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We should break the barriers surrounding mathematics. 
Freudenthal (1973, p.72) 
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Abstract 
!

!

!

The! overarching! question! for! this! thesis! is! what! is! preschool! mathematics?! This!
question!is!examined!using!different!points!of!views!or!different!perspectives!such!
as! the! children’s,! the! preschool! teachers! and! the! researchers.! The! foundation! for!
this!thesis!is!seven!articles,!two!single!author!articles!and!five!co2authored!articles.!
The! project! described! in! this! thesis! developed! out! of! my! research! interest! and!
discussions!in!the!research!group!of!which!I!have!been!part.!

In! the! first! article! we! use! video! recording! to! capture! the! typical! situations! that!
children!are!engaged! in!when!they!are!at!preschool.!The!videos!were!analysed! in!
order! to! classify! the! mathematics! in! evidence! according! to! Bishop’s! six!
mathematical!activities.!This!research!activity!raised!the!issue!of!whose!perspective2!
the! researcher,! the! preschool! teacher! or! the! children! 2! was! important! when!
discussing!what!is!preschool!mathematics?!!

The! second! article! discusses! the! issue! of! whose! perspective! in! more! detail! and!
introduces! a!methodological! tool,! the! didaktic! space! to! differentiate! between! the!
perspectives!of! the!preschool! teacher!and!children!as! identified!by!the!researcher.!
The! didaktic! space! makes! it! possible! to! simultaneously! see! the! different!
perspectives! separately! but! also! together! so! the! impact! of! the! teacher! and! the!
children!on!the!dynamic!nature!of!the!situation!can!be!described.!!

In! the! third! article! I! investigate! preschool! teachers’! and! child! care! staff’s!
(barnskötare)! perception! of! mathematics! in! preschool! using! data! from! related!
professional! development! courses.! The! stories! that! the! preschool! teachers! and!
childcare!staff!related!as!part!of!a!final!assignment!in!the!courses!were!categorised!
using!Bishop’s!six!mathematical!activities.!The!result!from!this!study!shows!that!the!
perceptions!of!preschool!teachers!are!not!just!on!Counting,!as!is!reported!in!earlier!
research,! but! on! almost! all! of! the! six! mathematical! activities! except! for! Playing.!
These!results!from!the!preschool!teachers!are!then!compared!with!the!results!from!
childcare! staff.! The! childcare! staff! had!more! stories! involving!Counting! but! they!
also!had!more!stories!connected!to!Playing.!!

This!result!led!to!the!investigation!discussed!in!the!next!article!(article!four)!which!
was! a! theoretical! discussion! on! Playing! as! a! mathematical! activity,! with! an!
empirical!example!used!to!highlight!some!of!the!issues.!In!this!article,!we!compare!
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different!perspectives! to! identify! the! common! features! of!mathematical!play.!The!
empirical!example!came!from!a!video!of!children!in!a!preschool!class!engaging!in!
free!play!and!allowed!an!identification!of!the!mathematics!which!could!be!used!by!
children!when!there!is!no!adult!present.!!

In!article!five,!I!combine!the!discussions!from!the!previous!articles!and!focuses!on!
why!preschool! teachers! struggle! to! identify!Playing! as! a!mathematical! activity! in!
children’s! interactions! in! preschools.! The! data! come! from! a! large! professional!
development! programme! in! which! the! preschool! teachers! read! and! discussed!
Playing!as!a!mathematical!activity.!The!results!of!the!analysis!suggest!that!the!way!
that!play! is!discussed!as!a!basis! for! learning!in!the!Swedish!preschool!curriculum!
could!contribute!to!teachers!having!a!professional!blind!spot!in!regard!to!Playing!as!
a!mathematical!activity.!!

Article! six! and! seven! provide! insights! into! children’s! perspectives! about!
mathematics! in! preschools.! The! data! used! in! these! articles! comes! from! the! same!
project!as!the!video!used!in!article!four!recorded!in!a!preschool!class.!The!data!from!
preschool!class,!described!as!the!bridge!between!preschool!and!school! in!Swedish!
educational!circles,!allows!the!pedagogy!used! in!preschools! to!be!contrasted!with!
that! used! in! school.! In! article! six! we! focus! on! the! mathematical! inclusion! or!
exclusion!that!mathematical!play!provides!when!there!is!an!adult!present.!

In!article!seven!we!also!focus!on!the!mathematical!inclusion!or!exclusion!but!now!
with!comparing! the! independent!play!situation! from!article! four!with! the! teacher!
led! situation! in! article! six.! The! theoretical! framework! for! article! six! and! seven! is!
Bernstein’s! vertical! and! horizontal! discourse.! This! change! of! theories! was! a!
response! to! the! questions! about! how! some! children! can! become!mathematically!
excluded!which!are!issues!of!a!socio2political!nature.!

These! different! perceptions,! children,! teacher,! researcher,! and! perspectives,!
descriptive,!theoretical!and!socio2political,!provide!a!deeper!understanding!of!what!
preschool!mathematics! is,!how! it! could!be! conceptualised!and!how! it! includes!or!
excludes! children! from!opportunities! to! learn.!As!a! consequence!of! this! extended!
investigation,!it!can!be!said!in!the!words!of!one!of!the!preschool!teachers,!“now!we!
have!a!way!of!talking!about!the!mathematics!that!we!can!work!with”.!

!
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1. Background and goals  
!

!

!

1.1 Me, mathematics and preschool 

To!try!to!describe!a! journey!is!always!difficult;! it!depends!on!so!many!small!
and!large!turns.!Often!it!is!the!small!turns!that!make!the!journey!memorable!
and! exciting.! In! this! section! I! describe! my! journey! with! this! Ph.D.! thesis,!
taking! as! my! starting! point! the! day! I! was! accepted! for! Ph.D.! Studies! in!
mathematics!even!though!the!journey!and!my!thoughts!about!it!had!their!base!
in!earlier!reflections.!

Starting! as! a! researcher!was! scary! and! exciting! at! the! same! time! and! this! is!
also! the! feelings! that! have! followed!me!during! this! time.!Doing! research! in!
mathematics! or! rather! learning! to! do! research! in!mathematics! forced!me! to!
think!about!my!own!view!on!mathematics.!One!of! the!main!questions! I!had!
was,!how!do!I!tell!people!outside!of!mathematics!what!I!am!doing?!In!order!to!
answer! this! question! I! therefore! had! to! think! about! how! others! could! see!
mathematics.! These! reflections! led! to! the! question:! What! is! the! essence! of!
mathematics?! In! this! section,! I! do! not! make! any! attempt! to! answer! this!
philosophical!question,!but!rather!focus!on!my!own!view!and!my!experience!
of!how!others!view!mathematics.!

My!research!made!me!see!mathematics!not!so!much!as!content!to!be!learned!
or! thought! about,! but! rather! as! processes,! working! with! different!
mathematical!objects!made!me!see!on!one!hand!the!fantastic!objects!that!could!
be! explored,! investigated! and!discovered,! all! of! this!with! a! large! portion! of!
imagination! and! the! abstract! image! creation,! but! also! the! logic! system! of!
proving.!!

With! a! teacher! background,! I! was! asked! to! do! the! compulsory! teaching!
connected!to!my!stipend!in!teacher!education!programmes,!specifically!in!the!
preschool! teacher! education.! ! This! was! my! first! real! contact! with! the!
preschool,! the! mathematics! in! preschool! and! the! preschool! curriculum.! In!



! !

2 
 

planning!the!first!course!I!again!had!to!think!hard!about!what!mathematics!is!
or!rather!what!mathematics!is!for!young!children?!!!

There! are! several! things! I! remember! about! planning! and! implementing! this!
first! course.! The! first! is! that! the! literature! I! was! reading! talked! about! pre2
mathematics,! early! counting,! pre2algebra,! basic! (not! as! in! the! foundation! of!
geometry!but!rather!something!before!geometry)!geometry!and!so!on.!My!first!
thought! was! I! know!mathematics,! counting,! algebra! and! geometry! etc.! but!
what!is!the!pre!or!early!part!of!this?!What!comes!before!this!content?!Already!
my!feeling!was!that!the!things!that!were!presented!were!not!pre!mathematics!
but!rather!pre(2)school!mathematics.!I!return!to!this!later!and!discuss!it!in!light!
of! the! research! done! in! this! PhD! thesis.! So! I! was! quite! sure! I! knew! the!
mathematics!but!the!learning!and!teaching!of!mathematics!was!another!issue.!
From!my! own! teacher! training,! I! knew! a! little! about! teaching! and! learning!
mathematics! in! upper! secondary! school,! but! preschool! and! small! children’s!
ways!of!learning!mathematics,!I!did!not!know!very!much.!!

The! second! thing! that! I! remember! is! my! first! meeting! with! the! group! of!
preschool!student!teachers!in!2006.!I!had!heard!from!colleagues!that!this!was!a!
group!that!had!much!to!say!and!that!they!were!easy!to!discuss!things!with.!So!
I! entered! the! classroom!with! the!anticipation! that! I!would!meet! an!engaged!
group! of! students.! What! I! found! surprised! me.! The! students! were! sitting!
quietly!at!their!desks!with!a!pencil,!eraser!and!a!graph!paper!in!front!of!them.!
It! was! clear! that! they! had! anticipated! their! interactions! about! mathematics!
would!resemble!something!from!their!previous!experiences.!This!first!meeting!
made!me!think!again!about!what!are!my!views!on!mathematics!and!what!are!
theirs.!I!realised!that!I!needed!to!present!mathematics!from!another!point!than!
their! previous! experience,! or! rather! really! think! about! how! to! present!
preschool!mathematics.!!

A! year! later! I! started! teaching! a! professional! development! course! for!
preschool! teachers!on!preschool!mathematics.!This!was! the! first! time! I!used!
Bishop’s! (1988a! and! 1988b)! mathematical! activities! as! a! way! of! describing!
preschool! mathematics.! These! are! discussed! later! in! considerable! detail! as!
they!are!used!as!a!theoretical!framework!for!many!of!the!articles!in!this!thesis.!

When!I!had!the!opportunity!to!start!a!second!PhD,!this! time!in!mathematics!
education! the! overarching! question! was:! What! is! mathematics! in! Swedish!
preschool?!What! is! mathematics! for! preschool! teachers! and! childcare! staff?!
And!what!is!the!consequence!of!these!different!views!in!practice?!!
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In!the!next!section!I!discuss!how!preschool!and!mathematics!can!be!connected!
and!what!kind!of!mathematics!that!can!be!seen!in!the!preschools.!

1.2 Mathematics and Preschool 

There! is! an! increasing! interest! in! mathematics! in! preschool.! According! to!
Clements! and! Sarama! (2007)! there! are! at! least! seven! reasons! for! why! this!
interst! has! grown! in! recent! year.! These! are! also! applicable! to! the! Swedish!
situation.! First:!more! children! attend!preschool! than! ever! before,! in! Sweden!
over!90!percent!of!126!year!old!children!attend!preschool.!Second:!there!is!an!
increased!recognition!of!the!importance!of!mathematics!in!the!society!this!can!
also! be! seen! in! the! Swedish! curriculum! for! preschool.! (Lembrér!&!Meaney,!
2014).! Third:! the! mathematics! achievement! for! Swedish! students! in!
international!comparisons!is!decreasing!(Statens!offentliga!utredningar,!2013).!
Fourth:! a! knowledge! gap! exists! between! different! socioeconomic! groups!
within! countries,! including! within! Sweden! (Dahl,! 2014).! Fifth:! researchers!
have!changed!from!the!perspective!that!children!have!no!knowledge!and!no!
capacity! to! learn! mathematics! in! preschool! to! a! view! where! children! are!
regarded!as!having!“informal!knowledge!of!mathematics!that!is!surprisingly!
broad!complex!and!sophisticated”!(Clements!and!Sarama,!2007,!p.!462).!Sixth:!
research! done! predominantly! in! the! USA! suggests! that! early! mathematics!
knowledge! is! a! strong! predictor! of! later! school! achievement,! not! just! in!
mathematics!(Duncan!et!al.,!2007).!Seventh:!Clements!and!Sarama!(2007)!also!
quote!research!which!indicates!that!the!knowledge!gap!appears!because!of!the!
lack! of! connections! between! children’s! informal! knowledge! and! school!
mathematics.!In!order!to!put!the!debate!about!mathematics!in!preschool!on!a!
solid! foundation,! there! is! a! need! to! explore! what! researchers! mean! by!
mathematics.!

However,! this! list! is! outlined! by! Clements! and! Sarama! (2007)! without! any!
discussion! of!whether! all! the! researcher!who! they! review!used! the! same! or!
different!definitions!of!what!mathematics!for!young!children!in!preschool! is.!
Therefore,! in! order! to! put! the! debate! about!mathematics! in! preschool! on! a!
more! solid! foundation,! there! is! a!need! to! explore!what! researchers!mean!by!
mathematics.! According! to! Schoenfeld! (1994),! people! develop! their!
understanding! of! the! nature! of! mathematics! from! their! experience! of!
mathematics,! and! that! experience! often! comes! from!mathematics! classroom.!!
However,!for!him:!!

Mathematics+ is+ the+ science+ of+ pattern,+ and+ relevant+ mathematical+

activities+ –+ looking+ to+ perceive+ structure,+ seeing+ connections,+ capturing+
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patterns+ symbolically,+ conjecture+ and+ proving,+ and+ abstracting+ and+

generalizing+–+all+are+valued.+(Schoenfeld,+1994,+p.+68)+++

Researchers’!basic!assumptions!about!what!mathematics!is!play!a!great!part!in!
how! mathematics! is! seen! and! also! the! attitude! towards! mathematics.!
According! to! van!Oers! (2002a! p.! 59)! “every! form! of!mathematics! education!
makes!assumptions!about!what! the!subject!matter!of!mathematics! really! is”.!
Hence! it! becomes! interesting! to! consider! researchers’! assumptions! about!
preschool!mathematics.!Van!Oers!(2002a)!distinguish!between!different!views!
on!what!counts!as!mathematics!in!school:!!

• ‘Mathematics’! as! a! school! subject! matter! is! really! about! arithmetical!
operations.!
In! this! view! the! children! are! considered! to! be! engaged! in! real!
mathematics! when! they! are! mechanically! practising! counting.!
According!to!van!Oers!(2002a)!this!is!the!classical!view!and!it!has!some!
implications! for! the! teaching! and! learning! of! mathematics.! Children!
should! not! discover! mathematics! but! rather! the! mathematics! is!
transmitted!from!the!teacher!to!the!child.!

• ‘Mathematics’!as!a!subject!matter!is!really!about!structures.!
In! this! view! the! focus! is! on! the! abstract! structures! and! they! are! to! be!
applied!to!concrete!situations!or!problems.!The!children!are!engaged!in!
real! mathematics! when! using! these! structures! to! solve! practical!
problems.!And! the! implications! for! teaching! and! learning! is! “that! the!
child! can! step! by! step! –!with!more! or! less! help! –! construct! the! basic!
structures! and! apply! these! subsequently! in! new! problem! situations”!
van!Oers!(2002a).!

• ‘Mathematics’! as! a! subject! matter! is! really! about! problem! solving!
activity!with!symbolic!tools.!!
In!this!view!the!focus!is!on!solving!problems!in!realistic!situations.!One!
important! component! is! the! discussions! in! heterogeneous! groups! of!
children! and! the! teachers! observe! from! a! safe! distance.! (van! Oers,!
2002a)!

The! first! view! focuses! on! a! specific! mathematical! content! area,! arithmetic,!
while! the! other! two! highlight! processes.! The! three! views! on! mathematics!
appear!separately!or!combined!in!the!assumptions!of!mathematics!educators.!
van! Oers! (2002b)! suggests! that! researchers’! views! of! mathematics! can! be!
identified! in! the! questions! stated! and! the! objects! that! are! researched.! ! The!
following! examples! of! the! mathematical! objects! or! content! that! is! being!
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research! indicate! the! researchers’! assumptions! about! what! mathematics!
should!or!could!be!for!young!children!in!preschools.!!

In!their!review!of!research!on!mathematics!for!early!childhood,!Clements!and!
Sarama!(2007)!discussed!the!“big!ideas!of!mathematics”!(p.!463),!number!and!
quantitative! thinking,! geometry! and! spatial! thinking,! data! analysis! and!
mathematical! processes.! Although! these! big! ideas! include! more! than!
arithmetic,!they!seem!to!be!a!combination!of!the!first!and!second!of!van!Oers’!
points!as!on!one!hand!it! is!expected!that!content!should!be!passed!on!to!the!
children! but! on! the! other! hand! the! inclusion! of! thinking!processes! suggests!
that! children! are! expected! to! be! able! to! transfer! their! knowledge! to! new!
situations.!

Ginsburg,! Lee! and! Boyd! (2008)! talks! about! children! being! involved! in!
everyday!mathematics!that!includes!a!variety!of!topics!including!space,!shape!
and!pattern,!as!well!as!number!and!operations.!!The!number,!operations!and!
patterns! have! to! do!with! counting! and! the! space! and! shape! deals!with! the!
spatial! aspect! of!mathematics.! These! areas! could! be! seen! as! topics! or! rather!
content!and!so!are!reminiscent!of!van!Oers’!first!view.!!

Lee!(2010)’s!study!was!on!preschool!teachers’!professional!content!knowledge!
and!in!it!mathematics!was!divided!into!six!subcategory!areas:!number!sense,!
pattern,!ordering,!shapes,!spatial!sense,!and!comparison.!As!was!the!case!with!
Ginsburg!et! al.! (2008)! study,! this! research! seems! to!be! connected! to! the! first!
assumption! identified! by! van! Oers,! even! though! it! includes! more! than!
arithmetical!content.!

In!considering!toddlers’!strategies!for!learning!mathematics,!Björklund!(2010)!
stated:!

mathematics+ is+considered+to+be+a+comprehensive+phenomenon+including+

concepts,+ strategies+and+principles+used+ in+social+ settings,+ such+as+when+

communicating+ or+ problem+ solving,+ that+ describe+ numerical,+ spatial+ or+

time+relationships+between+objects+and+events+(p.+75)+

This! view! of! mathematics! is! much! closer! to! van! Oers’! third! assumption!
because! there! is! a! focus! on! processes! in! realistic! situations.! However,! in!
research! on!mathematics! education! in! preschools,! it! would! have! to! be! said!
that!such!a!view!is!less!likely!to!occur!than!the!other!two!views.!

Based! on! similar! examples! to! those! provided,! it! seems! that! much! of! the!
research!on!mathematics! in!early!childhood! focuses!on!numbers!and!shapes!
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(see! for! example,! Clements!&! Sarama,! 2007)! or! the! traditional! content! from!
school! mathematics.! (for! example,! Rudd! et! al.! 2009;! Hunting! et! al.,! 2012).!
However,! this! focus! on! (school)! mathematical! context! is! a! problem! in! the!
preschool!setting,!according!to!Kamii!et!al.!(2004),!because!children’s!thinking!
is!not!differentiated!into!mathematical!topics.!

Nevertheless,! it! is! rare! to! have! researchers’! assumptions! about!mathematics!
for! young! children! explicitly! stated! in! their! studies.! Rather! it! seems! to! be!
assumed!that!there!is!a!common!understanding!of!what!mathematics!is.!Given!
that!there!is!this!lack!of!questioning!of!these!assumptions,!a!fundamental!issue!
is!raised!about!preschool!mathematics!as!a!social!and!cultural!practice.!

1.3 Preschool mathematics a social and cultural practice 

In!this!section!I!link!social!practice!to!cultural!practice!(Bishop,!1988a)!in!order!
to!develop!further!the!discussion!of!what!mathematics!for!young!children!in!
preschool! should! be.! From! a! socio2cultural! perspective,! Van! Oers! (2002a)!
wrote:!

Mathematical+ practice+ as+ it+ has+ been+ invented+ and+ developed+ in+ our+

culture+ implies+ an+ activity+ that+ is+ based+ on+ the+ construction+ of+ mental+

objects+ that+ model+ the+ numerical+ and+ spatial+ aspects+ of+ physical+ and+

cultural+reality+(p.+72)+

Mathematical+activity+can+then+be+seen+as+an+abstract+way+of+referring+to+

those+ways+of+acting+that+human+beings+have+developed+for+dealing+with+

the+ quantitative+ and+ spatial+ relationships+ of+ their+ cultural+ and+ physical+

environment.+(p.+71)+

Therefore,!mathematical!practice!and!mathematical!activity!are!both!cultural!
and!the!mathematics!that!takes!form!in!this!culture!comes!from!dealing!with!
quantity! and! spatial! understanding! of! the! environment.! According! to!
Björklund!(2008):!!

Mathematics+ is+ in+many+ways+ a+ cultural+ phenomenon.+Differences+ and+

similarities+ are+ expressed+with+ culturally+ formed+ concepts+ and+ symbols.+

(p.+85)+

For! her,! cultural! understanding! of! mathematics! is! connected! to! the! child’s!
possibility! to! develop! an! understanding! of! mathematics.! Björklund’s! (2008)!
view!on!mathematics! can!be! seen! as! based!on! the! second!view!of! van!Oers!
(2002a)!where!the!subject!matter!of!mathematics!is!about!structures.!!
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Bishop! (1988b)! pioneered! the! view! that! mathematics! is! a! cultural! practice!
through! arguing! for! six! mathematical! activities! as! being! universal! for! any!
culture:!!

six+ key+ ‘universal’+ activities+ are+ the+ foundations+ for+ the+ development+ of+

mathematics+in+culture.+…+All+cultures+have+necessarily+developed+their+

own+symbolic+technology+of+mathematics+in+response+to+the+‘demands’+of+

the+environment+as+experienced+through+these+activities.+(p.+59)+

The! activities,! he! labelled! as! mathematics,! with! a! small! “m”,! whereas! the!
discipline! of! academic! Mathematics,! with! a! capital! “M”,! included! specific!
versions!of!the!six!activities.!These!activities!were:!

Counting.! The! use! of! a! systematic! way! to! compare! and! order! discrete!
phenomena.! It!may! involve! tallying,! or! using! objects! or! string! to! record,! or!
special!number!words!or!names.!!

Locating.! Exploring! one’s! spatial! environment! and! conceptualising! and!
symbolising! that! environment,! with! models,! diagrams,! drawings,! words! or!
other!means.!!

Measuring.!Quantifying!qualities!for!the!purposes!of!comparison!and!ordering,!
using! objects! or! tokens! as! measuring! devices! with! associated! units! or!
‘measure2words’.!!

Designing.! Creating! a! shape! or! design! for! an! object! or! for! any! part! of! one’s!
spatial!environment.!It!may!involve!making!the!object,!as!a!‘mental!template’,!
or!symbolising!it!in!some!conventionalised!way.!!

Playing.! Devising,! and! engaging! in,! games! and! pastimes,!with!more! or! less!
formalised!rules!that!all!players!must!abide!by.!!

Explaining.!Finding!ways!to!account!for! the!existence!of!phenomena,!be!they!
religious,!animistic!or!scientific.!(Bishop,!1988a,!p.!182).!

Swedish!preschools!also!can!be!considered!a!social!practice!as!they!are!set!up!
to!enculturate! (Bishop,!1988)!children! into!a!certain!set!of!understandings!or!
for! them!to!become!participants! in! that! society! (Wenger,!1998).!However,!as!
Lembrér!and!Meaney!(2014)!indicate,!Swedish!preschool!also!are!expected!to!
fulfil! other! demands! which! may! be! in! contradiction! with! learning!
mathematical!content.!!



! !

8 
 

In!article!II,!there!is!a!discussion!about!why!it!is!difficult!to!attach!the!label!of!
social!practice!to!Swedish!preschool!mathematics.!School!mathematics!can!be!
labelled!as!a!social!practice,!by!using!Fairclough’s!(2003)!definition:!

Social+practices+can+be+thought+of+as+ways+of+controlling+the+selection+of+

certain+ structural+ possibilities+ and+ the+ exclusion+ of+ others,+ and+ the+

retention+of+these+selections+over+time,+in+particular+areas+of+social+life.+(p.+

23)++

Thus,! school! mathematics! to! be! labelled! a! social! practice! because,! using!
Bernstein’s! (1971)! terminology,! it! can! be! said! to! be! strongly! classified! and!
framed! and! thus! is! easily! recognised! by! people! who! come! across! it! in! the!
course!of!their!lives.!On!the!other!hand,!mathematical!activities!in!the!out!of!
school! setting,! that! is! in! everyday! setting,! are! embedded! in! social! practices!
very! different! to! school! mathematics! (Lave,! 1988),! and! are! likely,! in!
Bernstein’s! (1971)! terms,! to! be!weakly! classified! and! framed.! Consequently,!
every2day! situations! are! not! experienced! typically! as! being! connected! to!
school! mathematics.! This! has! consequences! for! identifying! mathematical!
situations!in!preschools.!If!in!preschool,!situations!are!labelled!and!recognised!
as!mathematical! activities!only!when! the!participants! identify! them!as! such,!
based! on! their! understanding! of! school! mathematical! practices,! then! many!
potential!preschool!mathematical!situations!may!go!unrecognised.!Therefore,!
identifying!what!constitutes!mathematical!situations!in!preschool!needs!to!be!
broadened! beyond! what! is! recognised! as! mathematical! situations! by! the!
participants,!teachers,!children,!parents!etc.!

Because! of! its! basis! in! socio2cultural! understandings,! Bishop’s! (1988)! six!
mathematical! activities! provides! an! alternative! approach! to! discussing!
mathematics!in!preschool!because!it!does!not!rely!on!school!mathematics!as!its!
comparative!basis.!Preschool!mathematics!can!be!considered!a!specific!set!of!
the!mathematical!activities!which!is!related!both!to!mathematics!with!small!m!
and!to!the!discipline!of!Mathematics.!!

In!this!thesis,!Bishop’s!six!mathematical!activities!have!many!roles!from!being!
the! theoretical! framework,! the! methodology! or! the! content! in! the! different!
articles.!The! flexibility! in! their!use! contributes! to!broadening!descriptions!of!
the!mathematics!in!preschool!as!a!social!and!cultural!practice!which!enables!a!
richer!understanding!of!our!preschool!teachers,!amongst!others!consider!to!be!
mathematics.!
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1.4 Preschool mathematics in Sweden, a curriculum change 

The! Swedish! curriculum! for! preschool! has! had! clearly! stated! objectives! in!
regard! to! mathematics! since! 1998! when! its! first! iteration! was! produced!
(Skolverket,! 1998).!However,! the! goals! are! not! objectives! for! the! children! to!
reach!but!for!the!preschool!to!strive!for:!

Goals+

The+preschool+should+strive+to+ensure+that+each+child…+

2 develop+ their+ ability+ to+ discover+ and+use+mathematics+ in+meaningful+
situations+

2 develop+ their+ understanding+ of+ basic+ properties+ in+ the+ concepts+
numbers+ measurement+ and+ shape+ and+ their+ ability+ to+ located+

themselves+in+time+and+space+(Skolverket+1998,+my+translation)+

The!preschool!curriculum!of!1998!reinforced!and!clarified!the!responsibilities!
for!the!preschool!teacher.!This!emphasis!in!the!curriculum!led!to!the!initiation!
of! a! professional! development! course! (Swedish:! Förskolelyftet)! in! order! to!
increase! the! staff’s! competencies! in! the! areas! where! the! curriculum! was!
strengthened! or! changed! from! previous! understandings! of! the! purpose! of!
preschools!(Skolverket,!2011b).!One!of!these!areas!was!mathematics.!!The!data!
in! article! III! and! article! V! are! from! various! iterations! of! these! courses.! The!
focus!of! the! courses!was! for! teachers! and!other!preschool! staff! to!notice! the!
mathematics! in! everyday! situations! in! the! preschool,! to! better! understand!
their! own! views! about! mathematics! and! to! evaluate! the! preschool’s!
contributions!to!children’s!mathematical!development.!!

In!the!2010!revised!version!of!the!curriculum!was!presented,!the!objectives!for!
mathematics!were”!

Goals+

The+preschool+should+strive+to+ensure+that+each+child…+

2 develop+ their+understanding+ of+ space,+ shapes,+ location+ and+direction,+
and+the+basic+properties+of+sets,+quantity,+order+and+number+concepts,+

also+for+measurement,+time+and+change,+

2 develop+their+ability+to+use+mathematics+to+investigate,+reflect+over+and+
test+different+solutions+to+problems+raised+by+themselves+and+others,+
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2 develop+ their+ ability+ to+ distinguish,+ express,+ examine+ and+ use+
mathematical+concepts+and+their+interrelationships,+

2 develop+ their+ mathematical+ skill+ in+ putting+ forward+ and+ following+
reasoning+(Skolverket+2010)+

In! the! revised! version,! the!mathematical! content! is! expressed!differently.! In!
the! 1998! version,! the! content! includes! numbers,! measurement,! shape,! time!
and!space.!In!the!revised!version,!the!content!areas!are!space,!shapes,!location,!
direction,!sets,!quantity,!order!and!number!concepts,!measurement,!time!and!
change.! This! indicates! that! preschools! are! expected! to! provide! learning!
situations!about!more!mathematical!content!with!the!introduction!of!the!new!
curricula.!As!well,!adaptations!were!made!to!the!content.!In!the!1998!version!
there!was! a! focus! on! children! locating! themselves,! but! this!was! changed! to!
locating! in! general! in! the! revised! version! of! the! curriculum.!As!well,! in! the!
1998! preschools! were! expected! to! provide! learning! opportunities! in! which!
children!would! use! and! discover!mathematics! in!meaningful! situations.! By!
the! revised!version,!mathematical! processes! are!more! explicitly! set! out! over!
three!different!goals.!Thus!Swedish!preschool!teachers!are!faced!with!a!more!
explicit!but!also!more!comprehensive!revised!curriculum!to!work!with.!!

Together! with! the! curriculum! a! background! to! the! curriculum! was! also!
published!by! the!Ministry!of!Education! (Utbildningsdepartementet! 2010).! In!
this! background,! the! reasons! for! the! revision! and! also! the! view! on!
mathematics!that!it!is!based!on!are!provided.!

It+is+the+connection+between+the+usefulness+and+investigation+and+between+

the+ concrete+ and+ the+ abstract+ that+ characterise+ mathematics+

(Utbildningsdepartementet,+2010,+p.+10+my+translation).+

Here!the!mathematics!is!described!as!a!connection!between!the!concrete!and!
the!abstract!and!the!usefulness!and!the!investigation!aspects!of!mathematics,!
which!suggests!that!the!focus!is!on!mathematical!processes.!The!mathematics!
is! also! said! to! be! developed! in! a! social! setting! and! the! children’s! thoughts!
about!mathematics!should!be!developed!together!with!the!staff!working!in!the!
preschool! (Utbildningsdepartementet! 2010).! The! goals! of! the! preschool!
curriculum! seem! to! reflect! the! third! view! of! van! Oers! (2002a)! where! the!
subject! matter! of! mathematics! is! seen! as! problem! solving! together! with!
symbolic! tools.!On! the!other!hand! the!background!document! and! the!quote!
above!seems!to!have!the!view!that!mathematics!is!about!structures!(van!Oers!
2002a! second!view).!But! the! focus!on! the! content! in!particular! counting!and!
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numbers! has! been! strong! in! Sweden! (Doverborg! 2006).! So! the! Swedish!
preschool! curriculum! seems! to! have! shifted! view! on! the! subject! matter! of!
mathematics.!This!will!of!course!affect!the!preschool!teachers!and!the!children!
when!it!comes!to!how!mathematical!situations!are!regarded!in!the!preschools. 

This!background!is!also!provides!the!basis!for!considering!how!to!implement!
the!revised!curriculum:!

One+way+of+approaching+the+goals+in+the+curriculum+is+to+start+with+six+

historically+ and+ cultural+ founded+ activities.+ These+ activities+ allow+ a+

possibility+ to+ work+ with+ all+ the+ goals+ concerning+ mathematics+ in+ the+

curriculum.+(Utbildningsdepartementet,+2010,+p.+11+my+translation).+

In! the! background,! there! are! no! explicit! references! to! Bishop’s! (1988)! six!
mathematical!activities.!However,!in!the!description!of!the!six!activities!in!this!
document,! there! are! only! small! differences! to! Bishop’s! presentation.!One! of!
the! differences! is! in! regard! to! designing.! In! the! background,! designing! is!
labelled! as! constructing.! Generally,! it! can! be! said! that! in! the! background!
document,! the!descriptions!of! the!activities!are!simplified!and!small!parts!of!
Bishop’s! (1988b)! original! descriptions! have! disappeared.! A! significant!
difference! is! in! the! Playing! activity! and! this! is! discussed! in! article! IV! and!
Article!V.!!

After!each!of!the!goals!from!the!curriculum!are!discussed!in!the!background!it!
is! stated! that! “this! goal! connects! to! all! of! the! six! mathematical! activities”!
(Utbildningsdepartementet,!2010,!p.!11213!my!translation).!

The! introduction! of! the! revised! curriculum! in! 2011! together! with! Swedish!
school!students’!declining!results!in!mathematics!in!international!assessments!
led!the!government!to!fund!another!large!professional!development!program,!
called!Matematiklyftet!(Skolverket,!2012).!Data!from!teachers’!participation!in!
this!course!are!analysed!in!article!V.!!

The!descriptions!of!mathematics! in!preschools!expressed!in!the!two!versions!
of! the! Swedish! preschool! curriculum! and! the! 2010! background! document!
indicate!as!discussed!above!that!the!view!on!mathematics!based!on!van!Oers’!
(2002a)! has! changed! from! a! focus! on! counting! and! numbers! (van!Oers! first!
view)!to!shifting!between!the!second!and!the!third!view!depending!on!if!the!
focus!is!on!the!curriculum!or!on!the!background!document.!
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1.5 Preschool teachers and mathematics 

As!mentioned! in! the!previous!section! the!Swedish!preschool!curriculum!has!
undergone! some! changes! in! the! last! two! decades.! As! the! provision! of!
professional! development! programmes! funded! by! the! Swedish! government!
indicate,! these! changes! are! likely! to! have! an! impact! on! preschool! teachers’!
practices! and! views! on! mathematics.! Like! researchers,! preschool! teachers!
come! with!many! years! of! experience! of! school! mathematics! and! these! will!
have!contributed! to! their!present!views!on!mathematics.!Consequently!what!
preschool! teachers! consider!mathematical! situations! in! their! preschool! to! be!
depends!on!their!view!of!mathematics.!This!could!mean!“one!teacher!focuses!
on!number!and!numerals,!another!one!on!structures,!while!a!third!may!stress!
the!importance!of!problem!solving”!(van!Oers!2002a).!

Thiel! (2010)! wrote! that! when! teachers’! talk! about! the! mathematical!
development!of!four!or!five!years!old,!they!focus!on!numbers!and!the!ability!
to!count.!So! the! teachers! in!Thiel’s! (2010)!study!seems! to!have! the!view!that!
the!subject!matter!of!mathematics!is!counting!and!numbers!(van!Oers!2002a)!  

