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Abstract)

The) ability) to) recall) items) from) memory) is) often) vital,) whether) for) remembering) a)
phone) number,) or) when) sitting) an) examination.) Memory) also) affects) our) aesthetical)
judgements)of)objects,)and)the)ways) in)which)we)perceive)such)objects)as)complex)or)
simple.) The) role) of) memory) likewise) extends) to) our) interactions) with) computer)
technology;) influencing) our) overall) experience) of) websites,) the) processing) of)
information)provided)by)websites)and) thus) the)quality)of)our) learning)processes.)For)
many)people,) the) internet) is) their)primary)source)of) information,)and)hence)websites)
designed) to) facilitate) learning) should) be) designed) in) line) with) the) cognitive)
architecture)of)the)user.)This)paper)exposes)the)main)components)of)human)memory,)
outlining) its) limits.) We) then) consider) the) role) of) three) memoryYrelated) factors:)
prototypicality,) visual) complexity,) and) aesthetics,) on) the) user’s) interaction) with) a)
website.) A) key) point) of) the) present) article) is) that) websites) should) be) designed) with)
consideration) to) the) constraints) of) human)memory.) Finally,) we) emphasise) how) such)
limits)should)be)respected,)and)how)effectively)capitalising)on)the)memory)structure)of)
the)user)should)aid)efficient)learning.)

!
Keywords:) memory,! humanJcomputer! interactions,! website! design,! prototypicality,! visual!
complexity,!aesthetics.!!

!
THE)COGNITIVE)ENGINEERING)OF)MEMORY)IN)EDUCATIONAL)WEBSITE)DESIGN)

In! 2014,! around! 2.92! billion! people! used! the! internet! worldwide;! a! colossal! rise! from! the!
reported!394!million!in!2010![1].!For!many!people,!accessing!the!internet!is!part!of!everyday!
life,! for! example! for!work!or! social! purposes.!The! internet!has! likewise!become! increasingly!
important!within!education![2].!Basic!computer!skills!are!now!acquired!as!early!as!preschool,!
in! order! to! develop! spatial! and! problemJsolving! skills! in! young! children! [3].! In! formal!
education,!the!move!from!textbooks!alone!to!a!combination!of!internet!and!computerJassisted!
learning! offers! a! series! of! advantages,! including! increased! efficiency,! enhanced! accessibility,!
and! reduced!costs! [4].!Computer!assisted! learning! is! also! increasingly! common!at!university!
level! education,! with! many! nursing! and! medicine! courses! offering! computerJassisted!
instruction! as! part! of! the! regular! curriculum! [5].! The! field! of! HumanJComputer! Interaction!
(HCI)!is!concerned!with!the!ways!in!which!people!engage!with!computer!technology![6].!Since!
the!internet!is!crucial!to!the!daily!activities!of!many!people,!a!major!focus!of!HCI!research!has!
been!on!websites! specifically! [7].! In! this!paper,!we!highlight! the! limits!of! the!architecture!of!
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memory!which!impinge!on!the!user’s!experience.!We!start!by!exposing!the!main!components!of!
human!memory,!and!then!move!on!to!discuss! the! influence!of! three!specific!memoryJrelated!
factors!on!website!design!and!usability:!prototypicality,!complexity,!and!aesthetics.!
!
Memory! plays! a! crucial! role! in! the! everyday! lives! of! people.! Without! memory,! everything!
would!be!a!novel!experience,!the!world!and!its!events!would!appear!unpredictable,!and!longJ
term! learning! or! knowledge! acquisition! would! not! take! place.! Long! term! memory! is! one’s!
database!of!acquired!information;!the!place!where!all!knowledge!and!skills!accumulated!over!a!
lifetime!are!stored.!Whenever!a!piece!of!knowledge!is!required!it!is!retrieved!from!longJterm!
memory! and! placed! within! working! memory.! Working! memory! is! the! psychological! space!
wherein!readily!accessible! information! is!processed.! It!holds!our!conscious!representation!of!
the! external! world,! and! drives! attention! to! important! aspects! of! reality.! By! simulating! the!
evolution! of! events,!we! are! able! to!make! decisions! based! upon! the! information! held!within!
working!memory,! thus!enabling!the!anticipation!of!action!consequences.!Working!memory! is!
central!to!the!conductance!of!tasks!as!it!enables!the!processing,!manipulation!and!updating!of!
current!information![8J9];!vital!for!the!comprehension!and!calculation!of!events!and!situations.!
