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Chapter 13

Working Memory 
Cannot Be Improved 
but Can Be Supported

'The key to improved mental performance of almost any sort is the de-
velopment of mental structures that make it possible to avoid the limi-
tations of short-term memory and deal ewectively gith lar.e amounts of 
information at onceA'

Enders Iricsson

E s , saidH gorkin. memory is algays limited and formsH after attentionH a second 
bottleneck in the learnin. processA ,mprovin. gorkin. memory is often perceived 

as the Goly Urail of educationA ,f ge could achieve itH ge gould make children learn 
faster and easierA xnfortunatelyH many eWperiments have shogn that improvin. gorkin. 
memory can be challen.in.H if not impossibleA Dorkin. memory is a hi.hly heritable traitH 
and .enetics play a si.niFcant role in determinin. its capacityA Sespite claims that certain 
productsH such as memory trainin. and appsH can boost gorkin. memoryH scientiFc stud-
ies have failed to provide stron. evidence to support these assertionsA The improvements 
achieved throu.h these interventions have been underghelmin. and often do not transfer 
to other learnin. conteWtsA Oor instanceH the apps alle.edly improvin. gorkin. memory 
via speciFcally desi.ned mental .ames and tasks don't improve gorkin. memory in the 
conteWt of learnin. lan.ua.e or mathematicsA RimilarlyH activities such as chessH sudokuH 
and crossgords can be beneFcial for mental stimulationH but they do not necessarily 
improve gorkin. memoryA
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 Elthou.h it all sounds rather pessimisticH there are evidence-based strate.ies that can 
support this critical aspect of learnin.A Kne such approach is to prioritise a healthy 
lifestyle that includes a balanced dietH ade(uate sleepH and re.ular eWerciseA Dhile these 
lifestyle factors may not directly enhance gorkin. memory capacityH they can create better 
conditions for optimal co.nitive functionA Rince , don't have eWpertise in these aspects 
and many parents already provide their children gith the ri.ht conditions for gorkin. 
memory to functionH , gill instead focus in this chapter on four promisin. instructional 
approaches that can support gorkin. memory and improve children's learnin. outcomesA 
These include) 2:3 improvin. automaticityH 243 developin. knogled.eH 2L3 improvin. 
encodin. strate.iesH and 2—3 mana.in. co.nitive loadA 7et's delve into each of these in more 
detailA

Four ways to support working memory

DEVELOPING AUTOMATICITY 

Dhen , gas learnin. to driveH , remember the Frst time , sat in the driver's seatA , gas 
overghelmed and intimidated by the number of thin.s , had to remember and performH 
such as turnin. the i.nitionH Fndin. the brakeH clutchH and accelerator pedalsH knogin. all 
the sgitchesH chan.in. .earsH gatchin. mirrorsH the roadH si.nsH and tra+cH and listenin. 
to the drivin. instructorA Rtress and anWiety made the entire eWperience even gorseA Et 
the be.innin.H , miWed up the pedalsH for.ot to check the blind spotH or turned on the 
gindshield gipers instead of the indicatorA Sespite these initial scary eWperiencesH , rather 
(uickly became a competent driver 2thou.h my gife gould stron.ly disa.ree3A Dith 
timeH all these individual processes became automated and mer.ed into one behavior) 
drivin.A , did not have to think about usin. the pedalsH indicatorsH and mirrorsA Srivin. 
became like second nature to me and did not re(uire conscious thou.htA , could listen 
to the negs ghile drivin.H talk to a passen.erH and admire the landscapesA Kf courseH 
my attention and gorkin. memory did not improve ghile learnin. to driveA Srivin. 
became easier as , developed automaticity 2eA.AH in chan.in. .ears3 and .ained knogled.e 
and eWperience about ghat gas happenin. on the roadH ghich helped o8oad my limited 
gorkin. memoryA
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Automaticity is crucial for learning

The mechanisms responsible for automaticity are compleW and still not very gell un-
derstoodA ,t seems that gell-practiced skills become part of our procedural memoryA 
Therefore these automated activities do not occupy so many slots in gorkin. memory 
and are more (uickly and ewortlessly retrieved from lon.-term memoryA  De could say 
that automaticity liberates us from the constraints of our limited gorkin. memoryA ,t 
reduces co.nitive load and allogs more co.nitive resources to be devoted to other tasksA 
Eutomaticity is a crucial element of ewective learnin. performance 2Enders Iricsson 
called it 'the hallmark of eWpertise'3A  Sevelopin. automaticity mi.ht be one of the most 
ewective gays of supportin. gorkin. memoryA Rome eWamples belogA

 Eutomaticity is essential for becomin. proFcient readersA Phildren Frst learn 
to reco.nise similar lettersH such as 'pH' 'bH' or 'dH' and then pro.ress (uickly to 
reco.nisin. si.ht gords 2eA.AH readin. the gord 'table' githout focusin. on let-
ter-sound correspondencezthey see the gord and understand its meanin. al-
most simultaneously3A Phildren gho have automated readin.H becomin. 5uent 
readersH have more mental resources available in their gorkin. memory to un-
derstand gord meanin.s and focus on teWt comprehensionA Ureat readers gho 
eWcel in comprehension have typically mastered automaticityA Their gorkin. 
memory isn't occupied gith basic elements that learners gith log automaticity 
stru..le githA