When! Lee! (2010)! investigated! the! professional! content! knowledge! of!
American! kindergarten! teachers,!who! taught! 5! year! olds! in! the! first! year! of!
school,! she! found! that! they!had! the! highest! score! on!number! sense! and! the!
lowest!score!on!spatial!sense.!Professional!content!knowledge!has!become!the!
focus! of! several! studies! on! professional! development! of! preschool! teachers!
(Tirosh,! Tsamir,! Levenson,! Barkai! &! Tabach,! 2014;! McCray! &! Chen,! 2012;!
Levenson,!Tirosh!&!Tsamir,! 2011).! For! example,!Hunting!and!Mosley! (2009)!
working!in!Australia!interviewed!preschool!teachers!and!found!that:!!

interviewees+ generally+ demonstrated+ a+ creditable+ awareness+ of+ children+

who+ seemed+ to+ have+ a+ good+ grasp+ of+ mathematics+ from+ a+ content+

perspective.+They+seemed+less+aware+that+mathematical+proclivity+could+be+

demonstrated+ by+ means+ of+ processes+ children+ use+ as+ they+ engage+ in+

mathematical+activity.+(Hunting+&+Mosley,+2009,+p.+7)+

These! results!mirror! those! of! researchers! discussed! in! the! earlier! section,! in!
that! teachers! are! aware! of! mathematical! content,! particularly! counting,! in!
children’s!activities,!but!not!mathematical!processes.!This!point! is!elaborated!
on! in! article! III,! using! empirical! data! from! a! professional! development!
program! in! Sweden.! Preschool! teachers’! possibilities! for! recognising!
mathematical! activities! is! relate! to! their! attitudes! towards!mathematics! and!
towards!interacting!with!children!about!mathematics.!According!to!Kokkinos!
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(2009)! who! undertook! research! in! Australia,! “early! childhood! teachers! in!
prior2to2school! settings!were! never! expected! to! teach! before,! let! alone! teach!
mathematics”!(p.!4)!The!same!concern!is!echoed!in!Ginsburg!and!Ertle!(2008)!
and!Gifford,!2004,!suggesting!that!it! is!a!common!occurrence!throughout!the!
world.!!

After! reviewing! research! on! professional! development! in! early! childhood,!
Benz!(2014)!suggested!three!categories!of!competencies!as!being!important!for!
improving! early! childhood! education:! first,! knowledge! about! content,!
pedagogical!content!and!children’s!development,!secondly!the!need!for!action!
competencies! and! third! the! relevance! and! influence! of! attitudes,! beliefs,!
motivational! and! volitional! tendencies.! The! preschool! teachers’! beliefs! and!
attitudes! are! important! in! order! to! understand! what! mathematics! is! in!
preschool.! In!article! III!and!article!V,! I!discuss! the!preschool! teachers’!views!
on!mathematics!after!participating!in!two!different!professional!development!
courses! both! of!which!were! based! on! Bishop’s! six! activities! but!which! also!
acknowledged!Benz’s!three!categories.!!

1.6 Aims and Research questions 

The! aim! of! research! project! is! to! discuss! different! perceptions! of! preschool!
mathematics!in!Sweden,!in!order!to!better!understand!what!mathematics!is!or!
could! be! in! Swedish! preschool.! In! order! to! respond! to! this! main! question,!
across!the!different!papers!I!respond!to!many!sub2questions.!

What!is!mathematics!in!Swedish!preschools?!

− How!can!mathematics!be!defined!in!preschool?!
− In!what!ways!are!preschool!children!engaged!in!which!

mathematical!activity?!
− What!kinds!of!mathematical!activities!do!preschool!teachers!and!

childcare!staff!give!examples!of!after!having!participated!in!a!
professional!development!course?!!

− When!can!young!children’s!play!be!labelled!as!mathematical?!
− What!are!preschool!teachers’!views!on!play!as!a!mathematical!

activity?!
− Do!all!children!get!the!same!opportunity!to!engage!in!

mathematical!situations?!
− How!does!mathematical!inclusion!or!exclusion!work!at!the!micro!

level?!
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1.7 Research Instruments 

In! order! to! respond! to! the! research! questions,! I! used! a! range! of! different!
research!theories,!data!and!instruments.!All!of!these!are!described!in!more!or!
less!detail! in! the!articles! themselves.!However,! in! this! section,! I!describe! the!
approach!taken!to!the!project!as!a!whole.!In!some!sense,!this!research!design!is!
a!case!study,!which!Yin!(1989)!defined!as:!

A+ case+ study+ is+ an+ empirical+ inquiry+ that:+ investigates+ a+ contemporary+

phenomenon+ within+ its+ real>life+ context,+ when+ the+ boundaries+ between+

phenomenon+and+context+are+not+clearly+evident,+and+ in+which+multiple+

sources+of+evidence+are+used+(p.+23).++

The! research! project! is! an! empirical! inquiry! with! the! phenomenon! being!
investigated! mathematics.! The! context! is! preschool! as! exemplified! by! the!
preschools!in!which!filming!was!done!and!the!teachers!who!participate!in!the!
professional! development! programmes!worked.!As!discussed! in! section! 1.3,!
the! boundaries! between! the! context,! in! this! case! the! preschool,! and! the!
phenomenon!in!this!case!preschool!mathematics!are!not!clearly!evident.!!!
!
In!order!to!respond!to!the!research!question,!it!was!necessary!to!make!use!of!
multiple!data!sources,!some!of!which!originated!from!the!work!of! the!wider!
research!group.!For!example,!videos!from!preschool!and!preschool!class!came!
from! the! wider! research! group,! whereas! written! assignments! from! both!
preschool! teachers! and! childcare! staff,! group! discussions! with! preschool!
teachers!and!written!meeting!notes!I!collected!myself!as!they!were!connected!
to! the! delivery! of! professional! development! programmes! to! preschool!
teachers! in! my! local! area.! Although! some! of! this! material! was! used! for! a!
conference!paper!by! the!whole!group! (Helenius,! et! al.! 2015a! forthcoming),! I!
had! been! responsible! for! gaining! ethical! consent! to! use! it! as! data.! ! Table! 1!
provides!an!outline!of!what!data!was!used!in!the!articles:!!
!
!
!
!
!
!
!
!
!
!
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Table!1:!Data!use!

Method! Videos!! Written!
assignments!

Group!
discussion!

Written!meeting!
notes!

Article!I! X! ! ! !

Article!II! X! ! ! !

Article!III! ! X! ! !

Article!IV! X! ! ! !

Article!V! ! ! X! X!

Article!VI! X! ! ! !

Article!VII! X! ! ! !

!

Videos:!The! videos!were! collected! from! a! private! preschool! in! a! small! city!
during!several!months!over! two!years! (2011!and!2012)!and!a!preschool!class!
over! several! months! in! 2013! in! a! large! city,! both! in! southern! Sweden.! The!
preschool! filming!was!with! different! groups! and! classes! and! included! both!
indoor! and! outdoor! activities.! Using! video! from! preschool! class,! which! in!
Sweden! is! considered! a! bridge! connecting! preschool! to! school! and! so! the!
teachers! look! backwards! to! preschool! as!well! as! forward! to! school! for! their!
inspiration! for! tasks,! gave! a! possibility! to! contrast! the! preschool! pedagogy!
with!the!school!pedagogy!and!the!possibility!of!contrasting!the!mathematical!
content!in!view.!

Using!video!as!method!for!collecting!data!allows!for!a!more!thorough!analysis!
as!each!video!can!be!played!repeatedly,!allowing!for!a!fine2grained!analysis!of!
the! interactions! (Björklund,!2008).!This!was! the!approach! taken! in!articles! II,!
IV,!VI!and!VII!where!specific,!different!videos!from!the!set!were!analysed!in!
depth! in!order! to! investigate!particular! issues.! In!contrast!Article! I,!used! the!
set!of!videos!collected!in!2011!to!answer!a!broader,!more!descriptive!question!
about!which!of!Bishop’s!six!mathematical!activities!could!be!seen!in!situations!
in! which! children! interacted! with! each! other! and/or! with! a! teacher.! In! all!
cases,! the! videos! were! analysed! by! the! entire! research! group,! which!
contributed!to!a!more!robust!and!consistent!analysis.!!

The!analysis!of!this!data!was!done!to!identify!and!discuss!aspects!of!children’s!
engagement!in!mathematical!situations!and!as!such!can!be!considered!as!way!
of!understanding!children’s!perspectives.!In!article!II,!the!researchers’!analysis!
of! children’s! perspectives! is! contrasted! with! their! analysis! of! the! teacher’s!
perspective,!highlighting!potential!differences!in!perspective.!
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Although! using! videos! as! data! about! what! young! children! can! do! has!
advantages,!there!do!not!allow!for!the!collection!of!perfect!data.!For!example,!
small!children!may!have!soft!voices!or!be!in!situations!in!which!background!
noise! impedes! hearing!what! is! said! in! the! interaction! in! focus.!However,! it!
may!be!even!more!important!to!note!the! loss!of!valuable! information!due!to!
implicit!or!explicit!choices!in!regard!to!camera!angle!(Powell!et!al.!2003)!!

Written! assignments: The! data! analysed! in! article! III! consist! of! the! final!
written! assignment! from! 84! preschool! teachers! and! 52! childcare! staff! after!
having! participated! in! a! professional! development! course.! They! attended! a!
professional! development! course! focused! on! mathematics! in! preschool.!
Sometime!after!the!courses!had!finished,!in!some!cases!several!years!later,!the!
teachers!were!asked!if!their!assignment!could!be!used!as!data!for!research.!Of!
the!213!participants!contacted,!126!responded!favourably.!From!these!written!
assignments! examples!or! stories!were! identified!and!analysed.!These! stories!
often!told!about!situations!in!the!preschools!which!the!teachers!had!observed!
or!been!part!of.!According!to!Carter!(1993),!teacher!stories!can!be!a!powerful!
tool!for!investigating!teacher!practice.!Using!these!data!was!seen!as!one!way!
of! gaining! insights! in! teachers’! own! views! about!mathematics! in! preschool!
which! was! in! contrast! to! Article! II! which! reported! on! what! we,! as! the!
researchers,!saw!as!the!teacher’s!perspective.!Nevertheless!the!use!of!teacher!
stories!as!data!can!also!be!problematic!because!researchers!can!read!more!into!
the!stories!than!the!meaning!the!author!intended!to!convey!(Carter,!1993).!!!

Group!discussions:!The!group!discussions!occurred!as!part!of!a!professional!
development! course! delivered! to! several! groups! of! teachers! working! in!
preschools!in!the!northern!part!of!Sweden.!Although!the!discussions!were!not!
undertaken!as!a!way!of!collecting!data,!their!format,!responding!to!questions!
in! the!professional!development!material,! there!were!many! similarities!with!
collecting!data! through! focus!group! interviews! (Bryman!2001).! Each! session!
was!on!a!particular! topic!and! included!a!set!of!questions! to!be!discussed.! In!
these! meetings,! I! acted! as! a! facilitator! which! was! similar! to! the! role! of!
interviewer! in! focus!group! interviews.!This!way!of! collecting!data! is! further!
discussed! in! article! V.! According! to! Bryman! (2001)! focus! group! interviews!
give! researchers! an! opportunity! “to! study! the! ways! in! which! individuals!
collectively!makes!sense!of!a!phenomenon!and!construct!meanings!around!it”!
(p.! 338).!Thus,! the! transcripts! of! the!meetings!were! considered!as!providing!
some!insights! into!preschool!teachers’!perceptions!of!what!mathematics! is! in!
preschools.! These! meetings! were! videoed! and! the! videos! transcribed.!
However,! similar! to! the! case!with! the!written! assignments,! researchers!may!
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contribute! to! much! importance! to! the! stories! that! the! teachers! told! in! the!
discussions,!so!making!their!more!meaningful!that!the!speakers!had!intended.!

Written!meeting!notes:!This!written!meeting!notes!came!from!the!discussions!
of! the! research!group!as!we!grappled!with!writing! the!material! for! the!web!
based!professional!development!course,!used!in!the!professional!development!
course! that! was! the! basis! for! the! group! discussions.! This! data! is! used! as! a!
background! material! in! order! to! see! our! focus! and! questions! during! this!
writing.!

As! noted! in! the! descriptions! of! the! different! data! which! was! collected,!
perspectives! from! different! participants! were! highlighted! in! each! article.! In!
order!to!understand!such!a!complex!area!as!preschool!mathematics!I!needed!
to!take!all!of!these!different!perspectives!into!account.!Table!2!indicates!whose!
perspectives!were!in!focus!in!each!of!the!articles.!!

Table!2:!The!different!perspective!used!in!the!articles!

Perspective! Children! Preschool!
teachers! and!
childcare!staff!

Researcher! Facilitator! or!
creator! of! the!
module!

Article!I! X! X! X! !
Article!II! X! X! ! !
Article!III! ! X! ! !
Article!IV! X! ! X! !
Article!V! ! X! X! X!
Article!VI! X! ! ! !
Article!VII! X! X! ! !

!

The!perspectives!that!dominates!this!thesis!is!the!children’s!and!the!preschool!
teacher’s.!These!two!perspectives,!as!Table!2!shows,!are!used!together!in!three!
of!the!articles!in!order!to!see!the!different!situations!from!both!perspectives.!In!
the! other! four! article,! the! preschool! teachers! or! the! children’s! perspective! is!
alone!or!contrasted!with!the!researcher’s.!In!the!exploration!of!such!a!complex!
phenomenon! as! preschool! mathematics,! there! is! a! need! to! use! different!
perspectives!in!order!to!better!understand!the!situations.!From!table!2!we!can!
see! that! the!preschool! teachers! and/or! the! children! are! in! focus! in! all! of! the!
article! this! is! not! surprising! since! these! two! groups! are! the! main! actors! in!
mathematical! situations! in!preschool.! In!order! to! answer! the!question! about!
what!is!mathematics!in!preschool!it!is!important!to!contrast!the!perspective!of!
researchers!with!the!perspective!of!the!other!main!actors.!
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1.8 Presenting the analytical outcomes 

Different! analytical! frameworks!were! used! in! order! to! present! the! data! “in!
ways! that! produce! the! maximum! ‘illuminations’! for! the! readers”! (Willis! &!
Trondman,!2002,!p.!39).!Each!article!describes!the!framework!that!is!used!for!
analysing!the!data.! In!some!cases!such!as!Article!2,!developing!an!analytical!
framework!was! the! point! of! the! article! because! it! seemed! that! the! focus! on!
finding! evidence! of! particular! forms! of! school! mathematics! in! children’s!
interactions!in!preschool!had!precluded!researchers!from!considering!children!
and!teachers’!perspectives!on!the!issue!of!what!is!mathematics!in!preschools.!
Although!this!framework!was!not!used!in!later!work,!it!provided!insights!into!
the!importance!of!researchers!understanding!that!whose!perspective!mattered!
in!working!on!the!issue!of!what!is!mathematics!in!preschools.!

In! each! article,! excerpts! of! the! data! are! provided! to! exemplify! important!
features.! In! some!cases,! still!photos! from! the!videos!are! included! to!provide!
information!about!the!context!of!young!children’s!engagement.!Particularly!in!
articles! that! investigate! children’s! perspective,! transcripts! of! the! oral!
components! of! the! interactions! are! not! sufficient! to! convey! what! was!
happening.! Transcripts! are! presented! in! Swedish! with! English! translations.!
The!translations!were!not!made!word!by!word!but!indicate!the!metaphorical!
meaning!of!the!sentences.!!

1.9 Validity, reliability and ethical considerations 

Validity,! reliability! and! ethical! considerations! are! important! components! of!
any!research!project.!!

Construct! validity:! According! to! Yin! (1989)! this! means! “using! multiple!
sources! of! information,! and! establishing! a! chain! of! evidence”! (p.! 41)! In! this!
project,! as! mentioned! in! section! 1.7,! different! types! of! data! were! collected!
using! multiple! methods.! The! chain! of! evidence! is! constructed! as! the! red!
thread!running!between!each!of!the!article!to!give!a!comprehensive!response!
to!the!question,!what!is!mathematics!in!preschool.!!

Internal!validity:!In!regard!to!internal!validity,!Yin!(1989)!asked!“can!we!say!
that!a!gives!b!without!knowing!about!c!and!discussing!the!interference!of!me!
as! a! researcher?”! (p.! 41).! The! interferences! drawn! by! the! researcher! is!
discussed!and!highlighted!in!all!of!the!articles.!This!became!necessary!because!
of! the! lack! of! such! reflection! in! much! of! the! research! literature! about!
mathematics!in!preschool!discussed!in!the!earlier!sections.!The!research2based!
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arguments! are! discussed! in! order! to! find! counter! examples! or! counter!
explanations,!in!order!to!improve!the!internal!validity.!

External! validity:! “Are! the! results! generalizable! beyond! this! specific! case?”!
(Yin,!1989,!p.!41).!Regarding!the!possibility!of!generalizing!this!results!the!use!
of! different! perspectives! (preschool! teachers,! childcare! staff! and! children)!
different!sources!for!the!data!collection!and!both!small!and!large!sets!of!data!
provides! a! possibility! to! state! some! general! results.! This! variety! in! data!
sources!also!enables!us!to!discuss!individual!cases!in!light!of!the!larger!sets!of!
data.!For!example,!the!videos!from!a!preschool!used!article!I!can!be!compared!
with!stories!from!126!preschool!teachers!and!childcare!staff!used!in!article!III..!

Reliability:!The!general!way!of!approaching!the!reliability!problem!is!to!make!
as! many! steps! as! operational! as! possible! and! to! conduct! research! as! if!
someone!were! always! looking! over! your! shoulder! (Yin,! 1989).! In! all! of! the!
articles,!information!is!presented!to!make!as!specific!as!possible!both!how!the!
data!were!collected!and!also!how!the!analysis!was!conducted.!Examples!from!
the!data!are!then!presented!with!a!description!of!the!analysis!in!order!to!give!
other! researchers! a! possibility! to! conduct! similar! studies.! In! the! analysis!
processes!notes!were!made!to!ensure!that!it!was!possible!to!redo!the!analysis.!
In! the! case! of! the! single2authored! articles,! the! analysis!was! redone,! in! some!
cases! several! times,! to!make! sure! that! the! results!were! reliable.!For! the!data!
used! in! the! co2authored! article,! the! entire! research! group! performed! the!
analysis!for!the!same!reasons.!

Ethical! considerations:! In! this! study! I! follow! the! ethical! rules! stipulated! for!
research! in! the! social! sciences! in! Sweden! (Vetenskapsrådet,! 2008).! The! four!
major! issues! that! are! stipulated! here! is! information,! consent,! confidentiality!
and!use.! ! Regarding! information,! the! preschool! teachers,! childcare! staff,! the!
children! and! the! parents! were! all! informed! about! the! research! project! and!
how!the!videos!and!the!material!were!going!to!be!used!by!in!the!research.!All!
participants!were!also!asked! to!give! their! consent! (written)! for!us! to!use! the!
different!materials! in!this!study!and!they!were!informed!that! if! they!were!to!
change!their!minds!regarding!participation,!it!was!no!problem!to!remove!the!
relevant!data!from!the!study.!The!different!groups!involved!in!this!study!were!
also! informed! that! their! identities! would! be! kept! confidential.! In! all! of! the!
material!the!names!are!changed!and!the!original!data!is!kept!in!places!where!
only! the! research! group! have! access.! The! data! is! used! for! research! articles,!
conference!papers,!professional!development!material!and!this!specific!thesis!
and!the!different!groups!have!been!informed!about!this.!!
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2. Outcomes 
!

!

!

In!this!chapter!I!introduce!each!of!the!articles,!by!highlighting!the!main!points!
in! them! and! how! these! points! contribute! to! answering! the! main! research!
question,!what!is!preschool!mathematics?!I!also!compare,!in!cases!where!it!is!
applicable,! the! different! views! on!mathematics! that! became! apparent! in! the!
articles!with!van!Oers!(2002a)!three!views!on!mathematics.!!!

!

2.1 What maths do children engage with in Swedish preschools? 
Article I 

Although! not! the! first! data! I! collected! and! analysed,! this! article! provides! a!
useful! starting! point! for! introducing! the! issue! of! what! mathematics! is! in!
preschool.!It!describes!a!pilot!study!which!investigated,!from!the!researchers’!
point! of! view,! the! mathematics! in! which! children! engage! in! Swedish!
preschools.!The!article! starts!with!a!discussion!about!preschool!mathematics!
and!its!connection!to!school!mathematics,!including!a!brief!outline!of!what!is!
known! about! preschool! teachers’! views! on! mathematics.! To! classify! the!
situation,!we!used!Bishop’s! (1988a)!six!mathematical!activities.!Although!the!
classification! was! easy! to! do,! a! question! arouse! about! why! do! we,! as!
researchers,!want!to!classify!the!mathematics!and!for!whom!were!the!results!
useful.!!We!had!to!determine!whether!it!was!important!that!the!children!or!the!
teacher!perceived!the!activities!as!being!mathematical!ones!and!this!including!
considering!for!whom!these!activities!were!mathematical.!In!order!to!respond!
to! these! concerns! we! used! Walkerdine’s! (1988)! distinctions! between!
instrumental! and! pedagogical! tasks,! so! that! we! could! distinguish! between!
whether!the!focus!was!on!learning!aspects!of!the!mathematical!activities!or!in!
using! already! learnt! aspects! to! solve! a! particular! problem.! However,! the!
results!of! categorisation! left!us!dissatisfied!and! led! to! the!next! article!which!
explore! the! question! for! whom! must! it! be! mathematical! in! more! detail.! A!
conclusion!that!can!be!drawn!from!this!pilot!study!is!that!Swedish!preschool!
offers!a!variety!of!mathematical!activities! for! the!children.!But! the!questions!
that! still! remain! are! who! is! doing! this! classification,! does! it! matter! if! the!
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preschool! teachers! and! the! children! are! aware! of! the! mathematics! and! the!
mathematical!activity!and!what!insights!to!preschool!mathematics!do!Bishop’s!
six!mathematical!activities!give.!

! !
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In order to better understand the mathematics that preschool children engage in, we categorised the 
activities made available in one Swedish preschool. Although using Bishop’s 6 categories of 
mathematical activities and Walkerdine’s distinction between instrumental and pedagogical 
activities overcame some of our categorisation issues, they did not solve all of them. Some activities 
could be included in several categories which brought us back to a discussion about who was making 
what kinds of distinctions and for what purposes. 
Keywords: preschool, Bishop’s mathematical activities, instrumental and pedagogical activities. 
 

INTRODUCTION  
There is little research on the type of mathematical activities made available either through 
explicit interactions or incidentally through the provision of physical resources in preschools. 
In this paper, we discuss the classification of activities, from one Swedish preschool, using 
Bishop’s (1988b) six categories of mathematical activities and Walkerdine’s (1988) 
instrumental and pedagogic tasks. We anticipated that our decisions from this pilot study 
would contribute to a larger study on what mathematics is in Swedish preschools. 

Often the school curriculum with its emphasis on number knowledge has driven the research 
into mathematics at preschools (see Clarke, Clarke, & Cheeseman, 2006). However, the 
abstract nature of number terms can mean that they are more difficult to learn than relational 
terms such as heavy, empty, etc (Hore & Meaney, 2008). Yet, preschool teachers may 
consider mathematics to be only “sifferskrivning och ramsrakning (writing numerals and 
reciting counting rhymes)” (Doverborg, 2006, p. 7; our translation). Consequently, although 
the Swedish preschool curriculum, implemented in 1998 (Skolverket, 1998), included 
mathematical topics, such as measurement, shape, space and time, there is uncertainty about 
whether Swedish preschool teachers introduced children to these ideas.  

However, trying to determine what mathematics is in preschools, by making distinctions 
between mathematical activities may be counterproductive. In a study in a Swedish 
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preschool, Emilson and Folkesson (2006) used the ideas of Bernstein to suggest that, “in the 
chosen situations we have seen how a strong classification and framing risks restricting 
children’s participation, and that a weak classification and framing can promote the 
possibility for children to participate on their own terms” (p. 235-6). Not highlighting 
distinctions between mathematical topics may allow teachers to more easily adapt to 
children’s interests. This, therefore, raised the issue of who was distinguishing activities and 
for what reasons. 

COLLECTING THE DATA 
The data for our research came from a private preschool in a large city in southern part of 
Sweden. We had asked to film situations which involved mathematics. Filming was 
undertaken with different classes/groups over several days in November and December, 
2011. Altogether, there were about eight hours of filming, which involved children engaging 
in activities both indoors and outside. The videos were transcribed. 

ANALYTICAL DECISION MAKING 
At meetings in December 2011, February and March 2012, at least four researchers analysed 
all the videos. Each meeting highlighted the need to make decisions about how we were doing 
the categorisation. The two main decisions were to determine the sort of mathematics that 
children were engaged with and to determine whether it was important that the children or the 
teacher perceived the activities as being mathematical ones. 

Categorising mathematical activities 
Although not acknowledged, the mathematical ideas highlighted in the revised Swedish 
preschool curriculum are based on Bishop’s (1988a; 1988b) six categories of mathematical 
activities (see Utbildningsdepartementet, 2010). Bishop saw these categories as universal for 
any culture and labelled them as mathematics, with a small “m”. The discipline of 
Mathematics, which he capitalised, included specific versions of the six activities and thus 
was one kind of mathematics. Bishop’s six categories, therefore, have a different background 
and focus than the topics often connected with school mathematics, although there is some 
overlap. The categories were: 

Counting. The use of a systematic way to compare and order discrete phenomena. It may 
involve tallying, or using objects or string to record, or special number words or names.  
Locating. Exploring one’s spatial environment and conceptualising and symbolising that 
environment, with models, diagrams, drawings, words or other means.  
Measuring. Quantifying qualities for the purposes of comparison and ordering, using 
objects or tokens as measuring devices with associated units or ‘measure-words’.  
Designing. Creating a shape or design for an object or for any part of one’s spatial 
environment. It may involve making the object, as a ‘mental template’, or symbolising it in 
some conventionalised way.  
Playing. Devising, and engaging in, games and pastimes, with more or less formalised 
rules that all players must abide by.  
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Explaining. Finding ways to account for the existence of phenomena, be they religious, 
animistic or scientific. (from Bishop, 1988a, p. 182)  

By using Bishop’s six categories as the basis of the preschool curriculum, the focus could be 
on the mathematics of children’s experiences and interests, which could be considered as 
small-m mathematics, rather than on what they do not have of school mathematics, 
considered to be more closely connected to big-m Mathematics.  

Instrumental or pedagogical purposes 
Another issue was whether the teacher and/or the children needed to recognise the activities 
as mathematics or whether it was sufficient for us, as mathematics education researchers, to 
do so. We chose to circumvent the discussion by distinguishing between instrumental and 
pedagogical tasks. In examining interactions between parents or preschool teachers and their 
children, Walkerdine (1988) made a distinction between instrumental and pedagogical tasks. 
Instrumental tasks focussed on achieving a specific aim and included mathematical 
components only to achieve that aim. Pedagogical tasks had the main purpose of teaching 
children about mathematics. In analysing the interactions of two mothers and their preschool 
children Aubrey, Bottle and Godrey (2003) found that one mother embedded the 
development of mathematical understandings within other tasks, especially her child’s play. 
The other mother provided pedagogical tasks that focused on mathematical understandings in 
her interactions with her child. Nevertheless, we were aware that Walkerdine (1988) found it 
difficult at times to assign activities to the different categories and that some exchanges did 
not fit either category. This was the case when a mother discussed an activity, but without the 
intention of solving a problem or to teach a child some mathematics. 

Consequently, whilst classifying the activities using Bishop’s six categories, we 
distinguished between whether the tasks had a pedagogical or an instrumental purpose. 
However, we tightened the definitions so that if the main focus was on the mathematics, we 
classified the activity as pedagogical. When the mathematics was incidental then the activity 
was classified as instrumental.  

In the next sections, we describe our reasoning for choosing 12 activities to represent 
Bishop’s six categories with the two different purposes. Many times, one activity seemed to 
have features of several categories, both in relationship to the mathematics and its purpose. 
Hence, even with our tighter definitions, not all activities could be easily classified. 

Counting: Instrumental 
In an outside activity, the teacher had the children pretend to be magpies and collect five 
leaves to place them in hoops which were their ‘pantries”. 

Björn: Jag kan ränka, en, två, tre, fyra, fem Björn: I can count, one, two, three, four, 
five. 

Lärare: Fem, bra! Nu har ni fem stora löv i 
ert skafferi 

Teacher: Five, great! Now you have five 
large leaves in your pantry, 
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The focus of the activity was for the children to find five leaves. However, the child initiated 
counting aloud and it seemed that it was to help the child know that they had completed the 
task appropriately. Consequently, we decided that the purpose for the counting was 
instrumental to the child making sure that he enough leaves. 

Counting: Pedagogical 
In contrast to the previous activity, in this exchange a child’s miscounting of some jars 
became the focus for the teacher.  

Mia: En, två, tre fyra, fem sex, sju. Sju. Mia: One, two, three, four, five, six, seven. 
Seven. 

Lärare: Sju … Lena, vill du räkna alla 
burkarna tillsammans? 

Teacher: Seven … Lena, would you count 
all the jars together? 

Lena: [pekräknar] En, två, tre, fyra, fem, 
sex, sju, åtta. Åtta 

Lena: [pointing] One, two, three, four, 
five, six, seven, eight. Eight 

Lärare: Åtta. [till Mia] Hur många fick du 
det till, kommer du ihåg det? när du 
räknade alla tillsammans? [Mia skakar 
på huvudet]  

Teacher: Eight. [to Mia] How many did 
you get, do you remember? When you 
counted all together? [Mia shakes her 
head] 

Mia: Sju. Mia: Seven. 
Lärare: Mia fick det till sju. Teacher: Mia made it seven. 
Mia: Nej, jag fick det till åtta. Mia: No, I made it eight. 
Lärare: Aha, du fick det till åtta.  Teacher: Ah, you made it eight. 

By asking another child to also count the jars, the teacher seemed to want to contrast the two 
answers and thus problematise the first count. Although the original counting was child 
initiated, the teacher’s intervention changed the purpose of the activity. However, when the 
child changed her answer to eight, the teacher did not pursue her pedagogical goal. 

Measuring: Instrumental 
When playing outside, two children described their mittens using a range of different 
measurement terms. 

Leo: Nu är dom varma Leo: Now they are warm. 
Lärare: Är dom varma? Teacher: Are they warm? 
Bo: Mina vantar är, är tjocka Bo: My mittens are, are thick 
Lärare: Är dom där borta? Teacher: Are they over there? 
Bo: Och varma Bo: And warm 
Lärare: Är dom varma där?  Teacher: Are they warm there? 
Bo: Och tjocka, tjocka och varma, dom 

tunna [vantar] är inne. 
Bo: And thick, thick and warm, the thin 

[mittens] are inside. 
For the children, the warmth of their mittens is something to be discussed. This is an occasion, 
such as was described by Walkerdine (1988), where the purpose of the activity is not to solve 
a problem or to learn mathematics, but to make comments. We, therefore, considered the use 
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of measurement terms to be part of providing the descriptions. Consequently, we classified 
the activity as being instrumental. However, the teacher’s questions suggest that she may 
have wanted to focus more on these terms. Nevertheless, as was the case in the previous 
example, the teacher allowed the conversation to move quickly to something else and did not 
try to hold the children’s attention to the mathematics.  

Measuring: Pedagogical 
After a child had filled a bucket up with sand, the teacher asked what he wanted to do next. In 
so doing, the amount of sand and how heavy it was came into focus. 

Lärare: Vad ska vi göra nu med hinken? Teacher: What shall we do now with the 
bucket? 

Viktor: Platta Viktor: Flatten 
Lärare: Platta den? … Så vad betyder det? Teacher: Flatten it? … So what does that 

mean? 
Viktor: Vända. Viktor: Turn 
Lärare: Vända den? Hur ska vi göra det 

då? 
Teacher: Turn it? How do we do that then? 

Viktor: Vända. Viktor: Turn. 
Lärare: Ska vi prova, ska du prova? Oj, var 

den tung eller lätt? 
Q: Shall we try, shall you try? Oh, was it 

heavy or light? 
Viktor: Tung. Viktor: Heavy. 
Lärare: Tung. Hur ska vi då göra då? Hur 

ska vi kunna vända när den var så tung? 
Har du nåt förslag? 

Teacher: Heavy. What shall we do then? 
How shall we turn it when it is so 
heavy? Have you some suggestions? 

Viktor: Ta ut lite Viktor: Take out a little 
This was a difficult activity to categorise. In the interaction, the focus became the relationship 
between the amount of sand in the bucket – the sand’s volume - and how heavy the sand was. 
However, the child’s wish to turn the bucket upside down suggests that the mathematics was 
incidental rather than the main focus. The teacher queried the child about his interpretation of 
what he was doing, but it was the child who came up with the solution of emptying some sand 
out of the bucket. It may have been that it was only the teacher who recognised the 
pedagogical point of highlighting the relationship between the heaviness and the volume of 
the sand as well as trying to extend the child’s ability to explain their thinking. The activity 
could be classified both as measuring and explaining but also as pedagogical and 
instrumental, depending upon whether it was the teacher or the child’s perspective which was 
taken.  

Locating: Instrumental 
As shown in Figure 1, moving toy vehicles around involves children locating, themselves, 
other objects and the vehicle. The mathematical activity of locating, thus, is instrumental for 
achieving the aim of keeping the truck moving. 



Johansson, Lange, Meaney, Riesbeck and Wernberg 

  
Abcde+3 ICME-12, 2012 

 
Figure 1: Driving a truck 

Locating: Pedagogical 
Whilst playing outside, one toddler climbed onto a bench and walked back and forth along it. 
Figure 2 shows the child requesting assistance to get down by raising her arms to the teacher. 
When the teacher did not immediately pick the child up, the child clambered down after first 
gauging how far down she had to go. Exploration of space is a feature of location activities. 
Although there was no teacher actively involved, we consider that locating was the main 
focus of the activity and so it had a pedagogical rather than instrumental purpose. She was 
developing a sense of ‘on’, ‘along’, ‘above’, ‘up’ and ‘down’ which at later date could be 
given verbal labels. Further research is needed to explore how non-verbal experiences are 
connected to being able to talk about them.  

 
Figure 2: Walking along a bench 

Designing: Instrumental 
Figure 3 shows two girls using sand and twigs to make a mini-garden. Again, the verbal 
interaction was minimal. One girl focused on building up the sand around the base of the twig 
whilst the other girl was interested in a broken branch that was connected to the twig and how 
she could arrange it by moving it around. Bishop (1988b) stated that “the essence of designing 
is transforming a part of nature” (p. 39) and this would suggest that this activity was a 
pedagogical one rather than an instrumental one. However, we chose to classify this activity 
as instrumental as the main purpose seemed to be exploring the sand and twigs, with the 
garden design arising spontaneously from this exploration. This is in contrast to the previous 
activity where the child walked along the bench and deliberately seemed to be exploring 
spatial orientation, suggesting that her purpose was pedagogical.  



Johansson, Lange, Meaney, Riesbeck and Wernberg 

 
ICME-12, 2012 abcde+2 

 
Figure 3: Making a garden 

Designing: Pedagogical 
When collecting leaves, the teacher asked the children to describe the shape of one of them. 
This extract is just a small part of the exchange where the teacher prompted the children to use 
a range of terms to describe the shape. 

Lärare: Hur många kanter har det? Teacher: How many edges does it have? 
Kerstin: En, två, tre, fyra, fem. Kerstin: One, two, three, four, five. 
Lärare: Ja, det är femkantigt. Teacher: Yes, it is pentagonal. 
Per: Det har en, två, tre. Per: It has one, two, three. 
Lärare: Det här då? Har det några kanter? 