Several!models!of!working!memory!have!been!developed![10J11].!Among!them,!the!model!of!
Baddeley! [12],! which! conceives! of! working! memory! as! a! set! of! four! interconnected!
components,!is!the!most!prominent.!Within!the!model,!a!limitedJcapacity!attentional!controller!
known!as!the!central!executive!is!supported!by!two!slave!systems,!the!phonological!loop!which!
holds!verbal!information,!and!the!visuospatial!sketchpad,!dealing!with!visual!information!only.!
The! fourth! element,! the! episodic! buffer,! acts! as! a! temporary! interface! between! the! central!
executive,!its!slave!systems,!and!longJterm!memory.!In!doing!so,!it!is!capable!of!combining!and!
storing! the!multidimensional! information! from! these! components!as! integrated!chunks,! thus!
binding!several!types!of!information!into!whole!objects!and!episodes.!It!is!the!episodic!buffer!
which!holds!the!current!metal,!conscious!representation!of!the!world.!
!
While! working! memory! as! proposed! by! Baddeley! enables! the! efficient! processing! of! large!
amounts! of! information,! it! is! constrained! by! certain! boundaries.! For! instance,! an! integral!
finding!in!human!cognition!is!that!the!capacity!of!working!memory!is!limited!to!around!seven!
simultaneous!chunks!of! information![13].!Although!the!exact!number!of!available!chunks!has!
been!disputed![14J15]!it!is!nonetheless!certain!that!working!memory!is!not!boundless.!A!chunk!
space!in!working!memory!can!be!occupied!by!several!types!of!information,!where!each!space!is!
occupied!by!either!a!singular!aspect,!or!by!a!unit!of!information!comprised!of!a!combination!of!
elements.!For!example,!in!the!case!of!verbal!information,!the!letters!U,!S,!and!A!would!occupy!
three! spaces! in!working!memory! if! one! has! no! experience! of! that! particular! order! of! those!
particular!letters!before.!If!however,!one!is!familiar!with!the!acronym!commonly!used!for!the!
United! States! of! America,! the! information! can! be! stored! much! more! efficiently,! fusing! the!
separate!letters!into!one!unit,!which!is!thereby!stored!as!one!chunk:!USA.!Our!understanding!of!
reality! and! our! capacity! to! capture! information! depends! upon! the! architecture! of! human!
cognition,!in!particular!on!the!limited!capacity!of!memory.!Therefore,!humanJdesigned!learning!
systems!should! take!such! limits! into!account! in!order! to!optimize! the! learning!experience!of!
students.!This!is!especially!true!for!purely!computerJbased!learning,!which!by!definition!lacks!
the!human!teacher’s!wide!repertoire!of!adaptive!behaviour.!
!
The!influence!of!memory!on!our!learning!experience!is!pivotal.!For!example,!ample!experience!
of! a! particular! object! or! situation! results! in! the! construction! of! a! concept! of! that! object! or!
situation!in!longJterm!memory![16].!The!concept!is!considered!as!the!prototype,!against!which!
all! instances!are!assessed! in! terms!of! similarity! [17].!The!prototypicality!of!an!object! is! thus!
considered!as!the!degree!to!which!it!is!representative!of!the!general!mental!model!or!template!
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of!that!class!of!object!in!memory![18].!Due!to!the!presence!of!the!prototype!in!memory,!current!
relevant!information!can!be!processed!without!considerable!impingement!on!working!memory!
capacity.! As! such,! prototypical! stimuli! are! processed! fluently! [19].! Research! on! the! eye!
movements! of! expert! chess! players! provides! support! for! efficient! processing! of! prototypical!
stimuli,! as! they! are! able! to! rapidly! detect! complex! patterns! due! to! the! presence! of! existing!
perceptual! chunks! stored! in! memory.! Likewise,! the! knowledgeJguided! perception! of! chess!
experts!has!been!documented! through! the!ability!of! the!expert! to!attend!rapidly! to! the!most!
important!features!of!a!position![20].!Prototypicality!has!also!been!shown!to!have!an!effect!on!
an!object’s!perceived!attractiveness;!for!example,!preference!for!highly!prototypical!stimuli!has!
been! documented! in! studies! on! facial! attractiveness,!where! average! faces! are! deemed!more!
attractive!than!those!that!are!more!unusual![21J22].!Similar!findings!have!been!obtained!using!
various! stimuli! including! for! example! cubist! paintings! [23]! and! colours! [24].! It! has! been!