 ,n basic math operationsH such as addition and multiplicationH automaticity 
allogs students to e+ciently solve more compleW problems githout consciously 
thinkin. throu.h each step and githout overloadin. their gorkin. memory 
capacityA Oor instanceH consider the follogin. calculation) —‘ ’ 4jA E person 
gith automaticity in addition mi.ht instantly reco.ni;e that ‘ ’ j e(uals :?H 
githout needin. to count or use a pen and paperA ThenH they carry over the : 
from the sum 2:?3 to add it to the tens columnH reco.ni;in. that — ’ 4 2plus 
the carried-over :3 e(uals ‘A ThereforeH githout pausin. or breakin. dogn the 
processH they (uickly determine that —‘ ’ 4j e(uals ‘?A

 ,n lan.ua.e learnin.H automaticity in .rammarH pronunciationH and vocabulary 
enables learners to comprehend and produce lan.ua.e more rapidly and accu-
ratelyA

 ,n musicH automaticity in playin. scalesH chordsH and rhythms permits musicians 
to focus on musical eWpression and interpretation rather than the mechanics of 
playin.A
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  Rimilar processes occur ghen children learn to ride a bikeH typeH sgimH play 
.amesH and danceA

How is automaticity developed?

Eutomaticity is developed throu.h practiceH repetitionH and overlearnin.A Oor eWampleH 
children need to read eWtensively to automate readin.A RimilarlyH to speak a second lan-
.ua.e 5uentlyH they need to use it fre(uentlyA ,n a similar veinH children need to practice 
multiplication tables to become proFcient in recallin. resultsA 1ractice does not algays 
make us perfectH but it helps us create stron.er neural connectionsA Et the same timeH it is 
important to remember that not everythin. can be automated in learnin.A Eutomaticity 
seems to gork gell for relatively simple processesH such as reco.nisin. lettersH readin.H 
and simple calculationsA Dhile automaticity can .reatly beneFt co.nitive functionin.H 
hi.her-order thinkin. skillsH such as critical thinkin.H cannot be automated since the 
level of processin. is too demandin. for automaticity to gorkA ThusH learners still need 
to en.a.e in conscious thou.ht and reasonin. to perform compleW tasksA OinallyH the 
development of automaticity takes timeH so patience is neededA

DEVELOPING KNOWLEDGE

Rurprisin.lyH one ewective gay to enhance gorkin. memory is to focus on developin. a 
child's lon.-term memory 2knogled.e3A Es previously discussedH gorkin. memory has 
a limited capacity of around seven pieces of informationA GogeverH the .ood negs is 
that gorkin. memory can access information from lon.-term memory to support its 
processin.A 
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7et's ima.ine that a child reads a sentence) 6The lion inhabits savannas=A This simple sen-
tence can put a heavy load on the gorkin. memory of a child gho does not knog ghere 
lions live and ghat savannas areA GogeverH a child havin. this knogled.e in lon.-term 
memory can immediately form a mental picture of a savanna 2a biome gith sparse treesH 
.rassy plainsH garm climateH close to the e(uatorH sunnyH occasional drou.htsH mi.ratin. 
animalsH occasional FresH etcA3A Elthou.h this mental picture contains many intercon-
nected detailsH gorkin. memory treats it as one entity occupyin. 9ust one slot in gorkin. 
memory 2it takes surprisin.ly little space for the amount of information it contains3A This 
mental picture of a savanna supports and facilitates the child=s understandin.H o8oads 
gorkin. memoryH and logers co.nitive loadA Ruch mental pictures in our minds are called 
schemasA 

Long-term memory aids working memory by continu-
ously supplying schemas that occupy minimal space with-

in working memory.

E schema is a mental structure or framegork in ghich ge or.anise and cate.orise 
knogled.eH informationH and relationshipsA Kne can ima.ine a schema as a mind map 
of interconnected factsH informationH related conceptsH gordsH eWperiencesH processesH or 
ob9ectsA Rchemas are called the buildin. blocks of knogled.e for a reasonA Dell-developed 
and correct schemas speed up understandin. and learnin.A That is ghy knogled.e of 
the gorld 2eA.A factsH processesH situationsH ob9ects3 and knogled.e of vocabulary improve 
readin. comprehension and support thinkin.A Phildren gho have more schemas in their 
lon.-term memory can (uickly retrieve them to support their limited gorkin. memoryA
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How does knowledge support experts?

Cost people believe that chess masters possess eWceptionalH almost inhuman memory 
that allogs them to play so strate.icallyA  GogeverH this is not entirely trueA ,n a famous 
eWperiment conducted by Sutch psycholo.ist Edrian de UrootH chess masters and novice 
players gere asked to look for a feg seconds at a chess position gith 4? piecesA The 
position gas a snapshot of an actual .ameA Then players had to recreate the position on a 
chessboard from memoryA Oor the .randmastersH this gas not a problemH but predictablyH 
it gas challen.in. for the be.innersA ThenH de Uroot did somethin. surprisin.0 he placed 
the 4? pieces randomlyH ghich gas hi.hly unlikely in a real .ameA Voth the chess masters 
and novices had enormous problems gith placin. the pieces in the correct placesA Ro ghat 
eWactly happened here/ ,n the Frst scenarioH chess masters employed the knogled.e stored 
in their lon.-term memory to recreate the position of the piecesA Rince the position gas a 
snapshot of an actual .ameH most of them gere familiar gith similar scenariosA GogeverH 
randomly positionin. the pieces on the chessboard cau.ht them ow .uardA They had 
nothin. in lon.-term memory to conFdently support their gorkin. memoryA UenerallyH 
chess masters don't diwer much from novices concernin. their gorkin. memoryA RtillH 
vast diwerences eWist betgeen them in knogled.e and eWperienceA
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The importance of developing children's knowledge for learning and reading 
cannot be overstated.