Vilken form har detta lövet? 
Teacher: This then? Does it have any 

edges? What shape has the leaf? 
Annika: Det är platt (otydligt) ochså är den 

rak. 
Annika: It is flat (inaudible) and also it is 

straight. 
Lärare: Platt och rak ja, vilken form har 

detta lövet då Annika? 
Teacher: Flat and straight so, what shape 

has this leaf then Annika? 
Although she used one of the children’s leaves as the stimuli, the teacher had a clear 
pedagogical purpose in drawing the children’s attention to different features of the leaf. The 
activity is not about exploring but about using their mathematical words and understandings 
to respond to the teacher’s requests for descriptions. The teacher knows the answers to her 
questions and the expectation is that the children will show what they know. In this way, the 
teacher ensures that the mathematics is at the centre of the exchange. 

Playing: Instrumental 
The teacher set up a game for determining equivalent sets by first turning the children into 
magpies and some plastic hoops into nests. The rule of the game was that the children had to 
fly to nests so that every nest had the same number of magpies. 

L: Nu, förvandlar jag er, hokus, pokus, 
filiokus, till skator. Alla små skator 
varsegod och flyg in i ett bo. Var ska du 
flytta in Nils? Två skator som inte har 
flyttat in. Flytta in, flytta in i ett bo, 
Hans. Sådär ja, jag är den som ska tala 

L: Now I change you, hocus, pocus, 
filiokus, into magpies. All small 
magpies, here you are, fly into a nest. 
Where are you moving to Nils? Two 
magpies that have not moved in. Move 
in, move into a nest, Hans. Like that, 
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om vad skatorna ska göra, men är vi lika 
många i alla bona? 

yes, I'm the one to tell the magpies what 
to do, but are there an equal number in 
all the nests?  

This was a fantasy game which had rules that the children had to follow if they were to 
participate. At least for the teacher, being magpies was instrumental for achieving the main 
focus which was on making equivalent sets. However, for some of the children flying around 
as magpies was a more important focus. 

Playing: Pedagogical 
On one occasion outside, the teacher arranged the children in a circle. The teacher asked the 
children to explain how to play a game, where they had to pass a squeeze from hand to hand 
around the circle. 

Lärare: Hur går detta till nu Elen?   Teacher: How does this work now Elen? 
Elen: Det var inte roligt att trycka löst   Elen: It was not fun to push loosely 
Lärare: Ja, genom vanten precis som 

Emma gör. Där får man nog trycka lite 
hårdare. Kan du berätta för alla hur man 
gör? För alla har nog inte varit med […] 
Kramar man med båda händerna 
samtidigt? Man trycker med den ena 
handen? Man trycker inte när som helst 
va? Hur går det till då? 

Teacher: Yes, through the mitten like 
Emma does. There you can probably 
press a little harder. Can you tell 
everybody what to do? For all have 
probably not participated […]. Do you 
hug with both hands at once? Press with 
one hand? One does not press at any 
time, right? How does it work then? 

Emma: Du har berättat allt   Emma: You have told us everything 
In this activity, the rules of the game were the focus and the discussion of them had a 
pedagogical purpose to ensure that everyone knew what to do. It may also have been that the 
teacher had wanted the children to explain the rules but her own comments meant that the 
children did not feel there was anything for them to explain. 

Explanations: Instrumental 
When outside the children collected ice from a frozen puddle and showed it to the teacher. 
One child stated she would not collect any more ice and the teacher asked why. 

Barbro: Nu vill inte jag ta mer is. Barbro: Now I will not take more ice. 
Lärare: Varför då? Teacher: Why? 
Barbro: För jag blir smutsig. Barbro: For I will get dirty. 
Lärare: Blir du smutsig? Lärare: Do you become dirty? 
Barbro: Och kall. Barbro: And cold. 
Lärare: Och kall. Man bli iskall när man 

tar i is.  
Teacher: And cold. One gets ice cold when 

one holds the ice.  
For the child, her explanation was incidental to not picking up any more ice and thus the 
exchange was classified as instrumental. However, by repeating the child’s answer, the 
teacher may have had a pedagogical purpose in asking for an elaboration of the explanation. 
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Explanations: Pedagogical 
On some occasions, the teachers gave a specific explanation and this became the focus of the 
activity. At the beginning of a day of filming, the teacher began by explaining mathematics to 
the children.  

Lärare: Vet ni vad barnen? I dag ska vi ha 
matematik. Vad är matematik? 
Matematik är såna (otydligt) som jag ha 
på fingrar och fötterna (otydligt) … Den 
var liten, och sen så hade ju mamma 
såna här stora så vi mätte ju dina burkar 
för det var olika storlekar på dem, det är 
matematik. Matematik kan vara 
jättemycket, man kan räkna som vi 
gjorde, man räknar barnen till exempel: 
en, två, tre, fyra, fem. Det kan vara 
matte. 

Teacher: Do you know what children? 
Today we have mathematics. What is 
mathematics? Mathematics is like 
(inaudible) that I have on the fingers 
and feet (inaudible) … It was small, and 
then mum had like these big, so we 
measured your cans since there were 
different sizes of them, that is 
mathematics. Mathematics can be a lot, 
you can count as we did, you count the 
children, for example: one, two, three, 
four, five. It can be maths. 

This explanation was not instrumental in achieving another purpose but was the main focus. 
However, the children would not have learnt what features constituted an explanation from 
simply listening to the explanation. This is in contrast to the pedagogical playing task where, 
from listening to the teacher’s instructions, the children would have learnt about the need to 
follow rules to play a game. In our data set, there were no examples of the children being 
introduced to the features of an explanation. On the other hand, there were many occasions, 
such as the pedagogical measuring task where the teacher’s questions prompted the children 
to provide or elaborate on an explanation. Thus, the children may have learnt implicitly what 
the features of an explanation were. 

CONCLUSION 
The pilot study indicates that children at this preschool had opportunities to engage in 
different mathematical activities. Our expectation was that we would see many activities 
involving learning to count as had been suggested by Doverborg (2006). Although counting 
did feature, it was not the only activity that the teachers provided after we had asked 
specifically to film mathematical activities. 

Nevertheless, categorising the activities was more difficult than we had originally anticipated. 
Many activities seemed to have more than one mathematical focus and often it was difficult to 
be certain whether the activity was an instrumental or pedagogical one. In some case, the 
teacher and the child may have had different perspectives. When the children described the 
warmth of their mittens, they may have wanted simply to open up a discussion with the 
teacher. On the other hand, the teacher may have had a pedagogical purpose in asking 
questions that not only continued the conversation, but kept the focus on measurement terms, 
about thickness and warmth. Both the child and the teacher also used terms, such as “over 
there” and “inside”, suggesting that a minor mathematical theme was location. Generally, 
pedagogical tasks were directed by a teacher but this was not always the case. In the 
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pedagogical location activity, teacher involvement was minimal and the child was the one 
who structured the activity so that the focus was on location. It may be that activities with 
both pedagogical and instrumental purposes support children to become aware of and use 
mathematical language. Klibanoff, Levine, Huttenlocher, Vasilyeva, and Hedges (2006) 
found that the amount of mathematical talk by preschool teachers correlated with their 
children’s growth in conventional mathematical knowledge, although for them this was 
knowledge about number.  

However, our difficulties in categorising the activities bring us back to the question of who is 
doing the classification and for what purpose. It may be that we need to think carefully about 
our reason for doing the classification and how our choices will influence what we can 
discuss when trying to describe the mathematics in Swedish preschools.  
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2.2 Analysing instrumental and pedagogic situations in preschools 
using didaktic Space. Article II  

In!this!article,!the!methodological!issues!that!arose!in!Article!I!are!discussed!in!
more! detail.! We! considered! these! issues! to! be! specific! for! preschool!
mathematics!because!this!is!not!a!social!practice!as!school!mathematics!is.!In!
this!article!we!discuss!how!preschool!mathematics!seen!in!the!light!of!school!
mathematics! may! cause! problem! and! we! clarify! how! Bishop’s! (1988b)!
mathematical! activities! provide! another! kind! of! “spectacles”! for! viewing!
preschool!mathematics.! In! this!article! (article! II)!we!expand!on!Walkerdine’s!
(1988)! distinction! between! instrumental! and! pedagogical! situations! to!
introduce! the!didaktic! space! to!bring! in!both! the!children!and! the!preschool!
teacher’s! perspective! into! whether! a! situation! should! be! classified! as!
instrumental! or!pedagogical.! The!didaktic! space!provides! an!opportunity! to!
discuss! the! question! for! whom! is! the! situation! mathematical! and! does! it!
matter!if!the!children!or!the!teacher!know!that!it!is!mathematics.!!!

Articles!I!and!II!provided!a!way!of!describing!the!mathematical!situations!in!
Swedish! preschools.! Bishop’s! (1988b)! six!mathematical! activities! provided! a!
way! of! describing! preschool! mathematics! without! having! to! compare! it! to!
school!mathematics.!In!the!following!articles!(article!III!and!forward),!Bishop’s!
(1988)! mathematical! activities! continue! to! be! used! for! describing! preschool!
mathematics.! As! discussed! in! article! II,! Bishop’s! six!mathematical! activities!
allow!mathematics! in! preschool! to! be! related! to! the! social! and! the! cultural!
environment! in!which! it!occurs,!without!having! to!be! recognised!as!a! social!
practice,! as! school! mathematics! is.! Consequently,! it! does! not! seem! to! be!
necessary!for!preschool!children!to!be!aware!of!the!fact!that!they!are!engaged!
in! mathematical! situations! for! them! to! learn! or! use! aspects! of! the!
mathematical!aspects.!!

The!issues!which!are!in!focus!in!these!two!articles!come!from!the!researcher’s!
perspective!as!they!are!about!trying!to!unravel!how!to!do!research!of!this!kind!
which! respects! what! occurs! in! preschools! and! thus! does! not! rely! on! being!
contrasted!with!school!mathematics.!The!articles!also!try!to!understand!what!
the!mathematics!is!that!children!engage!in.!In!the!next!article!(article!III),!the!
focus!moves!to!preschool!teachers’!perspective.!!
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ΦNCM, ΓLuleå Technical University, ϑMalmö University  

Researchers rarely discuss methodological issues in regard to preschool 
mathematics education and if they do, they do not take their starting point from 
reconceptualisations of what mathematics might be for preschool children. This 
paper presents as an analytical tool the “didaktic space” that arose when 
responding to issues related to the analysis of data collected in a Swedish 
preschool. The issues that arose from categorising situations using Bishop’s six 
activities required some reconsiderations of the methodology in relationship to 
the research questions. The paper discusses how methodological decisions can 
affect the analysis and the future possibilities that the didaktic space offers. 

Methodological issues in understanding preschool mathematics 
Clements and Sarama (2007) in reviewing literature on preschool mathematics 
education research identified the different theories (empiricism, neo-nativism and 
interactionism) that have been used to discuss how children learn and use 
mathematics–“mathematical ideas are represented intuitively, then with 
language, then metacognitively, with the last indicating that the child possesses 
an understanding of the topic and can access and operate on those 
understandings” (p. 464). However, most of the research that they reviewed 
assumed that preschool mathematics can only be understood in relationship to 
school mathematics. Such a starting point is problematic because of the many 
differences between school and preschool. 

School students encounter mathematics in mathematics lessons and 
associated homework, that is, in situations clearly labelled and demarcated as 
mathematical. Therefore, it is possible to define school mathematics as a social 
practice as defined by Fairclough (2003): 

Social practices can be thought of as ways of controlling the selection of 
certain structural possibilities and the exclusion of others, and the retention of 
these selections over time, in particular areas of social life. (p. 23)  



The same students might engage in mathematical activities in out-of-school 
situations; however, these are embedded in social practices very different to 
school mathematics (Lave, 1988), and are likely, in Bernstein’s (1971) terms, to 
be more weakly classified and framed. The poor compatibility between the social 
practices of school mathematics and every-day life is one reason that every-day 
situations typically are not experienced as being connected to school 
mathematics. 

With its long institutional and pedagogical tradition as an institution for the 
care and upbringing of young children (Roth, 2011), Swedish preschools also can 
be considered a social practice into which children are enculturated (Bishop, 
1988) or become participants (Wenger, 1998). In learning terms, children learn to 
do preschool in the same sense that school students learn to do school. In a 
Swedish preschool setting with its strong tradition for perceiving children as 
learning through play, clearly demarcated situations include “fruit time”, “circle 
time”, “play” indoors or outdoors and others but not situations labelled “lesson” 
as is typical in a school setting, even though, in some preschools, situations 
labelled “mathematics” may occur.  

Therefore, it is more difficult to attach the label of social practice to Swedish 
preschool mathematics. Whereas school mathematics is strongly classified and 
framed (Bernstein, 1971), thus making it easily recognisable as a social practice, 
this does not seem to be the case for mathematics in Swedish preschools as it is 
not delineated sufficiently to qualify as a social practice. Looking for 
mathematical activity characteristic of the social practice of school mathematics 
may give few results, and may not be appropriate, given the very different 
curricula (Skolverket, 2010; 2011). This raises the question of how to identify 
children – and preschool teachers – as being involved in mathematics, whatever 
that might be in preschools, even when they are not aware of it, as well of the 
meaningfulness of such identification. A research frame set by school 
mathematics could lead to the question of “where is the (school) mathematics” 
rather than, “in what ways are preschool children engaged in which mathematical 
activities”. Therefore, the possibility for understanding the breadth of the 
mathematical activity in which children engage at preschool is reduced if we 
limit ourselves to only look for mathematical activity in situations labelled as 
such and in which all participants are aware of the label.  

As a result of identifying the problem with viewing preschool mathematics 
only in relationship to school mathematics, we chose in our previous work 
(Johansson, Lange, Meaney, Riesbeck, & Wernberg, 2012; Helenius, Johansson, 
Lange, Meaney, Riesbeck, & Wernberg, 2014this volume) to consider preschool 
mathematics as one version of Bishop’s (1988) 6 mathematical activities – 
discussed in the next section. Here it suffices to say that this decision has 
required us to reflect more widely about issues that emanated from this choice, 



such as who is doing the classification and for what purpose. In this paper, we 
discuss some of these issues in relationship to our research question “in what 
ways are preschool children engaged in which mathematical activities”. 

Mathematical activities 
In his book, Bishop (1988) 

presented the case that six key ‘universal’ activities are the foundations for the 
development of mathematics in culture. … All cultures have necessarily 
developed their own symbolic technology of mathematics in response to the 
‘demands’ of the environment as experienced through these activities. (p. 59) 

The mathematical activities were Counting, Measuring, Locating, Designing, 
Playing and Explaining, which respectively, and in short, were answering 
questions involving quantification (how many? how much?); space and shape 
(where? what?); abstraction, hypothetical thinking and reasoning (how to? 
why?). According to Bishop, these activities are present in all cultures, albeit, in 
different forms depending on the particular social and environmental needs. He 
referred to the “internationalised discipline of mathematics” (p. 57) as 
Mathematics with a capital M and saw it as one “version” of the 6 activities. In 
the cases of Mathematics and school mathematics, the 6 mathematical activities 
are ‘solidified’ into distinct social practices (Fairclough, 2003). Seeing academic 
and school mathematics as social practices resonates with Bishop’s 
conceptualisation of mathematics as a cultural activity. Both perspectives 
highlight mathematics as a human activity, which, rather than being one 
intellectual, non-material or even trans-human edifice, comprises a range of 
socially and culturally situated practices, each of which is characterised by a set 
of sayings, doings and relatings (Kemmis & Grootenboer, 2008) that affords and 
attributes purpose and meaningfulness to the activity.  

As indicated earlier, we chose Bishop’s 6 mathematical activities to be the 
“spectacles” with which to look for mathematics in preschools. We could 
identify all of Bishop’ 6 mathematical activities in situations that were video-
recorded in a Swedish preschool in 2011 (Johansson et al., 2012). One 
consequence of Bishop’s conception of mathematical activities as embedded in 
cultural and, hence, social practices, is that the mathematical activity in a 
situation does not depend on it being recognised by the participants. It is 
sufficient that the situation is recognised as involving a mathematical activity by 
the researchers.  

Yet, the classification was not straight forward. Unlike MacMillan (1998) 
who also had used Bishop’s 6 activities in preschool mathematics education 
research, in any one situation, we often could identify more than one 
mathematical activity. Although a practical challenge, this did not require any 
rethinking about the classification.  



In contrast, while doing the classification it became clear that we needed to 
consider the role the mathematical activity had in the situation. Sometimes it 
seemed to be the focus of the situation and at other times, it seemed to be an 
unrecognised tool for resolving a problem. An example of the first is where the 
teacher drew attention to the shape of leaves, collected by children because they 
liked collecting them. By highlighting the mathematics, the teachers turned the 
focus of the situation away from collecting leaves and on to the mathematical 
activity Designing. An example of the second type could be a situation where a 
child had filled a bucket of sand in order to make a sand castle. However, the 
bucket was too heavy to be turned over and so no castle could be produced. In 
this case, the child had to work out that to turn the bucket it had to be less heavy. 
This required the amount of sand in the bucket to be reduced, which was done by 
scooping some sand out. The mathematical activity Measuring was involved in 
solving the problem but was not the focus, or centre of awareness.  

While the notion of mathematics as being comprised of 6 mathematical 
activities resolved one methodological problem, that of identifying the 
mathematics of preschool, it raised another issue. This required some rethinking 
because it seemed that the two different purposes did provide more details about 
how to answer our research question “in what ways are preschool children 
engaged in which mathematical activities”. 

Instrumental and pedagogic situations 
We needed to find some way to discuss the different purposes and the affect that 
they had in responding to our research question. Subsequently, we chose to use 
Walkerdine’s (1988) distinction between instrumental and pedagogic tasks. 

This classification used the designations instrumental and pedagogic to 
describe certain kinds of tasks at home and was a distinction originally devised 
in relation to practices involving number in the home. Instrumental referred to 
tasks in which the main focus and goal of the task was a practical 
accomplishment and in which numbers were an incidental feature of the task, 
for example in cake-making, in which the number two might feature in relation 
to the number of eggs needed and so on. In the pedagogic tasks numbers 
featured in a quite different way: that is, numbers were the explicit focus of the 
task. On such occasions the focus was predominantly the teaching and practice 
of counting. So, for example, a child might be asked to count her coat buttons 
for no other purpose than to practise the count. (Walkerdine, 1988, p. 81; italics 
in the original) 

However, when Walkerdine tried to use the classification on parent–child 
interactions involving size relations, it was not so easy:  



I found the exercise difficult. The usages did not always seem mutually 
exclusive and I was not convinced by my own categorisation. In addition, there 
appeared to be some exchanges that did not fit either of the classifications. In 
these exchanges the mother appeared to be commenting on an activity or on 
something which had been done or seen. In these cases the mother did not 
appear to be instrumental, in that the exchange was not actually part of a 
practical activity, but then neither was the purpose explicitly didactic. 
(Walkerdine, 1988, p. 86; italics in the original) 

Hence, it could be that the designations instrumental and pedagogic was more 
suitable to classifying situations involving the mathematical activity Counting, 
maybe because features of the school mathematics version of Counting 
(counting, doing sums, practicing multiplication tables) figure so strongly in the 
public discourse about mathematics. In our video recordings mentioned earlier, 
we succeeded in finding instrumental and pedagogic situations for each of the six 
mathematical activities (Johansson et al., 2012), thus suggesting that the first of 
the issues raised by Walkerdine was not relevant in relationship to our data set. 
We also did not have examples of the commenting that Walkerdine identified, 
perhaps because teachers in preschool settings are more likely to engage with 
children in a situation rather than just comment about what was going on. 

However, another methodological issue did arise. This was one of 
perspective, that is, whose perspective of the situation was adopted in the 
analysis? Although our original assumption was that using Bishop’s 6 activities 
would mean that the classification based on our researcher’s gaze was 
appropriate, our reflections now made it clear that such an assumption was naive. 
Situations could be classified as either instrumental or pedagogical but would not 
necessarily appear the same to the participating children and teachers. In some 
cases, it seemed that a situation could be instrumental for the child but pedagogic 
for the teacher. In the how-to-turn-the-bucket-over situation, the child was 
engaged in the practical accomplishment of making a sand castle. Hence, the 
mathematical activity in the situation was instrumental for the child (i.e. IC). The 
teacher, watching the child, seemed to recognise the child’s problem and 
supported the child working out the solution (taking out sand) by verbalising her 
interpretation of the child’s tacit reasoning. Hence, it appeared to be a pedagogic 
situation for the teacher (PT), in which she supported the child’s engagement 
with the mathematical activities of Explaining and Measuring. If she had just told 
the child to take out sand or done it herself, then we would have classified it as 
an instrumental situation for the teacher (IT).  

From our reflections on the methodological issue of whose perspective, we 
decided to change our conceptions of situations being either pedagogical or 
instrumental to a classification that would allow for a more nuanced 
interpretation. Consequently, we decided to situate the classification of situations 



in a two dimensional grid with the axes instrumental–pedagogic for the child(ren) 
respectively for the teacher (Figure 1). According to the analysis above, the how-
to-turn-the-bucket-over situation would be located in quadrant [ (IC–PT). If the 
teacher had taken the sand out herself, it would be in quadrant X (IC–IT). The 
grid spans a field of didaktic affordances and we hence label it “didaktic space”. 

 

 
Figure 1. Didaktic space. The numbers refer to the quadrants. 

The didaktic space 
Each of the four quadrants in the didaktic space represents situations with a 
particular didaktic makeup. Situations would be located in quadrant one, when 
the teacher and the child(ren) were solving a problem, involving one or more 
mathematical activities. In these situations, none of the participants expected to 
teach or learn anything. Although one participant may be more knowledgeable 
about how to solve the issue the focus for all participants is on the resolution of 
the problem, not on the process of resolution, which opens up possibilities for 
teaching. 

In quadrant two, the teacher may be focused on solving a problem whereas 
the child(ren) would be focused on teaching the teacher or themselves about 
some aspect of a mathematical activity. Although there were few examples of 
this in the situations in our data set (Johansson et al., 2012), in other data sets, it 
is possible to imagine a situation in which a teacher is focused on packing up 
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materials, while the child is focused on learning about different attributes while 
doing it. 

In the third quadrant, the focus for both the teacher and the child(ren) is on 
teaching/learning about a mathematical activity. Usually, the teacher is the one 
who has the role of teacher and the child(ren) the role of learner. However, there 
is a potential for the roles to be reversed. The teaching may just involve making 
children aware of a specific feature or more formally requiring a child to pay 
attention to and learn the material in a way that the teacher can recognise. The 
PC–TP combination is characteristic of school mathematics. The gain from it is a 
strict focus on content, on “mathematics” but the loss may be the motivation and 
purpose of engaging in the mathematical activity. 

In the final quadrant, the teacher’s focus is on teaching the child(ren) about 
the mathematical activities. However, the child’s focus is on resolving a problem. 
In our data set, we had many situations that we could classify as belonging to this 
quadrant. 

Apart from providing characterisation of situations with distinct didaktic 
makeup, another advantage of the didaktic space was that it allowed us to track 
changes in the focus of the teacher and/or the child(ren) within a specific 
situation. The dynamic nature of the interaction could then be described. In the 
future, this may allow us to determine whether the appearance of a specific 
mathematical activity or combination of activities might be related to the 
instrumental or pedagogical foci of the teacher and/or the children. Thus the 
didaktic space provides us with a way of conceptualising the “field of choices”.  

In the following sections, we re-analyse situations from our earlier work 
(Johansson et al., 2012) using the didaktic space model as an analytical tool. 

Counting leaves 
In an outdoor situation, the teacher had the children be pretend magpies and 
collect five leaves to place in hoops, which represented their “pantries”. This 
example was chosen for reanalysis because it showed a common situation in 
which a child’s focus appeared to be different from that of the teacher. 

Björn: Jag kan ränka, en, två, 
tre, fyra, fem 

Björn: I can count, one, two, three, 
four, five. 

Lärare: Fem, bra! Nu har ni fem 
stora löv i ert skafferi 

Teacher: Five, great! Now you have 
five large leaves in your 
pantry, 

Originally, we classified this as an instrumental, Counting situation because the 
child initiated the counting, possibly to check if he had accomplished the task. 
We still classify it as instrumental for the child (IC). The teacher, however, had 
planned the situation so that the children would participate in Counting and thus 
learn something about the number 5. Thus, for the teacher it was a pedagogic 



situation (PT) even if she could not predict that the child would initiate the 
counting. In the didaktic space, it would be situated in quadrant [. 

Walking along the bench 
This second example illustrates how foci can change as a situation develops. 
Whilst playing outside, a toddler climbed 
on a bench and walked back and forth 
along it. The second picture in Figure 2 
shows the child requesting assistance to 
get down, by raising her arms to the 
teacher. When the teacher did not pick 
the child up immediately, the child 
clambered down, after first gauging how 
far down she had to go.  

Exploration of space is a feature of 
Locating. In this situation, the child 
seemed to have initiated her own 
learning about the spatial relations of 
being up on the bench above the ground, 
walking along the bench, back and forth, 
looking down to the ground. Hence, 
although there was no teacher actively 
involved, we originally considered that 
the purpose of the situation was 
pedagogic. 

In the re-analysis, we pay more 
attention to the sequence of events. At 
first, the child did seem engaged in a 
pedagogic Locating situation (PC). As 
the teacher watched the child engage in 
Locating, the situation also seemed to be 
pedagogic for the teacher (PT). This part 
of the situation is located in quadrant Z 
(PC-PT). 

Then the situation turned into an 
instrumental situation of Measuring for 
the child (IC) because she wanted to get 
down and now had a problem to solve. 
The child estimated the distance to the 
ground and compared it with her sense of 
her own size and climbing capability. 
First, she asked the teacher for assistance 

Figure 1. Walking along the 
bench 



by stretching out her arms. The teacher declined the child’s request to be lifted 
down, probably because she wanted the child to engage in the problem of getting 
down by – physically and intellectually – combining her understandings of 
Locating and Measuring. Thus, it was a pedagogic situation for the teacher (PT). 
The situation now is located in quadrant [ (IC–PT).  

The child then bent down and the teacher offered her assistance, perhaps 
because she decided the challenge of getting down was too much for the child. 
We interpret this as a change from pedagogic to instrumental for the teacher (IT). 
The child, however, declined the teacher’s offer and climbed down without 
assistance so the situation can be said to be in quadrant X (IC–IT). 

Thus, during this situation, we see a move – in terms of the model – from Z 
(PC–PT) to [ (IC–PT) to X (IC–IT). 

Conclusion 
This paper has explored the issue of how to respond appropriately to the research 
question “in what ways are preschool children engaged in which mathematical 
activities”. As discussed earlier, other preschool mathematics education research 
which takes its understanding of mathematics from a school mathematics 
perspective can be considered problematic because of differences at the level of 
social practices. Our initial analysis of situations in a Swedish preschool 
(Johansson et al., 2012), using Bishop’s (1988) 6 activities seemed to provide a 
more appropriate way to discuss the mathematics that children were participating 
in. However, it then became obvious that categorising situations from the 
researcher’s perspective did not provide us with a sufficient detailed 
understanding of what was occurring in the video data. Although Walkerdine’s 
(1988) distinction between pedagogic and instrumental purposes for situations 
seemed helpful in raising this issue, it then raised the issue of whether it was the 
children or teacher’s focus in the situations that should be the basis for our 
analysis. The development of the didaktic space as an analytical tool has 
provided us with a more nuanced response to our initial research question. 
Nevertheless, these questions continued to remind us that our analytical choices 
influence what we can discuss when describing the mathematics of Swedish 
preschools.  

It also seems likely that the didaktic space may solve some other 
methodology issues when researching the mathematical activities in which 
children engage. In Swedish preschools the curriculum is quite clear that children 
are not expected to reach any pre-set agenda of mathematical objectives. Instead, 
the objectives are about what the preschool should make available to children 
(Skolverket, 2010). As well, play has a central role in conceptions of how 
learning should occur. A research methodology such as the didaktic space is 
sensitive to and can capture the role of play. It also provides a way to interpret 



dynamic situations in Swedish preschools that can be useful in identifying the 
impact of the professional development initiatives now being provided to 
preschool teachers. This is because it provides a way of analysing data on what 
occurs in preschools both before and after an intervention of this kind, without 
relying on formal assessment of young children’s mathematical knowledge. 
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2.3 The mathematical awareness among adults working in preschool. 
Article III 

In! article! I,! although! the! six! mathematical! activities! were! identified! in! the!
different! situations! a!discussion!arouse! about!who!needs! to!be! aware!of! the!
mathematical! activities.! In! article! III,! I! investigate! the! awareness! of! the! six!
mathematical!activities!of!adults!working!in!preschool.!In!Swedish!preschools,!
there! are! two! different! groups! of! adults! who! work! with! the! children,! the!
preschool!teachers!and!the!childcare!staff!(known!in!Swedish!as!Barnskötare).!
In! this!article,! the!awareness!of! these! two!groups!of!adults!are!compared!by!
looking!at!the!mathematical!activities!that!appeared!in!their!stories.!!

The!main!focus!of!the!article!is!to!categories!the!stories!found!in!these!written!
assignments! and! compare! the! two! groups! in! order! to! see! the!mathematical!
awareness!of!the!two!groups.!Previous!research!(ex.!Thiel!2010!and!Lee!2010)!
has!found!that!the!focus!when!in!comes!to!!mathematical!awareness!has!been!
on! counting! and! numbers.! This! is! not! the! case! in! this! article! although! the!
counting! is! still! dominant! for! the! childcare! staffs! this! is! not! the! case! for! the!
preschool!teachers.!

In!this!article,!the!mathematical!awareness!of!preschool!teachers!and!childcare!
staff! is! compared.! Three!mathematical! activities! occurred!more! often! in! the!
stories! for! both! groups! of! adults.! These! were! Designing,! Measuring! and!
Counting.! Playing,! Explaining! and! Locating! did! not! appear! as! often.! As!
mentioned! in! the! article,! Playing! and! Explaining! are! to! do! with! processes!
while! the! other! four! activities! are! about! content.! As! discussed! in! the!
introduction,!given! the! focus! in!mathematics! education!on!mathematics! it! is!
maybe!not!that!surprising!that!the!adults’!awareness!was!concentrated!on!the!
content! rather! than! the! processes.! This! also! reflects! the! first! of! van! Oers!
(2002a)!view!on! the!subject!matter!of!mathematics!as!being!about!arithmetic!
operations!and!as!discussed! in! the! introduction,! this! is! in! line!with! the!view!
from!the!curriculum!from!1998!(Skolverket!1998).!

The!fact!that!Playing!seems!to!be!recognised!less!often!by!both!childcare!staff!
and!even!less!by!the!preschool!teachers!was!surprising.!In!the!article,!I!suggest!
several! reasons! for!why! this!might!be! the!case.!Playing!as!a!mathematical! is!
discussed! in!more!detail! in! the! coming! two! articles.!Article! IV! starts!with! a!
definition! of! Playing! and! contrast! this!with! other! ideas! about!mathematical!
play! in! order! to! determine! criteria! for!when! children’s! play! can! be! labelled!
mathematical.!Article!V!discusses!Playing!as!a!mathematical!activity!and!the!
preschool! teachers!awareness!of! it,!as!a!professional!blind!spot,!or!an!expert!
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blind!spot!in!Nathan!and!Petrosin’s!terms!(2003).!The!focus!on!Playing!in!the!
article!shifts!the!focus!to!the!curriculum,!but!also!to!the!view!that!mathematics!
is!more!than!the!content!–!van!Oers!2002a,!second!and!third!view,!reflected!in!
the!curriculum!for!preschool!(Skolverket!2011a).!

! !
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Professional development for adults working in preschools is seen as important 
in many countries. In this paper, the assignments from a professional 
development program written by two different groups of adults working in 
preschool are compared. The two groups were university-educated preschool 
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awareness of Bishop’s mathematical activity Playing. Some implications in 
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INTRODUCTION 

In early childhood education, mathematics often is restricted to being about 
numbers and counting (see for example, Ginsburg et al. 2008), perhaps as a 
consequence of the goals in the school curriculum which emphasizes these areas 
of mathematics in the first years of school. Similarly, numbers and counting are 
the focus of much research concerning mathematics in early childhood 
education (Clarke et al. 2006; Johansson et al. 2012).  

Given the international nature of this discourse, it is not surprising that Swedish 
preschool teachers are not exempt from viewing mathematics as just 
“sifferskrivning och ramsrakning (writing numerals and reciting counting 
rhymes)” (Doverborg 2006, p.7; my translation). This is in contrast to the 
intention of the Swedish preschool curriculum, implemented in 1998 
(Skolverket 1998), which included mathematical topics, such as measurement, 
shape, space and time. Moreecent research shows that a focus on number is still 
common in Sweden. Björklund and Barendregt asked 116 preschool teachers 
about what they focused on in mathematics and found that most teachers 
focused on number and spatial aspects. 

The absence of working with mathematical patterns is notable. Still, 
there is a tradition in Swedish preschools of working with beads, pearls 
or sorting games and play, but this may not be seen as a means for 
working with mathematical relationship and is thereby not 
problematized and scrutinized as a learning object and content within 
the goal-oriented education. One reasonable explanation for this could 
be that teachers have not reflected on the variety of aspects that 
mathematics consist of and thereby do not regard such activities as being 
part of mathematics. (Björklund and Barendregt, submitted) 

Concerns about preschool teachers not identifying patterns as an aspect of 
mathematics can be extended to other aspects of mathematics as well. Kamii et 
al. (2004) raised the issues of preschool teachers not pay attention to the richer 
and deeper thinking of the children because their aim is to meet certain teaching 
objectives . According to Kamii et al. (2004), some objectives are isolated, 
limited and superficial. One example is a focus on teaching the names of shapes 
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like circle and square, instead of focusing on their properties and children’s 
understandings of the differences between them.  

In order to overcome a sole focus on number, many governments have provided 
professional development opportunities to preschool teachers. Much research 
about the effects of professional development courses for preschool teachers has 
focused on learning trajectories (e.g. Clements and Sarama, 2011) or a change 
of attitudes towards mathematics in preschool (Erfjord et al. 2012). Several 
studies concerning professional development for preschool teachers focus on 
pedagogical content knowledge (Tirosh et al. 2014; McCray and Chen, 2012; 
Levenson et al. 2011). These studies are based on a framework described by 
Ball, et al. (2008), developed from the original notion of Shulman (1986). 

In contrast, Benz (2014), after reviewing research on professional development 
in early childhood, identified three categories of competencies as important for 
improving early childhood education: first, knowledge about content, 
pedagogical content and children’s development; secondly the need for action 
competencies; and thirdly the relevance and influence of attitudes, beliefs, 
motivational and volitional tendencies.  

In this article I investigate the written descriptions of preschool teachers and 
childcare staff, after they participated in a professional development course 
which included all three of Benz (2014) categories for professional 
development, mentioned earlier. Research on professional development courses 
have tended to only consider staff in preschool who have a professional 
education, usually from universities (see for example Erfjord et al. 2012). As 
was the case in Erfjord et al.’s (2012) study, most of the content discussed in 
many professional development projects is based on understandings about 
school mathematics. Very few programs were for staff who did not have a 
university degree, even in countries where this is the case for most preschool 
staff. This suggests that there is a need to investigate preschool staff’s views 
about mathematics education connecting to attending a professional 
development program. 

