

Icke- Verbal System: Bilder, spatial information och annan
sensorisk data.

Interaktion: mentala representationer i ett system kan utlosa
relaterade representationer i det andra- t ex genom lasning

Kombinerar bade visuell och verbal information kan forbattra
forstaelse och retention

Picture Non-verbal | w
| processing | TS

Connections Knowledge
& Integration '
d
Verbal / /
| —_— - -
..
Stimuli Senses Working Memory Long Term Memory

UMEA Clark, J. M., & Paivio, A. (1991, 1991/09/01). Dual coding theory and
education. Educational Psychology Review, 3(3), 149-210.
https://doi.org/10.1007/BF01320076



Flaskhalsen

KOM IHAG MITT MOBILNUMMER

0706777612

Rakna ner fran 100 med tre steg i
taget 100.....97....94.... OCH KOM
IHAG MOBILNUMRET

Rack upp handen nar du ar nere pa 70

Mitt telefonnumer?

0706777612

UMEA UNIVERSITY



COGNITIVE LOAD THEORY

A

Extrinsic Load Instrinsic Task
load

Working memory resources
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Biologiska Utvecklingsforandringar o

CORTEX

ORBITOFRONTAL
CORTEX

K

S

ANTLRIOR

The area of the brain that controls "executive functions” — including CNGULATE
weighing long-term consequences and controlling impulses — is

among the last to fully mature. Brain development from childhood to

adulthood:

5-year-old brain Preteenbrain  Teen brain 20-year-old brain
Dorsal lateral prefrontal cortex ("executive functions”)

Blue/purple: Parts of
brain more fully matured

brain less fuily mature - -

UMEA UNIVERSITY



INNDIVIDUELLA SKILLNADER
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Updating

L4

Fluid intelligence

1/

Updating

Processing speed
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Episodic memory

i
y

Visual STM
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Mean standard score
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INDIVIDUELLA SKILLNADER

Central
/ executive ’\
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INDIVIDUELLA SKILLNADER1I
PERSONLIGHET/MOTIVATION

Tycker om att problematisera Staller upp langsiktiga mal
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Z scores WM subcomponents (+- 1 SE)

? frontiers ORIGINAL RESEARCH
ublished:

18 July 2016
in Psychology ot 10,3380 heya 201601062

ossMark

Untangling the Contribution of the
Subcomponents of Working Memory
to Mathematical Proficiency as
Measured by the National Tests: A
Study among Swedish Third Graders

Carola Wiklund-Hérnqvist'2*, Bert Jonsson’, Johan Korhonen3, Hanna Ekl5f* and
Mikaela Nyroos®
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Generiska larstrategier

Inlarningsstrategi

Upprepat
studerande

Stryka under/dver

Cramming/
massed practice
Summering

Begreppskartor

Inflatat larande
Forklarande forhor

Visualisering

Testbaserat larande

Distribuerat larande

Beskrivning

Lasa en text om och om igen

Stryka under/dver ord, meningar

Plugga jattemycket pa kort tid
Summera innehallet fran en text
Organisera informationen

I hierarkier och kategorier

Alternerar innehall

Besvara "varfor”, "hur” och "nar”

Skapa inre mentala bilder

Framplockning av information
fran langtidsminnet

Sprida ut sina inlarningssessioner

UMEA UNIVERSITY

Bedomning

Lageffektiv

Lageffektiv

Lageffektivi**

Lag- till
medeleffektiv

Medeleffektiv

Medeleffektivt
Medeleffektivt

Medel- till
hogeffektiv*

Hogeffektivt

Hogeffektivt

Baert Jonsson & Lars Nyberg

TESTBASERAT
LARANDE
ATT STARKA

INLARNING
OCH MINNE_




DEN GRUNDLAGGANDE IDEN

Hamta information fran
langtidsminnet upprepade ganger

“Exercise in repeatedly recalling a thing strengthens the
memory’ (Aristoteles, ca 310 f.Kr)

UMEA UNIVERSITY



TESTBASERAT LARANDE
(RETRIEVAL PRACTICE):

konsolidering

Arbetsminnet ———— SN Léngtidsminnet

¢ Repetition
Elaborering

Mitt telefonnummer ?
070 — 677 76 12

UMEA UNIVERSITY



Retrieval Practice Produces More Learning than Elaborative Studying

SCience with Concept Mapping

Jeffrey D. Karpicke, ef al.