  Mnogled.e stored in lon.-term memory helps in the e+cient formation of con-
nections betgeen neg and previously ac(uired informationA Mnogled.e-rich 
children ac(uire neg knogled.e fasterA The more children knog the more 
gorkin. memory they have left to process and encode and transfer neg infor-
mation from gorkin. memory to lon.-term memoryA Phildren gho have more 
knogled.e can more ewectively create associations and mnemonicsA

  Dhen ge have prior knogled.e related to a neg topic or conceptH it is easier for 
us to understand and remember neg information related to itA This is because 
our eWistin. knogled.e serves as a scawold for neg informationH makin. it easier 
to or.ani;eH cate.ori;eH and retainA Phildren gith better developed knogled.e 
focus more easily on related informationA They also have more gorkin. memory 
for more compleW tasks 2eA.A critical thinkin. and creativity3A

Some learners often have a wider 
range of prior knowledge and 
experiences, which allows them 
to make connections and build 
upon existing knowledge more 

easily. 
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ThereforeH buildin. a stron. foundation of knogled.e and skills throu.h practice and 
repetition is an ewective gay to support gorkin. memoryA 1arents gho build a stron. 
foundation of children=s knogled.e can enhance their ability to learn neg informationA 
That is ghy , gill revisit knogled.e development later in this book 2see Phapter 4j3A

IMPROVING ENCODING

Iwective learnin. necessitates the successful transfer of information from gorkin. mem-
ory to lon.-term memoryA Es previously describedH the transfer of neg information to 
lon.-term memory becomes smoother ghen children possess automated readin. skills 
and gell-developed knogled.eH both of ghich are prere(uisites for stron. comprehension 
skills and ewective learnin.A ,n this mannerH there is less strain on gorkin. memoryH 
enablin. neg knogled.e to more seamlessly inte.rate gith previously ac(uired informa-
tionA Enother crucial element that bolsters gorkin. memory is the ewective encodin. of 
informationA

7et=s consider a scenario ghere a child encounters the gord 6rectitude= in a teWt and learns 
that it means 6morally correct behavior or thinkin.=A YogH the child faces the task of 
transferrin. the gord label 2rectitude3 and its meanin. to lon.-term memoryA This process 
isn't strai.htforgardA E common approach is repetitive recitationH hopin. the gord gill 
stick throu.h the sheer force of repetitionA E more ewective learnin. strate.y involves 
connectin. the neg gord to somethin. the child already knogsA Oor instanceH if the child 
is familiar gith the gord 6attitude=H she mi.ht .rasp the gord 6rectitude= more (uickly 
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and FrmlyA Enother method could involve creatin. a mnemonic) 6rectitude= & 6corNIPT6 
and 6atT,TxSI6A This eWample illustrates ewective encodin.A Phildren should be tau.ht 
various methods to establish associationsH relationshipsH and connections betgeen neg 
information and the knogled.e already stored in their lon.-term memoryA This process 
also hi.hli.hts hog knogled.e bolsters gorkin. memory0 children gith a richer vocab-
ulary .rasp unfamiliar gords more rapidlyA

Surface vs. deep learning

Transfer of information from gorkin. memory to lon.-term memory is not accidental 
and often re(uires deep en.a.ement and mental ewortA Saniel TA Dillin.ham famously 
remarked that 6memory is the residue of thou.ht=A Rtudents are re(uired not only to pay 
attention to the material they are readin. or learnin. but also to actively think about 
itA The more a child en.a.es in thinkin. about the material or skill they're learnin.H the 
better the learnin. outcomesA Ponse(uentlyH a distinction can be dragn betgeen shallog 
or surface learnin.H ghich involves minimal mental processin. of informationH and deep 
learnin.H characterised by eWtensive processin. that occurs githin our gorkin. memoryA 

Voth deep and surface learnin. approaches come gith distinct advanta.es and limita-
tionsA 

 Seep learnin. involves a comprehensive understandin. and active en.a.ement 
gith the material ghich is better for the retention of information in lon.-term 
memoryA Dhen students .rasp underlyin. principlesH they become better critical 
thinkerszthey can analyseH evaluateH and apply knogled.e ewectively to solve 
compleW problemsA This depth of understandin. also .rants students .reater 
5eWibility and adaptability in applyin. fundamental concepts across various 
conteWtsA Seep understandin. often leads to hei.htened interest and motivation 
in the sub9ectH makin. it more en.a.in. and en9oyable as students comprehend 
the 'ghy' and 'hog' behind the informationA OurthermoreH deep learnin. incor-
porates ewective strate.ies like mnemonic devicesH se.mentation of material for 
easier comprehensionH retrieval practiceH spaced repetitionH dual codin. 2utili;-
in. visual and auditory channels3H and verbalisin. information for enhanced re-
tentionA Ponse(uentlyH deep learnin. is particularly beneFcial for learners gith 
geaker attention and gorkin. memoryH aidin. in processin. and retainin. in-
formation ewectivelyA OinallyH deep learnin. facilitates learnin. compleW material 
and supports co.nitively heavy activities eA.A critical readin. and gritin.A Kn the 
other handH surface 2shallog3 learnin. primarily focuses on memorisation and 
rote learnin.H lackin. a deeper understandin. of underlyin. conceptsA ,t's often 
criticised as a repetitiveH thou.htless process akin to crammin. and drillin.A 
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 Sespite thisH there are conteWts ghere surface learnin. proves beneFcialA Oor 
instanceH in the introductory sta.esH surface learnin. facilitates familiarity gith 
basic concepts and terminolo.yH especially in compleW or entirely neg sub9ectsA 
There are instances ghere students beneFt from absorbin. information gith-
out necessarily eWplorin. its intricaciesH such as ghen learnin. the alphabetH 
multiplication tablesH poetry eWcerptsH forei.n lan.ua.e vocabularyH or develop-
in. readin. 5uencyA Rurface learnin. provides opportunities for repetition of 
fundamental elementsH essential for embeddin. them Frmly in our minds and 
developin. automaticityA 