The research questions are:  
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• What mathematical activities do preschool teachers and child care 
staff describe in a written assignment, after having participated in a 
professional development course?  

• What differences are there between these two groups, if any?  
• What are the implications for in-service and pre-service education of 

preschool staff as a result of these understandings? 

THE ROLE OF ADULTS WORKING IN SWEDISH PRESCHOOL 

In Swedish preschools, there are two main groups of adults, preschool teachers 
and childcare staff (in Swedish, barnskötare). Preschool teachers have a 
minimum of three years university studies while childcare staff usually have a 
qualification from a vocational high school. In the curriculum for preschool 
(Skolverket 2011), sometimes the guidelines refer specifically to preschool 
teachers and at other time more generally to the work team, requiring some co-
ordination between the staff.  

The guidelines for preschool teachers highlight the learning opportunities that 
should be provided to children and are connected to different objectives that 
indicate the kind of learning opportunities that preschools should provide to 
chidlren (Skolverket 2011). The following examples from the curriculum show 
the differences in how these objectives are expressed for the work team and 
preschool teachers:   

Preschool teachers are responsible for work in the group of children 
taking place so that children… 

–  are stimulated and challenged in their mathematical development… 

The work team should… 

challenge the curiosity of children and their growing understanding of 
language and communication, mathematics, as well as science and 
technology… (Skolverket 2011, p.11-12) 

The difference between what is expected for working with children of the two 
groups is in regard to the responsibility. Preschool teachers have a responsibility 
to stimulate and challenge children’s mathematical development. On the other 
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hand, the entire work team, including the preschool teacher, “should” challenge 
the children’s curiosity in regard, amongst other things, mathematics.  

BISHOP’S SIX MATHEMATICAL ACTIVITIES AND THE 
PROFESSIONAL DEVELOPMENT PROGRAMMES 

The introduction of a curriculum for preschools in 1998 (Skolverket 1998) 
resulted in the provision of different professional development courses. These 
were initiated by The Swedish National Agency for Education (Skolverket 
2011b) in order to increase staff’s competence in the areas emphasized in the 
curriculum. Since 2009, I taught two different professional development courses 
on preschool mathematics, one for preschool teachers and one for childcare staff 
at my university on behalf of Skolverket. The courses have the same content 
and assignments. Following the work of Benz (2014), the professional 
development course dealt with: knowledge about content; pedagogical content, 
beliefs and attitudes; and action competencies. 

Although not explicitly stated in the course syllabus, the content of the course 
was based on Bishop’s (1988a) six mathematical activities. As discussed earlier, 
Swedish preschool teachers’ views on mathematics have focused on numbers 
and counting. Bishop’s activities were considered to offer a broader perspective.  

Bishop (1988b) argued that the six mathematical activities were universal and 
summarized them as: 

Playing. Devising, and engaging in, games and pastimes, with more or 
less formalized rules that all players must abide by.  

Explaining. Finding ways to account for the existence of phenomena be 
they religious, animistic or scientific.  

Measuring. Quantifying qualities for the purposes of comparison and 
ordering, using objects or tokens as measuring devices with associated 
units or ‘measure-words’.  
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Designing. Creating a shape or design for an object or for any part of 
one’s spatial environment. It may involve making the object, as a 
‘mental template’, or symbolizing it in some conventionalized way.  

Counting. The use of a systematic way to compare and order discrete 
phenomena. It may involve tallying, or using objects or string to record, 
or special number words or names.  

Locating. Exploring one’s spatial environment and conceptualizing and 
symbolizing that environment, with models, diagrams, drawings, words 
or other means. (p. 182) 

The course focused on one mathematical activity at the time. The preschool 
staff worked on their own understanding, attitudes and beliefs about 
mathematics as well as children’s investigation of and possible ways of 
challenging children’s knowledge and understanding of mathematics. 

In an analysis of video recorded data from one preschool in Sweden, Johansson 
et al. (2012) found that Bishop’s six activities were all represented either 
through explicit activities or incidentally through the provision of physical 
resources in preschools. This analysis was based on the researchers’ 
interpretations and it is uncertain that teachers would have produced a similar 
one. Therefore to understand teachers’ perceptions of what they considered to 
be mathematics in preschools, another way to collect and analyze data was 
needed. This is described in the next section.  

COLLECTING THE DATA 

The data consist of the final written assignment from 84 preschool teachers and 
52 childcare staff who attended the professional development courses. All 
preschool staff had completed the courses, some time, in some case several 
years, before a request was made to use them in this research. Of the 213 
participants contacted, 126 responded favorably. 

At the end of the course all participants were asked to answer the following 
questions in a written assignment: 
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− Vilka insikter har du gjort om dig själv, barnen och din praktik? (What 
have you learned about yourself, the children and your practice?) 

− Vilka kunskaper har du utvecklat i och om matematik? (What knowledge 
have you developed in and about mathematics?) 

− Beskriv hur du relaterar dessa kunskaper till hur barn lär och använder 
matematik. (Describe how you relate this knowledge to how children 
learn and use mathematics.) 

In alignment with the work of Benz (2014), the first question is about relations 
within and between teachers, children and practices and so deals with beliefs 
and attitudes. The second question considers content, and the third one connects 
the relations and the activities with the content, that is the pedagogical content 
and actions competencies. The preschool teachers’ and the childcare staff’s 
written assignments were considered to provide valuable insights into their 
views about the mathematics that the children engage in. If the courses had been 
successful in broadening the preschool teachers’ views on mathematics this 
should show up in their written assignments. 

THE ROLE OF STORIES 

In the written assignments, the teachers and childcare staff included a large 
number of examples, in the form of stories or narratives. The use of stories in 
research about teachers and teacher educations is according to Carter (1993) 
“grounded in the notion that a story represents a mode of knowing and 
thinking” (p. 7). Males et al. (2010) stated, “narratives play an important role in 
developing complex understanding and are important persuasive tools” (p. 470). 
Researchers who analyse “stories” and “narratives” do not always use the terms 
in the same way, although they can have similar meanings (Carter 1993). I use 
the term “story” – “A story consists of events, characters and settings arranged 
in a temporal sequence implying both causality and significance” (Carter 1993, 
p. 6).  

Nevertheless, Carter (1993) raised two issues with using teacher’s stories. The 
first is that stories only may give meaning to their authors. The second is that 
researchers may give the stories more gravity than the teacher had intended.  
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The stories in their assignments were considered as examples deemed 
significant enough for the preschool teachers and childcare staff to want to 
include them, rather than others. Although the analysis is my interpretation, it 
seems that I was not giving more gravity to the stories than their authors.  

The stories in the data fulfiled two roles. The first was as an argument for why 
and how the teachers had developed their mathematical awareness. The second 
was a reflection on how they developed their understanding about mathematics 
in preschools.  

ANALYZING THE DATA 

The written assignments included references to course literature and the 
Swedish preschool curriculum but these were not considered as providing 
information about the teacher’s perspectives. Instead, I focused on the teacher 
and child care staff’s examples of children’s activities used to support their 
arguments. These ranged in length from a couple of words to half a page.  

The following is an excerpt from a preschool teacher, Eva. The translation is not 
a literal one but instead reflects the meaning of the original Swedish text.  

På vår förskola arbetar vi med temat 
Jord. Inom det ämnet finns det mycket 
lärande att upptäcka i naturvetenskap 
och matematik. Barnen har sått olika 
sorters frön. De har valt storlek på 
krukan och sorterat frön… Vid ett 
annat tillfälle fick samma barn välja ut 
en växt som de ville mäta längden på. 
De valde en potatisplanta som var 
längst av alla. Jag undrade hur de 
skulle göra för att kunna mäta den. Olle 
ställde sig bredvid plantan och 
konstaterade att den var längre än 
honom. Stina iakttog detta och sa att 
plantan var kortare än jag. Pelle tyckte 
att vi behövde en sådan där mätare som 
pappa brukar använda. Vi gick 

In our preschool we work with the 
theme Soil. In that theme there can be 
found much learning about natural 
science and mathematics. The children 
have planted different kinds of seeds. 
They have chosen the size of the pot 
and sorted the seeds… At another 
occasion the same children got to 
choose a plant that the wanted to 
measure the length of. They chose a 
potato plant that was the longest. I 
wondered how they would measure it. 
Olle stood beside the plant and pointed 
out that it was taller than him. Stina 
watched this and said that the plant was 
shorter than me. Pelle said that we 
needed a ruler like dad uses. We went 
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tillsammans och sökte efter en mätare 
och hittade en till sist. En tumstock. 
Pelle vecklade ut tumstocken och 
tittade på siffrorna och sa att den var 50 
lång. Jag frågade om det gick att mäta 
med andra saker också. Alla tre barnen 
hämtade pinnar, men de var för korta. 
Då kom Stina på att sätta pinnarna 
under varandra, så att de blev lika lång 
som plantan. De räknade tillsammans 6 
pinnar. Barnen var så inspirerade av att 
mäta, så de hade fullt upp med att 
hämta olika föremål att mäta med. En 
del var för korta och andra var för 
långa. Till sist kom Pelle med en hel 
klosslåda. Alla tre barnen hjälptes åt att 
bygga ett torn bredvid plantan. Men det 
blev för ostadigt, så tornet rasade. De 
prövade på olika lösningar, men det 
bara rasade. Stina kom till sist på att 
lägga klossarna med långsidan mot 
golvet. Olle och Pelle fortsatte att 
hjälpa henne och till sist lyckades de få 
klossarna att stå kvar så att de blev lika 
högt som plantan. Barnen försökte 
räkna alla klossar, men de fick olika 
resultat. Vi räknade då klossarna 
tillsammans och det blev 23 stycken. 
Eva 

together to find a measurer and at last 
found one. A folding rule. Pelle 
unfolded the folding rule and looked at 
the numbers and said it was 50 long. I 
asked if it was possible to measure with 
other things. All of the children fetched 
sticks but they were too short. Then 
Stina thought to put the sticks below 
each other so that they became the 
same length as the plant. They counted 
together to 6 sticks. The children were 
so inspired by the measuring, that they 
became occupied with fetching objects 
to measure. Some things were too 
short, other things were too long. 
Finally Pelle came with a box full of 
blocks. All the three children helped to 
build a tower next to the plant. But it 
became too unstable, so the tower fell 
down. They tried different solutions, 
but it fell down. Stina finally came up 
with the idea of putting the blocks on 
the floor. Olle and Pelle continued to 
help her and finally they manage to 
have the blocks standing so that it 
became the same height as the plant. 
The children tried to count the blocks, 
but ended up with different results. We 
counted the blocks together and it was 
23. Eva 

The extract was followed by a quote from the course literature about the value 
of different children’s ideas and supporting children to problematize these ideas. 
The story may have been included to argue for the importance of this point. 
Nevertheless, the first two sentences suggest that Eva was arguing for the 
special role of mathematics in the work on soil. This story is typical in the way 
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that it first starts with an introduction to the context of the example. As is the 
case with many of the other stories, the third and fourth sentence provide a 
shorter story without specific details of characters: 

Barnen har sått olika sorters frön. De 
har valt storlek på krukan och sorterat 
frön… 

The children have planted different 
kinds of seeds. They have chosen the 
size of the pot and sorted the seeds… 

This can be considered a story because it has characters (the children), it has 
events (the children have done something) and settings (different pots and 
seeds). A more detailed story follows in which Eva gave a thorough outline of 
the event, the characters and the setting and describes mathematical situations. 
In other cases, the stories are no more than the equivalent of the third and fourth 
sentence.  

It was difficult in some cases to determine whether a sentence was a story or a 
more general argument. This can be seen in the following  example:  

Genom lek, rollek och t.ex. 
konstruktionslek förstår barnen sin 
omvärld. Maria 

Through play, role-play and for 
example construction play, children 
understand their environment. Maria 

This example could be a story, if it was an introduction to a story which 
continues with a longer story, as with Eva’s story,  or it could just be a general 
statement. In cases such as this, I read the surrounding parts and made a 
judgment depending on the context in which it appeared.  

When a series of short stories seemed to be connected or written as an extended 
single story, then it was to be counted as such. Determining what counted as a 
story mattered because each story was counted to see which of the three 
assignment questions produced the most stories. The majority of stories were in 
response to the third question. One of the reasons for this could be that the 
question asks specifically about what is happening in the preschools in 
relationship to children’s learning. Thus it promoted more storytelling about the 
children and the tasks that they engaged in. 

CATEGORISING THE MATHEMATICAL ACTIVITIES 
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After identifying the stories in the assignment, I categorized each one according 
to Bishop’s six activities. Then I examined the context of the story to determine 
its role in the argument being presenting.  

In Eva’s story, two mathematical activities were identified, Measuring, which 
seemed to be the overarching activity, and Counting. When Macmillan (1998) 
used Bishop’s six activities to classify preschool children’s play, each example 
was labeled as only one kind of activity. However, in my data, it was common 
for the stories to be classified simultaneously as several activities. Bishop 
(1988b) indicated that both kinds of categorizations were possible “the activities 
can either be performed in a mutually exclusive way or, perhaps more 
significantly, by interacting together, as in ‘playing with numbers’” (p. 183). 
Fredrik’s story exemplifies how different mathematical activities appeared 
together: 

För att inte glömma vintern som vi nu 
går mot där man kan bygga i snön och 
att själv få er fara begreppet hög att då 
själv ta sig upp på den höga snöhögen 
att få uppleva det med sin kropp hur 
besvärligt det faktiskt kan vara att 
klättra så högt upp. Fredrik 

Not to forget the winter which we are 
approaching, where one can build in 
snow and experience the concept of 
height and then on your own get to the 
top of the large snow pile and to 
experience it with your own body how 
difficult it actually is to climb that 
high. Fredrik 

The part ”one can build in snow” is categorized as Designing while “experience 
it with your own body how difficult it actually is to climb that high” is 
categorized as Locating.  

RESULTS 

Figure 1 provides an overview of the classification of the stories.  
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Figure 1: The distribution of stories.  

Designing, Measuring and Counting featured more often in the teachers’ stories 
than the activities of Locating, Playing and Explaining. Playing and Explaining 
never occurred in isolation but always in relationship to one of the other four 
activities. In contrast, ten childcare staff provided eleven stories which were 
classified as Playing. 

The activity Counting appears dominant in the stories from the childcare staff, 
but was often combined with Measuring, Designing and Locating. Many cases 
categorized as Counting were only small parts in stories, which focused on 
another activity. For example, Eva’s story seemed to focus on Measuring but 
also mentioned Counting, in this case blocks. Brief mentioning of Counting 
episodes was particularly evident in the stories from the childcare staff, 
generally at the end or in the middle.  

När man t.ex. dukar med barnen och att 
man benämner allt som de gör, där kan de 
få förståelse för att en tallrik är rund alltså 
en cirkel. Sen får barnen även en uppgift 
att fundera på hur många sitter vid mitt 
bord, om alla är här och hur många ska 

When you for example set the table with 
the children, and that you name 
everything they do, then they can get an 
understanding of that a plate is round that 
is a circle. Then the children get a new 
task to think about, how many are there 
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man duka till. Per around the table, is everyone there and 
how many should they set the table for. 
Per 

This example began with shapes, and was classified as Designing but then the 
children are described as participating in Counting. 

In the next sections, I discuss why this could be the case and give examples 
from preschool teachers and childcare staff of each of the 6 mathematical 
activities.  

Playing 

Although very few preschool teachers had stories that included Playing as a 
mathematical activity, almost all of them used the Swedish word “lek” in 
connection to some situation, for example: building play, movement play 
(bygglek, rörelselek):  

I barns lek finns många tillfällen att 
iaktta och stödja barns matematiska 
förståelse. Barbro 

In children’s play there are many 
opportunities to observe and support 
the children’s mathematical 
understanding. Barbro 

Barnen ska ju lära matematik genom 
lek. Sandra 

The children should learn mathematics 
through play. Sandra 

Barnen lär sig genom lek och med att 
använda alla sinnen. Anna 

The children learn through play and 
using all of their senses. Anna 

These stories were not counted as being about the mathematical activity 
Playing, because there were no clear references to children participating in 
modelling, abstraction or hypothetical thinking, the key aspects of this activity 
(Bishop, 1988b). Instead, the preschool teachers’ conceptions of play seemed to 
be tightly connected to the curriculum’s suggestion that learning occurs through 
play. The preschool teachers’ stories situated the mathematical activities as 
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happening in playful situations. The strong connection to play as a basis for 
learning may have made it harder for the teachers to recognize aspects of 
Playing as a mathematical activity. In the Swedish curriculum for preschool 
(Skolverket, 2011), there is a focus on learning through play and this might be 
one of the reasons why preschool teacher gave so few examples of playing as a 
mathematical activity. 

In contrast, the stories of the childcare staff mentioned hypothetical thinking 
and modelling, more often and through explicit references. 

Sandlådan vill barnen att jag ska 
”köpa” kaffe, glass, pizza m.m. Betala 
med stenar, löv och pinnar, ibland får 
jag tillbaka pengar. Betalar jag med en 
större sten kan jag få tillbaka 1-2 
mindre stenar. Barn räknar på sitt sätt, 
inte alltid rätt, men det kommer med 
tiden. Maja 

In the sandpit the children want me to 
“buy” coffee, ice-cream, pizza, etc. Pay 
with stones, leaves and sticks, 
sometimes I get some money back. If I 
pay with a larger stone I can get back 
1-2 smaller stones. The children count 
in their own way, not always correctly, 
but it will come. Maja 

In Maja’s example, she recalled children’s hypothetical thinking and modelling 
of a “real” situation, even though this was background to the activity of 
Counting. It may be that childcare staff having other responsibilities in the 
Swedish preschool were not as restricted by the view of play as a basis for 
learning as the teachers were and thus gave examples of hypothetical thinking 
and modelling in their stories.    

Explaining 

According to Bishop (1988a), the mathematical activity Explaining answers the 
question “why”. For Bishop (1988a,) categorizing is one kind of explanation 
because it involves identifying a relevant attribute for making distinctions 
between items. In deciding that an item belongs to one group rather than 
another, there is an implicit explanation. In the following example, Sara 
describes a little boy involved in different kinds of sorting of a set of sticks:  

Under den förmiddagen utforskade 
Emil mycket. Han uppmärksamade att 

During the morning Emil explored a 
lot. He noted that the sticks were 
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pinnarna var lika men samtidigt olika, i 
form och storlek. Han urskiljde och 
grupperade delar i en helhet, han 
kategoriserade, bildade par och mycket 
mer. Han mötte vuxna som såg och 
satte ord på vad han upplevde och 
vuxna som hade förmågan att ta hans 
hållpunkt. Pedagogen på småbarns 
avdelningen hade sett hur viktiga 
pinnarna var för honom. Sara 

similar but at the same time different in 
shape and size. He distinguished and 
grouped parts into a whole, he 
categorised, formed pairs and more. He 
met adults who saw and put into words 
what he experienced and adults who 
had the ability to take his point. 
Teachers from the toddler’s section had 
seen how important the sticks were for 
him. Sara 

In this example, Emil’s categorizing of the sticks can be considered a form of 
explanation. Nonetheless, the way the teacher described this child’s actions 
suggests that she saw the interactions as being examples of the mathematical 
activities Measuring and Counting. Preschool children’s explanations may be 
different to those of adults or older children and so teachers may not always 
recognize them (Johansson et al. 2014). It is likely that other examples which I 
categorized as the mathematical activity Explaining may also not be recognized 
by the teachers as such but as other mathematical activities. A similar point 
could be made about the stories provided by the childcare staff.  

Vi spelade den magiska koppen, där 
jag hade som max sex stycken ploppar. 
Jag gömde ex. fyra ploppar under en 
kopp och barnen skulle då tala om hur 
många ploppar som jag hade trollat 
bort i den magiska koppen. Efter några 
av spelomgångerna fick barnen rita hur 
de tänkte, när de svarade på hur många 
ploppar de trodde fanns under den 
magiska koppen. På detta sätt fick 
barnen tänka om samma sak flera 
gånger från olika uttryckssätt. Elsa 

We played the magical cup, where I 
had a maximum of six buttons. I hid for 
example, four buttons under a cup and 
the children were to say how many 
buttons I had magical made to 
disappear under the cup. After a few 
rounds the children drew what they 
were thinking, when they answered 
how many buttons they thought were 
under the magical cup. In this way the 
children were to think about the same 
thing several times with different ways 
of expression. Elsa 
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Elsa descriptions of how children’s drawing of their thinking about the buttons 
under the cup indicate that they were engaged in the mathematical activity 
Explaining. This was the only story classified as Explaining that came from the 
childcare staff’s stories. This story was also classified as Playing because the 
children had to follow the rules of the game and were focused on hypothetical 
thinking to solve the problem and as Counting because the children were 
considering questions of how many. 

The lack of stories that focus include Explaining examples seems to be in 
contradiction to the goals of the Swedish preschool curriculum in which it is 
stated that children should be offered opportunities to “develop their 
mathematical skill in putting forward and following reasoning” (Skolverket 
2011, p. 10). Although this had been a focus in the professional development 
courses, teachers and childcare staff did not seem to recognize classification as 
a form of Explaining and rarely related it to any of other mathematical activity. 
This could result in missed opportunities to develop this activity. 

Locating  

This mathematical activity is about children locating themselves and other 
things in space. The stories included descriptions of the children engaged in 
drawing, following maps and exploring the environment. Often preschool 
teachers mentioned the learning of position words in their stories.  

T.ex. om barnet ska åka rutschkana så 
benämner jag vad det gör just då, - nu 
klättrar du upp för stegen, sen ska du 
åka ner för kanan. Ett annat exempel – 
Titta leksaksbilen åkte in under bordet, 
kan du krypa under bordet för att hämta 
den? Marcus 

For example if the child should go on 
the slide, then I give the terms for what 
they are doing right then - now you 
climb up the ladder, then you should go 
down the slide. Another example - look 
the toy car went under the table, can 
you crawl under the table to retrieve it? 
Marcus 

It was somewhat surprising that examples of Locating appeared rarely in the 
preschool teachers’ stories. Connections to space were mentioned in the 1998 
version of the curriculum (Skolverket 1998) as well as in the revised version 
(Skolverket 2010). In an earlier investigation (Johansson et al. 2012), many 
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examples were classified as Locating. It may be that exploring space and giving 
labels to children’s experiences are so built into teacher’s practices that they fail 
to value them as mathematical activities. This may also have been the case for 
classifying. 

The childcare staff showed a similar attention to prepositions. However, they 
also provided examples where the focus was on movement and body 
knowledge: 

På gården klättrar vi upp i gungan och 
tar fart med hela kroppen eller cyklar 
runt på en cykel. En god 
kroppsuppfattning innebär att man har 
full kontroll på sin kropp oavsett vilken 
miljö man befinner sig i. Inomhus på 
lekmattor eller vid skötbordet eller i 
skogen klättrandes i berg eller på 
omkullblåsta träd. Ella 

In the playground, we climb on the 
swing and push off with the whole 
body or we cycle around. Good body 
control means that you have full 
control over your body regardless of 
the environment. Indoors, in the 
playground or on the changing table or 
in the forest, climbing mountains or on 
fallen trees. Ella 

Ella highlighted what the children did with their bodies and how this body 
control was important in everyday life. This is in contrast to Marcus, the 
preschool teacher, who focused on giving words to what the children did. The 
preschool teachers did not give similar examples to that of Ella.  This lack of 
examples of Locating, like Explaining and Playing, in the teachers and childcare 
staff’s stories suggests that there is a need for more research to better 
understand why this is the case.  

Designing 

Designing is about imagining a structure, which could be found in the 
environment which could be used to design an artifact. Although the design can 
be used to construct the artifact, Bishop (1988a) is careful to indicate that it is 
the mental actions of imagining that makes designing a mathematical activity. 
However, the focus of the preschool teachers and the childcare staff seemed to 
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be not so much on the designing as of naming shapes and their particular 
features, a minor component of this activity:  

När barnen lägger ett pussel måste de 
titta på formen, färgen och bilden 
samtidigt. Klara 

When children do a puzzle, they must 
look at the shape, colour and picture 
simultaneously. Klara 

Being able to imagine the features needed to build the puzzle is not mentioned. 
Instead preschool teachers often seemed to considered children’s choice of 
shapes in construction situations to be connected to the mathematical activities 
of Counting.  

Till exempel vid legobordet, de räknar 
och beräknar – jag behöver en röd smal 
sexa bredvid dörren. Fredrik 

For example, at the Lego table, the 
counting and calculating - I need a red 
narrow six next to the door. Fredrik 

This example was included as Counting because the teacher seemed to focus on 
the need for a six. It was also classified as Designing because completing the 
building required knowledge of the necessity of certain features to be present in 
the blocks. Similar to the case with Locating, teachers struggled to make value 
links to mathematical activities which were not Counting and Measuring. 

There are many childcare staff stories about building or construction but again 
the focus seemed to be on the activities of Measuring or Counting 

Eftersom vi jobbat med mätning så 
använde vi också kroppen som 
måttstock när vi skulle mäta olika 
bygg-konstruktioner, jag ser nu att 
barnen på ett mer medvetet sätt mäter 
och använder sin kropp även i andra 
situationer. Viola 

Since we have worked with measuring 
we also used our body as measuring 
tools when we were to measure 
different constructions, I see now that 
the children measure in a more 
conscious way and also use their body 
in other situations. Viola 

In this example, construction is mentioned but the focus is on measuring rather 
that the design of the construction, or even the building of the construction.  
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Clements and Sarama (2011) indicated that “geometry and spatial thinking are 
often ignored or minimized in … early education” (p. 133). However, it may be 
the case that the preschool teachers and childcare staff do not recognize that 
they and the children do engage in Designing and this lack of recognition was 
not overcome by attending the professional development course. 

The examples that the teachers gave of Designing fitted the traditional view that 
preschool children needed to learn the names of two-dimensional shapes, 
perhaps because of a perception that schools expected preschools to do this. For 
childcare staff, connections to shapes were missing altogether. A better 
understanding of why this might be the case is needed. 

Measuring 

This was the dominant activity among preschool teachers. Almost a third of the 
examples were about sorting or comparing in terms of size, with length being 
the focus in almost all of these stories:  

Vid det första tillfället mätte de det ena 
barnet sin längd med hjälp av pennor. 
Därefter började de tillverka ett eget 
måttband vilket blev för jobbigt efter 
ett tag. Då kom de på idén att ta 
pärlburkarna till hjälp för att mäta de 
övriga barnen. Detta räckte dock inte 
riktigt hela vägen då ett av barnen 
sprang iväg och hämtade klossar. Ett 
problem som uppstod för barnen vid 
det första tillfället var att barnen insåg 
att pojken som var sju och en halv 
penna lång faktiskt var längst. Två av 
de andra pojkarna var lika långa, men 
kortare än pojken som blev mätt med 
hjälp av pennor. De blev trettio burkar 
och klossar långa och flickan som blev 
kortast blev tjugoåtta.  Hur kunde det 

On the first occasion, they measured 
one child’s length using pencils. Then 
they started making their own tapes 
which became too tedious after a while. 
Then they came up with the idea to 
take the bead jars to help them to 
measure the remaining children. This 
was not completed all the way when 
one of the children ran off to fetch 
blocks. One problem that arose for the 
children on the first occasion was that 
the kids realized that the boy who was 
seven and a half pencils long was in 
fact the longest. Two of the other boys 
were equally long, but shorter than the 
boy who was measured using pencils. 
They were thirty jars and blocks long 
and the girl who became the shortest 
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komma sig? Lena was twenty-eight. How could that be? 
Lena 

The examples of the mathematical activity Measuring generally uses different 
kinds of objects to measure but has a focus on measuring length. However, 
research on a six/seven year old child’s out-of-school experiences (Meaney 
2011) suggest that there would be many other kinds of measuring than just 
length that children engage with regularly. This suggests that teachers may not 
recognise non-length measurement investigations by children. 

This lack of recognition of other measurement attributes was echoed in the 
childcare staff’s stories, although there were some different examples of 
measuring other attributes. The following example is one of the few which did 
this:  

Sandhinken är tung, spaden är lätt, de 
bedömer hur mycket de kan hälla i 
glaset: halvfull – översvämning. Karin 

The sand bucket is heavy, the shovel is 
light, they judge the amount of liquid 
they can pour into a glass, half full or 
over full. Karin 

In this example, the children compare different weights and volumes. that the 
professional development course did not seem to have contributed to the 
teachers and childcare staff recognizing the variety of situations in which 
children engaged in Measuring activities. 

Counting 

Counting dominated the examples in the stories from the childcare staff, but not 
for the preschool teachers. Previous research had suggested that preschool 
teacher were most likely to consider counting as being the equivalent of 
mathematics. It may be that the professional development had broaden this view 
as teachers produced more stories about Measuring than about counting. 
Another possible explanation is that classifying which Bishop connected to 
Explaining, teachers may have been considered as Counting as classification is 
described as a precursor to counting in many teacher education textbooks 
(Sarama and Clements 2009). If the preschool teachers’ stories about classifying 
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were considered as Counting, then it would have been the dominant 
mathematical activity in their stories. 

The stories included examples of counting objects, sharing, determining how 
many remain after something was removed, and pairing. These examples 
generally came from the everyday life of the preschool, whereas the examples 
for the other mathematical activities were from playful or planned situations. 
The following example is typical: 

Vid matsituationen ex. dukning får 
barnen räkna hur många barn som ska 
äta, duka ut rätt antal tallrikar glas och 
bestick till antalet barn. Vi delar frukt i 
halvor fjärdedelar osv. Agneta 

For example, at mealtime, setting the 
table, the children count how many 
children are going to eat, set the table 
the appropriate number of plates 
glasses and cutlery for the number of 
children. We share the fruit in halves 
quarters etc. Agneta  

As Ginsburg et al. (2008) and Björklund and Barendregt (submitted) earlier 
suggested, these preschool teachers’ predominant view of mathematics revolved 
around numbers and shape names. Child care staff’s stories had a similar 
emphasis.  

In summary, Counting remained the most common of the six mathematical 
activities. However, this activity usually occurred together with one of the other 
mathematical activities. On the other hand, Locating, Designing and Measuring 
appeared only rarely in the stories. Locating seemed to be about providing 
labels for positions in space, Designing about naming and noticing shapes and 
Measuring about measuring length. This was the case for both the preschool 
teachers and the childcare staff. Playing and Explaining never occurred in 
isolation but always with one of the other four activities. There also seems to be 
confusion, in both groups although more so in the preschool teacher group, 
between play being the basis for learning and Playing the mathematical activity. 
There were some differences in the preschool teachers and childcare staff’s 
awareness of mathematical activities with some of the mathematical activities 
being more prevalent in the stories of one group. 
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THE IMPACT OF THE PROFESSIONAL DEVELOPMENT 

Although Bishop’s (1988a) six activities were not explicitly described in the 
professional development, they did have an impact on the teachers’ views about 
mathematics, as they were considered beneficial as an alternative way of 
viewing mathematics to that of school: 

Även att jag , eftersom jag jobbar med 
förskoleklass, och jobbar mycket med 
skolan har jag på något sätt halkat in i 
skolans arbetssätt för mycket. Istället 
för att föra over förskolans arbetssätt 
till skolan så har det blivit tvärtom. 
Kanske för att jag inte har haft rätt 
argumentation för att föra fram 
förskolans arbetssätt.  

Even to me, because I work with 
preschool, and work a lot with school, I 
somehow slipped into the school’s 
working too much. Instead of 
transferring the preschool approach to 
school so it has become the opposite. 
Maybe because I have not had the right 
argument to advance preschool 
practices. 

Although mathematics activities remained predominantly focused on Counting 
and Measuring, it seems that providing an alternative way of conceptualizing 
mathematics may help preschool teachers to take a broader view of what they 
offer children in the way of learning opportunities.  

The variety in the mathematical activities in the stories could be attributed to 
attending the professional development course. In the following quote, a teacher 
described how she had previously equated mathematics with the mathematical 
activity Counting. 

Jag har till exempel inte använt ordet 
matematik utan bytt ut det mot ”nu ska 
vi räkna”. 

For example I have not used the word 
mathematics instead replacing it with 
"let's count". 

Still there remained some confusion over what mathematics could be developed 
from engaging in different situations: 

Fingerramsor behöver inte 
nödvändigtvis ha ett matematiskt 
innehåll men den uppmuntrar till 

Finger Chants do not necessarily have 
a mathematical content, but it 
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matematiskt tänkande. encourages mathematical thinking. 

In this quote, the mathematical content and mathematical thinking are separated 
which is not what had been suggested in the professional development course. 
This suggests that more research is needed about how professional development 
affects preschool teachers’ and childcare staff’s practice. Changes from 
professional knowledge take time (Ball et al. 2001) but a more explicit 
discussion of Bishop’s six activities, particularly Playing, Explaining, Locating 
and Designing may be beneficial in future courses.  

Even though the two groups attended the same course there are some 
differences in their stories. According to previous research, it could be expected 
that there would be a focus on Counting. Although Counting was still a large 
part of the stories, the preschool teachers did recognize other mathematical 
activities. However, childcare staff consistently mentioned a Counting episodes 
in their stories even when the focus of the story was clearly on another activity. 

Some of the statements from the two groups about being empowered through an 
increased awareness of what mathematics can be in preschool are similar to 
what Erfjord et al. (2012) documented. These kinds of statements provide some 
information about the preschool teachers’ feelings, beliefs and attitudes towards 
mathematics. In Erfjord et al.’s (2008) study on the impact of a professional 
development course, the preschool teachers expressed in interviews an 
increased awareness of mathematics and that “they make mathematical ideas 
explicit” (p. 662). By investigating professional development participants’ 
stories about their practices, this study has shown that the participants not only 
expressed that they felt more empowered and aware of the mathematics, but that 
they had noticed all the mathematical activities.  

CONCLUSION 

This paper identified some differences between the stories of preschool teachers 
and childcare staff. These differences as well as the similarities give information 
about how professional development courses can be improved. By comparing or 
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contrasting the two groups, it is possible to determine the specific the points that 
needs to be addressed in future courses.  

Although both groups primarily focused on Counting and Measuring, other 
mathematical activities were exemplified. However, examples of Playing, 
Explaining and Locating in their practices might not have been recognized as 
such by the two groups before the professional development course. Sometimes 
teachers were aware that this was the case for the children, but not necessarily 
for themselves: 

Barnen ”pratar” mycket matte utan att 
veta om det. 

The children ‘talk’ about mathematics 
without knowing it. 

Both groups’ understanding of Playing as a mathematical activity and the role 
of play as a basis for learning in the preschool needs to be explored further as 
there appeared to be some confusion about this. Although the childcare staff 
provided some examples of Playing as a mathematical activity, there is a need 
to better understand how perceptions of play and Playing affect preschool 
children’s possibilities to experience and develop this aspect of mathematics. 
Given the lack of attention to the development of young children’s 
mathematical processes in previous research (Kamii et al 2004), there is an 
urgent need for more research in this area. 