Science 331, 772 (2011});
RYAAAS DOl 10.1126/science. 1199327

 Karpicke et al (2011) jamforde “testbaserat larande” med
att studera och begreppskartor (mind maps)

* Studenterna laste en text som handlade om blodets
uppbyggnad och delades sedan in i fyra oberoende =

grupper.

1. Studera: Laste texten en gang

2. Upprepat studerande: Liste texten fyra ganger

3. Begrepps kartor: Laste texten och skapade
begreppskartor

4. Testbaserat liarande: Laste texten en gang och fick
sedan atege den tva gangen efter varandra

24

UMEA UNIVERSITY



 Efter inlarningsfasen: Uppge hur mycket av
materialet de trodde att de skulle komma ihag efter
en vecka

- Efter en vecka: Ett summativt papper- och- penna
prov

o 14 fakta fragor
o Tva inferensfragor

UMEA UNIVERSITY
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Facts:

"What happens when hemoglobin combines with
oxygen?"

(Answers: Oxygen is released to cells in the body.)

Inference Question:

"What would happen to blood flow from a wound if the
body did not have fibrin?"

(Answers: Blood would not clot, because fibrin is needed
to form a meshwork of fibers that trap blood cells and aid
in clotting.)

UMEA UNIVERSITY



J D Karpicke, J R Blunt Scienc
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: Journal of Educational Psychology L EA RN I N G A SWA H I LI

A Learning Method for All: The Testing Effect Is Independent of
Cognitive Ability

, , , B Study Direct
Bert Jonsson, Carola Wiklund-Horngvist, Tqv:l Stenlund, Micael Andersson, and Lars Nyberg
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A Learning Method for All: The Testing Effect Is Independent of Functional Brain Imaging

Cognitive Ability

Bert Jonsson, Carola Wiklund-Hérmqvist. Tova Stenlund, Micael Andersson, and Lars Nyberg
Umed University
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‘The Jourmal of Nearostienie, hufy 1, 2015 - 3

Echavioral/Cognitive

Lesser Neural Pattern Similarity across Repeated Tests Is

S ig n al re dUkti O n p refro nt al kO rteX Associated with Better Long-Term Memory Retention

Linnea Karlsson Wirebring,' >4 Carola Wiklund-Hornqvist,>< Johan Eriksson, > “Micael Andersson,' “Bert Jonsson,*
mmmmmmmmm

Integrative Medi “Ume8 Center for Functi in Imaging (UFB), "Department of Radiation Sciences, and ‘Department of
Psychology, Umed University, 501 87 Umed, Sweden
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Aktivering gar ner i

exekutiva omraden
UMEA UNIVERSITY
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Formedla evidensinformerad vetenskap:

Kvalitativa bedomningar: Oversiktsartiklar

CIpS Retrieval Practice in Classroom
Settings: A Review of Applied

Paychological Science in the

Improving Students’ Learning With ey a5 Research
. . . oA @The Author(s) 2013
Effective Learning Techniques: Promising e
H H Ha DO 10.1177/152910061 2453266
Dlrectl.ons From Cognitive and butpfpspisagepub.com Bruna Fernanda Tolentino Moreira, Tatiana Salazar Silva Pinto,
Educational Psychology 8SAGE Daniela Sigueira Vieloso Starling and Antdnio Jaeger*
“testing effi i 1

John Dunlosky', Katherine A. Rawson', Elizabeth ). Marsh?, teStlng e eCtS Can be lIl genera

Mitchell ). Nathan®, and Daniel T. Willingham* .
Table |. Learning Techniques Successfully reproduced ln
Technique Description 1 O O h 0O 1

I. Elaborative interrogation Generating an explanation for why an explicitly stated fact or concept is true C assroom Settlngs’ Wlt typlca
2. Self-explanation Explaining how new information is related to known information, or explaining steps taken . L)
durng rablen schmg classroom materials”.