 Oor instanceH ghen an In.lish as a Oorei.n 7an.ua.e 2IO73 student listens to 
In.lish son.sH they may not understand all vocabulary and .rammarH but they 
develop familiarity gith the lan.ua.eH pronunciationH intonationH idiomatic 
lan.ua.eH and accentA 

 ElsoH in time-constrained situations such as in last-minute test preparation or 
ghen (uick overviegs are neededH surface learnin. mi.ht be more practicalA 
,t can also be suitable for students gho need basic familiarity gith a sub9ect 
githout re(uirin. an in-depth understandin.A Rurface learnin. can serve as a 
foundational layer upon ghich deeper understandin. can be developedA OinallyH 
it may suit certain learners gith a more retentive memory due to better attentionH 
gorkin. memoryH and accumulated knogled.eA To sum upH surface learnin. 
isn't inherently ne.ative and can be necessary in speciFc conteWtsA

 Et the same timeH it's essential to acknogled.e that surface learnin.H ghile some-
times necessaryH lacks comprehension and may hinder the transfer of knogl-
ed.e in compleW scenariosH restrictin. critical thinkin.H and causin. monotonyA 
ThereforeH a balanced approach that combines both types of learnin.zoften 
initiatin. gith surface learnin. and pro.ressin. togards deeper understand-
in.ztypically yields superior lon.-term learnin. outcomesA Voth types con-
tribute uni(uely to knogled.e ac(uisition and should complement each other 
for more ewective learnin. eWperiencesA
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Surface learning - Deep learning Continuum 

Shallow processing vs. deep processing

Rhallog processin. and deep processin. are terms often linked to the concepts of sur-
face and deep learnin.A Rhallog processin. refers to a superFcial gay of en.a.in. gith 
informationA ,t involves minimal mental processin.H like focusin. on the surface-level 
characteristics of informationA This type of processin. often leads to surface learnin.H 
ghere learners memorise information temporarily githout deeply understandin. or con-
nectin. it to eWistin. knogled.eA Seep processin.H on the other handH involves a more 
profound en.a.ement gith informationA ,t entails actively thinkin. about the materialH 
makin. connections gith prior knogled.eH and critically analysin. the contentA  This 
approach typically leads to deeper learnin.H ghere information is thorou.hly understood 
and retained in lon.-term memoryA

  En eWample of non-eWistent processin.) E child reads a book but thinks about 
somethin. else entirelyA Ponse(uentlyH these children cannot recall the book's 
content as their minds gere distractedH focusin. on somethin. diwerentA ,n this 
scenarioH the information from the book is not processedA
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  En eWample of shallog processin.) E student reads the teWt githout delvin. 
deeper into its meanin. or conteWtA They skim throu.h the material githout 
en.a.in. in thou.htful analysisA Rhallog processin. mi.ht su+ce to pass a test 
but often falls short in fully understandin. the sub9ect or topicH leadin. to 
inade(uate lon.-term retention of informationA

  En eWample of intermediate processin.) E student reads the teWtH re5ects on 
their understandin.H silently formulates (uestionsH and relates the content to 
their personal eWperiencesA They revisit the teWtH hi.hli.htin. crucial sectionsA 
GogeverH they may not actively monitor their comprehensionH overlookin. 
reasons behind their di+culties in understandin. certain sentencesA Their focus 
mi.ht be on memorisation rather than comprehension and strate.ic learnin. of 
essential informationA

  En eWample of deep processin.) E student reads the teWt ghile actively seekin. 
out critical vocabulary and conceptsA They ensure a comprehensive understand-
in. of essential terminolo.y and underlyin. conteWtsA The student adopts ewec-
tive note-takin. strate.ies by paraphrasin. information and inte.ratin. personal 
insi.htsA They further or.anise these notes by cate.orisin. them or creatin. 
mind mapsH facilitatin. connections and understandin. the relationships be-
tgeen various concepts and ideasA This approach helps them vieg the material 
holisticallyH breakin. it dogn into mana.eable se.ments for better compre-
hensionA The student devises (uestion-and-ansger 5ashcards to aid in subse-
(uent revision and re.ularly reviegs their notes throu.h distributed or retrieval 
practiceA EdditionallyH they en.a.e in self-(uestionin. and take the initiative to 
eWplain the material to a peer or friendH reinforcin. their ogn understandin.A

www.academicbydesign.com



EPESIC,P VB SIR,UY:44

www.academicbydesign.com



DKNM,YU CICKNB PEYYKT VI ,C1NKqIS VxT PEY VI Rx11KNTIS :4L

www.academicbydesign.com



EPESIC,P VB SIR,UY:4—

Encoding strategies

Reveral science-based methods improve encodin. informationA Uood eWamples are .en-
erative learnin. approaches such as summarisin.H mappin.H dragin.H self-testin.H self-eW-
plainin.H teachin. othersH spaced repetitionëdistributed practiceH retrieval practiceH key-
gord mnemonicsH and outlinin.A These methods diwer in ewectiveness and are used for 
diwerent purposes 2eA.A outlinin. gorks .reat in gritin.H keygord mnemonics in lan.ua.e 
learnin.3A KftenH they can be used to.ether 2readin.H outlinin.H and notetakin.3A Cany 
of these methods are unknogn to students 2and parents3A Ponse(uentlyH students often 
use less ewective learnin. methods0 eA.A rereadin. teWtsH hi.hli.htin.H reviegin. notesH or 
crammin. before eWamsA  

These .enerative strate.ies are particularly important ghen students gant to truly un-
derstand a certain topic 2have a more coherent and understandable representation of the 
material3H gant to remember the material lon.erH and are interested in mastery learnin.A 
Uenerative strate.ies are incredibly important for students gith poor gorkin. memoryA 
They make memorisation and learnin. more ewective than shallog interaction gith the 
teWtëmaterialsëtaskA
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When choosing the most suitable strategy, it's important to consider factors beyond 
just effectiveness. This includes the specific learning environment, the age and skills 
of the learners, their preferences and goals, the time they have available for learn-

ing, their prior knowledge, motivation, resources, adaptability, and autonomy.