Their view on Counting as equivalent to mathematics also needs more 
problematising. The fact that Counting is present in so many of the stories as 
just a small episode might be because it is hard to change the view on 
mathematics in preschool, in a relatively short professional development course. 
However, it does signal that approaches are needed to make preschool staff 
aware of the implications of such a perspective. 

In regard to methodology, there seems to be advantages in using stories as data. 
The preschool teachers and childcare staff were able to express in their own 
words both aspects of mathematics they saw in their practices and their feelings 
of empowerment as a consequence of this. Both groups of adults used stories as 
arguments and examples in their assignments and seemed to be a natural part of 
showing changes. 
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Although earlier research concentrated on preschool teachers who have 
university degrees, investigating and comparing both preschool teachers and 
child care staff’s views provides interesting insights into what occurs in 
Swedish preschools in regard to mathematics learning opportunities. The 
curriculum indicates that both groups are to challenge the children but the 
preschool teachers have the responsibility to ensure that it occurs. In order to 
effectively work together, they need to have similar understandings and views 
on mathematics. However, even after having participated in the same 
professional development courses there were some differences. There were 
more stories classified as Playing as a mathematical activity in the childcare 
staff stories than in the stories of the preschool teachers. In their teacher 
education, the preschool teacher would have worked with all the content from 
the position that play is the basis for learning. This may not be the case for the 
childcare staff. Hence it might be easier for the childcare staff to take on board 
new knowledge about the mathematical activity Playing. 

It is also worth noticing that the processes, playing and explaining, were found 
in very few stories. The adults’ mathematical experiences from their own 
schooling might contribute to the focus on mathematical content rather than the 
processes. This provides useful information about how to improve professional 
development courses for adults working in preschool.  

Using Bishop’s (1988a) six mathematical activities as an analytical tool 
provided insights and about the awareness of mathematics of the adults working 
in preschools.  These activities also provided some insights into how 
professional development might be organized regarding content and focus 
which did not rely on comparisons with school mathematics.  
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2.4 When is preschool children’s play mathematical? Article IV 

In!this!article,!we!discuss!when!children’s!play!can!be!labelled!mathematical.!
In! order! to! do! this,!we! begin! by! discussing! how! play! and!mathematics! are!
connected.!The!three!connections!mentioned!in!the!article!is:!

• Play!as!the!vehicle!for!learning!and!hence!play!is!seen,!as!the!way!
mathematics!should!be!learnt.!

• Play!as!the!creative!component!in!problem!solving!!
• Playing!as!a!mathematical!activity!

Combining! these! three! points! together! using! the! views! of! Fromberg! (1999),!
Holton,! Ahmed,! William! and! Hill! (2001)! and! Bishop! (1988),! we! identified!
features! of! play! that! could! be! considered! mathematical.! These! features! are!
connected!to!mathematical!processes!rather!than!content.!The!focus!on!play!in!
this!article!emerged!from!questions!in!article!III!about!why!there!were!so!few!
examples! of! Playing! as! a!mathematical! activity! in! the! stories! of! adults!who!
working!in!preschools.!This!is!connected!to!the!general!focus!on!mathematical!
processes!and!not!just!the!content!discussed!in!chapter!1!of!this!thesis.!

An! analysis! of! the! literature! on! the! relationship! between! play! and!
mathematics! suggested! three! component! which! are! needed! for! play! to! be!
labelled!mathematical:!creativity;!participation;!and!negotiation.!

The! data! came! from! a! video! of! a! free! play! situation! in!which! four! children!
were! playing! with! different! Lego! constructions! in! a! preschool! class.! The!
reason!for!choosing!to!analyse!a!video!of!a!situation!in!a!preschool!class!was!
because! it! might! provide! a! contrast! to! similar! situations! of! free! play! in!
preschools.! Since! preschool! class! is! seen! as! a! bridge! between! the! informal!
learning!(preschool)!and!the!formal!learning!(school),!this!provided!us!with!an!
interesting!possibility!with!the!same!group!of!children!to!contrast!informal!as!
well!as!the!formal!learning!situations.!

In!this!article,!we!have!focused!on!the!interactions!in!the!play!situation.!Here!
the!focus!becomes!the!interactions!due!to!the!somewhat!different!definition!of!
play! that! can! be! labelled! mathematical! than! Bishop’s! (1998)! definition! of!
playing!as!a!mathematical!activity.!The!focus!on!the!interactions!instead!of!the!
situations!gives!us!a!possibility! to!see!how!the!different!combinations!of! the!
features!of!mathematical!play!appear!and!what!this!then!can!tell!us!about!the!
situation! as! a! whole.! Seeing! the! interaction! in! the! play! situation! places! the!
focus! on! the! children’s! perspective.! This! also! contributes! to! the! view! on!
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mathematics!in!preschool!as!being!not!only!about!the!content!but!also!on!the!
processes.!

In!this!article!it!became!clear!that!not!all!children!had!the!same!opportunity!to!
interact! in! the! situation,! i.e.! participate! in! the! mathematical! processes.! The!
teachers’! role! and! understanding! and! the! research! communities’!
understanding! of! play! that! is! mathematical! is! only! mentioned! and! not!
thoroughly! discussed! in! this! article.! Therefore,! it! needs! some! further!
investigation.! The! following! article! investigates! and! discusses! the! preschool!
teachers’! understanding! of! Playing! as! a! mathematical! activity! and! contrast!
this!with!the!idea!of!play!as!a!vehicle!for!learning!and!also!the!definitions!of!
play!as!a!mathematical! activity.!The! role!of! the! teacher!and! the!opportunity!
for!children!to!participate!in!the!mathematical!activities!are!further!discussed!
and!problematized!in!article!VI!and!article!VII.!
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WHEN IS PRESCHOOL CHILDREN’S PLAY MATHEMATICAL? 
Ola HeleniusΦ, Maria L. JohanssonΓ, Troels Langeϑ,  
Tamsin Meaneyϑ, Eva Riesbeckϑ, Anna Wernbergϑ 

ΦNCM, ΓLuleå Technical University, ϑMalmö University 

One of Bishop’s 6 mathematical activities is play. It is deemed as mathematical 
because of its relationship to modelling, hypothetical thinking and abstraction, all of 
which can be seen in preschool children’s play. In this paper, we explore the question 
about when young children’s play can be labelled as mathematical. This exploration 
contrasts different definitions of play with what is known about mathematicians’ 
academic play and how mathematics education researchers have described young 
children’s play. From this theoretical discussion, we draw out the similarities 
between these types of play and discuss what makes play mathematical. We use these 
features to analyse a small episode of children playing to discuss if and how this 
could be considered to be mathematical. 
INTRODUCTION 
Mathematics and play are often combined, especially in discussing young children’s 
engagement in mathematical tasks in preschools (see for example, (Ginsburg, 2006; 
Sarama & Clements, 2009; Lange, Meaney, Riesbeck, & Wernberg, 2014). In these 
discussions, mathematics and play are connected in three different ways. In regards to 
young children, often play is considered as a vehicle for learning, while for 
mathematicians play is described as a necessary component of their creativity in 
problem solving. The third relationship is that which considers play as a 
mathematical activity. In this paper, we compare these different perspectives in order 
to identify the features of play that can be considered mathematical. This is important 
because often what young children are engaged in is recognised as play but dismissed 
as not being mathematical unless it includes obvious mathematical content, such as 
number. Although mathematical processes such as problem solving are deemed as 
important by mathematicians and mathematics educators alike, there seems to be 
scant support for categorising young children’s actions as mathematical processes. In 
this paper, we discuss when young children’s play should be considered 
mathematical. 
Many people have identified features belonging to play (see for example Huizinga, 
1976; Bruner, 1975; Ugurel & Morali, 2010). Incorporating features of other 
researchers, Fromberg (1999) defined young children’s play as: 

Symbolic, in that it represents reality with an “as if” or “what if” attitude 

Meaningful, in that it connects or relates experiences 

Active, in that children are doing things 

Pleasurable, even when children are engaged seriously in activity 



  
Voluntary and intrinsically motivated, whether the motive is curiosity, mastery, 
affiliation, or something else 

Rule-governed, whether implicitly or explicitly expressed 

Episodic, characterized by emerging and shifting goals that children develop 
spontaneously and flexibly. (p. 28) 

Features such as these can be seen in the Swedish preschool curriculum, in which 
play is considered the foundation for children’s learning, including the learning of 
mathematics: 

Play is important for the child’s development and learning. Conscious use of play to 
promote the development and learning of each individual child should always be present in 
preschool activities. Play and enjoyment in learning in all its various forms stimulate the 
imagination, insight, communication and the ability to think symbolically, as well as the 
ability to co-operate and solve problems. (Skolverket, 2011, p. 6) 

Having play as the vehicle for learning affects many aspects of the interactions 
between children and between children and the teacher. For example, from examining 
an activity where preschool children explored glass jars, we found that although the 
teacher could offer suggestions about activities, the children did not have to adopt 
them and could suggest alternatives (Lange et al., 2014). The importance of 
children’s ability to control their environment in a play situation has been 
acknowledged by others–“I suggest that the success of the physical manipulations, 
and ultimate mathematical conceptualisations, is very much dependent upon the 
successful self-regulation of the social context” (Macmillan, 1995, p. 123). 
Although the features of play that are connected to mathematics learning are often 
undefined, the mathematics of young children is generally equated with school 
mathematics topics. For example, Vogel (2014) stated: 

The conception of the mathematical situations of play and exploration provides that the 
arrangement has its root in one of the following five mathematical domains: number and 
operations, geometry and spatial thinking, measurements, patterns and algebraic thinking 
or data and probability (including combinatorics) (p. 224) 

In discussing everyday mathematics that occurs in young children’s play, Ginsburg 
(2006) drew on the work of John Dewey, to provide a less extensive list of counting, 
measuring and rhythmic sequencing. Even when a mathematical process, such as 
argumentation (Perry & Dockett, 1998), is discussed in regard to play, generally it is 
seen only from the perspective of what it contributes to children’s learning of 
mathematical content, particularly school mathematical content. For example, van 
Oers’s (2014) discussion of a play-based curriculum sees it as providing possibilities 
for children to become aware of “quantitative and spatial dimensions of reality” (p. 
115) within problem solving situations–“Mathematics emerges in children’s 
development, not as an elaboration of implicit mathematics in play, but as an 



  
attribution from outside of mathematical meanings to children’s actions or 
utterances” (p. 114).  
The focus on mathematical content is somewhat surprising given that the attributes of 
play seem, at least at first glance, to be more closely connected to mathematical 
processes than to content. However, the lack of definitions of play in many of the 
articles that promote play as an approach to mathematical learning may explain this 
anomaly.  
There has also been some work on mathematicians’ views about the connection 
between mathematics and play. Bergen (Bergen, 2009) in discussing the childhood 
memories of adults working in the mathematics, science and technology industries 
found that many of them had spent time involved in construction play. She suggested 
that:  

The “worlds” children construct, either with concrete materials such as blocks or 
interlocking pieces or with virtual-reality simulation games, give them the imaginative 
experiences and the interest in “seeing what might happen” to prepare them to create new 
worlds of design in later work experiences. (p. 419) 

Creativity and imagination, rather than content, seem to have been the impetus for 
mathematical understanding. This is supported by other studies, which looked at the 
long-term, mathematical achievement implications of making constructions with 
Lego (Wolfgang, Stannard, & Jones, 2003). In their longitudinal study of the impact 
of block play on school mathematics achievement, Wolfgang, Stannard and Jones 
(2001) found that the complexity and adaptiveness of children’s block play in 
preschool correlated with their mathematics achievement in high school. The more 
complexity in their building play in preschool, the more likely the children were to 
have higher mathematical achievement in high school. Similarly, Moranyi, Devine, 
Nobes and Szucs (2013) found that ten-year-old children who displayed higher 
mathematics performance also had better ability to reason logically about belief-
inconsistent fantasy content. For example, they were better able to deduce that the 
mouse was bigger than an elephant from the two statements, the elephant is smaller 
than the dog and the dog is smaller than the mouse. 
This research seems to present an alternative conception of the relationship between 
play and mathematics than the previous one in which play was considered as a 
vehicle for learning mathematical content. Play itself is seen as a factor for 
developing mathematical creativity and imagination. From interviews with research 
mathematicians, Bloom suggested that the way that most children were introduced to 
mathematics, through precision and accuracy, actually stifled their development 
(Brandt, 1985). He suggested that a playful approach, as recommended by Alfred 
North Whitehead (1959), would be a better way to encourage children to respond to 
mathematics as mathematicians had. 
In contrast to the earlier reviewed research which focused on mathematical content in 
relationship to learning through play, Holton, Ahmed, Williams and Hill (Holton, 



  
Ahmed, Williams, & Hill, 2001) defined mathematical play as “that part of the 
process used to solve mathematical problems, which involves both experimentation 
and creativity to generate ideas, and using the formal rules of mathematics to follow 
any ideas to some sort of a conclusion” (p. 403). Thus, rather than being a vehicle for 
learning mathematics, Holton et al. (2001) situate play as a necessary component for 
doing mathematics. They identified six criteria that they saw as essential components 
of mathematical play: 

(1) it is a solver-centred activity with the solver in charge of the process; 

(2) it uses the solver’s current knowledge; 

(3) it develops links between the solver’s current schemata while the play is occurring; 

(4) it will, via 3, reinforce current knowledge; 

(5) it will, via 3, assist future problem solving/mathematical activity as it enhances future 
access to knowledge; 

(6) it is irrespective of age. (Holton et al., 2001, p. 404) 

These criteria have some resemblance to Fromberg’s (1999) attributes of play. As 
well, in her review of the literature she mentioned almost all of Holton et al.’s (2001) 
list. For example, Fromberg’s identification of play as needing to be meaningful is 
similar to Holton et al.’s (2001) discussion of using the solver’s current knowledge. 
She also acknowledged that it was valuable that children could control the intensity 
of their play, such as in play fighting situations, as well as using current knowledge 
for exploration of past or future experiences.  
Nevertheless, there are differences between the lists. In Fromberg’s (1999) review, 
she emphasised the social aspects of play, “for young children, play is a way to 
strengthen worthwhile, meaningful learning and co-operation with others rather than 
merely acquiring facts alone” (p. 45). In Holton et al.’s (2001) mathematical play, the 
focus is on the individual solver of problems and the important role of social 
interactions in research mathematicians’ problem solving is not emphasised. In 
Meaney (Meaney, 2005), an exchange between two mathematicians showed how the 
ways that they interacted allowed them to put forward and discuss the merits of 
different ideas in what Holton et al. (2001) would label as mathematical play. It 
therefore seems somewhat problematic to have a definition of mathematical play that 
focuses only on the role of the individual problem solver.  
Mathematicians, as belonging to a shared social situation, continuously negotiate 
what can and cannot be mathematics. For example, theoretical computer science was 
initially an area within mathematics but was not considered “mathematical enough”. 
In recent times, there have been indications that other areas of applied mathematics is 
also being pushed out of mathematical departments (Osgood, 1998; Garfunkel & 
Young, 1990). 



  
The final approach to considering the relationship between play and mathematics is 
that of Bishop (1988) who considered playing to be one of six mathematical activities 
that all cultures engaged in, with both adults and children as possible participants. He 
considered the activities to be processes that lead to the development of mathematics. 
For him playing provided an answer to how mathematics is done. This is in contrast 
to a focus on mathematical topics as products, such is nominated in a curriculum like 
“number, measurement, geometry and language/logic” (p. 23). Playing is the social 
procedures and rules of performance, “the ‘as if’ of imagined and hypothetical 
behaviour” (p. 24). Consequently, he described the features of play as: 

• to imagine something–which is the basis for thinking hypothetically and 
beginning to think abstractly  

• to model–which means abstracting certain features from reality  
• to formalise and ritualise rules, procedures and criteria  
• to predict, guess, estimate, assume what could happen  
• to explore numbers, shapes, dimensions, positions and arguments (i.e. engage 
in the other five mathematical activities in playful ways) 

Although Bishop’s six activities have been used in regard to research in to preschool 
mathematics (Macmillan, 1995; Macmillan, 1998; Flottorp, 2011; Johansson, Lange, 
Meaney, Riesbeck, & Wernberg, 2012; Helenius, Johansson, Lange, Meaney, 
Riesbeck, & Wernberg, 2014 forthcoming), there has been little discussion about 
playing as a mathematical activity. In Macmillan’s (1998) research, play is seen as 
the situation in which children participate, with no explicit mentioning of playing as a 
mathematical activity. The closest that the discussion came was in descriptions of 
episodes which involved a “play on words” (p. 60) and where the children negotiated 
and regulated the play situation. In her 1995 article, Macmillan summarised Bishop’s 
(1988) description but did not operationalise it in regard to her data. Although 
Johansson et al. (2012) and Helenius et al. (2014  forthcoming) identify and describe 
examples of playing as a mathematical activity, the discussion of what counted as 
playing relied on Bishop’s own definition. Consequently, in this research playing as a 
mathematical activity was equated with hypothetical thinking, modelling and 
abstraction. Although there seems to be some overlap with aspects of the two 
previously discussed approaches, playing as a mathematical activity has been used 
less in empirical research. 
In the next section, we synthesise the features connected to the different approaches 
that link mathematics to play, before using those features to analyse an interaction 
between a group of 6 year old children. 
THE FEATURES OF PLAY WHICH ARE MATHEMATICAL 
In order to determine the features that could contribute to play being considered 
mathematical, we identified what is common across the approaches. As is outlined in 
the next sections, we group the common features as: creative, participatory and rule 



  
negotiation. Often, in putting the groups together, we started from the features that 
Bishop’s provided for play as a mathematical activity as it seemed to show more 
explicitly the links between the features of play and the features of mathematics. 
Our expectation is that in play, both children’s and adults’, these groups of features 
are inter-related and it is the inter-relationship that contributes to mathematical ideas 
being developed, perhaps for the first time by mathematicians or as a reproduction of 
culturally-valued mathematics by children (see Figure 1). Our argument is that unless 
aspects of all three components are in evidence then the activity is neither playful nor 
mathematical. 

 
Figure 1: The interrelationship between groups of features that contribute to play 
being considered mathematical  

Before discussing each group of features, we describe how the inter-relationship is 
connected to the historical development of mathematical ideas. Although 
mathematics can be understood philosophically in many ways (Ernest, 1991), one 
approach is to see it as a humanistic enterprise, intelligible only in a social context 
(Hersh, 1997). Creating new mathematical ideas, such as the introduction of negative 
numbers, requires old mathematical truths to be abandoned or reinterpreted through 
rule negotiation. It took several hundred years of social negotiations among 
mathematicians before negative numbers were accepted as a creative solution to 
certain kinds of mathematical problems. By participating in these negotiations, 
mathematicians eventually agreed on which rules needed changing and which rules 
could stay the same. Imre Lakatos’ book Proof and Refutations (1976) describes how 
mathematics as a discipline can keep its internal coherence despite regularly and 
repeatedly dealing with new “rule breaking” entities. Part of this comes about 

Participatory 

Creative 

Play that is 
mathematical 

Rule 
negotiation 



  
because mathematicians accept what it means to participate in both local debates but 
also in the wider community of practising mathematicians, as determined at the time.  
Mathematics is a complicated activity that can be described in many ways. Therefore, 
we are not suggesting that viewing play as being mathematical is a better way to 
understand mathematics in general. Our point is that many elements of doing 
mathematics could be described as play and that in deliberating whether young 
children’s play should be considered mathematical it is relevant to consider how this 
is related to what mathematicians do. For example, as discussed in the following 
section, young children’s play often includes creatively posing problems and finding 
solutions that involve rule negotiation. 
Creative 
In the earlier discussion, it seems that both playing and doing mathematics include 
being creative and thus a creative element is necessary for play to be considered 
mathematical. Fromberg (1999) talks about play’s symbolic nature in that it is a 
representation of reality. Posing problems and finding solutions, which were 
recognised by Bergen (Bergen, 2009) as linking children’s play to the work of 
scientist, mathematicians and engineers, can be considered expressions of the “as .. 
if”, “what … if” aspects identified by Fromberg (1999). Similarly, Bishop (1988) 
suggested that hypothetical thinking grows out a requirement for play to be distanced 
from reality. Play models reality by referencing to it, but not including all aspects of 
it. This allows certain issues to be explored imaginatively, without the constraints that 
reality might require. Holton et al. (2001) acknowledged that it is the solver of the 
problem who is in charge of the solution process and thus can determine the features 
that should be considered as integral for solving it. Fromberg’s (1999) definition of 
play included that it was voluntary and intrinsically motivated, often because children 
were curious about something and this encouraged them to continue their play. When 
play occurs over a long period of time, participants can change the focus or problems 
that are being explored as other ideas become more interesting. 
Therefore, an operational description of what creative aspects make play 
mathematical should include these features: 

• Play models a situation that includes some, but not all aspects of reality 
• The participants determine or accept the altered reality through playing  
• Playing involves posing and solving problems that they set themselves  

Participatory 
Mathematics has long been recognised as a cultural activity and thus as constructed 
by groups of people (Bishop, 1988). Participating in mathematics involves posing or 
solving a problem that others would recognise as mathematics. When solving an 
individual mathematical problem, participants cannot do anything that they like, 
instead they must agree to abide by the rules of mathematics (Holton et al., 2001). 
However, young children are unlikely to know the rules of mathematics so for play to 



  
count as mathematical, there must be abiding by group negotiated rules, but these 
may not necessarily be about mathematical content knowledge per se. 
In discussing playing as a mathematical activity, Bishop indicated that participation 
involves agreeing to suspend normal reality in order to take on the specific reality of 
a particular play situation. However, because the play situation models some aspect 
of reality, even if done in an imaginative way, there is also a recognition that 
participation is both at the local level of the immediate situation but also at the 
societal level which determines the rules and values that affect immersion in reality. 
As participants move backwards and forwards between the two levels, play situation 
are adapted when new problems become of interest. The acceptance of play situations 
as allowing modelling of the participation that occurs in real situations contributes to 
participants predicting, guessing, estimating, and making assumptions about what 
could happen within its altered reality. Thus, participation ties the imaginative, 
creative aspects of play to reality. Playing being Martians living on Mars can only be 
done by basing that play on what is known about being humans on earth. 
For play to be considered a mathematical activity, either implicitly or explicitly, 
participants need to acknowledge that their participation occurs both within the play 
situation and as part of the wider societal reality. Therefore, it should include the 
following features: 

• Participants showing an awareness that their participation depends on others 
recognising that they are acting acceptably  

• That participation is at both the local and societal level 
Rule Negotiation 
Fromberg (1999) suggested that play was rule-governed, although as was the case 
with the earlier example from Perry and Dockett (1998) of the girl putting a case that 
she was the mother, the rules were implicit rather than explicit. As discussed in the 
previous section, Bishop (1988) acknowledged that during play participants have to 
agree to the suspending of some aspects of reality. If participants do not agree to this 
rule, then play cannot occur. Nonetheless, rules can be changed as the play situation 
develops but only if all participants agree to the changes, although possibly under 
threat of being excluded from the play. Rule negotiation is an essential component of 
play. 
Although school students often regard mathematics as just a set of rules (Wong, 
Marton, Wong, & Lam, 2002), the rules have been agreed to as a result of consensus 
amongst mathematicians, as was described previously. Indeed as van Oers (2001) 
stated:  

It is not the link with meaningful problem situations as such that defines the nature of 
‘real’ mathematics, but the observance of particular rules, the use of particular concepts 
and tools, the engagement with certain values that define whether one is doing 
mathematics or not. (p. 71-72) 



  
Like Fromberg (1999), Bishop (1988) identified rules as being a component of play. 
He considered that when play became incorporated into games, there is a formalising 
and ritualising of rules, procedures and criteria. This also contributes to the use of 
strategies, as the focus shifts to winning the game. Often strategies require logical 
thinking, similar to that used in mathematics, if a player wants to maximise their 
chances of winning (Holton et al., 2001).  
For play to be considered mathematical, it must include all or most of the following: 

• Participants must abide by the implicit or explicit rules of the play 
• For rules to change, there needs to be negotiation by participants 
• Negotiating the rules contributes to forming the boundaries of the play 

situation and thus what aspects of reality can be suspended and what aspects 
are modelled in what ways. 

METHODOLOGY 
To ascertain if the criteria in the previous sections contribute anything meaningful to 
determining if a play situation could be labelled mathematical, it is important to use 
them with some empirical material. Therefore, we have chosen a short video to 
analyse which is just over three and a half minutes long, in which a group of six-year 
olds, attending a Swedish preschool class engage in free play. Children do not begin 
school in Sweden until they are around seven years old, but the year before they 
attend preschool class which is usually situated in the school that they will attend. 
The preschool class is considered a bridge between preschool and school. The videos 
were collected as part of wider project investigating what mathematics is in 
preschool, with preschool class providing a contrast to this.  
The videos were collected from the same preschool class over several months but this 
was the only video that included free play. The extract was chosen because although 
the children discuss numbers as part of the buying and selling in their game, it is not 
immediately clear that this example would fulfil all the criteria that we outlined. 
Analysing such a situation using our criteria would indicate whether the criteria 
worked in the complex environments in which play generally occurs with young 
children.  
In the extract four children, three boys and a girl, play with different Lego 
constructions. The situation is somewhat chaotic as the children leave and come back 
and move in and out of different storylines. Stills from the video are provided with 
the transcripts in order to clarify what was occurring. The transcripts are provided in 
the original Swedish with an English translation. 
In the following sections, we discuss extracts of the video to explore which can be 
classified as mathematical and what this tells us about the play situation. 
TO BE OR NOT TO BE MATHEMATICAL 
Rather than considering situations as either being mathematical or not being 
mathematical, it is more valuable to consider whether an interaction was more or less 



  
mathematical. This allows the analysis to consider how different combinations of 
criteria appear in the play and what this tells us about the play situation. 
Buying a popsicle 

 
Figure 2: Negotiating to buy a popsicle 

The video begins with Teo wanting to buy a pretend popsicle (piggelin), something 
which would be quite cheap with some pretend money (kroner bills). Figure 2 shows 
Teo (left) showing Tom (right) the money that he has. 

Teo:  Får man köpa nåt här? Can I buy something here? 

Patrik:  Nej. No. 

Teo:  Men får jag ändå köpa nåt? But can I still buy something? 

Tom:  Men var är hundralapparna? But where are the hundred 
kroner bills? 

Teo:  A men jag har bara såna här 
pengar, men kan jag, kan jag få 
köpa något? 

Ah, but I only have this kind 
of money, but can I, can I buy 
anything? 

Tom:  Ja Yes 

Teo:  Jag vill köpa piggelinen.  I want to buy the popsicle. 

Tom:  Den kostar alla dom. It costs all of those. 

Teo:  Nä inte alla mina pengar. No, not all my money. 

Tom:  Jo, den kostar allt det. Yes, it costs all that. 

Teo:  Nä! No! 

In this episode, the children are being creative in regard to modelling the reality that 
they want to explore. One of the Lego pieces, a blue plastic pole comes to take on the 
role of a popsicle. The pretend money is also allowed to take the role of real money, 
although Tom queries why there are only 3 and 4 kroner bills and not hundred kroner 
bills. This suggest that Tom does not see these smaller bills as being sufficient for the 
kind of buying and selling activity that he wants to model. Nonetheless, this situation 
fulfils the criteria of being mathematical, in that in models a real situation but does 



  
not try to include all aspects of a real buying and selling situation. Although Patrik 
initially does not accept that Teo can buy anything, Tom’s continual engagement with 
Teo suggest that these two boys at least have accepted the conditions of this being a 
buying and selling exchange. The problem of what does a popsicle costs is one that 
the children set up and try to resolve themselves.  
In regard to the criteria for participation, it seems that Patrik withdraws from this 
game because he did not want to sell any of the Lego constructions. Teo, however, 
was able to continue in this play because of Tom’s willingness to interact under the 
conditions invoked by Teo’s desire to buy something with his money. Teo’s querying 
of the need to give Tom all of his kroner bills draws on his understanding of the real 
world, in which popsicles rarely cost all of the money that his parents might have in 
their wallets. Thus he moves between the local play situation and his understanding 
of the real world. 
The querying by Tom of the kind of money that Teo has as well as Teo’s querying of 
Tom’s definition that the popsicle costs all of Teo’s money shows some negotiation 
about what rules should apply in this situation. However, the basic premises that a 
blue plastic Lego pole could stand for a popsicle and that it could be bought with 
pretend kroner bills are not queried. Therefore, the boundaries of the play situation 
remain inplace.  
Klara’s chocolate 
Klara returned to the group with a small brown plastic block. She then showed it to 
the boys (see Figure 3) and said “Have you had the chocolate?” (Har ni haft 
chokladen?). Tom said, “No,” before returning to his conversation with Teo. A few 
turns later, Klara tried again to attract the boys’ attention by saying “Check this out a 
small chocolate” (Kolla in detta då en liten choklad) but is not successful in having 
the boys take up this alternative possibility for the play. She made one last attempt to 
gain the boy’s interest before dropping this discussion. 

 
Figure 3: Klara showing her chocolate to Tom 

Although Klara seemed to have been just as creative as Tom and Teo in turning a 
plastic block into a chocolate, she did not get an opportunity to present a problem 



  
because this situation was not accepted by the others. Therefore, there was no joint 
participation and no rule negotiation, so the situation did not fulfil the criteria of 
being mathematical– or even play. 
The car 
Having been unsuccessful in changing the direction of the play by introducing the 
chocolate, Klara tried to enter the buying and selling play situation by offering first a 
trade and then by supporting Patrik’s offer to buy the car. Although there was some 
interest in her offers, they were eventually rejected as not being appropriate. Figure 4 
showed Klara and Patrik’s interest in the car. 

 
Figure 4: Klara and Patrik showing strong interest in the car 

Patrik:  Bilen. The car. 

Klara:  Byter ni den här bilen mot alla de 
här och mitt bygge? 

Do you want to trade this car 
against all of these and my 
construction? 

Patrik:  Det här är inte vårt. This is not ours. 

Klara:  Jo den här delen är min. Yes, this part is mine. 

Tom:  Oh, kolla vad häftigt! Om man 
snurrar på denna, så snurrar de 
här däcken. 

Oh, check this out, so cool! If 
you spin this one, the wheels 
spin. 

Klara:  Kolla! Check this! 

Patrik:  Den här vill jag köpa. I want to buy this. 

Tom:  Men var är pengarna då? But where is the money then? 

Klara:  Här i … Here in … 

Tom:  Nä där är dom inte! No, they are not there. 

In this episode, the children do not seem to be able to enter the virtual reality of the 
buying and selling situation that Tom and Teo had been in. Ownership of the 



  
constructions, determined in the real world by who had built them, thwarts Klara’s 
efforts to make a trade. She returned to the facts about what had been her contribution 
to the construction to support her claim that she could do the trade. Patrik also had no 
success in convincing Tom that he had a legitimate right to enter into the buying and 
selling play situation. Although the money was only play money, Teo held on to it 
and Patrik had nothing else which was accepted to be an appropriate model for real 
money. Thus, in spite of the fact that there was some joint participation, there was no 
seamless merging between the local and societal levels of the modelling. Tom 
positioned himself as the arbitrator of what was acceptable for the play situation and 
judged that Patrik and Klara’s suggestions could be ignored. Thus, this situation 
could also not be accepted as mathematical–or play. 
 Successful negotiation 
Towards the end of the video, Teo re-entered the discussion with another attempt to 
buy the popsicle. In the meantime, the teacher has given him some more kroner bills, 
although still only worth 3 and 4 kroner each. At one point, he copied Klara’s trading 
attempt by picking up a small blue Lego block, labelling it as a popsicle and then 
trying to use it to exchange for the pretend popsicle that he wanted from the start. 
Eventually, Tom accepted the deal but took Teo’s money to count out the 40 000 
kroner that he said it would cost.  

  
Figure 5: Teo with his popsicle trade and Tom counting out the 40 000 kroner 

Teo:  Men, ok, jag vill köpa piggelinen 
för de här. 

But, ok, I want to buy the 
popsicle for these. 

Tom:  Nej, nej, nej. No, no, no. 

Teo:  Här så får jag piggelinen Here so I will get the popsicle. 

Tom:  Varför måste du ha piggelinen, då 
dör du ju 

Why do you have to have the 
popsicle, then you will die. 

 (ohörbart) Inaudible  

Tom:  Vad köper du? What do you buy? 



  

Teo:  Piggelinen. The popsicle. 

Patrik:  Men då blir ni också sjuka. But then you will get sick as 
well. 

Teo:  Men kan jag betala med den här 
piggelinen 

But can I pay with this 
popsicle? 

Tom:  Det där är fyrtiotusen, I så fall får 
du betala, vänta de här också. 

That is forty thousand, in that 
case you will have to pay, wait 
those too. 

Teo:  Men But 

Tom:  Jo, väldigt mycket kostar det 
alltihop. 

Yes, it cost very much all of 
that. 

Teo: Ni är så elaka varför måste det 
kosta så mycket? 

You are so mean, why does it 
have to cost that much? 

Tom:  Den kostar inte alls mycket den 
kostar bara en sån där. 

It doesn’t cost that much only 
one of these. 