3. Summarization Writing summaries (of various lengths) of to-be-learned texts
4. Highlighting/underlining Marking potentially important portions of to-be-learned materials while reading
5. Keyword mnemanic Using keywords and mental imagery to assoclate verbal materials
6. Imagery for text Attempting to form mental images of text materials while reading or listening

7.Rereading Restudying text material again after an Initial reading
8. Practice testing Self-testing or taking practice tests over to-be-learned material - = - = = =
9. Distributed practice Implementing a schedule of practice that spreads out study activities over time Uslng Retrleual Pra ctl ce 0“ Learn I ng w Ith ch I ldren:
10. Interleaved practice Implementing a schedule of practice that mixes different kinds of problems, or a schedule of

study that mixes different kinds of material, within a single study session sgstematic Literature Re “iew
“we rate rereading as having low ElL uso de la practica de recordar en el aprendizaje de los nifios:

una revision sistematica de la literatura

¢« . . 0 uso da prdtica de lembrar na aprendizagem de criancas:
we rate practlce teStlng as revisdo sistemdtica da literatura

having high utility”
Lisandra Tamires Mendonca

Roberta Ekuni
Universidade Estadual do Norte do Parana

The retrieval practice effects, 40
UMEA L gtudies found positive effects (93%, 10
153 participants)



[Educational Psychology Review
https://doi.org/ 10,1007 /510648-021-09595-9

et P oty St Metaanalyser

Research in Schools and Classrooms

Pooja K. Agarwal ' (3 » Ludmila D. Nunes2 (5 + Janell R. Blunt*[

11 January 2021/Published online: 14 March 2021
i) The Authoris), under excusive licence to Springer Science-+Business Media, LLC part of Springer Nature 2021