Some important caveats

  The obvious problem is that deep processin. can be strenuousH even for older 
studentsA ,t is hard to re(uire that depth of processin. from youn. children 
for a prolon.ed timeA ,ncreasin. children's en.a.ement in learnin. is one of the 
best gays to increase their depth of processin.A Phildren gho are interested or 
passionate about a sub9ect or a topic usually pay more attentionH and invest more 
timeH ener.yH and ewort in learnin.A ElsoH children gho are owered a choiceH and 
are provided gith a supportive environment in ghich they can ask (uestionsH be 
successfulH fail githout ne.ative conse(uencesH andH last but not leastH have fun 
also tend to increase their depth of processin.A

  UenerallyH encodin. strate.ies gork much better for students and adults than 
for primary-a.e childrenA Et the early sta.es of lifeH developin. automaticity and 
knogled.e is the priority and helps students take advanta.e of many encodin. 
strate.ies laterA RtillH parents and teachers should develop children's agareness 
of ewective methods and .ood learnin. habits earlyA Rtudents gho learn about 
these methods later often cannot chan.e their learnin. habits and stick to less 
ewective methodsA
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  Knly a feg students utilise the strate.ies that are described hereA xnfortunatelyH 
schools do not teach students hog to learn ewectivelyH and most students prefer 
to use intuitive but inewective strate.iesA Dhile the lack of ewective learnin. 
strate.ies may not si.niFcantly awect children's learnin. in their early years of 
schoolin.H it becomes essential in secondary schoolH universityH and the gork-
place ghen the role of unsupervised learnin. increasesA This is particularly im-
portant for students gith poor gorkin. memoryA ThereforeH students need to 
be trained to use ewective learnin. techni(ues and must practice them to make 
them gorkA ,t does not come naturally0 ratherH it needs to be tau.ht eWplicitlyA 
Iven elementary school children can and should be introduced to hog their 
brain gorks and hog to learn ewectivelyA 7aterH this topic should be revisited to 
enhance student knogled.e .raduallyA

  Rtudents gho have more knogled.e stored in lon.-term memory Fnd it easier 
to connect neg information gith eWistin. informationA Trainin. on improvin. 
children's ability to encode information is not likely to gork githout a founda-
tion of gell-developed knogled.eA End herein lies the .reatest challen.e 2hence 
Phapter 4j on developin. knogled.e3A
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MANAGING COGNITIVE LOAD

7et's consider tgo people ognin. diwerent carszone drives a VCD gith a pogerful 
en.ineH ghile the other drives a Cini Pooper e(uipped gith a smaller en.ineA Sespite 
the diwerences in their vehiclesH both individuals can reach their destinationsA GogeverH 
the Cini Pooper ogner must acknogled.e that their 9ourney may take lon.erA They need 
to operate githin the limitations of their car's en.ineH such as drivin. at a sloger speedH 
takin. fre(uent breaksH and avoidin. steep terrainA ,.norin. these limitations may cause 
the smaller en.ine to failH leadin. to no pro.ressA Kn the other handH the VCD ogner can 
reach their destination more sgiftlyA BetH this assumes they don't encounter any accidents 
or lose interest in reachin. their destinationA

E similar principle applies to children and their gorkin. memoryA Phildren gith poor 
gorkin. memory can learn anythin. they gantH but it mi.ht re(uire more timeA ,t's crucial 
not to overburden or push their gorkin. memory beyond its limitsH as doin. so can cause 
it to stallA ,n psycholo.yH this stallin. of gorkin. memory is knogn as co.nitive overloadH a 
concept pioneered by psycholo.ist Pohn Rgeller in his in5uential Po.nitive 7oad TheoryA 
Rome eWpertsH like 1rofessor Sylan DiliamH emphasise that co.nitive load theory is amon. 
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the most crucial aspects for educators to understandA ,t's challen.in. to disa.ree gith that 
assertionH as ewective learnin. heavily relies on mana.in. co.nitive loadA

Ell of us must have eWperienced a situation in ghich our gorkin. memory gas completely 
overghelmedA ,t happens ghen ge read a teWt gith plenty of challen.in. vocabulary and 
concepts about a topic ge knog little aboutA Kr ghen ge try to speak a forei.n lan.ua.e 
ge are not proFcient inA The task of understandin. a native interlocutorH producin. 
meanin.ful sentencesH and sustainin. a conversation is eWtremely taWin.A Po.nitive over-
load also happens ghen a teacher 2or parent3 i.nores the inherent limits of gorkin. 
memory and inundates a child gith too much information and knogled.e 2or provides 
information in a confusin. gay3A The same happens to a child tryin. to read a challen.in. 
teWt githout gell-developed automaticityA Iven children gith relatively .ood gorkin. 
memory eWperience co.nitive overload ghen faced gith more challen.in. tasksH eA.A di-
vidin. 4?Z– by ‘— 2ansger L?3A Po.nitive overload awects people ghen they learn to ride 
a bikeH danceH or drive and have to perform many activities simultaneouslyA Cultitaskin.H 
stressH anWietyH hi.h-stakes eWamsH and limited time for learnin. can all make learnin. 
even more challen.in.A ,t puts a lot of additional pressure on gorkin. memoryA Dhen 
a student eWperiences co.nitive overloadH gorkin. memory has too much information 
to process 2it has bitten ow more than it can cheg3A The learner becomes overghelmed 
and learnin. stallsA ,n moments like thatH students often sgitch owH lose motivationH .et 
frustratedH and stop en9oyin. the learnin. processA