As with the earlier episode, Tom and Teo built up the play situation in which Teo 
wanted to buy a popsicle, first with the money he had and when this initially did not 
work, to do a trade. Unlike the situation with Klara and Patrik, Tom seemed to accept 
that as possible. Although initially he rejected the sale and trade offers, a reference to 
the real world, by Teo labelling him as “mean”, meant that he did accept Teo’s 
money as being equivalent of the 40 000 kroner he had demanded as payment. Thus 
the situation was creative and accepted by the two main participants. Although Tom 
attempted to change the play situation by suggesting that Teo would get sick if he ate 
the popsicle, something that Patrik also supported, Teo ignored this suggestion. Thus, 
this offer to renegotiate the play situation was rejected by one of the main characters, 
Teo. Unlike the previous episode, this rejection did not affect the possibilities to 
continue playing; instead it strengthened the boundaries of what was and what was 
not acceptable for this play situation. The criteria outlined in the previous section are 
all met within this episode, at least for Teo and Tom, suggesting that for this episode 
of play could be considered mathematical.  
CONCLUSION 
In this paper, we present the case that play sometimes has the characteristics which 
could deem it to be mathematical. This is not to say that mathematics is play, rather 
that some of the characteristics of playful situations allow those situations to be 
classified as mathematical. This is important because mathematics education in 
preschool, if mentioned at all, concentrates on content knowledge. Generally, play is 
not recognised as having anything in itself which could add to children’s 
mathematical understandings. For example, Lee and Ginsburg (2009) wrote: 

Children do indeed learn some mathematics on their own from free play. However, it 



  
does not afford the extensive and explicit examination of mathematical ideas that can be 
provided only with adult guidance. … Early mathematics is broad in scope and there is 
no guarantee that much of it will emerge in free play. In addition, free play does not 
usually help children to mathematise; to interpret their experiences in explicitly 
mathematical forms and understand the relations between the two. (p. 6) 

Based on research with mathematicians, we suggest that the criteria that we have 
identified about what makes play mathematical indicates that playing can support 
children to develop the mathematical process understandings. The longitudinal 
studies on block play described earlier (Wolfgang, Stannard, & Jones, 2001; 2003) 
showed that some kinds of play done while in preschool could support mathematical 
achievement in school. However these studies did not clarify exactly what it was 
about play which was likely to support mathematicians to solve new mathematical 
problems or children to achieve in mathematics at school, except to identify the block 
play as complex and adaptive. Therefore, it seemed important to identify criteria that 
would allow play situations to be classified as mathematical. Our approach of having 
am integrated set of three kinds of criteria–creative, participatory and rule 
negotiation–includes the features that were common to Fromberg’s (1999) definition 
of play, research on playful aspects of the work of mathematicians (Holton et al., 
2001) and Bishop’s (1988) description of playing as a mathematical activity.  
Having stated this, like Lee and Ginsburg (2009), we acknowledge the importance of 
the role of the teacher in children’s play, The examples that we provide of 6 year olds 
playing together suggests that not all children may have the same opportunities to 
engage in play that is mathematical. It will depend on the social relationships within 
the group, amongst other things. Therefore, the teacher has a role in the play so that 
all children are encouraged to be creative, participatory and contribute to the 
negotiation of rules. Notwithstanding that more research is needed both to test out the 
criteria for what makes play mathematical and of a longitudinal nature, we suggest 
that a teacher’s active participation in the play could contribute to children learning 
more about mathematics. We hypothesise that playing in this way would actually 
contribute to the mathematising valued in Lee and Ginsburg’s quote above and lend 
itself to the mathematical content knowledge being learnt in more meaningful ways. 
As indicated in the previous paragraph, we acknowledge that identifying these 
criteria are only the start of a research programme in to better understanding the 
contribution that play which is mathematical makes to children’s later understandings 
of mathematics. The criteria for what makes play mathematical needs to be tested 
with other kinds of play as well as considering how the teacher’s role in the play 
could contribute to more equitable learning opportunities. It is also important to 
consider how to conduct longitudinal studies to ascertain whether there are benefits 
for children from engaging in this kind of play in their later lives. With the 
schoolification of preschools (Alcock & Haggerty, 2013; Garnier, 2012; Sofou & 
Tsafos, 2010), there is a real need to know whether the reduction of play in 
preschools will be detrimental to children’s mathematical learning, rather than 



  
valuable as politicians and policy makers suggest. We do not want to be “throwing 
the baby out with the bathwater”, so that increasing the amount of formal 
mathematics education that children receive in preschool actually decreases their 
interest and actual learning of mathematics.  
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2.5 Playing as a mathematical activity, a professional blind spot? 
Article V 

In!this!article!preschool! teachers!awareness!and!understanding!of!playing!as!
mathematical! activity! is! explored.! Some! of! the! issues! that! arose! from! the!
results!presented!in!article!III!and!article!IV!are!investigated!in!more!detail!as!
a! consequence! of! the! lack! of! awareness! and! confusion! about! Playing! as! a!
mathematical!activity.!The!data!consist!of!group!discussions!in!three!different!
preschool! who! were! responding! to! a! web2based! professional! development!
course! (Skolverket,! 2012),! which! included! a! set! of! tasks! on! Playing! as! a!
mathematical!activity.!Exploring!teachers’!responses!to!the!material!was!part!
of!a!larger!project!undertaken!by!the!research!group!as!it!had!been!our!group!
who!had!developed!the!web2based!material!for!Skolverket.!More!information!
about! the! theories! behind! the! design! of! the! web! modules! can! be! found! in!
Helenius,! Johansson,! Lange,! Meaney,! Riesbeck! and! Wernberg,! (2015b!
forthcoming).!!

As!had!been!shown!in!article!III,!Playing,!like!Explaining,!had!been!identified!
as! a! mathematical! activity! which! preschool! teachers! were! likely! to! not!
recognise.! Therefore,! it! seemed! important! in! evaluating! the! web2based!
material!which!had!been!developed!with!this!knowledge!in!mind!had!actually!
achieved!this!result.!However,!the!results! in!this!paper!suggest!that! this!was!
only! partially! achieved! and! identifies!why! this!may! be! a! professional! blind!
spot!for!preschool!teachers.!!
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ABSTRACT 

This paper discusses how preschool teachers struggled to recognise children 
participating in Playing as a mathematical activity after they had participated in a 
professional development courses which included tasks on this. Consequently, 
Playing as a mathematical activity and play as the basis for learning are contrasted 
in order to better understand why this lack of recognition occurs. The results of this 
study have wider implication for professional development programmes including the 
importance of broadening teachers’ understanding of mathematics. 
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INTROUCTION 

In this paper, I discuss preschool teachers’ confusion or lack of recognition of 
Bishop’s (1988) mathematical activity Playing, in their work with children. Through 
this discussion, I argue that some problems with teachers not taking up aspects of 
professional development programmes may be caused by facilitators’ lack of 
understanding of how difficult it is to identify and change teachers’ beliefs about 
mathematics.  

In order to focus the discussion on these problems, I use the term “professional blind 
spot” to describe preschool teachers’ lack of recognition of Playing as a mathematical 
activity. According to Nathan and Petrosino (2003), the metaphor of the blind spot 
draws on the fact that “people’s perception of the world are influenced by their 
expectations” (p. 906). Nathan and Petrosino (2003) examined preservice secondary 
teachers and their judgement of algebra problem solving difficulties. In contrast to 
research findings, these teachers considered contextual problems to be more difficult 
for students than pure algebraic ones. This seemed likely to be related to the ways 
that American textbooks commonly organised algebra teaching. As a consequence, 
Nathan and Petrosino (2003) found that “the expertise in a subject area may make 
educators blind to the learning processes and instructional needs of novice students 
and that educators with such expertise often are entirely unaware of having such a 
blind spot.” (p. 906).  

The results of this study suggest that the professional blind spot for Swedish 
preschool teachers in regard to mathematics is not due to lack of expertise in the 
subject matter, as was the case for the American study, but rather learning processes. 
The preschool teachers’ blind spot becomes visible when their strong background in 
viewing play as a basis for learning, interferes with their learning about Playing as a 
mathematical activity.1  

The way that play and mathematics in preschools have been conceptualised by 
researchers and in curricula is likely to have contributed to teachers’ understanding of 
their connection. Therefore, I have situated this study within a wider discussion of 
play and its role in preschool especially conceptions of its connection to mathematics, 
before elaborating on Playing as mathematical activity.  
                                         
1 To make the distinction clear, I use Playing, with a capital P, to discuss the mathematical activity 
and play to describe other types of children’s play. 
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PLAY 

Play is often connected with children’s engagement with mathematics in preschool 
(Ginsburg 2006; Sarama and Clements, 2009; Lange et al. 2014). According to 
Broadhead (2006, p. 192) “early years literature has long emphasised the value of a 
learning-teaching environment where children play and learn together in creative, 
investigative and problem-solving ways”. This is certainly the case in the Swedish 
preschool curriculum (Skolverket, 2011) and may have contributed to preschool 
teachers sharing the view that play is the basis for learning (Johansson submitted). 

The Swedish preschool curriculum states:  
Play is important for the child’s development and learning. Conscious use of play to 
promote the development and learning of each individual child should always be present in 
preschool activities. Play and enjoyment in learning in all its various forms stimulate the 
imagination, insight, communication and the ability to think symbolically, as well as the 
ability to co-operate and solve problems. Through creative and gestalt play, the child is 
given opportunities to express and work through his or her experiences and feelings. 
(Skolverket 2011, p. 6) 

From this perspective, mathematics can be integrated into play situations and is in 
direct contrast to the view that mathematics teaching in preschool should be more 
formal and school-like in orientation. Nonetheless, the formal view of teaching and 
learning seems to have contributed to mathematics in preschool being restricted to 
references to content, such as counting or shapes (Johansson submitted). For 
example, in mathematics education research, even when the focus is on mathematical 
processes, such as hypothetical thinking, modelling and abstraction, there still seems 
to be a requirement for mathematical content to be evident if a play situation is to be 
considered mathematical (see for example, Vogel, 2014; Perry and Dockett, 1998). 
For example, Vogel (2014) gave the following mathematical content or domains for 
play and exploration situations in German kindergartens: 

The conception of the mathematical situations of play and exploration provides that the 
arrangement has its root in one of the following five mathematical domains: number and 
operations, geometry and spatial thinking, measurements, patterns and algebraic thinking 
or data and probability (including combinatorics) (p. 224) 

This view that a play situation is mathematical only if it deals with a mathematical 
content was also discussed by Helenius et al. (2014). Their conclusion was that this 
focus on mathematical content was “somewhat surprising given that the attributes of 
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play seem, at least at first glance, to be more closely connected to mathematical 
processes than to content” (p. 3).  

Using the work of Holton et al. (2001), Fromberg (1999) and Bishop (1988), 
Helenius et al. (2014), compared definitions of play in relationship to mathematics, 
that extended beyond the preschool context, in order to identify common 
characteristics. The outcome of this comparison was a model which acknowledged 
social aspects and participation but also had links to mathematical processes in the 
other two elements, creativity and rule negotiation. These elements draw on Bishop’s 
(1988) description of the mathematical activity, Playing. Playing along with Bishop’s 
five other mathematical activities, are considered to be something that all cultures 
engaged in. They are also the basis of the mathematical goals in the Swedish 
curriculum that the preschools should provide (Utbildningsdepartementet 2010). 

PLAYING AS A MATHEMATICAL ACTIVITY 

When the Swedish National Agency for Education (Skolverket) revised the 
curriculum for preschool in 2010, they also produced a background document, which 
justified and described the changes (Utbildningsdepartementet 2010). In this 
document, Bishop’s six mathematical activities are mentioned although without 
reference to Bishop. However, the description of Playing in the background material 
does not fully coincide with that of Bishop (1988). He described Playing as: 

• to imagine something–which is the basis for thinking hypothetically and 
beginning to think abstractly  

• to model–which means abstracting certain features from reality  

• to formalise and ritualise rules, procedures and criteria  

• to predict, guess, estimate, assume what could happen  

• to explore numbers, shapes, dimensions, positions and arguments (i.e. engage 
in the other five mathematical activities in playful ways) 

The background document provides the following description of Playing. 
Leka - Fantisera, uppfinna, uppleva och 
engagera sig i lekar med mer eller mindre 
formaliserade regler. Leka tillsammans 
med barn och vuxna. Resonera kring 
förutsättningar, strategier, regler, 
undantag, chans, risk och gissningar. 

Playing – Imagine, invent, experience and 
engage in games with more or less 
formalised rules. Play together with 
children and adults. Reason about the 
conditions, strategies, rules, exceptions, 
chance, risk and guesses.  
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(Utbildningsdepartementet, 2010, p.11) (my translation) 

Table 1 compares the two descriptions.  

Table 1: Difference in descriptions of Playing as a mathematical activity 

Playing Bishop (1988) Playing Utbildningsdepartementet (2010) 
to imagine something–which is the basis for 
thinking hypothetically and beginning to 
think abstractly  

Imagine 

 Invent 
to model–which means abstracting certain 
features from reality  

 
 

to formalise and ritualise rules, procedures 
and criteria  

 

experience and engage in games (lekar) with 
more or less formalised rules. 

 Play together with children and adults. 
to predict, guess, estimate, assume what 
could happen  

Reason about the conditions, strategies, 
rules, exceptions, chance , risk and guesses.  

to explore numbers, shapes, dimensions, 
positions and arguments (i.e. engage in the 
other five mathematical activities in playful 
ways) 

 

 

Imagination is the same in both descriptions, as well as formalising and ritualising 
rules, and predicting, guessing, and estimating. In addition, the background material 
mentions participation and reasoning which are not part of Bishop’s (1988) 
description, but share similarities with the model of Helenius, et al. (2014). 
Alternatively, modelling a real world situation is not mentioned in the background 
material, nor is the part about content. The reference to content in Bishop’s definition 
resembles the idea that play should be the basis of learning in the curriculum. 

Although Playing as a mathematical activity is present in the background material, in 
the mathematical goals from the preschool curriculum, play or Playing are not 
mentioned explicitly nor are any of the characteristics, mentioned by Bishop (1988) 
or Utbildningsdepartementet (2010): 

Goals: The preschool should strive to ensure that each child  
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• develops their understanding of space, shapes, location and direction, and the basic 
properties of sets, quantity, order and number concepts, also for measurement, time and 
change, 

• develops their ability to use mathematics to investigate, reflect over and test different 
solutions to problems raised by themselves and others, 

• develops their ability to distinguish, express, examine and use mathematical concepts 
and their interrelationships, 

• develops their mathematical skill in putting forward and following reasoning, 
(Skolverket 2011, p.10) 

The first goal deals with content, while the three others are about processes. 
According to Utbildningsdepartementet (2010), all six mathematical activities 
(including Playing) are present in the four goals. Without explicit references to 
Playing in the curriculum, it is perhaps not surprising that the curriculum’s focus on 
play as tahe vehicle for learning is more apparent to preschool teachers. Even if they 
have read the background document they still might miss some of the features of 
Playing as a mathematical activity, since there are differences between the 
background document and Bishop’s (1988) definition. Understanding that the 
mathematical activity Playing is the basis for the curriculum’s mathematics goals is 
possible only if a teacher already has knowledge of Playing. For example, the first 
goal about the content combined with the idea of learning through play coincides 
with Bishop (1988) idea. However, because of differences with the background 
document, this connection may not be clear to teachers who just read the background 
document.  

Although Bishop’s (1988) six mathematical activities have been used by researchers 
studying preschools (Macmillan, 1995; Macmillan, 1998; Flottorp, 2011; Johansson 
et al. 2012; Helenius et al. 2015b forthcoming), Playing has not been explored in any 
depth. For example Macmillian (1995 and 1998) used Bishop’s six mathematical 
activities and summarised them but did not operationalize the activity Playing in 
conducting her analysis. Instead, she described play as the situations in which the 
other activities occurred. Therefore it may be that Playing might be a mathematical 
activity that is very familiar in one sense but very hard to recognise in regard to 
mathematical processes, even for experienced researchers and teachers.  
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PROFESSIONAL BLIND SPOT OPERATING IN PROFESSIONAL 
DEVELOPMENT 

In Sweden, as well as in many other countries, there are concerns about school 
students’ mathematics achievement (see for example, Clements and Sarama, 2007). 
This is due in Sweden in part to continuing poor results in international comparison 
(Skolverket, 2012) and has led to the offering of professional development 
programmes to preschool teachers throughout the country. However in a review of 
continuing professional development in mathematics education, Joubert and 
Sutherland (2008) concluded that the impact of preservice and inservice programmes 
is limited. 

With the provision of the professional development programmes has come 
opportunities to research the impact of this professional development programme for 
preschool teachers, an under-researched area in mathematics education research. For 
example Zaslow et al. (2010), in a literature review, found only seven studies where 
the impact of professional development in mathematics in preschool was evaluated. 
When research of this kind is undertaken the criteria is often about how easily 
children adjust to the demands of school mathematics (see for example Perry et al. 
2007). 

The research in this paper comes from a wider project investigating the impact of a 
web-based professional development material of which I was one of the developers 
(see Helenius, et al., 2015c forthcoming; Helenius, et al. 2015a forthcoming). Given 
that the Swedish preschool curriculum (Skolverket, 2011) has no outcomes for 
children but rather outcomes for preschools, evaluating the impact of professional 
development for preschool teachers against student outcomes is not appropriate. 
Therefore, in evaluating the impact of the professional development, which were 
based on Bishop’s six activities, the research group wanted to investigate teachers’ 
experiences of using the material. 

Playing as a mathematical activity afforded a possibility for special attention because 
I was aware that preschool teachers struggled with seeing it in their engagements with 
children. In Johansson (submitted), I found that preschool teachers only made limited 
reference to aspects of Playing as a mathematical activity after they had completed an 
earlier professional development course based on Bishop’s six activities. This was in 
contrast to childcare staff (barnskötare) who provided some examples of hypothetical 
thinking and modelling. On the other hand, preschool teachers made more explicit 
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references to play as a vehicle for learning than the child care staff. This suggested 
that preschool teachers may have struggled to understand Playing as a mathematical 
activity entailed because of the strong focus on play as a basis for learning in the 
curriculum.  

Svensson (2015 forthcoming) investigated the impact of the web-based professional 
development program when she was a facilitator. She found that the preschool 
teachers had difficulties in recognising the features of Playing in situations in their 
preschools. She also indicated that the teachers saw the situations with a 
mathematical content as playful and hence mathematical learning situations.  

This earlier work problematising preschool teachers’ possibilities to learn about 
Playing and apply it to their practices made me decide to investigate how preschool 
teachers from two preschool in the northern part of Sweden worked with the web-
based material on Playing as a mathematical activity. 

THE WEB-BASED MATERIAL 
The web-based material designed for preschool teachers consists of 12 parts, with 
each part containing four sections: A (individual studies), B (group discussion and 
planning), C (enactment/ observations in own teaching situations) and D (group 
discussion and follow-up). The first part introduces Bishop’s six mathematical 
activities and gives examples from preschool settings of the activities. The second 
part is specifically about Playing (Skolverket 2012).  

As acknowledged by Helenius et al. (2015c forthcoming), our intentions in designing 
the web-based material was to provoke the preschool teachers to reflect on their 
understandings through discussions: 

In the analysis of our discussions, many of them turned out to be related to the category 
of knowledge. As Skolverket’s (2012) purpose was to “lift” teachers’ knowledge about 
teaching and learning mathematics and consequently student performance, this is not 
surprising. However, research on the impact of teachers’ attitudes and beliefs made us 
aware that we needed to provoke discussions about these and we chose to do this by 
asking questions for shared reflections. (p.7) 

In part 2 of the material, there is a text that describes Playing as a mathematical 
activity and contrasts it with other understandings of play in preschool. The teachers 
then are asked to watch three videos and to think about some questions designed to 
connect the videos to the text. The following is a translation of the instructions 
provided to the preschool teachers. 



[AUTHORS)VERSION:)SUBMITTED]!

 

 9 

Part 2 Section A 

Läs texten ”Leka” med avsikt att få syn på 
lek som en matematisk aktivitet och hur barn 
i leken är involverade i 

• att modellera, abstrahera och tänka 
hypotetiskt 

• att formalisera och ritualisera regler i 
lek och spel 

• att förutsäga, gissa, uppskatta och 
förmoda 

• andra matematiska aktiviteter 

Read the text “Playing” with an intention to 
notice play as a mathematical activity and 
how the children in the play situations are 
engaged in 

• modelling, abstracting and 
hypothetical thinking 

• formalizing and ritualizing rules in a 
play or a game 

• predict, guess, estimate and predict 
• other mathematical activities 

Se filmen ”Flygplan”. 
Identifiera situationer där du tycker barnen: 

• tänker hypotetisk, abstraherar eller 
modellerar 

• förutsäger, gissar, uppskattar eller 
förmodar vad som skulle kunna hända 

• är involverad i en av de andra 
matematiska aktiviteterna (räkna, 
mäta, lokalisera, designa och förklara) 

Watch the video “Aeroplane” 
Identify situations where you think that the 
children are engaged in  

• modelling, abstracting and 
hypothetical thinking 

• predict, guess, estimate and predict 
• other mathematical activities 

(counting, measuring, locating, 
designing and explaining) 

Se filmerna ”Handtryck förskolebarn” och 
”Handtryck förskoleklassbarn”. 
Identifiera vad som är samma och vad som 
är annorlunda i de båda filmerna med 
avseende på: 

• vilka reglerna är och hur de diskuteras 
• barnens agerande 
• förskollärarnas agerande 

Watch the videos “Hand squeezing 
preschool” and “Hand squeezing preschool 
class” 
Identify what is the same and what is 
different in the videos with respect to: 

• what the rules are and how they are 
discussed 

• how the children act 
• how the preschool teacher acts 

 

Without including the reference to the other five mathematical activities, the four 
aspects of Playing as a mathematical activity are present both in the questions 
concerning the text but also in the questions concerning the first video. The two 
“hand squeezing” videos focus on a game with rules and the preschool teachers and 
the children actions in regard to those rules. The teachers’ responses to questions are 
to be discussed when they meet with their colleagues (section B). During this meeting 
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the preschool teachers are also asked to prepare for situations to be undertaken in 
section C with the children. Below are the instructions. 

Part 2 Section C 
Välj en av följande situationer och genomför 
den: 

• Skapa en bilderbok med barnen 
utifrån ett ”om”-perspektiv. T.ex. hur 
skulle förskolan se ut om den var 
gjord av ketchup? 

• Sätt upp en skoaffär. 
• Om ni har tillgång till surfplatta, utgå 

från barnets val av spel. 
• Kortspel 
• Delta i en spontant uppkommen lek 

med frågor och kommentarer. Skriv 
ned dina upplevelser och vad som 
hände. Fundera också igenom vilken 
aspekt av leken som är mest 
framträdande i det du observerat. 

• Spela ett nytt spel, alternativt lek, en 
för barnen ny lek, och fundera över 
hur barnen resonerar när det gäller att 
förstå reglerna. 

• Observera barnen medan de 
förhandlar om reglerna i en lek. 
Uppmärksamma vem som driver 
arbetet framåt. Är det ett eller flera 
barn? Ser det olika ut? Går det att se 
varför? Är det speciella situationer, 
ute/inne/lekrum etc. 

Chose one of the following situations and do 
it with the children: 

• Create a picture book with the 
children based on an “what if” 
perspective. For example, what would 
the preschool look like if it was made 
of ketchup? 

• Set up a shoe shop 
• If you have access to ipads, start with 

a game that the children’s have 
chosen 

• Play a game with cards 
• Participate in a spontaneous play with 

questions and comments. Write down 
your experiences and what happened. 
Also think about what aspect of play 
that is most prominent in what you 
observed. 

• Play a new game or play, a new game 
for the children, and think about how 
the children reason when it comes to 
understanding the rules. 

• Observe the children while they are 
negotiating the rules while playing. 
Pay attention to who drives the 
negotiation. Is it one or several 
children? Is it different? Can you see 
why? Are these special situations, 
outside/indoors/playroom etc.?  

 

Our intention with these different tasks was to provide a range of situations so that 
there would be a possibility to find all four aspects of Playing in this list of activities. 
The preschool teachers were then free to choose from this list. Their activities were 
presented and discussed at another meeting (section D).  
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DATA COLLECTION AND ANALYSIS 

The data came from video-recordings of collegial discussions in two preschools in 
the northern part of Sweden. The preschool teachers had read and discussed part 1 
which introduced Bishop’s six mathematical activities and observed the children in 
order to notice the six mathematical activities. They had also completed the activities 
in Part two, on Playing as a mathematical activity. The video recordings are from the 
discussions in section D where the teachers described what they did in their 
preschools and their reflections on it.  

In the first preschool, there were eleven preschool teachers present at the meeting, 
which was about 90 minutes long. This meeting was transcribed with a focus on the 
different discussions of play and the preschool teachers’ presentations about what 
they had done. In the second preschool three preschool teachers met and their 
meeting was also about 90 minutes long. It was also transcribed. My role was a 
facilitator and I interacted with the preschool teachers making sure that all of them 
had their say and asking challenging questions.  

The transcript were then analysed by first identifying the different situations or 
activities that the preschool teacher presented. These situations were grouped in order 
to see which of the suggestions from the material the preschool teachers had chosen. 
Then each of these groups of situations where analysed by looking at how the teacher 
talked about play or Playing and if they identified any of the four features of Playing 
as a mathematical activity. 

RESULTS 

In this section, I present the results from the analysis of the two groups in order to see 
if the professional development course had overcome the professional blind spot 
found in previous research. 

The meeting at the first preschool started with the preschool teachers in pairs (one 
group had three) giving one or two examples of what they had done with the children. 
In total, they presented seven different examples of two of the possibilities suggested 
in the web material. Six of the situations were about introducing a new game and one 
involved observing spontaneous play. The discussions about introducing new games 
generally focused on rules, particularly on how the rules were introduced. In the other 
preschool, there were three preschool teachers, each of them made one presentation, 
about different situations from the list, one was a spontaneous play, another a 
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introduction of a new game and the third a creation of a picture book based on “what 
if”.  

In the two examples with spontaneous play, the preschool teacher did not display a 
blind spot in regard to recognising the features of Playing as a mathematical activity. 
For example, Helena is describing the spontaneous play situation stated: 

En tjej undersöker en docka med stetoskop, 
hon går omkring med stetoskopet. Det 
kommer en till kille som också hämtar ett 
stetoskop så undersöker dom dockan 
tillsammans. En lite kille går omkring med 
en lite röd stol, sätter upp stolen på sängen 
där flickan undersöker dockan. Flicka 
skriker nej och kastar iväg stolen efter det 
stoppar flickan stetoskopet mot sängen och 
lyssnar, där stolen hade varit. Det kommer 
en tredje tjej och tittat, först tittar hon bara 
för sen går hon iväg och hämtar en docka för 
det var de man behövde i leken, då var det 
ok att vara med. Den lilla kille kommer 
tillbaka och hämtar en lite docka och då är 
det ok att vara med. Han tar även fram ett 
stetoskop och då är det ok att vara med. 
Helena 

A girl is examining a doll with a 
stethoscope; she walks around with the 
stethoscope. In comes one more boy, who 
also picks up a stethoscope and then they 
examine the doll together. A small boy 
walks around with a red chair; he puts the 
chair on the bed where the girl is examining 
the doll. The girls shouts no and throws the 
chair away. After that the girl puts the 
stethoscope against the bed and listens where 
the chair has been. In comes a third girl, she 
is watching, first she is only watching, then 
she goes away and picks up a doll, because 
that is what you need in the play, then it is 
okay to join. The small boy comes back and 
picks up a doll and then it is okay for him to 
join. He also picks up a stethoscope and then 
it is okay to join.   Helena 

After having presented the situation Helena continues with a description or reflection 
of what they (Helena and her colleague) saw as Playing as a mathematical activity in 
this specific situation. 

Imiterad lek, lek efter verkliga händelser, 
dom har varit hos doktorn. Abstrahera, man 
behöver ett stetoskop och en patient, dockan, 
det väsentliga från verkligheten. Hypotetiskt 
tänkande, doktor, vad behöver man för att 
vara doktor. Formaliserande och 
ritualiserande av regler, för att vara med 
behövde man stetoskop och docka och just 
det att stolen åkte bort den fick inte vara 
med. Men han fick vara med när han hade 

Imitative play, play similar to real events; 
they have been to the doctor. Abstracting, 
you need a stethoscope and a patient, the 
doll, the important aspects from reality. 
Hypothetical thinking, doctor, what do you 
need to be a doctor. Formalizing and 
ritualizing rules, to join you need a 
stethoscope and a doll and because of that 
the chair was thrown away, it was not 
allowed in the play. But he was allowed to 
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rätt saker. Helena join if he had the right things. Helena 

The features of Playing as a mathematical activity mentioned by Helena are imitative 
play (modelling), abstracting (modelling) hypothetical thinking (to imagine) and 
formalizing and ritualizing rules. Her description of the features of Playing as a 
mathematical activity coincides with the definition from Bishop (1988). She did not 
connect this situation to a specific mathematical content and so saw this situation as 
mathematical in itself. Consequently, the professional blind spot identified in earlier 
research is not apparent in her reflections.  

The second example of a spontaneous play situation from the other group of 
preschool teachers is very similar to Helena’s one. In this case, Maud began by 
discussing two different situations of spontaneous play which she had videoed: 

Jag har som filmat två olika lekar. Då skulle 
treåringarna fem stycken åka nån typ av bil, 
dom hade satt ut stolar och så skulle dom 
reda ut vem som skulle köra alltså sitta vid 
ratten. Och var man skulle sitta och då 
kommer en femåring och säger vars dom ska 
sitta men dom går inte med på det där. Nej 
dom skakar bara på huvudet. Nej dom gör 
inte som hon säger utan dom reder ut det där 
själva utan några problem så att det är ju 
mycket modellering i det här för dom leker 
ju. Dom har nycklar dom har plånböcker 
dom har väskor som dom ska iväg med. 
Dom fotar varandra dom har kameror med 
sig. Det ingen direkt av dessa som driver 
leken framåt, dom förhandlar med varandra. 
Mycket modellering, jag är din mamma dom 
skulle åka och handla. Maud 

I have videoed two different play situations. 
Then the three year olds, five of them, 
should drive some kind of car, they had 
placed chairs and then they should figure out 
how it was to drive, that means sitting by the 
steering wheel. And where to sit and then a 
five year old comes in and tells them where 
to sit, but they do not agree to that. No, they 
shake their heads. No they do not do as she 
tells them to. They figure it out on their own 
without any problems. So there is a lot of 
modelling in this because they are Playing. 
They have keys, they have wallets, they have 
bags to travel with. They take pictures of 
each other, they have cameras. No one of 
them is moving the play forward, they 
negotiate with each other. A lot of 
modelling, I am your mum, they are going 
shopping. Maud  

In this description Maud mentions modelling and negotiation as being the features 
that she sees in this situation. Both Helena’s and Maud’s examples indicate that they 
are aware of Playing as a mathematical activity what features must be present for it to 
be regarded as such. Again the blind spot is not present in this situation regarding 
spontaneous play.  
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Both Helena and Maud used the term play and not Playing. In Swedish, this was the 
word lek (play), instead of Leka (Playing). The Swedish language does not allow for 
the use of the word Leka (Playing) when describing a situation and so it is not 
possible to find these two teachers discussing play. The following example indicates 
that there is a problem with the use of the word lek (play). In the following example, 
Viktoria and Gudrun presented their reflection on what they had done: 
Gudrun: Vi har delat upp våra barn i två grupper 
och så fick dom prova en lek eller egentligen är 
det två lekar kan man säga eller mer en lek och 
en ett spel.  
Viktoria: Vi tänkte väl egentligen så här att 
spelet skulle vara huvudgrejen och att vi ändå 
skulle ha matematik med dom andra men ändå 
att egentligen skulle det här vara huvudgrejen. 

Gudrun: We have divided our children into two 
groups and then they got to try a new play or 
rather you could sat that it is two play situations 
or more a play and a game. 
Viktoria: We thought like this really the game 
was going to be the main thing and that we 
where still going to have mathematics with the 
others but still that this was supposed to be the 
main thing. 

Gudrun indicated in this introduction that there was a problem with naming what they 
had done. She talked first about two play situations and then she renamed them as 
one play situation and one game situation. According to Viktoria the game was 
supposed to have been the main activity and the other group was supposed to have 
worked with mathematics. They then went on to describe how the play situation 
evolved. The entire presentation is about 15 minutes long, so only parts which 
illustrate specific points to do with issues around Playing as a mathematical activity 
are presented.  
Viktoria: Vi hade som syfte att dom skulle få 
titta på, jag hade då att dom skulle få titta på 
olika småkryp vi har som ett par av, så två 
stycken av varje, spindel, myra, trollslända alla 
möjliga såna här djur som dom fick titta på och 
se vad dom tyckte det var för likheter och 
olikheter och du hade ju då 

Gudrun: Jo vi hade ju gjort som ett memory av 
dom här ja bilder på småkrypen och så skulle 
dom få spela det här memoryt tillsammans  

Viktoria: Our aim with this was that they were 
going to look at, I had then that they were going 
to look at different bugs, we have a couple of 
each, so two of each, spider, ant, dragonfly all 
kinds of these animals, that they were going to 
look at and see what they thought was the 
differences and similarities and then you had 

Gudrun: Yes we had made a memory (game) of 
these, yes, pictures of the bugs and they were 
going to play this memory (game) together 

Viktoria gave a purpose for the situation but it is not clear why they had indicated at 
the beginning that this was a play situation. The children were to look at different 
bugs and compare them in order to see differences and similarities. However, they 
also had indicated that this was supposed to be a mathematics situation and 
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comparing could be considered mathematics. Gudrun had created pictures of pairs of 
this bugs in order to introduce a memory game. After having presented how the 
children expressed the similarities and differences they starting telling about a boy 
and how he put all the bugs in pairs and then in a row. Then he talked about put the 
bugs into daycare, a hockey daycare because he was really interested in ice hockey. 
Viktoria: Då sa den här pojken, som var som den 
som styrde upp hela, det här är mitt hockeydagis 
och det tycket vi som var läckert, för då pratade 
han ju om alla dom (krypen) och då diskuterade 
vi  

Gudrun: jo sen när vi såg det på film började vi 
som fundera: då har ju han som associerat det 
till. Ja, men i verkligheten han går ju på en 
förskola, det var ju så vi tänkte, och att det var 
många barn och här var det ju också en grupp, 
och då blev det ju hans, för han är väldigt 
mycket för hockey och då blev det ju hans 
hockey dagis. 

Viktoria: Then this boy, who was the one 
controlling it, said that this is my hockey day-
care. And we thought that was thrilling because 
then he was talking about all of them (the bugs) 
and then we discussed. 

Gudrun: Yes then when we saw the video we 
started thinking: he had associated it to. Yes but 
in reality he goes to preschool, that was how we 
thought, and there were many children and here 
it was also a group, and then it became, because 
he is very much into hockey, his hockey day-
care. 

Even though the preschool teachers do not mention any of the features of playing as a 
mathematical activity, it could be possible to interpret their presentation of this boy’s 
idea of a hockey day-care as a modelling situation and this could be the reason for 
their change of view to describing this other situation as a Playing situation. In the 
next part Gudrun and Viktoria talked about what they saw when the children were 
comparing the bugs.  
Gudrun: Han satte ju upp dem så här, efter par. 
Det var som så roligt och då har vi skrivit: att 
dom jämför på olika sätt, lika olika, stor och 
liten, parar ihop och radar upp parvis, räknar 
antal småkryp. För det gjorde vi också vi 
räknade tillsammans benen på dom olika djuren 

Viktoria: Så man fick ju som in både, ja, man 
såg ju räkna fanns ju med och just det här med 
design, för dom pratar ju jättemycket om hur 
dom såg ut och jämförde. Så jag tror det enda 
alltså, jag tänker just det här med  lokalisera, det 
var som det som vi hade svårt att se nånting 
utifrån det men annars var det ju ganska mycket 
med tyckte vi, just i den där aktiviteten. Det var 

Gudrun: He put them like this, in pairs. That was 
funny and then we wrote: they compared in 
different ways, the same, different, large and 
small, pairs them and line them up in pairs, 
counting the bugs. Because we did that as well 
we counted together the legs on the different 
animals 

Viktoria: So we were able to see, yes, we saw 
counting was there and this with designing, 
because they talk a lot about how they looked 
and compared. So I think the only, I’m thinking 
this with locating, that was hard to see any of. 
But otherwise we thought there was a lot of 
things there, in this specific activity. What was 
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som intressant och speciellt den här pojken som 
ledde för han har ju varit ganska tyst och inte så 
nån som har tagit för sig 

interesting and special was this boy who led the 
work because he had been quiet and not 
someone who had be in charge 

In this reflection, Gudrun mentioned comparing, pairing and counting. Viktoria also 
noted Counting and Designing. She introduces Locating as something that they have 
not been able to see. This indicated that they were looking for examples of the other 
mathematical activities, which was common in the reflections of both groups of 
preschool teachers. I discuss this in more detail later.  

In the following extract, Gudrun and Viktoria introduced the other situation with the 
memory game where they discussed how the children played the game and a little 
about the rules and the negotiation of the rules. When they have finished presenting, I 
asked about the aspects of Playing.  
Forskare : tyckte ni det var lätt eller svårt att få 
fram aspekterna på leka? 

Gudrun: Vissa saker var ju lättare till exempel 
Räkna det är väldigt enkelt och Designa 

Forskare: Det är ju alla matematiska aktiviteter 
men vilka aspekter av leka som matematiska 
aktivitet såg ni? 