Elementary School
Jones et al,, 2016, Exp. 3 (quizzes vs. rainbow writing) 161(0.73, 2.48]
Jones et al., 2016, Exp. 2 (quizzes vs. rainbow writing) + 069(0.14, 1.23]
Jones et al,, 2016, Exp. 1 (quizzes vs. rainbow writing) * 0601(0.03, 1.18] .
Karpicke et al,, 2014, Exp. 3 (concept map retrieval vs. re-study) e 042(0.20, 0.65] Negative
Very Small Effect
Middle School Effect 6%
McDermott ot al., 2014, Exp. 2 (quizzes vs. no quizzes) - 219 (1.71, 2.66] 2%
McDermott et al., 2014, Exp. 2 (quizzes vs. re-study) 158(1.19, 1.67)
Agarwal, 2019, Exp. 3 (mixed quizzes vs. not quizzed; fact test) e 1.45(1.15,1.75) Lafge Effect
Agarwal, 2018, Exp. 3 (mixed quizzes vs. not quizzed; higher order test) e 130(1.01, 1.58] 33%
Roediger et al,, 2011, Exp. 2 (quizzes vs. not quizzed) —_—— 096 (0.6, 1.25]
McDaniel et al., 2011, Exp. 2a (delayed quizzes vs. not quizzed) — 089060, 1.18]
al., 2014, Exp. 1a (MC quizzes vs. not quizzed; SA test) e 087(052.1.21]
Agarwal, 2019, Exp. 3 (higher order quizzes vs. not quizzed; higher order test) B 084(0.59, 1.08]
Roediger et al,, 2011, Exp. 2 (quizzes vs. re-study) e 083(0.54, 1.12]
McDaniel ot al., 2011, Exp. 2b (delayed quizzes vs. not quizzed) T — 058(0.29,0.87) Small Effect
McDaniel et al,, 2011, Exp. 2b (immediate quizzes vs. not quizzed) —_—— 053(0.25,0.82] 35%
McDaniel et al., 2011, Exp. 2a (immediate quizzes vs. not quizzed) R 0.48(0.22, 0.74]
McDermott et al., 2014, Exp. 1a (short answer quizzes vs. not quizzed; SA test) —_———— 0481(0.17.0.79]
High School
Stenlund et al., 2017 (quizzes vs. discussion with feedback: complex test) 154 10.99, 2.08]
Dirkx ot al,, 2014 (STST vs. SSSS; fact test) - 1.42(0.70,2.13]
Stenlund et al., 2017 (quizzes vs. discussion without feedback; complex lest) 1.06 [0.54, 1.58]
Dirk et al., 2014 (STST vs. SSSS; application test) 096(0.28, 1.63]
Stenlund et al., 2017 (quizzes vs. discussion without feedback; fact test) * 072(0.21,1.23]
‘Stenlund et al., 2017 (quizzes vs. discussion with feedback; fact test) * 068 [0.20, 1.18]
Undergraduate
Bjork et al, 2014 (identical-repeat quiz vs. not quizzed) e 094081, 1.06]
Bjork et al,, 2014 (conceptual-repeat quiz vs. not quizzed) —— 0.78 0.6, 0.89]
Leeming, 2002 (quizzes every class vs. 4 course exams) * 047(0.01,0.84]
Son & Rivas, 2016 (quizzes vs. review shee; test with repeated questions) e 045(0.17,0.73] Medi Effect
Michaels, 2017 (quizzes vs. no quizzes; freshmen/saphomores) — 044(0.07, 0.82] 'unl e
‘Shapiro & Gardon, 2012 (quizzes vs. not quizzed) e 038(0.25,0.52] 24%
Khanna & Cortese, 2016 (ungraded quizzes vs. no quizzes) —_—— 0.36(0.03, 0.69]
Khanna, 2015 (ungraded quizzes vs. no quizzes) . 0.32(-0.09, 0.72)
Khanna & Cortese, 2016 (graded quizzes vs. no quizzes) 0.28 [-0.05, 0.61)
Graham, 1999 (quizzes vs. not quizzed) . 0.27(0.09, 0.44]
Foss & Pirozzolo, 2017, Exp. 3 (frequent exams vs. two exams) . 0.25(-0.23,0.73)
Foss & Pirazzolo, 2017, Exp. 4 (frequent quizzes vs. fewer quizzes) 0.21[-0.12, 0.55]
Son & Rivas, 2016 (quizzes vs. review sheet; transfer test) — 0.14[-0.14, 0.42)
Khanna, 2015 (graded quizzes vs. no quizzes) —_——— 027 1068, 0.14]
Michaels, 2017 (j 030 [-1.05, 0.46]
Medical School
Larsen et al., 2013(b) (SP quiz vs. review sheet; SP test) — 080(0.44, 1.15]
Larsen et al., 2013(b) (written quiz vs. review sheet; written test) e 072(0.37, 1.06]
Larsen et al., 2013(a) (quizzes with self-explanation vs. study with self-explan.) —_—, 0.7[0.38,1.01)
Larsen et al., 2013(b) (SP quiz vs. review sheet; written test) — 069(0.35, 1.03]
Larsen et al., 2009 (quizzes vs. review sheet) e 062(0.27, 0.96]
Kromann et al., 2011 (quizzes vs. not quizzed) —_————— 055(0.21, 0.89]
Larsen et al., 2013(a) (quizzes without seif-explanation vs. study with self-explan.) — 0481(0.18,0.77]
Kromann et al,, 2010 (quizzes vs. not quizzed) 039002, 0.78]
Larsen et al., 2013(b) (written quiz vs. review sheet; SP test) 033(0.02, 0.65]
Bokkink et al., 2012 (quizzes vs. not quizzed) —. 0.24(0.03, 0.45]
Tu et al., 2017 (quizzes vs. not quized) —_— e 024 [067,0.19)
18 -16 14 12 -1 -08 -06 -04 -02 0 02 04 06 08 1 12 14 16 18 2 22 24 26 28 3 32

Effect Size (Cohen's d)



NIVAER KOGNITIVA PROCESSER

* Problemlosningsstrategier

» Fokus pa den kognitiva processen

o Monitorera och argumentera for det egna
tankandet

 Effekten av kognitiv anstrangning

E‘n A
Bloom’s Taxonomy

Cognitive Domain Synthesis

Analysis

Higher Order Thinking




KREATIV MATEMATIK

Syfte : Utveckla larandemodeller som ar mer effektivare
an de vanliga “imitativa” modeller som vanligtvis anvands
I skolan
-Lararen och/eller textboken beskriver en
algoritm, forklarar den och ger exempel
Algoritmiskt resonemang (AR)

- Studenten konstruerar en losning sjalv
Kreativt resonemang (CMR)

34

Lithner, J. (2008). A research framework for

creative and imitative reasoning. Educational
studies in mathematics, 67(3), 255-276. ERSITY



LARANDE VIA ALGORITMISKT RESONEMANG

Nar man satter samman kvadrater 1 [ _ _ _ )
en rad ser det ut som 1 figuren till
hoger. Till 4 kvadrater 1 rad behovs

13 tandstickor:

Om x ar antalet kvadrater som ska laggas 1 rad sa kan man
berakna antalet tindstickor y med funktionen
y=3x+1

Exempel: Om 4 kvadrater ska laggas 1 rad behovs
y=3x+1=3-4+1=13 tindstickor.