The human brain is not a computer but similarities exist 

, often liken the challen.es childrenëstudents face gith gorkin. memory and co.nitive 
overload to an issue , encountered gith my old 1P 4? years a.oA Cy 1P had very 
limited NEC 2computer gorkin. memory3H and up.radin. it gasn't possibleA GogeverH 
it boasted pretty solid stora.e 2computer lon.-term memory3A Surin. a crucial pro9ectH 
, couldn't run the applications my collea.ues used on their more pogerful computersH 
since my 1P faced its version of co.nitive overloadA Thou.h it seemed rather unfairH , 
had no choice but to adaptA Nather than .ivin. upH , overhauled my entire gork5ogA , 
restricted my brogser to a sin.le gindog and focused solely on essential tasksH eliminatin. 
unnecessary .raphicsA Kptin. for smallerH e+cient applicationsH , avoided multitaskin. at 
all costsA , crafted a 5agless gork5og around my imperfect hardgareA Sespite limitationsH 
, completed a better pro9ect than my collea.ues gorkin. on superior machinesA  , simply 
used my 1P more e+ciently or ewectively than they didA This eWperience tau.ht me the 
value of achievin. more gith less by adoptin. smarter and more e+cient gork strate.iesA
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What are the implications for parents and children?

 xnnecessary co.nitive load should be avoided or reducedA ,t is important for 
children gith geaker gorkin. memoryA 1arentsëteachers gho try to teach chil-
dren too much andëor too (uickly are likely to be unsuccessfulA ,t is like pourin. 
gater 2knogled.e3 too (uickly into an enormous bottle 2the child's mind3 
gith a small neck 2the child's gorkin. memory3A E spill 2co.nitive overload3 
is unavoidableA Po.nitive overload does not only stall learnin.H it also causes 
frustrationH anWietyH and logers learnin. motivationA ElsoH students themselves 
need to learn hog to re.ulate their co.nitive loadA

 Phildren gho are poor or avera.e readers eWperience co.nitive overload more 
often than children gho are proFcient readersA 1oor readers have less automatic-
ity and knogled.eA They understand lessA ThereforeH developin. a hi.h level of 
readin. comprehension skills is crucial for supportin. children's learnin. and 
academic performanceA

 There are many other strate.ies to loger co.nitive load) eA.AH chunkin. 2de-
scribed in detail belog3H prioritisin. 2see the 1areto 1rinciple belog3H appro-
priate se(uencin. of informationH gorked eWamples 2 also see belog3H compre-
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hensible inputH usin. gell-dei.ned multimediaH addin. subtitles ghen learnin. 
a forei.n lan.ua.eH usin. a pop-up dictionary to look-up unknogn gordsH 
eWplainin. di+cult gords usin. easier gordsH complementin. teWt gith dia.rams 
or ima.esH usin. child's Frst lan.ua.e to teach a second lan.ua.e 2readin. bilin-
.ual booksH teachin. co.natesH gatchin. a movie in a Frst and than a second 
lan.ua.e3H askin. a student to read a teWt at home before discussin. it at schoolH 
usin. technolo.y to loger co.nitive loadH usin. storiesH usin. teWt gith audio 2to 
use auditory and visual channels in gorkin. memory3H turnin. ow distractin. 
musicëTqH usin. BouTube captions in the child's Frstësecond lan.ua.eH re-
peated readin.H increasin. di+cultyH spiral curriculumH usin. .raphicsH .raphic 
or.anisersH and preteachin.A

Worked examples are problems that have been 
solved and explained clearly step-by-step. 