Gudrun: Alltså jag tyckte i den här (pekar på 
memoryt) för i den här (pekar på den andra 
delen av aktiviteten) den där pojken och 
hockeydagiset, det har han ju tagit från 
verkligheten direkt och kopplat ihop till sina 
småkryp, där var det ju väldigt som enkelt fast 
det var svårare som här (pekar på memory) 

Forskare: Du tänkte inte på det där med regler?  

Gudrun: Jo, ja reglerna jo i och för sig, men jag 
tyckte ju inte att dom pratade så himla mycket 
om reglerna.  

Researcher: Did you think it was easy or hard to 
see the aspects of playing? 

Gudrun: Some things where easy for example 
Counting that is very easy and Designing 

Researcher: That is all the mathematical 
activities but what aspects of Playing as a 
mathematical activity did you see?  

Gudrun: So I thought of this (pointing at the 
memory game) because in this (pointing at the 
other part of the activity) that boy and the 
hockey day-care, he has taken that from the 
reality and connected it to his bugs, there it was 
easy but it was harder in this (pointing at the 
memory game) 

Researcher: You did not think about the rules 
then? 

Gudrun: Yes, yes the rules, yes, but I did not 
think that they talked so much about the rules.  

 When asked about the aspects of Playing, Gudrun first mentioned the other 
mathematical activities. It is as though she did not hear Playing but rather 
mathematics or maybe play. When I clarify the question stating that what I asked 
about was the aspects of Playing as a mathematical activity, Gudrun’s response is 
surprising. She found it easier to see the aspects of Playing in the play situation than 
in the situation with the memory game. This could mean that it is harder for 
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preschool teachers to see aspects of Playing in the game situation. One reason for this 
could be that in introducing a new game situation, the dominant aspect is rule 
negotiation. This aspect was not acknowledged by Gudrun as an aspect of Playing 
even though she has talked about it in her introduction to the situation.  

This raised the issue of how game situations can be related to Playing. The following 
is extract from some of the other preschool teachers who had introduced a new game 
and their response to my question: “Vilka aspekter av leka som matematiska aktivitet 
såg ni? (Which aspects of Playing as a mathematical activity did you see?)” 

Vi fick in storleksbegrepp, lokalisera, 
design, mäta, rund avlång, räkna antal ben 
och stor och liten. Anna 

We got different words for size, Locating, 
Designing, Measuring, round, long, numbers 
of legs, big and small. Anna 

 

Jag såg klassificering, sortering, dom tränade 
på ordningsföljd, och framför allt 
argumentation… Ju fler gånger man lyssnar 
desto mer hör man. Barnen använder mycket 
räkneord. Eva 

I saw classification, sorting, they practiced 
sequencing and above all argumentation… 
The more you listen the more you hear. The 
children use a lot of number words. Eva 

 

När vi tittade på den filmen tyckte vi att vi 
såg mycket, formalisera regler, lokalisera 
positionsord, lek och förklara och så började 
vi fundera men det såg vi ju i den förra 
också. Inger 

When we looked at the video we thought 
that we saw a lot, formalizing rules, 
Locating, words for position, Playing and 
Explaining and then we started thinking but 
we saw that in the other video as well. Inger 

In Anna’s response, all of the other five mathematical activity are mentioned but 
there is nothing about the negotiation of rules even though she had talked about these 
in her presentation. Eva’s response is similar in that she does not mention any of the 
features of Playing. On the other hand she does not explicitly mention the other five 
mathematical activities but rather she talks about them using other terms to describe 
the mathematical content and processes. In both Anna’s and Eva’s response there is 
no mention of the features of Playing. It is almost that they did not seem to hear that 
the question was about Playing as a mathematical activity or that they had no answer 
and instead replied by mentioning other mathematical features.  

All the examples to do with introducing a new game had the same kind of response. 
In these responses the professional Blind spot is evident because the features of 



[AUTHORS)VERSION:)SUBMITTED]!

 

 18 

Playing as a mathematical activity in the situations remain invisible in the teachers’ 
reflections. In Inger’s response she talks about some of the other mathematical 
activities but she also mentioned formalizing rules and play(ing). Her response 
suggested that it is possible to see some confusion regarding Playing and play.  

One preschool teachers had made a picture book based on “what if”. Susanne’s began 
by describing the situation and then some of the features of Playing in this specific 
situation. 

Det matematiska, dom föreställde sig hur 
något skulle bli, dom kunde göra en bild av 
det hela hur dom ville att boken skulle se ut 
dom diskuterade mellan varandra. Och dom 
modellerade och tog från verkligheten alltså 
när jag frågade tänk om. Under hela tiden 
växte det fram regler och dessa skapade 
diskussioner. 

Dom gissade och förmodade. Dom räknade 
bilderna och argumenterade. Det var 
fantastiskt mycket matte. Jag frågade till 
exempel tänk om stolar var gjorda av vatten 
hur skulle det vara då. Då fick man sitta på 
golvet, nej man kan sitta på vatten, nej då 
sjunker man ju. Man kan ha armpuffar då 
flyter man ju.  

Jag hade nog aldrig tidigare lagt märke till 
hur dom räknade och hur det skulle vara i 
rader. Susanne 

The mathematical, they imagined how 
something would be, they could make a 
picture of it how they wanted the book to 
look like, they discussed. And the modelled 
took from reality when I asked them what if. 
During the entire time rules emerged and 
these created discussions. 

They guessed and presumed. They counted 
the pictures and argued. It was amazing how 
much mathematics there was. I asked what if 
the chairs where made of water, how would 
that be. Then you would sit on the floor, no 
you can sit on water, no then you sink. You 
could have floating devices on your arms so 
you can float. 

I have never before noticed how they count 
and how everything should be in lines. 

Susanne 

Susanne first identifies the children’s modelling, negotiating rules, guessing and 
predicting but not as features of Playing as a mathematical activity. Instead they seem 
to be identified just as mathematical. This could suggest that when I ask about 
features of Playing as a mathematical activity, the teachers might hear that I ask them 
about the features of mathematics. 

It is also interesting to notice that she ended by talking about argumentation and 
Counting as other features that she noticed in this situation. The mention of Counting 
in the end can be seen both in Susanne’s presentation but also in stories of teachers in 
the earlier research (Johansson submitted). 
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DISCUSSION  

In this study, not all of the preschool teachers displayed a professional blind spot in 
relationship to recognising Playing as a mathematical activity, as had been the case in 
previous studies (Johansson submitted, Svensson 2015). This raised the question 
about, why is it that some of the preschool teachers have a professional blind spot, 
what contributes to this professional blind spot and how can it be overcome? In this 
section I discuss these issues in the light of the professional development, the 
preschool teachers’ understanding of school mathematics and the Swedish preschool 
curriculum with its emphasis on play as a vehicle for learning.   

The choice of situations to enact in preschools seems to have contributed to whether 
the teachers displayed a professional blind spot. The preschool teachers who had 
chosen to observe spontaneous play could recognise the features of Playing as a 
mathematical activity. This is in contrast to the teachers who introduced a new game 
and who then had difficulties discussing these features.  

The difference between the spontaneous play and the introduction of a new game 
contributing to the appearance or disappearance of the blind spot seemed to be 
connected to several points. The first point is the learning situation. In the case of 
spontaneous play there is no teacher interaction nor did the two preschool teachers 
plan the situation. Consequently, there was no particular aim for the situation rather 
than to observe it for the professional development course. In the case of introducing 
a new game, the teachers always had a clear intention and almost all of the preschool 
teachers talked about planning the situation. It may be that the preschool teachers 
who had chosen the spontaneous play did not have considered it a learning situation 
as it was not planned and hence the idea of learning through play might not have been 
in focus allowing for the features of Playing as a mathematical activity to be 
identified instead. On the other hand for the preschool teachers who chose the 
introduction of a new game, learning was the focus and this might have prevented the 
feature of Playing as a mathematical activity to be recognised. 

The second point is the mathematical content. In the case of introducing a new game 
the mathematical content of the game comes into focus. The preschool teachers give 
examples like counting, designing, measuring, comparing and size. Since the 
mathematical content is present in these situations it could be that the preschool 
teachers recognise this as what makes the situation mathematical. By combining this 
with the view of play as the basis for learning makes the situation a play situation 
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with mathematical content. This obscures being able to recognise the features of 
Playing as a mathematical activity. In the case of the spontaneous play, there is no 
mathematical content in focus, nor is the situation a planned learning situation. Thus 
the blind spot disappears and the teachers can recognise the features of Playing as a 
mathematical activity. As a consequence, it can be considered that by combining a 
school understanding of what mathematics is with of the curriculum-supported view 
of playing as the basis for learning, a professional blind spot is created. 

The third point is the choice of situation and its possibilities for highlighting different 
aspects of Playing as a mathematical activity. The feature that is most in focus when 
introducing a new game is the negotiation of rules, the other features of Playing could 
be found but depended on how the games were to be played. In some cases, the other 
features of Playing might be shadowed by the mathematical content that the teachers 
identified with the games.  

As designers of the material, we might have contributed to teachers choosing to 
introduce a new game since we included two videos on games to be watched in the 
material. Having made what they could have felt was the easy choice, the teacher 
could have come to realise that they could only recognise one feature (negotiation of 
rules). Having to present their reflections in a group might have triggered them into 
looking for more mathematics and hence the focus on the mathematical content. 
Since some of the preschool teachers did not mention rule negotiation, but only 
identified the other mathematical content, this may not a realistic explanation for 
what was observed. In the picture book example the preschool teacher provided 
examples of the features of Playing as a mathematical activity, but then in the 
summary focused only on mathematics as mathematical content. In the reflection on 
the situations of spontaneous play, all the feature of mathematical play were 
mentioned. This also suggests that it is not that the teachers were likely to consider 
only one aspect of Playing as being insufficient in their reflection.  

It seems more likely that it is when there is no mathematical content as the focus, that 
the features of Playing as mathematical activity become visible to teachers. This 
suggests that it is prior understanding of school mathematics (the mathematical 
content) with the acceptance that play should be the basis for learning that creates the 
professional blind spot. Hence, the professional blind spot reflects preschool 
teachers’ understanding of mathematics, in the same way that it had with Nathan and 
Petrosino’s (2003) high school algebra teachers, but also their knowledge of learning 
processes, in this case the need for play to be the basis for learning. In order to reduce 
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the likelihood of the blind spot affecting preschool teachers’ possibilities for learning 
through professional development, it is important to chose situations where 
mathematical content and play as a basis for learning are not in focus. 

CONCLUSION 

The implications for professional development both in this specific case but also in 
general is that it is important to be aware of teachers’ prior understanding of the 
subject and the learning processes. If professional development facilitators and/or 
designers aim at altering these previous understandings, there is a need to help 
teachers reflect on situations and examples where the focus is on the new knowledge. 

In the case of preschool teachers much of their understanding of mathematics comes 
from their years of attending school. Thus in creating professional development 
programmes for preschool teachers there may be difficulties with broadening their 
views of how mathematics in preschool should be considered because this school 
mathematics knowledge could contribute to a professional blind spot. In other 
situations, prior knowledge about what constitutes mathematics and what constitutes 
learning may also interfere with teachers’ learning through creating other kinds of 
professional blind spots. 

Professional development course designers and professional development facilitators 
are rarely the focus of mathematics education research (Joubert and Sutherland 
2008). This research suggests that much can be gained from comparing the intentions 
of the designers with what actually occurs when teachers use professional 
development materials. Designers cannot predict with any certainty how materials 
will be used but do know that they will always be used differently from what was 
expected. However, this should not deter them evaluating to see whether the opposite 
outcomes from those which were intended occur. Knowing more about what 
produces blind spots provides information to professional development facilitators 
and designers about how to improve what they do so that teachers have better 
possibilities for improving their practices through increased knowledge about 
mathematics and learning. 
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2.6 Mathematical exclusion with the every day. Article VI 

In!article!IV,!we!could!see!how!a!play!situation,!in!which!there!was!no!teacher!
present,! resulted! in! some! children! being! excluded! from! opportunities! to!
engage! in! mathematical! learning.! Therefore,! this! article! is! to! see! how! the!
teachers’! presence! in! another! videoed! situation! from! the! same! class! might!
contribute!to!the!inclusion!of!all!children.!As!seen!in!the!title!of!the!article,!it!
was!clear!that!the!teacher’s!presence!still!resulted!in!mathematical!exclusion.!
In!this!article,!the!focus!is!on!a!problem2solving!situation!around!adding!three!
numbers! to! make! 10.! For! the! analysis,! we! use! Bernstein! (1996! and! 1999)!
concepts!of!vertical!and!horizontal!discourse!to!see! if!and!how!the!everyday!
connections! would! cause! problems! for! the! children! in! their! possibility! to!
engage!in!the!vertical!discourse.!!

In!regard!to!van!Oers’!(2002a)!three!perspectives,!it!seems!that!the!teacher!in!
this! article! was! working! from! the! perspective! of! mathematics! being! about!
problem! solving!with! symbolic! tools! and! the! children! are!working!with! the!
task!at!hand!and!with! little! interaction!with! the! teacher.!The!engagement! in!
the! mathematical! activity! is! different! for! each! child.! Including! everyday!
information! in! the!discussions! contributes! to!making! the! situation!about! the!
everyday!knowledge!rather!than!the!mathematics.!The!view!that!mathematics!
is!about!problem2solving!might!have!contributed! to! focusing!on! the!realistic!
context!of!the!problem!and!that!mathematics!is!the!(symbolic)!tool!with!which!
the! children! solve! these!problem! (van!Oers!2002a).!The! final!discussion! that!
the!teacher!has!with!the!children!about!their!suggestions!for!solutions!can!also!
be! considered! a! consequence! of! this! view! on! mathematics,! where! the!
discussion!is!an!important!tool!in!the!learning!process.!
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MATHEMATICAL EXCLUSION WITH THE EVERY DAY 
Ola HeleniusΦ, Maria L. JohanssonΓ, Troels Langeχ,  

Tamsin Meaneyχ, Anna Wernbergϑ 
ΦNCM, ΓLuleå Technical University, χBergen University College, ϑMalmö University 

Problem solving can involve using mathematics to solve everyday problems. In this 
study we examine an interaction between a teacher and a class of six-year olds in 
Sweden around an open-ended problem set in an everyday context. Using Bernstein’s 
ideas about vertical and horizontal discourse, a mixture of everyday and mathematics 
understandings is identified in the interaction. This mixture seems to result in 
confusion for both the teacher and the children over what should be the focus. This 
paper raises issues about how the connection to the everyday in problem solving 
could reduce children’s opportunities to learn mathematics. 

INTRODUCTION 
Problem solving is often considered as having a strong role in the mathematics 
education of students as it provides a purpose for learning mathematical concepts. For 
example, van Oers (2001) discussed the realistic mathematics education promoted by 
Freudenthal (1973) in regard to how mathematics was to arise from real-life contexts 
– “the realism of mathematics then is seen in the applicability of self-invented 
mathematics in a meaningful problem, and for many people this seems to mean a 
real-life problem” (p. 64). However, van Oers (2001) raised issues about whether it 
was possible for higher levels of mathematics to arise from real-life problems:  

Despite the enormous innovation this view could produce in the content and activities of 
the mathematics classrooms, it entails a serious danger by focusing too exclusively on the 
real life quality of the contexts from which the mathematical thinking originates. (p. 64) 

In classrooms with high school students, it has been shown that the use of contexts 
can result in some students being excluded from mathematical learning opportunities 
(Meaney & Lange, 2013). For example, Gellert and Jablonka (2009) suggest that 
when solving word problems, students can be uncertain about whether they are 
expected to ignore their everyday experiences and the meanings that they give to 
them or not. Similarly, Zevenbergen and Lerman (2001) found that some students 
have difficulties recognising the mathematics behind a problem solving task if the 
task was posed in an everyday setting. 
Boaler (1994) raised two related issues with using contextualised tasks for teaching 
and learning mathematics. The first is that students do not know how much or how 
little of the everyday they should use. The second is about knowing the rules of the 
mathematics classroom which requires students to suspend their actual knowledge of 
reality to make sense of the mathematics classroom reality. Her research found that 
girls gained a poorer mark on problems of which they had had real world 
experiences. 



  
Although it has been suggested that using contexts is likely to support working class 
students’ learning of mathematics (Lubienski, 2000), previous research has shown 
that these students are more likely to rely on their everyday experiences than those 
with middle class backgrounds (Cooper & Dunne, 1998; Gellert & Straehler-Pohl, 
2011). For example, Cooper and Dunne (1998) found that “working class children are 
almost twice as likely as service class children to refer only to their everyday 
knowledge in answering our enquiry” (p. 128).  
As in the examples given earlier, most research concerned with the confusion caused 
by bringing in everyday knowledge into mathematics problems has been done with 
high school students. Little research has investigated how young children make sense 
of mathematical problems set in everyday concepts or how teachers’ interactions 
affect their sense making. Therefore, our research question is: how do young children 
solve mathematical problems situated in their everyday knowledge?  
We situate our research in a Swedish preschool class. This class for mainly six-year-
olds is considered to be a bridge between preschool and school and so can be 
considered the first place where children are expected to come in contact with formal, 
school knowledge and ways of working. In order to respond to this question, we 
follow Gellert and Straehler-Pohl’s (2011) lead in using the concepts of vertical and 
horizontal discourse developed by Basil Bernstein.  

THEORETICAL FRAMEWORK 
Over several decades, Bernstein developed a systematic sociology of education which 
included the development of many different ideas. One of these was the distinction 
between what he labelled the horizontal and vertical discourses: 

A vertical discourse takes the form of a coherent, explicit, and systematically principled 
structure … 

A horizontal discourse entails a set of strategies which are local, segmentally organised, 
context specific and dependent, for maximising encounters with persons and habitants. 
(Bernstein, 1999, p. 159) 

Horizontal discourse is vital for solving specific issues which are highly relevant to 
the solver. Consequently, it is often related to everyday understanding, gained 
through practical experiences. However, the knowledge gained through the horizontal 
discourse is not easily transferred to other situations because of how it is organised 
and its strong connection to a specific context (Bennett & Maton, 2010). Vertical 
discourse is considered generalisable to a range of situations. In reviewing research 
on these concepts, Knipping, Straehler-Pohl and Reid (2012) suggested that vertical 
discourse is often equated with that knowledge learnt in schools. 
Bernstein (1996) stated “to make specialised knowledge more accessible to the 
young, segments of the horizontal discourse are recontextualised and inserted in the 
contents of school subjects” (p. 169). Therefore, in considering how the use of 
problem solving for mathematics learning may result in confusion for students, it 



  
seems valuable to make use of the distinction between vertical and horizontal 
discourse. Although school mathematics problems are often situated within everyday 
contexts, they require generalisable knowledge to be used to solve them. However, in 
order to make use of these concepts, they need to be operationalised within our 
research study. Before we discuss this operationalisation, we provide background to 
the collected data. 

DATA COLLECTION AND ANALYSIS 
In the first half of 2013, video recordings were made in one preschool class on four 
different occasions. Our wider research aim is to investigate what mathematics is or 
could be in preschools and our video recordings in this preschool class were to be 
compared with what we saw in a preschool. In order to get comparable material, we 
specifically asked to video problem solving sessions. In the problem solving 
situations, the children worked in pairs, groups or by themselves, with a sharing 
session at the end. We had permission from parents for 12 children to be filmed but 
not all children were present at each session. The class had 2 teachers who shared 
being filmed and working with the children whose parents did not give permission for 
them to be filmed. 
The video that we examine in this paper is typical of the format for these sessions in 
that it began with a warm up activity, in this case around pairs of numbers that added 
to ten. Then a problem was posed to the children who were then given some time to 
solve it, in this case individually. The problem in this example was that there were ten 
children in a small preschool class who could be distributed to three different 
activities, woodwork, baking and painting. The teacher stated that there are no wrong 
or right answers and that it might be possible to distribute them evenly or it could be 
that one group had more children or another group had no children at all. The 
children were given paper on which to record their groups but were told that they 
could record them in any way that they liked. While the children worked, the teacher 
moved around the class, talking with each child. At the end of the session, the teacher 
had the children fold their papers and sit down in a horseshoe. She told the children 
that they must explain why they have distributed the class in the way that they did. 
With more or less help from the teacher, each child constructed a story about their 
distributions. 
We discuss three children’s interaction with the problem, using photos and transcript 
extracts. In order to identify whether the teacher and/or the children used vertical or 
horizontal discourses, we looked for particular characteristics as identified in table 1. 

Table 1: Characteristics of vertical and horizontal discourses 

Discourse Characteristics Examples 
Horizontal Context 

specific 
Filippa’s reason for only splitting the ten children into 
two groups was that only two teachers would be needed. 
In her class there were only two teachers, suggesting 



  

Discourse Characteristics Examples 
 she drew on her own experiences. 

 Segmentally 
organised 
knowledge 
 

In the presentation session, the teacher queried the 
children about their distributions of the preschool class. 
The children did not know that they need to have a story 
about this until they did their presentations. The solving 
of the problem and the telling of their stories were 
separated both in time and in space and so can be 
considered as taking place in different sites and thus 
segmentally organised.  

 Maximising 
encounters 
between 
persons and 
habitants 

When Nicolas presented a paper, on which there was 
written, 5, 5, 5, the teacher worked hard with the other 
children to provide a story that allowed for this, so 
Nicolas could be considered successful. The emotional 
demands of not having a child fail became the issue to 
be resolved. 

Vertical Coherent, 
explicit and 
systematically 
principled 
structure 

Filippa uses a series of different strategies (using her 
fingers, making marks on the paper) to determine 
different combinations of 3 numbers which added up to 
10. Although she does not systematically list all of the 
possible answers, her actions suggest that she is aware 
of the underlying principles which allows her to 
determine appropriate solutions. 

THREE CHILDREN’S PROBLEM SOLVING 
We have chosen to discuss the problem solving of Nicolas, Lova and Filippa as they 
illustrate a range of responses as well as showing different problem solving methods. 
Nicolas 

   

Figure 1: Drawing distribution and showing uncertainty in the presentation 



  
In the warm-up activity about ten-friends, Nicolas was given a card with 9 on it. Theo 
had 1 and soon located Nicolas. Theo ensured that they are acknowledged by the 
teacher as having the correct answer. During the individual work, Nicolas sat next to 
Theo and followed him in spending time copying the symbols (rolling pin, hammer, 
paint brush) for the three groups. He then wrote 5, backwards, against each of the 
symbols (see Figure 1). When the teacher called the children together, Nicolas was 
the fourth child to show his solution. The following exchange accompanied, Nicolas 
turning over his paper. When the teacher asked in the first turn, how many he had he 
shrugged his shoulders (see Figure 1) to indicate that he was uncertain. 
Teacher: Nicolas, can you show? You've got 

five, is it fives? Five and five and 
five in each group. How many 
children is that? I see five here and 
five and five.  How many children is 
that? 

Nicolas kan du visa? Du har gjort 
fem, är det femmor? Fem och fem 
och fem i varje grupp. Hur många 
barn blir det? Jag får se här fem och 
fem och fem. Hur många barn blir 
det? 

A child: Twenty? Tjugo? 
Children: Fifteen Femton 
Teacher: Fifteen children, how many children 

were there? 
Femton barn, hur många barn var 
det? 

Nicolas: Ten Tio 
Teacher: Ten, how many children too much? 

Did you mix in a few more children 
from another preschool? You 
thought fifteen children were better 
so you could share or? 

Tio, hur många barn för mycket? 
Blandade du in lite barn från en 
annan förskoleklass? Du tyckte 
femton barn var bättre så man 
kunde dela eller? 

One 
child 

It may be that five new children have 
started in that preschool class. 

Det kan ju va så att fem nya barn 
har börjat på den förskoleklassen. 

Teacher: That I did not know of. So it became 
five in each group. I'll take it. Thank 
you very much. 

Som jag inte visste om. Så blev det 
fem i var grupp. Jag tar den. Tack 
så mycket. 

The discussion initially focused on the numbers, both on how many there were and 
how many more than in the original task. At this point, the conversation seemed to be 
within the vertical discourse, as the teacher is sequencing the knowledge in a 
cohesive, structured manner. However, Nicolas’ body language (see Figure 1) 
indicated that he had become aware that his response was incorrect, perhaps because 
the teacher asked him number questions that she had not asked earlier presenters. The 
teacher then shifted direction and provided a possible story so that Nicolas’ numbers 
could be considered appropriate, perhaps because she had earlier indicated that there 
were no right or wrong answers. By producing a story about Nicolas’ numbers, the 
teacher moved back to the context-specific-ness of the horizontal discourse and 
restored the personal relationships. The difference between 10 and 15 disappeared 
from the focus and was replaced by discussing how 15 was a better number to share 



  
and how this number of children could come about. Nicolas made only one 
contribution to the discussion. It is therefore unclear whether he had understood 
either the vertical discourse about the difference between 10 and 15 or the horizontal 
discourse about the ease of splitting the class into 3 groups. The teacher’s shifting 
between the two discourses seems to provide him with no opportunities to develop 
his problem solving skills either in a context-specific or more generalised format. 
Filippa 
In the introductory warm-up activity, Filippa had a card with 5 on it. It was not until 
all the other pairs were formed that Filippa realised that Hugo did not have a partner 
and therefore their numbers (5 and 5) must equal 10.  

   

Figure 2: Filippa’s problem solving  

In giving the instructions about working individually, the teacher specifically 
mentioned Filiippa. Filippa seemed to have taken the request to heart in that she 
covered her work with her arms so that Lova could not see what she did. After Lova 
was moved by the teacher, Filippa looked at Theo using his fingers to work out a 
solution. It is not possible to hear, the teacher’s comments to Filippa as she moved 
around the room but the consequence of it was that Filippa erased the beginning of a 
symbol for the first group on her paper. Filippa’s presentation was the third 
presentation. Her paper showed two 5s. 
Teacher: Filippa, can you show what you have 

done? Okay, you've written five and 
five. Five in two groups, it is. Which 
group was it that there was no one 
in? Baking, woodwork or painting? 

Filippa kan du visa vad du har 
gjort. Okej du har skrivit fem och 
fem. Fem i två grupper blev det. 
Vilken grupp var det som det inte 
blev någon i. Baka snickra eller 
måla? 

Filippa: Woodwork Snickra 
Teacher: Woodwork there was no group of, no 

children at all, but why not? Do you 
remember, how you thought? 

Snickra blev det ingen grupp i, inga 
barn alls i, men varför inte det? 
Kommer du på det, hur du tänkte? 

Filippa: Because they will do it another time. För dom skulle göra det en annan 
gång. 

Teacher: They would do woodwork another De skulle snickra en annan gång 



  

time instead so then it became an 
equal number of children in each 
group. 

istället så då blev det lika många 
barn i varje grupp. 

Filippa: Otherwise they thought that it 
became a little too bustling with 
everything. 

Annars tycke de att det blev lite för 
stimmigt med allting. 

Teacher: Yes it could be, they would have had 
to be many teachers. Thank you so 
much 

Ja det kan ju bli. De hade ju fått va 
många fröknar. Tack så mycket 

Filppa: Although they had only two teachers Fast de hade bara två fröknar 
Teacher: Two teachers and then there was one 

teacher in each group. Brilliantly 
solved. 

Två fröknar och då blev det en 
fröken i var grupp. Strålande löst. 

As with Nicolas, the teacher presented the drawing and immediately asked which 
group did not have any children in it. From this question, both the teacher and Filippa 
built up the story about why there were only two groups. Filippa was complemented 
by the teacher as having a brilliant solution. In developing the story, it seemed that 
Filippa drew on her own experiences of only having two teachers in the class and 
finding moving between too many activities very busy and noisy. At no time, did the 
teacher bring up any mathematical understandings. Whereas Nicolas’ unexpected 
answer resulted in the teacher moving into the vertical discourse, the interaction with 
Filippa remained firmly situated in the horizontal discourse. Unlike the girls in 
Boaler’s (1994), it does not seem that  Filippa was confused by the familiarity of the 
context, rather the teacher emphasised that it was the context-specific information 
which was what was needed. 
Lova 

     

Figure 3: Lova’s problem solving 

In the warm-up activity, Lova was the first to stand up and try to find the pair number 
for her 2. However, it was her partner, Svante, who told the teacher about their pair. 
As the teacher described the problem of sharing ten children in the three groups, Lova 
could be seen using her fingers to work out possible solutions (see Figure 3). Before 



  
she collected her paper, she shaed her solution with Svante who also used his fingers 
to find a solution. 
In working on the problem, Lova moved from using her fingers to putting tally marks 
next to the symbols for each of the groups (see Figure 3). She seemed to recognise 
that there was more than one solution. After she has added one round of tally marks, 
she counted them before adding the next round. Lova’s actions suggest that her 
interest is in the vertical discourse surrounding the principles connected to adding 
three numbers together to make 10. When sitting in the horseshoe, Lova is one of the 
few children that the teacher asked to present her response (see Figure 3), although in 
this case, the teacher indicated that Lova had a proposal, not a solution. 
Teacher: Lova, what proposal do you have? 

Oh, okay what is there? Can you tell 
me? 

Lova vad har du för förslag. Oj 
okej vad står där? Kan du berätta 
för mig? 

Lova: Three, five and one. Three, five and 
two. 

Tre, fem och ett. Tre fem och två. 

Teacher: Let me see, three five and two, okay. 
It is, let’s see here. 

Jag får se, tre fem och två okej. Det 
är, ska vi se här. 

Lova: Three in one group, five in another Tre i en grupp fem i en 
Teacher: But where are the three, is it in the 

baking group? 
Men var är de tre, är det i bak 
gruppen 

Lova: Yes Ja 
Teacher: And then it’s five in the 

woodworking group and two in the 
painting group 

Och så är det fem i snickargruppen 
och två i målargruppen 

Lova: Yes Ja 
Teacher: Why did you decide this? Varför bestämde du dig för det 
Lova: Because the woodworking group, it’s 

many more who like to do 
woodwork, less who like to paint and 
in between who like baking 

för att snickargruppen, det är 
mycket mer som tycker om att 
snickra, mindre som tycker om att 
måla och mittemellan som tycker 
om att baka 

Teacher: So they could choose for themselves 
in that class, okay. 

Så dom fick välja själva i den 
klassen, okej. 

In presenting her solution, Lova seemed to focus on the numbers rather than the 
groups, suggesting that she wanted to stay within the vertical discourse. However, the 
teacher shifted her to the horizontal discourse by asking about which group had three 
children in it. Lova was happy to participate by providing details about why she had 
split the ten children in a particular way.  

DISCUSSION AND CONCLUSION 
In previous research, van Oers (2001) raised the issue of too much attention 
remaining on children’s everyday experiences to the detriment of their possibilities 



  
for learning formal mathematics knowledge. In this study, we have examined 
examples from one lesson in a Swedish preschool class which suggests that the issue 
is more complex.  
Given that preschool class is considered to be a bridge between the informal learning 
in preschools and the formal learning in schools, the teaching would preferably take 
extra care to invite children to deliberately participate in both vertical and horizontal 
discourses. In addition, the problem solving flavour of this particular lesson defined a 
context which provided ample opportunities to work within both the horizontal and 
vertical discourses. However, when we analyse the three cases, the two discourses 
seem, metaphorically speaking, to be conflated.  
In the case of Nicolas, the teacher made an initial attempt to work in the vertical 
discourse by discussing the relationship between 5, 10 and 15. In a few, very complex 
and fast moves a horizontal discourse was created in which the question “what 
numbers are good for creating three groups” became legitimate. Like the initial 
vertical discourse discussion, the new horizontal discourse “story” from Nicolas’ 
perspective seemed to make little sense. In this exchange, Nicolas’ opportunities to 
extend his understanding of either the horizontal or the vertical discourse seemed to 
have vanished. 
Filippa herself made use of the horizontal discourse to make a connection between 
the story and the mathematical context. The teacher had opportunities to introduce 
potential mathematical obstacles to Filippa’s story by suggesting that there could be 
as many teachers as groups. This would have indicated that in mathematics, it is 
possible to make such assumptions. However, the discussion stopped and was kept 
within the horizontal component where Filippa seemed comfortable. Her possibilities 
for learning about the vertical discourse of formal mathematics never eventuated. 
Finally, Lova presented her answer in such a way that it invited a discussion about 
numbers from the vertical discourse. The teacher subtly hinted at this by remarking 
that 2, 5 and 3 “is okay”, but shifted the discussion to the horizontal discourse. Lova 
who in this exchange showed the most interest in the principles behind the different 
combinations of numbers that added to ten, lost an opportunity to extend her 
understanding of this. 
The three cases reveal a group of children, which although not homogeneous, had in 
common the experience of not having possibilities to extend their understanding of 
how their own experiences could be connected to formal mathematics knowledge. It 
was not the children who seemed confused over what knowledge was valuable to 
solve the problem. They all had understood that numbers were expected. Instead 
confusion may have occurred when the teacher brought the solutions back to being 
about the horizontal discourse of everyday knowledge, but without developing the 
children’s social concerns, such as having sufficient teachers. If similar lessons 
continue to highlight the everyday knowledge, even when children such as Lova 
show interest in the mathematics, then they are at risk of mathematical exclusion.  
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2.7 Beginning early: mathematical exclusion. Article VII 

In! view! of! the! results! from! article! IV! where! we! saw! in! the! play! situation!
around!Lego,!how!some!of!the!children!where!excluded.!This!article!extends!
the! results! from! article! V! about! preschool! teachers’! professional! blind! spot!
and! the! preschool! class! problem2solving! situation! in! article! VI.! It! provides!
information! about! different! mathematical! situations! from! the! children’s!
perspective.! The! results! show! that! some! children! gain! access! to! the!
mathematics!whereas!others!do!not.!In!the!discussion!of!what!mathematics!is!
in!preschool,!it!is!important!to!see!which!children!gain!access!to!which!views!
about!mathematics! and! compare! this! knowledge!with! the! awareness! of! the!
adults!working!in!preschool.!

In!this!article,!the!focus!is!on!how!two!children!interacted!in!the!two!situations!
discussed! in! articles! IV! and! VI,! one! a! free! play! situation! around! Lego!
constructions! and! the! other! a! problem2solving! situation! about! dividing! ten!
children!into!three!groups.!The!two!situations!are!also!compared!with!respect!
to!the!interaction!with!a!teacher!present!and!without!a!teacher!present.!In!this!
article,!we!compare! these! two!situations!with!a! focus!on! two!of! the!children!
who! take! part! in! both.!We! discuss! how!mathematics! becomes! a! gatekeeper!
through! social! exclusion! by! seeing! what! happens! to! the! same! children! in!
situation,!with!and!without!a!teacher!present.!!