suggested!that!the!positive!reaction!to!a!prototypical!stimulus!is!a!consequence!of!its!fluency!in!
processing! [19].! That! is,! objects! of! high! prototypicality! correspond! highly! with! the! stored!
prototype,! and! hence! are! processed! more! efficiently! and! favourably! than! objects! that! are!
further!away!from!the!match.!The!influence!of!prototypicality!on!the!facilitation!of!information!
processing!has!also!been!investigated!in!websites.!A!study!by!Tuch!et!al.![25]!found!that!users!
preferred!prototypical!websites!when!judging!aesthetics.!Web!page!designs!that!contradicted!a!
user’s!memoryJgenerated!expectation!had!a!negative!effect!on!their!first!impressions,!implying!
that!both!prototypicality!and!visual!complexity!are!vital!components!of!website!construction!
[25J26].!Hence,!a!website!with!a!structure!which!matches!the!memory!prototype!held!by!the!
user!should!undoubtedly!enhance!the!learning!experience.!!
!
Website!design!is!thus!a!matter!of!concern!for!both!computer!scientists!and!psychologists.!It!is!
crucial!that!websites!are!designed!in!line!with!the!actual!memory!structure!of!users,!reflecting!
the!mental!categories!that!the!learner!uses!to!structure!reality.!Ideally,!good!pedagogic!practice!
would! involve! profiling! user! knowledge! prior! to! design.! Typically! however,! experts! create!
material!which!matches! their!mental! structures,!which!unfortunately,! learners!commonly!do!
not! share.! As! a! consequence,! learners! quickly! become! lost! with! the! material.! For! instance,!
statistical!packages!constitute!a!central!aspect!of!learning!in!psychology!but!are!not!designed!
for!learner!use.!The!software!provides!too!much!information,!and!in!this!case,!memory!cannot!
cope!with! recently! learned! information,! new! information,! and! the! structure! of! the! software.!
Similarly,!many!websites!designed!to!teach!statistics!are!structured!by!expert!statisticians!or!
expert!psychologists.!Whilst!such!websites!match!the!knowledge!of!psychologists,!for!learners,!
the!discrepancy!between!the!ways!in!which!they!have!been!taught!and!the!structure!of!the!site!
impedes! usability.! As! an! example,! many! students! are! taught! to! consider! the! design! of! the!
experiment! in!order! to!determine!the! type!of! test! to!apply.!A!cognitively!engineered!website!
would!offer!choices!as!a!function!of!the!design;!however,!many!present!a!basic!list!of!statistical!
tests:!leaving!the!choice!of!the!test!to!the!user.!Despite!the!fact!that!the!explanation!of!each!test!
is! provided,! the! website! structure! differs! from! the! user’s! memory! structure,! and! thus!
expectations,! hence! resulting! in! an! incompatibility! that! the! user! experiences! difficulty! in!
solving.!!
!
Since! information! is! interpreted!through!memory!structures,! it! is!evident! that! the!amount!of!
information! captured! at! any! one! time! depends! upon! the! knowledge! of! the! individual.!
Complexity!is!thus!the!result!of!information!overflow!in!human!memory.!Visual!complexity!has!
been!well!documented!within!HCI,!as!ample!research!has!demonstrated!its!role!in!the!usability!
of!websites![27J30].!Although!a!robust!definition!has!proved!difficult!throughout!the!literature!
[31],! the!term!is!applicable!to!and!has!been!measured!by!subjective!appraisals!of!complexity!
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and! objective! aspects! concerned!with! the! physical! properties! of! stimuli,! such! as! number! of!
elements! [32]! or! image! compression! size! [33].! Specifically,! studies! show! that! the! degree! to!
which!a!website!is!perceived!as!complex!influences!user!interaction![30].!Design!features!such!
as! font,! colour,! and! layout! affect! the! visual! processing! of! information! and! can! impact! upon!
users’! motivations! for! navigation! [34J35];! their! overall! response! as! consumers! [28];! and!
likelihood!of!revisiting!a!site![36].!Thus!web!designers!should!be!aware!of!the!significance!of!
establishing!an!ideal!scale!of!complexity!for!the!optimal!userJwebsite!connection.!!
!
Memory! also! has! a! crucial! effect! on! the! aesthetic! experience! of! individuals! [37].! Classic!
research! on! aesthetics! describes! the! relationship! between! aesthetical! pleasure! and! visual!
complexity! in! the! form! of! an! invertedJU! curve,! where! the! optimum! level! of! pleasure!
corresponds! to! a! moderate! degree! of! complexity! [32].! Preference! for! moderate! levels! of!
complexity!has!likewise!been!documented!in!websites![38].!Similarly!a!study!with!children!has!
found!that!websites!of!medium!complexity!are!preferable!to!those!of!low!or!high!levels![27].!A!
further!investigation!with!children!also!reports!an!overall!preference!for!moderate!complexity!