 Phunkin. is a co.nitive process essential for ewective learnin.H involvin. the 
breakdogn of information into smallerH gell-or.anisedH and mana.eable unitsH 
or 'chunks'A 7et me .ive an eWampleA Elthou.h ge are unlikely to remember 
the strin. of letters) qT,PVRY1IRPYYPVVH  ge gill have no problems gith 
it ghen the letters are .rouped in a meanin.ful gayH eA.AH  ,TqH PVRH IR1H 
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VVPH PYYA Dhat gas an impossible task due to the limitation of gorkin. 
memory becomes an easy task since these Fve chunks are githin the limits of 
gorkin. memory and are supported by our knogled.e stored in lon.-term 
memory 2ge knog ghat VVPH PYYH and ,Tq mean3A These chunks are eas-
ier to process and retainH since they support learnin. by mana.in. gorkin. 
memory limitationsH reducin. co.nitive loadH and enhancin. comprehensionA 
Elthou.h feg people are familiar gith the chunkin. techni(ueH ge all use it 
subconsciously at least at times since this approach naturally ali.ns gith hog 
our brains encode informationA Oor instanceH in everyday tasks like shoppin.H 
ge instinctively chunk items into food cate.ories 2eA.AH ve.etablesH sgeetsH fruitsH 
dairyH drinks3A Dhen ge try to remember a lon. strin. of random numbers 
like '‘LZ4:Jj4?'0 ge chunk it into smaller .roups like '‘LZ-4:J-j4?' since it 
is easier to rememberA De use the principle of chunkin. in listsH bullet pointsH 
info.raphicsH or tables ge use to present informationA ,n academic conteWtsH 
chunkin. proves invaluableA Dhen memorisin. a lon. passa.eH breakin. it into 
smaller phrases or sentences and rehearsin. each chunk separately can make it 
easier to remember the entire passa.e laterA ,n mathematicsH compleW problems 
can be broken dogn into smallerH mana.eable stepsH aidin. students in prob-
lem-solvin.A RimilarlyH in lan.ua.e learnin.H chunkin. can assist in vocabulary 
ac(uisitionH .rammar comprehensionH and sentence structure understandin.A 
Oor eWampleH learners studyin. verb con9u.ations in Rpanish can chunk re.ular 
verbs based on reco.nisable patterns in their endin.s) -ar qerbs) hablar 2to speak3H 
bailar 2to dance30 -er qerbs) comer 2to eat3H beber 2to drink30 -ir qerbs) vivir 2to 
live3H abrir 2to open3A This method is particularly beneFcial for tacklin. compleW 
or unfamiliar materialH allogin. learners to approach it one mana.eable piece at 
a timeH .radually buildin. masteryA IWperts in various FeldsH such as chess players 
or proFcient readersH eWemplify the e+cacy of chunkin. in skill developmentA 
Oor instanceH ghen ge learn to readH ge need to learn Frst to reco.nise the shapes 
of lettersH then associate letters gith soundsH learn to read si.ht gords and some 
lon.er gordsH and master vocabularyH leWical chunksH .rammarH and syntaW to 
support (uick readin. and comprehensionA There are tgo clear implications 
ensuin. from this short sectionA OirstlyH to ewectively inte.rate chunkin. into 
children's learnin.H parents or educators need to identify foundational concepts 
and basic schemas of knogled.eA Oor instanceH ghen teachin. children to readH 
it's more mana.eable to be.in gith teachin. letters rather than ghole gordsA 
Rubse(uentlyH patternsH cate.oriesH and relationships should be establishedH eA.AH 
by .roupin. similar items and reco.nisin. meanin.ful connections 2this can be 
eWempliFed by the use of phonics in learnin. to read3A E second implication 
is that students should be tau.ht to understand hog chunkin. facilitates their 
learnin. and instructed in applyin. ewective chunkin. techni(ues across various 
sub9ects and disciplines to enhance their academic successA
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Not all cognitive load should/can be avoided

Dhen readin. a challen.in. bookH a student faces a certain level of co.nitive load .ener-
atedH for instanceH by unfamiliar vocabularyA  ,t is called intrinsic co.nitive load - linked to 
the learnin. task itselfA This load can be ad9ustedH such as by matchin. the book di+culty 
to the learner=s skillsH preteachin.H or buildin. back.round knogled.eA RimultaneouslyH a 
child shouldn't have to contend gith issues like poorly formatted teWtH unclear fontsH or 
unnecessary distractions 2eA.AH Tq3A These are eWamples of eWtraneous co.nitive load that 
should be minimi;ed or avoidedA This kind of load hampers learnin. by overghelmin. 
gorkin. memory and often arises in badly desi.ned apps or multimedia gith cluttered 
or confusin. interfacesA ,t can be also created by confusin. instructionA OinallyH .ermane 
co.nitive load is a concept referrin. to the mental ewort used to process neg informationH 
linkin. it gith prior knogled.eH and constructin. deeper understandin. and schemasA 
,n readin.H gritin.H and learnin. overallH .ermane co.nitive load is pivotalA Oor eWampleH 
ghen a reader encounters neg informationH .ermane co.nitive loadH created throu.h 
note-takin.H summarisin.H paraphrasin.H and developin. 5ashcards or mind mapsH aids 
in formin. connections betgeen this neg knogled.e and the reader's eWistin. schema or 
prior knogled.eA

Types of cognitive load

A few words about stress in learning

IWcessive stress and anWiety often impede the learnin. processA Rtress can overload stu-
dents' gorkin. memoryH as they must simultaneously process neg information and cope 
gith ne.ative or intrusive thou.hts or eventsH such as the fear of failure and its conse-
(uencesA ElsoH hi.h stakes 2eA.A standardised assessment3H the presence of an eWaminerH 
unfamiliar settin.sH and certain eWam formats 2eA.A oral eWam3 can add to co.nitive loadA 
Ponse(uentlyH stress can hinder the encodin.H retrievalH and retention of informationH 
leadin. to di+culties in learnin. and more mistakesA RtillH  the relationship betgeen 
stress and learnin. is compleW and some level of '.ood stress' 2eustress3 appears to beneFt 
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learnin.A E student gho is disinterested and inactive does not learn ewectivelyA ErousalH 
on the other handH improves attention and the speed of processin.A Erousal is hei.htened 
ghen a student is interested in or passionate about a sub9ectA Oor instanceH a student gho 
notices the eWistence of a .ap in their knogled.e mi.ht feel a certain level of positive 
learnin. stressA EdditionallyH ghen a student faces a positive learnin. challen.eH they 
eWperience some de.ree of stressH ghich can be beneFcial for learnin.A 

The Berkes-Sodson lagH a psycholo.ical principle that describes the relationship betgeen 
stress 2arousal3 and performanceH shogs that performance increases gith arousalH but only 
up to a certain pointA Knce arousal becomes too hi.hH performance be.ins to declineA  
,nterestin.lyH stress can help in simple learnin. situations ghen focused attention is 
re(uiredH ghile it is detrimental to learnin. in compleW learnin. conteWts ghen divided 
attention and multitaskin. are re(uiredA 

Yerkes–Dodson Law illustrates the relation between stress 
and performance. Adapted from Diamond et al. (2007).