Hur manga tindstickor behovs for att fa 100 kvadrater i rad?

35



LARANDE VIA KREATIVT RESONEMANG

Nar man satter samman kvadrater 1 [ _ _ _ )
en rad ser det ut som 1 figuren till
hoger. Till 4 kvadrater 1 rad behovs

13 tandstickor:

Hur manga tindstickor behovs for att fa 100 kvadrater i rad?

36



Jonsson, B., Norqvist, M., Liljekvist, Y., & Lithner, J. (2014). Learning mathematics through
algorithmic and creative reasoning. The Journal of Mathematical Behavior, 36(0), 20-32.
doi:http://dx.do1.org/10.1016/j.jmathb.2014.08.003

= AR

CMR

Proportion correct responses




Heatmaps

AR

ions~

RUSGrater

§gtts"samman av

tandstickor.

Om x &r antalet kvadrater i rad kan antalet tandstickor

beraknas som y = 3x+1.

Exempel: 4 kvadrater kan laggas med
y = 3x + 1 = 3.4 + 1 = 13 tandstickor.

Hur ménga tandstickor behévs fér 6 kvadrater?

CMR

e RVEdrater ' Eatts  Samman av

tandstickor.

i =

y I Om x ar antalet kvadrater i rad kan antalet tandstickor y l
beraknas.

Exempel: 4 kvadrater kan laggas med 13 tandstickor.

Hur manga tandstickor behévs for 6 kvadrater?

UMEA UNIVERSITY
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Average eye fixations

Equation
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Cluster Groups
¥*1-ar
®1-cmr
¥*2-ar
¥ 3-ar
® 3-cmr

RVEArater $atts "Samman av

téndstickor.

Om X &r éhtalet kvadrater i rad kan antalet tandstlckor y s

beraknas som y = 3x+1.

| y §
| y H

pEm—— g

Exémpel' 4 kvadrat"at kan laggas med

3.1 3.4 +» 1 = 13 tandstickor.

‘nga tandstickor behovs for 6‘adrater?

39



Middle frontal

gyrus
[42 52 10]

FEEEE |

18

30

% BOLD signal change

e
[ %]

bt
oo

=

=]

.

=

Contents lists available at ScienceDirect

UFBI

Umea center for
Functional Brain Imaging

Trends in Neuroscience and Education
e
ELSEVIER journal www.elsevier.

Research paper 4.)
An fMRI intervention study of creative mathematical reasoning: behavioral %
and brain effects across different levels of cognitive ability

Linnea Karlsson Wirebring ®" ', Carola Wiklund-Hornqvist “°, Sara Stillesj6 ™,
Carina Granberg *¢, Johan Lithner “°, Micael Andersson ', Lars Nyberg *"¢, Bert Jonsson "*
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Active math and grammar learning engages
overlapping brain networks

Sara Stillesjé"b", Linnea Karlsson Wirebring"" , Micael Andersson®™, Carina Granberg"f , Johan Lithner®'o,

Bert Jonsson

a,b

, Lars Nyberg®®9@, and Carola Wiklund-Hérnquist™
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Functional Brain Imaging

Aktivt larande (ordforrad och matematik) stimulerar gemensamma
larandeprocesser som ocksa blir en del av minnesrepresentationer

som ocksa kan ateraktiveras

UMEA UNIVERSITY



FROM BASIC RESEARCH- TO INTERVENTIONS

( Basic laboratory research: behavior and brain imaging h
Controlled environment ( e.g., University). Establish causal
relations "through experimental settings. But experiments have
(potentially)poor ecological validity

. J

Applied laboratory research )
In school with experimental control. Maintain relatively
high experimental control and increase the ecological
validity

J
~

Intervention research in school
Implementing interventions in an applied setting, run by
teachers.

UMEA UNIVERSITY
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