[39].! That! is,! the! peak! point! of! preference! concerns! stimuli! complex! enough! to! engage! the!
perceiver,! but! not! so! complex! as! to! cause! overload.! Despite! such! findings! however,! many!
studies!conducted!on!websites!have!yielded!a!negative!linear!relationship!between!complexity!
and! aesthetics! [25,! 40].! A! negative! relationship! has! also! been! discovered! through!
psychophysiological! measures,! where! visual! complexity! is! associated! with! negative! valence!
appraisal! and! an! increase! in! facial!muscle! tension! [28].! A!more! recent! study! also! reports! a!
negative! relationship!between! the! two!measures! [41].!Moreover,! an! investigation! conducted!
using! smartphone! interfaces! has! found! a! strong! relationship! between! simplicity! and! user!
satisfaction! [42].! Taken! together,! these! results! suggest! that! objects! deemed! simple! or!
moderately!complex,!as!assessed!by!memory,!provide!the!best!user!experience.!
!
Aesthetical!appeal,!as!emerging! from!memory!processing,! is!also!an! important!aspect!of!web!
design.! Investigations! into! the! aesthetical! properties! of!websites! [25,! 28,! 38,! 40,! 43],! reflect!
this.! For! instance,! the! aesthetical! properties! of! websites! have! been! shown! to! impact! on! a!
variety!of!aspects!such!as!user!trust![44],!intentions!to!revisit!a!site[45],!and!user!satisfaction!
[46].!Aesthetical!appraisal!is!evaluated!rapidly,!as!users!judge!the!attractiveness!of!a!website!in!
as! little!as!50!milliseconds![47].!As!mentioned,!research!indicates!that!the!attractiveness!of!a!
stimulus! depend! on! both! its! perceived! level! of! complexity! [30]! and! depends! both! upon! its!
perceived!level!of!complexity![28]!and!upon!the!similarity!to!its!classification!in!memory![25].!
A!likely!preference!for!highly!prototypical!and!thus!low!visually!complex!stimuli!finds!support!
through! the! negative! linear! relationship! between! visual! complexity! and! aesthetical! pleasure!
found!in!a!substantial!portion!of!the!research!conducted!on!websites![40J41].!Indeed,!Tuch!et!
al.! [25]! have! reported! a! relationship! between! visual! complexity! and! prototypicality! as!
determinants! of! aesthetical! appraisal,! as! highest! ratings! were! typically! obtained! from! sites!
both!low!in!complexity!and!high!in!prototypicality.!!
!
While!arguably!all!websites!would!be!wise!to!capitalise!on!the!knowledge!provided!by!HCI!and!
cognition! research! to! enhance! the! efficient! processing! of! information! and! elicit! positive!
appraisals,! this! is!of!particular!relevance! to!websites!designed! for!educational!purposes.!The!
acquired!knowledge!on!perceived!complexity!is!useful!for!the!design!of!better!user!interfaces!
and!wellJstructured!websites.!Visual! complexity,!which! is!actually!a! consequence!of!memory!
[48],!will!emerge!for!the!user!once!information!overloads!working!memory!capacity.!It!is!thus!
essential! that!educational!websites!contain!only! the!most!vital! information!necessary! for! the!
learner.!Parsing!the!information!into!segments,!and!ensuring!that!each!new!segment!is!learned!
properly!(via!repetitive!exercises)!before!progressing!on!to!more!information!is!essential!to!a!
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good!learning!process!and!hence!to!website!design.!For!example,!boxes!can!be!used!containing!
optional! information! for! the!advanced! learner,!but! the! complexity!of! information! should!not!
vary! in!a!given!piece!of! text,!at! the!risk!of! the! learner!getting! lost! in! the!details.!Regarding!a!
website’s! aesthetical! value,! perceived! attractiveness! is! not! only! important! for! appraisal! but!
also!plays!a!role!in!maintaining!user!engagement!and!improving!the!user’s!experience.!In!light!
of! the! fact! that! users! can! often! spend! hours! on! educational! websites,! design! should! aim! to!
improve!the!perceptual!experience!of!the!user!in!order!to!effectively!facilitate!learning.!!
!
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