Rtress does not impact all students in the same gayA  Rome students are more sensitive 
to stress than others 2see the Krchid-Sandelion model belog3A A The ewects of stress on 
learnin. are also dependent on the learnin. conteWtH personality traitsH such as introversion 
or eWtroversionH gorkin. memory capacity 2gith geaker gorkin. memory awected the 
most3H mindsetH and successful eWperiences in dealin. gith stressful situationsA Rtudents 
usually cope gith stress better ghen they have eWperienced intermediate levels of cumu-
lative stress in their lives 2rather than too little or too much stress3A 
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The orchid-dandelion model (Boyce, 2019) is a 
framework used to describe the different sensitivi-
ties and responses of children to environmental in-
fluences. According to the model, 'dandelion chil-
dren' are more resilient and can thrive in vari-

ous environments, while 'orchid children' are more 
sensitive and can flourish under optimal conditions 

but may struggle in challenging or adverse envi-
ronments.

Gere are some recommendations)

 1arents need to understand and consider the level of stress that the child is 
eWperiencin.A The learnin. environment needs to be mana.ed by balancin. 
challen.es and support accordin. to the child's needs and knogled.eëskillsA 
Phallen.in. learnin. should occur in a relaWed and safe environmentA Rince 
stress cannot algays be eliminatedH it's important to provide children gith cop-
in. strate.ies 2discussin. stressH mindsetH .ettin. enou.h sleepH practicin. deep 
breathin.H and en.a.in. in aerobic eWercise3A

'Smart drugs'

, never anticipated havin. to delve into the topic of 'smart dru.s' in this bookH but recent 
conversations gith both candid students gho use such dru.s and concerned parents have 
forced me to do soA To be.inH ghat eWactly are 'smart dru.s'/ Termed as co.nitive en-
hancers or nootropicsH these substances are believed to au.ment co.nitive functions like 
memoryH concentrationH and motivationA Rome of these dru.sH like Nitalin and EdderallH 
have been speciFcally desi.ned and approved to mana.e ESGS under the supervision of 
a healthcare professionalA ,n this conteWtH , aim to brie5y discuss these dru.s as they relate 
to students githout ESGSA The primary in(uiries , fre(uently encounter re.ardin. 
'smart dru.s' are) 2:3 So they .enuinely enhance co.nitive performance/ 243 Ere they 
safe/ , could start ansgerin. these (uestions gith a cautionary tale from my ogn family) 
a nepheg took these dru.s to eWcel in university eWamsH only to end up in a hospital and 
ultimately drop out of universityA 
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Vut let's i.nore this anecdotal story and focus on ghat research says about these dru.sA 
Es is often the case in researchH opinions are dividedA BetH a slogly emer.in. consensus 
su..ests that 'smart dru.s' mi.ht indeed improve attentionH concentrationH motivationH 
and increase gakefulnessA  xnfortunatelyH there are several important caveatsA OirstH stud-
ies also su..est a decrease in accuracy and e+ciencyH despite a si.niFcant increase in study 
time and ewortA 'Rmart dru.s' don't appear ewective in tasks re(uirin. compleW co.nitive 
abilitiesH such as critical readin.H academic gritin.H compleW eWamsH and tasks re(uirin. 
creativity and 5eWibilityA ,n other gordsH they don't make students smarter0 they seem to 
make them gork harderA RecondH althou.h some of the smart dru.s seem to help children 
gith ESGSH for those githout attention deFcit issuesH there mi.ht not be noticeable 
beneFts andH sometimesH adverse reactionsA Eddin. these dru.s to a perfectly functionin. 
attention span is similar to addin. more fuel to a car0 it gill not make it run fasterA ,n 
terms of safetyH the lon.-term ewects remain unclear due to limited scientiFc researchA 
1otential side ewects may include insomniaH irritabilityH anWietyH and hi.h blood pressureA 
ElsoH these dru.s may lead to dependency over timeA Kf courseH there are also ethical and 
le.al concerns since some of these substances are unre.ulated or ille.alA ,n the conteWt of 
university studentsH they seem to be often combined gith alcohol or other substancesH 
ghich is understandably a very bad ideaA ,n summaryH althou.h 'smart dru.s' mi.ht 29ust 
mi.ht3 help some students in speciFc scenarios 2eA.AH last-minute crammin. or all-ni.hters
before eWams or tests3H considerin. the potential problems they are not gorth tryin.A
,n my viegH ghich should be clear throu.h the pa.es of this bookH true learnin. is a
lon.-term process that cannot be rushed or enhanced gith substances of this nature 2at
least not currently3A ,f parents feel there mi.ht be valid medical reasons for itH they should
algays consult gith a professionalA , su..est the ma9ority of parents focus on supportin.
children=s attentional resources since they can be easily depleted 2see Phapters :: and L43A
, also su..est havin. an honest conversation gith teena.e children about these dru.sH their
potential beneFtsH and their considerable risks since many older studentsH due to academic
and peer pressuresH mi.ht consider usin. themA

CHAPTER SUMMARY 

 Elthou.h gorkin. memory cannot be directly improved there are several ewec-
tive gays to support itA Phildren and parents need to understand the limitations 
of gorkin. memory and learn to circumvent themA Phildren and students 
should be eWplicitly tau.ht about the brain and ewective learnin. strate.iesA
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 ,t is important to remember that children gith poorer gorkin. memory are 
perfectly able to learn even very advanced material 2providin. co.nitive overload 
is avoided3A They simply learn it more slogly 2particularly at the initial sta.es 
of learnin.3 than children gith stron.er gorkin. memoryA Elthou.h it can be 
very demotivatin. for both parents and childrenH the positive negs is that this 
initially slog learnin. process usually speeds upA
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