Since!the!boundary!between!everyday!understandings!and!the!mathematics!is!
not! clearly! defined! in! preschool! as! the! discussion! in! chapter! 1! shows,! this!
article! provides! information! about! what! happens! in! the! cases! where! the!
situation! is! more! clearly! resembles! a! school! mathematical! situation.! This! is!
compared! to! the! Lego! play! situation,!where! the! children! and! the! preschool!
teacher!might!not!see!connections!to!school!mathematics.!An!important!result!
from!this!article!is!that!mathematical!exclusion!appears!even!in!situations!that!
might!not!be!seen!as!mathematical!by!the!children!or!the!teacher.!!
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BEGINNING EARLY: MATHEMATICAL EXCLUSION 
Ola Helenius), Maria L. Johansson*, Troels LangeF,  
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)National center for mathematics education, NCM, *Luleå Technical University, 

FBergen University College, -Malmö University 
In this paper, the distinction between Bernstein’s horizontal and vertical discourse is 
used to show how two children are restricted in their possibilities to learn 
mathematics. The social relationships set up within contexts, both of the problems 
being solved and between participants, contributed to the horizontal or vertical 
discourse being employed. In a circular motion, these discourses then reinforced the 
social relationships which could come into play. It is argued that mathematical 
exclusion can occur when social relationships, not only within problem contexts but 
also within interactions, miscue the kind of discourse which is foregrounded. 
Children can become confused over the sort of discourse that contributes to 
mathematics learning. 
MATHEMATICAL EXCLUSION 
It has been known for some time that certain groups of students become alienated 
from mathematics and thus are excluded from the opportunities that having 
mathematical qualifications might bring (Stinson, 2004). Often the cause for this 
exclusion is debated in regard to whether it is the lack of qualifications that exclude 
people from accessing further education and well-paid jobs or whether it is 
institutionalised racism or other discriminatory practices that ensures that some 
groups of students do not have opportunities to gain such qualifications or even if 
they do gain them, still find themselves excluded (Knijnik, 2002). Approaches to 
mathematics education may well differ according to which cause is accepted as the 
root of the problem. However, whatever the cause groups of students will suffer from 
social exclusion.  
Klasen (2001) suggested that social exclusion was “socially generated barriers that 
reduce the ability of the excluded individuals to interact with society” (p. 416). 
Mathematics education, because of its role as a gatekeeper (Stinson, 2004), can be 
considered a socially generated barrier that reduces the ability of individuals to 
interact with society. Stinson (2004) discussed the issue of tracking of minority 
students as one example of how exclusion occurs while Lerman and Zevenbergen 
(2004) discussed how classroom practices act to exclude students from working class 
backgrounds because of their unfamiliarity with those practices. Social exclusion, in 
which the way that mathematics is presented to children leads to them being excluded 
from it, we call mathematical exclusion.  
Presently, there is much attention on the perceived lack of mathematics of young 
children from disadvantaged backgrounds who are beginning school. Reports such as 
those by Arnold, Fisher, Doctoroff, and Dobbs (2002) have found that the 



  
mathematics that children know on entering school will have an impact on their 
school learning. This has lead to calls for more mathematics to be introduced to 
children in preschools (see Lange, Meaney, Riesbeck, & Wernberg, 2012) to 
overcome the likelihood of a disadvantaged school experience. These approaches 
have been critiqued for their underlying deficit assumptions about children (Meaney, 
2014). Nevertheless, how mathematical exclusion operates in micro events of 
learning situations is not well identified, particularly in regard to young children. 
In this paper, we compare and contrast two interactions which included the same two 
children to consider what characteristics of the situations contributed to them being 
mathematically excluded. To do this, we use Bernstein’s theory of vertical and 
horizontal discourse. 
THEORETICAL FRAMEWORK 
Over several decades, Bernstein developed a systematic sociology of education which 
included the development of many different ideas. In his later years, he concentrated 
on the distinction between horizontal and vertical discourses (Knipping, Straehler-
Pohl, & Reid, 2012). Bernstein (1999) defined these discourses by the forms of 
thought that they develop within individuals in regard to the kinds of knowledge that 
were valued within a wider society - “the structuring of the social relationships 
generates the forms of discourse but the discourse in turn is structuring a form of 
consciousness, its contextual mode of orientation and realisation, and motivates 
forms of social solidarity” (p. 160). 
Horizontal discourse is equated with common sense forms of knowing, essential for 
solving specific issues which are highly relevant to the solver, but not easily 
transferred to other situations (Bennett & Maton, 2010). On the other hand, vertical 
discourse, often equated with educational knowledge (Knipping et al., 2012), can be 
generalised to a range of situations. Thus, “the meaning of educational knowledge is 
given by its relations with other meanings rather than its social context” (Bennett & 
Maton, 2010, p. 327). Although Bennett and Maton (2010) suggest that social context 
or relationships are unimportant in regard to vertical discourse, Bernstein suggests 
that social relationships have a strong influence on the forms of discourse that 
operate. Therefore, it does not seem valuable to suggest that the social context of the 
vertical discourse should be ignored as unimportant in the development of meanings. 
In this paper, we explore the tensions that arise when the social relationships, either 
through being maintained or disregarded, affect young children’s opportunities to 
engage in mathematics learning. Our argument is that one way that mathematical 
exclusion can occur is when social relationships, not only within problem contexts 
but also within interactions, miscue the kind of discourse which is foregrounded. 
DATA COLLECTION AND ANALYSIS 
In the first half of 2013, video recordings were made on four different occasions in 
one preschool class in Sweden, when most children were about six years old. The 



  
episodes used in this paper come from a free play interaction and a more formal 
teacher-led interaction. The first episode was analysed in depth in Helenius et al. 
(2014) whilst some of the second episode was used in Helenius, Johansson, Lange, 
Meaney and Wernberg (2015 forthcoming). Here, we focus on two children, known 
as Teo and Klara in Helenius et al. (2014) and as Teo and Lova in Helenius et al. 
(2015 forthcoming). The two children appear in both episodes and so we analyse 
their interactions from the perspective of vertical and horizontal discourses. Although 
these two children differ according to gender, we do not present them as examples of 
how particular groups of children become mathematically excluded but rather use 
their interactions as examples of how the process of mathematical exclusion operates.  
The interactions in which they participate seemed at first glance to be inclusive but 
the earlier analyses showed that this was not the case. In order to consider how 
mathematical exclusion operates, we examine the relationships between the 
participants in both episodes and the relationships set up within the problem contexts 
that the children are interacting around. 
EPISODE 1 – BUYING A POPSICLE 
The problem at the heart of the free play episode is the cost of a popsicle, represented 
by a piece of Lego. After some joint Lego construction, Teo initiates this interaction 
by situating Tom as the seller and himself as the buyer (Får man köpa nåt här?). 
Tom first refused Teo’s request to buy something but then demanded all of his money 
(play kroner notes). Figure 1 shows Tom indicating that Teo would need to hand over 
all of his money (Den kostar alla dom). 

  
Figure 1: Free play exchange. Left to right: Teo, Tom and Klara 
Klara had been involved in the original Lego construction, but left before Teo asked 
about buying the popsicle. She returned soon after Teo protested the need to hand 
over all of his money. At this point she tries to interrupt the discussion about the 
popsicle by indicating that her brown piece of Lego was a piece of chocolate. Neither 
her first or second attempt to gain the boys’ interest in the chocolate was successful 
(see Figure 1).  



  
Later, Klara attempted to trade a car for some other constructions that she helped to 
build with the others (Byter ni den här bilen mot alla de här och mitt bygge?). There 
was some discussion around this suggestion, but Tom rejected the possibility of a 
transaction which was made by both Klara and another child, Patrik. Tom’s rejection 
was based again on them not having “enough” money (Men var är pengarna då?). 
At the end of the episode, Teo makes another request to buy the popsicle but Tom 
again vetoes it, first outright and then by suggesting that Teo will die from eating the 
popsicle (Varför måste du ha piggelinen, då dör du ju). When Teo repeated that he 
wanted to buy the popsicle, Tom then said it would cost 40 000 kroner (Det där är 
fyrtiotusen, I så fall får du betala, vänta de här också.). After a further exchange 
about it costing too much, Teo stated “You are so mean, why does it have to cost that 
much?” (Ni är så elaka varför måste det kosta så mycket?). At this point, Tom 
capitulates and agrees to Teo buying it for only one of his play money notes. 
Discussion 
In our original analysis (Helenius et al., 2014), we considered that Tom and Teo had 
been involved in mathematical play as it included participation, creativity and rule 
negotiation. On the other hand, it appeared that although Klara (and Patrik) tried to 
participate in similar ways, their suggestions were rejected, suggesting that they did 
not have the same opportunities to be involved in mathematical learning. By 
considering this episode using understandings about the differences between vertical 
and horizontal discourse that were in circulation, it is possible to clarify how Klara’s 
mathematical exclusion occurred whereas Teo’s did not. 
Although the problem appeared to be an everyday one about buying something, for 
Tom and Teo the discussion focused on general understandings about ideas to do 
with enough and too much and how their meaning changed depending upon who used 
the terms. As both boys were only six years old, it is unlikely that either of them 
knew precisely how much 40 000 kroner was. Although Tom initially indicated that 
this is what he wanted Teo to pay, both boys recognised it as being more than what 
Teo could possibly have in play bank notes. Such considerations were generalisable 
to other situations and so can be seen as belonging to the vertical discourse.  
It is not until, Teo calls Tom “mean” at the end of the episode that social relationships 
gain prominence in the discussion. They had been evident earlier, but implicitly, 
when Klara and Patrik tried to enter the discussion and Tom, and to a lesser extent 
Teo, did not respond. Tom was able to make such decisions because he was accepted 
as controlling the situation by the others. This may have been because in the 
imaginary play situation, he had the role of seller, who had the power to determine 
the price of the things to be sold or exchanged. The context of the problem, set in a 
shopping scenario, seemed to set up a particular social relationship with someone in 
power. This kind of relationship contributed to the vertical discourse being used as it 
enabled one person to determine what knowledge was relevant, in a similar manner to 
teacher-class relationship. As is the case in this example, such a relationship within a 



  
play situation can contribute to generalisable concepts, rather than the specific 
problem, being discussed. Although Teo could overcome the power structure by 
appealing to his real-world friendship with Tom, in doing so he contributed to the 
ending of the play situation. In this case, the role of relationships within the problem 
context contributed to the vertical discourse being foregrounded with the everyday 
relationship between participants, contributing to the horizontal discourse becoming 
backgrounded.  
Klara, in trying to navigate the vertical discourse within the play situation, choose not 
to bring in her real world friendship with Tom, but instead tried to participate in the 
same way as Teo. When her efforts to participate were rebuffed by Tom, she was 
unable to affect what knowledge was discussed and in what ways and so can be said 
to have been mathematically excluded. On the other hand, Teo was not 
mathematically excluded, even though he accepted Tom’s right to make the decisions 
in the same way that Klara had. Whereas Tom did not accept any of Klara’s attempts 
at contributing to the discussion, Tom accepted that Teo had a right to contribute and 
also to have a different opinion of what was enough and what was too much. Thus, 
although Teo’s contributions were different to those of Tom’s, he had a more active 
role in the vertical discourse than Klara. The negotiation of the meanings would have 
contributed to Teo’s understandings of enough and too much and also to how to 
engage in negotiations within the vertical discourse, thus supporting his possibilities 
for learning mathematics. 
EPISODE 2 – SPLITTING 10 INTO 3 GROUPS 
The second episode was a fairly typical mathematics lesson initiated by the teacher 
with a group of eight children. It began with a warm up activity to do with pairs of 
numbers that added to ten. Then a problem was posed about ten children in a small 
preschool class who were to be sent to three activities, woodwork, baking and 
painting. The children were given time to determine individually how many children 
should be in each group, with the teacher stating that there are no wrong or right 
answers. She also said that it might be possible to distribute the class evenly or it 
could be that one group had more children or another group had no children (Tre 
grupper och så de tio barn. Nu vill jag att ni tänker ut hur de delade sig. Hur delar 
man tio barn i tre grupper? Det finns inget rätt, inget fel. Ni bestämmer själva. Om 
det kanske bara är ett barn i en grupp, och det kanske är inget barn i någon grupp 
och det kanske delar något så att det blir lika i varje). The children were told that 
they could record the distributions on paper in any way they liked. As the children 
worked, the teacher moved around the class asking them about their distribution. At 
the end of the session, the teacher had the children fold their papers and sit down in a 
horseshoe so that they could explain the way they had distributed the class.  
In the warm-up activity, Klara was the first to stand up and try to find who had the 
pair number for her 2. Nevertheless, it was her partner who told the teacher about 
their pair. On the other hand, Teo was one of the last to identify the child who had the 
other half of his pair, but it was he who took hold of both cards. Both children 



  
answered in chorus when the teacher asked for their answer (seven and three, sju och 
tre). The teacher wrote the solutions on the board using standard number symbols. 

     
Figure 2: Klara’s problem solving - 2 painting, 5 woodwork and 3 baking 
As the teacher described the problem of sharing ten children in the three groups, 
Klara could be seen using her fingers to work out possible solutions (see Figure 2). 
Before she collected her paper, she shared her solution with another child who also 
used his fingers to find a solution. When working on the problem, Klara used first her 
fingers and then tally marks (see Figure 2). After she put one round of tally marks 
next to each group symbol, she counted them before putting down the next round. 

   
Figure 3: Teo’s solution process 
Teo spread his hands and first counted the fingers on one hand before separating his 
fingers on both hands into groups so that he seemed to have found a 4, 3, 3 solution 
(see Figure 3). Still, his initial drawing showed that he had only 9 tally marks and he 
seemed stuck. Nevertheless, by the time the teacher talked with him, he had given the 
baking group, represented by a rolling pin, a fourth member. 
Although the teacher usually presented each child’s solution. Klara was asked to 
present a proposal (see Figure 3). 
Teacher: Klara, what proposal do you have? Oh, 

okay what is there? Can you tell me? 
Klara, vad har du för förslag? Oj okej 
vad står där? Kan du berätta för mig? 

Klara: Three, five and one. Three, five and 
two. 

Tre, fem och ett. Tre, fem och två. 

Teacher: Let me see, three, five and two, okay. It 
is, let’s see here. 

Jag får se, tre fem och två okej. Det är, 
ska vi se här. 

Klara: Three in one group, five in another Tre i en grupp, fem i en. 



  
Teacher: But where are the three, is it in the 

baking group? 
Men var är de tre, är det i bak 
gruppen? 

Klara: Yes. Ja. 
Teacher: And then it’s five in the woodworking 

group and two in the painting group. 
Och så är det fem i snickargruppen 
och två i målargruppen. 

Klara: Yes Ja 
Teacher: Why did you decide this? Varför bestämde du dig för det? 
Klara: Because the woodworking group, it’s 

much more who like to do woodwork, 
less who like to paint and in the middle 
those who like baking. 

För att snickargruppen, det är mycket 
mer som tycker om att snickra, mindre 
som tycker om att måla och 
mittemellan som tycker om att baka 

Teacher: So they could choose for themselves in 
that class, okay. 

Så dom fick välja själva i den klassen, 
okej. 

In presenting what she had done, Klara focused on the numbers. However, the 
teacher shifted her attention, by asking which group had three children in it. Klara 
happily responded by discussing the popularity of activities and providing details 
about why she had split the ten children as she had. After Klara presented her 
proposal, Teo was asked to present a solution. His initial response was to deny that he 
had one. 
Teacher: Teo, do you have a solution? Teo, har du någon lösning? 
Teo: I just do not know what the solution is. Jag bara inte vet vad lösningen är. 
Teacher: Can you open it so I can see how you 

did it? 
Kan du öppna den så jag ser hur 
gjorde du. 

Teo I shared it so. Jag delade den så. 
Teacher: Three, three and four, okay. Why was 

it four? You told me. Why are there 
four for baking? It was a little funny. 

Tre tre och fyra, okej. Varför blev det 
fyra? Det berättade du för mig. Varför 
är det fyra på baket. Det var lite roligt. 

Teo Nah, I changed. Nä, jag ändrade. 
Teacher: You changed it. I thought it was a 

funny thing, you said about there being 
four in baking. 

Du ändrade det. För jag tyckte det var 
en rolig sak du sa att de var fyra på 
baket. 

Children: What did he say? Vad sa han? 
Teo: I changed. Jag ändrade. 
Teacher: Then it would become many more 

buns. 
Att det skulle bli mycket mycket 
bullar. 

Teo: I changed. Jag ändrade. 
Teacher: But you decided three, three and four? Men du bestämde tre tre och fyra? 
Teo: Yeah, I just wanted that. Ja, jag bara ville det. 
Teacher: You just did that, okay. Thanks for 

that, okay. 
Du bara gjorde det, okej. Tack för det, 
okej 

In this exchange, the focus is on finding a solution, whereas in Klara’s case, it was 
about presenting her proposal. Teo’s suggestion that he did not have a solution 



  
seemed to mystify the teacher who had previously talked with him. It may be that the 
word solution (lösning) suggested to Teo that she was looking for one specific 
solution. Having heard several different suggestions, some of which the teacher had 
already stated were brilliantly solved (strålande löst), Teo seemed uncertain that his 
solution which was different could also be correct. Regardless of his reasoning, Teo 
was not interested in the teacher’s questions about which group had which number of 
participants. Instead, he kept repeating that he had changed, which seemed to mean 
that he had changed the group with four members because he remained adamant 
about the 3, 3, 4 distribution. 
Discussion 
Although it could be expected that the social relationship between the teacher and the 
children would be similar, the type of problem that children were engaged in solving 
and the roles that they took up in presenting their solutions altered their social 
relationships with the teacher. The differences in social relationships affected and 
were affected by the discourses that were utilised in the interactions.  
The problem itself allows for discussions about the different combinations of 3 
numbers which add up to ten. As the teacher had begun the lesson with an activity 
based on two numbers that added to ten, it could have been expected that this would 
have been the teacher’s focus. However, the setting of the problem within a preschool 
class and the distribution into three activities allowed the teacher and the children to 
become involved in a discussion about children’s preferences for particular activities. 
In asking about children’s preferences, the teacher moved from being an expert 
determining the correctness of the mathematics under discussion to an interested 
enquirer into what activities the children saw as the most interesting. By changing her 
role in the social relationship, she also changed those of the children. These changes 
led to the discussion being within the horizontal discourse where the focus was not on 
generalisable ideas but on the specific situation. In the original analysis of Klara’s 
role (Helenius et al., 2015 forthcoming), we could see that Klara’s opportunities to 
discuss mathematics were restricted by the discussion of preferences. However, the 
traditional use of a vertical and horizontal discourse analysis to focus on what was 
being discussed and in what ways did not provide information about how the social 
relationships contributed to this restriction. 
Although Klara was happy to discuss her distribution of children into the three 
groups, Teo resisted this shift. He remained committed to his 4, 3, 3 distribution but 
refused to enter into a discussion about his preferences for the groups. It is unclear 
whether he was confused over the kind of discourse which he felt should have been in 
operation. If the teacher had asked him about his reasoning to do with the numbers 
adding to ten, perhaps he would have been more willing to engage as he had done in 
the warm-up activity around the pairs of numbers adding to ten. His resistance in 
responding to the teacher’s questions about the distribution into groups meant that he 
adopted a different role in the exchange and this affected the social relationship with 



  
the teacher. Having taken on the role of resister, he was not drawn into the horizontal 
discourse of the teacher.  
In this example, the teacher’s role moved from being the expert in the warm-up 
activity to a gentler enquirer about the children’s preferences in the presentation of 
solutions or proposals. Her shifting role affected the social relationships with the 
children and contributed to a move from the vertical discourse to a horizontal 
discourse. Although Klara moved with her, Teo did not. Nevertheless, as neither 
child had possibilities to engage in vertical discourse around how different 
combinations of numbers could be formed to make ten, both could be said to be 
mathematically excluded. It could be said that Teo in taking on the role of resister 
had the best opportunities of changing the discourse to a vertical one by refusing to 
consider that the teacher should have a different social relationship with him.  In not 
accepting the teacher as a gentle enquirer who had the right to find out about his 
group distribution preferences, it might have been possible for him to force the 
teacher back into her role as expert on mathematics learning. Although in this case, 
this did not happen, in the earlier analysis (Helenius et al., 2015 forthcoming) when 
another child gave a combination of 5, 5 and 5 earlier in the interaction, the teacher 
had moved back into her role as expert. However, that child did not have the requisite 
mathematical knowledge to discuss the mathematics with her. 
CONCLUSION  
Watching her work on the solution of splitting ten into three groups, it appears that 
Klara had skills and interest in mathematics which could have been developed. Yet, 
she was excluded from mathematics in both interactions because she tried to act in 
accordance with the social relationships that those in control had put in place. As a 
result in the free play episode, she could be excluded from the vertical discourse by 
Tom, who being the seller and thus in charge, was not required to accept her 
suggestions. In the exchange, when the teacher moved to a horizontal discourse, 
Klara moved with her, and was then confined there.  
On the other hand, Tom accepted Teo’s right to be involved in the popsicle 
discussion, enabling Teo to take part in the vertical discourse and to learn about 
abstract notions such as enough and too much. In the episode with the teacher, Teo 
resisted being brought into the horizontal discourse around his preferences for the 
group distribution. As a result, he may have become more aware that mathematics 
was about being in the vertical discourse. This is in contrast to Klara who, if she does 
not gain experiences of being in the vertical discourse, is likely to associate 
mathematics learning only with the horizontal discourse. 
Mathematical exclusion has been noted in many different situations, even if it has not 
been labelled as mathematical exclusion. However, insights about the impact of 
social relationships on the use of vertical and horizontal discourses provides as richer 
understanding of how mathematical exclusion comes into existence.  
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3. Discussion  
!

!

!

In!this!thesis,!perceptions!about!mathematics!in!preschool!are!discussed!from!
different!points!of!view! in!order! to!better!understand! its! complexity.! In! this!
chapter!I!discuss!the!results!of!the!perspectives!of!the!children,!the!teacher!and!
the! researcher.! In! Table! 2,! in! the! first! chapter,! I! showed!how! I! changed! the!
focus!between!these!perspectives! in!the!different!articles.! In!this!chapter,! the!
results! are! discussed! in! relationship! to! the! project’s! overarching! research!
question!from!these!perspectives.!However,!first!I!begin!by!summarizing!the!
results!from!the!different!articles:!

In! article! I,! we! identify! the! kinds! of! mathematics! children! in! Swedish!
preschool!where! engaged! in! by! analysing! videos! recorded! in! one!preschool!
over! several! months.! Bishop’s! (1988b)! six! activities! provided! a! way! to!
categorise!what!we! saw!which!did!not!depend!on! comparisons!with! school!
mathematics.!Our!analysis! indicated! that!children!and!their! teachers!did!not!
focus!solely!on!numbers!and!counting,!as!had!been!suggested!in!other!studies!
(for! example,! Clements! and! Sarama! 2007).! This! may! be! because! in! earlier!
studies!it!was!teacher’s!opinions!about!what!they!did!which!had!formed!these!
results.!If!they!considered!mathematics!to!match!van!Oers’!suggestion!of!the!
first!view!of!what!mathematics! is,! then!it! is!perhaps!not!surprising!that!they!
did! not! recognised! that! the! children! engaged! with! other! aspects! of!
mathematics!in!their!interactions!in!the!preschool.!

Article! I! raised! the! issue! of! whose! perspective,! namely! the! children’s,! the!
teachers!or!the!researchers,!should!be!in!focus.!If!the!teachers’!perspective!was!
important! then! there!was! a! need! to!provide! them!with! a!way!of! describing!
how! they! worked! with! children.! The! research! in! Articles! III! and! V!
documented!how!providing!an!alternative!way!of!discussing!mathematic,!that!
is! the!six!mathematical!activities,!contributed!to! them!becoming!more!aware!
of!how!children!worked!with!mathematics! in! their! interactions! in!preschool.!
Nevertheless!as!discussed!in!these!articles,! just!having!an!alternative!way,!of!
describing! what! they! did,! did! not! always! produce! the! desired! level! of!
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awareness! that! I! wanted! as! a! facilitator! of! the! professional! development!
courses!in!which!they!were!participating.!

Therefore,!using!Bishop’s! (1988b)!six!mathematical!activities!provided!us,!as!
researchers,! with! a! way! to! view! preschool! mathematics! that! seemed! more!
respectful!of!what!we!saw!occurring!in!preschool,!as!it!was!not!dependent!on!
comparisons!with! school!mathematics.! Still,! it! gave! us! only! so!much! in! the!
way!of!insights!into!what!mathematics!in!preschools!should!or!could!be.!For!
example,!most!of!the!situations!could!be!classified!as!including!several!of!the!
mathematical!activities!and!so!it!was!not!clear!what!the!focus!of!each!activity!
was!and!whether!having!a!clear!focus!was!important!for!the!participants.!

The! results! of! the! analysis! in! article! I! suggested! that! children!might! not! be!
aware! that! they!were!engaged! in!mathematical!activities!when!at!preschool.!
Other!videos,! as!yet!unanalysed,! indicate! that! the! children! in! this!preschool!
considered!“proper!mathematics”!to!be!about!counting.!This!suggests!that!van!
Oer’s!first!view!about!what!counts!as!mathematics!is!inscribed!into!children’s!
perspectives!from!an!early!age.!Just!how!necessary!it!is!for!children!to!know!
that! they! are! engaged! in! different!mathematical! activities! is! a! question! that!
remains!and!which!requires!further!research.!!

Article! II! introduces! the! didaktic! space! as! a!way! of! answering! some! of! the!
questions! about! the! focus! of! the! activity! and! from! whose! perspective! it! is!
mathematics.! Using! the! didaktic! space! as! a! methodological! tool! gives! an!
opportunity! to! look! at! every! situation! from! the! teacher! and! the! children’s!
perspective! to! show! the!dynamic!nature! of! the! interaction! as! a! result! of! the!
similarities! and! differences! in! perspective! between! the! teacher! and! the!
children.!These!results!suggest! that!what!mathematics!could!or!should!be! in!
preschools! will! depend! on! who! is! involved! in! interactions! and! who! is!
deciding!what!is!occurring.!!

As!stated!in!article!II!the!didactic!space!“provides!a!way!to!interpret!dynamic!
situations! in!Swedish!preschools! that!can!be!useful! in! identifying!the! impact!
of! the!professional!development! initiatives!now!being!provided!to!preschool!
teachers”! (p.! 10).! Although! we! proposed! this! possibility,! this! research! was!
followed!up!in!this!thesis,!as!other!issues!seemed!more!closely!related!to!the!
main!research!question.!

Article! III! I! showed! that! the! stories!of!preschool! teachers!and!childcare! staff!
were! focused! on! only! three! of! Bishop’s! mathematical! activities,! Counting,!
Measuring!and!Designing.!From!the!discussion!in!chapter!1!of!this!thesis,!the!
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focus!on!numbers!was!expected.!Although!the!childcare!staff! included!more!
stories!classified!as!Counting,!the!preschool!teachers!mentioned!more!stories!
about!Measuring.!Both!groups!provided!few!stories!about!Explaining!and!the!
Playing,!which!were! considered! to! be! connected! to!mathematical! processes.!
As!had!been!noted!in!chapter!1,!research!into!mathematics!for!young!children!
has!tended!to!focus!on!mathematical!content!and!this!general!lack!of!interest!
in!mathematical! processes!may! have! contributed! to!why! there!were! such! a!
low!number!of!stories!on!these!activities.!!

In!article!IV!and!V!we!discussed!from!different!perspectives!what!may!have!
led! to!preschool! teachers!not!recognising!Playing!as!a!mathematical!activity.!
From! the! perspective! of! mathematics! education! researchers,! Playing! is!
important!for!children!to!be!engaged!in!because!it!is!a!necessary!component!of!
thinking!and!doing!mathematics!at!a!range!of!level.!Consequently,!there!was!a!
need!to!explore!what!Playing!as!a!mathematical!activity!could!be!in!preschool!
and!how!this!could!be!related!to! the!mathematical!play!that!mathematicians!
engaged!in.!As!discussed!in!article!IV,!it!was!not!straightforward!to!determine!
the!features!of!play!which!is!mathematical.!!

A!surprising!result!in!this!article!was!to!find!that!a!play!situation!could!create!
possibilities! for! mathematical! as! well! as! social! exclusion! of! some! children.!!
Our! naïve! understanding! of! play!was! that! unless! there!was! a! clear! dispute!
between! children! then! it! was! equalitarian! with! all! children! having! equal!
possibilities!for!participating.!Further!explorations!of!this!topic!were!made!in!
articles!VI!and!VII.!

In!article!V!the!preschool!teachers’!perspectives!on!Playing!as!a!mathematical!
activity! is! discussed! and! investigated.! Although! the! results! from! article! III!
were!known!to!us!as!creators!of! the!professional!development!materials,! the!
results! in!article!V!suggested! that! the! tasks! in! the!materials!did!not!produce!
the!desired!recognition!of!Playing!as!a!mathematical!activity!for!all!teachers.!I!
suggested! that! the! lack! of! recognition! is! a! professional! blind! spot! which!
becomes!more! opaque!when! Playing! is! discuss! as! rule! based,!which! is! one!
suggestion! in! the! material.! On! the! other! hand! if! the! preschool! teachers!
investigates!children’s!interactions!in!spontaneous!play!the!professional!blind!
spot!seemed!to!become!translucent.!!

This! is! an! interesting! result!with! implications! for! the! influence!of! van!Oers’!
three! views! about! mathematics.! When! none! of! the! three! views! (van! Oers!
2002a)! on! mathematics! can! be! directly! seen! in! the! situations! then! the!
preschool! teachers! can! recognise! the! features! of! Playing! as! a! mathematical!



! !

156 
 

activity.!However,!if!the!one!of!the!three!views,!such!as!arithmetic!is!being!the!
basis! of! mathematics! is! apparent! in! the! situation! because! for! example!
Counting! is! in! focus,! then! the! blind! spot! seems! to! appear.! So! the!preschool!
teachers’! view! on! mathematics! affects! the! recognition,! particularly! of!
mathematical! processes! such! as! Playing! and! Explain,! and! hence! the!
professional!blind!spot!appears!or!disappears.!The!data!for!these!results!drew!
on! discussions! from! teachers! at! only! two! preschools,! so! there! is! a! need! for!
further!research!to!see!if!such!a!result!is!more!generalizable.!!

In! article! VI! and! VII,! the! children’s! perspective! comes! back! in! focus.! Our!
results! from! this! investigation! were! disturbing! in! that! we! found! that!
mathematical!exclusion!is!apparent!already!in!preschool!class.!The!entrenched!
ways! of! interacting! which! led! to! the! exclusion! suggest! that! mathematical!
exclusion! is! probably! learnt! in! preschools.! By! contrasting! a! situation! of!
spontaneous! play! with! a! more! formal! teaching! situation,! we! were! able! to!
investigate! the! teachers’! role! in! the! inclusion! or! exclusion! of! children! in!
mathematics.!!

In!the!next!sections,!I!combined!the!results!from!all!the!articles!to!discuss!what!
is!mathematics!in!Swedish!preschools!from!the!three!perspectives,!the!teacher,!
the!children!and!the!researcher.!

3.1 What is mathematics in preschool seen from the children’s 
perspective? 

As!was!shown!in!article!I,!researchers!can!identify!that!children!engaged!in!all!
six!mathematical!activities,!but!as!discussed!in!article!I!and!II!the!children!may!
not! always!be! aware!of! this.!Whether!or!not! this! is! important!needs! further!
investigation.!!

!Kamii! et! al.! (2004)! described! how!young! children’s! thinking! is! not! divided!
into!topics!and!so!it!is!problematic!for!teachers!to!work!with!objectives!based!
on!traditional!school!mathematics!topics.!Consequently!our!result!that!in!each!
analysed!situation!we!could! identify!several!of! the!mathematical!activities! is!
not! surprising! because! it! illustrates! how! children’s! thinking! need! not! be!
divided! into! separate!mathematical! topics.! Since! all! the! activities,! including!
the!ones!dealing!with!processes,!were!seen,! it! seemed! important! to!promote!
teachers! to! plan! situations! that! simultaneously! deal! with! a! range! of!
mathematical!activities.!

The! children’s! awareness! of! mathematics! does! not! seem! to! be! one! of! the!
criteria! for!mathematical!exclusion! (as!shown! in!article! IV,!VI!and!VII)! since!
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the!mathematical!exclusion!appears!also!in!situations!were!there!is!no!school2
like! mathematical! content.! This! again! highlights! the! importance! of! being!
aware! of! the! mathematics! also! in! cases! without! an! obvious! mathematical!
content.!Without! this! broader! view! on!mathematics! used! in! this! thesis,! the!
mathematical! exclusion! in! these! kinds! of! situations! would! not! have! been!
visible.!

3.2 What is mathematics in preschool seen from the teacher’s 
perspective? 

In! chapter! 1,! I! discussed! how! school! mathematics! has! influenced! the!
preschool! teachers’! perspectives! on!mathematics! in! preschool.! The! focus! on!
different!topics!or!content!seems!to!have!dominated!views!on!mathematics!in!
preschool.! The! results! of! the! research! documented! in! article! I! indicate! that!
alternative! conceptions! of! mathematics,! such! as! Bishop’s! six! activities,!
highlight! the!need! to!broaden! the!view!on!mathematics! in!preschool! for! the!
adults!working!in!preschool!but!also!for!researchers.!Since!the!research!shows!
that!different!activities!can!be!found!in!the!preschool!it!becomes!important!for!
the!teachers!(and!the!researcher)!to!be!aware!of!these!possibilities!in!order!to!
challenge! the! children! in! this! activities! and! find! possibilities! for! other!
activities.!!

In!the!Swedish!context,!preschool!teachers’!and!childcare!staff’s!strong!beliefs!
in!that!learning!should!occur!through!play!also!affected!their!understandings!
about!what!Playing!as!a!mathematical!activity!could!be.!In!articles!III!and!V,!I!
discuss!the!impact!of!the!view!of!play!as!the!basis!of!learning!and!show!how!it!
contributes! to! creating! a! professional! blind! spot.! In! article!V,! I! also! suggest!
that!it!might!be!that!the!teachers’!acceptance!of!van!Oers’!(2002a)!first!view!on!
mathematics!being!about!content!connected!to!arithmetic,!which!contributed!
to!the!blind!spot.!This!recognition!of!mathematics!in!play!situation!is!in!article!
VI!and!article!VII!shown!as!being!important.!If!the!preschool!teachers!do!not!
recognise! the! mathematics! in! play! situation! the! mathematical! exclusion! of!
children! already! in! preschool! will! as! shown! in! article! VII! be! evident.! This!
happens! both! in! situations! where! the! teacher! is! not! present! but! also! in!
situations! with! a! teacher! present! and! a! clear! mathematical! content.! So!
recognise!the!mathematical!situations!is!important!in!both!cases.!

As!seen!in!article!III,!Bishop’s!six!mathematical!activities!seems!to!strengthen!
the! preschool! teachers’! possibilities! for! identifying! and! describing! the!
mathematics!that!children!engage!with.!In!chapter!1,!I!discussed!how!the!view!
on! mathematics! had! changed! with! the! revision! of! the! Swedish! curriculum!
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from! being! mostly! about! the! content! to! now! being! more! focused! on!
mathematical! processes.! In! article! III! the! processes! (related! to! Playing! and!
Explaning)!were! not! recognised! often! by! either! of! the! two! groups! of! adults!
working! in! preschool.! In! article! V,! Playing! as! a! mathematical! activity! as! a!
possibility! for! discussing! some! of! the!mathematical! process! did! cause! some!
issues!in!regard!to!teachers!having!a!professional!blind!spot.!

These! results! also! suggest! that!a! shift! in!view!about!what!mathematics! is! in!
preschool! in! the! curriculum! seems! to! take! time! to! affect! the! views! of! the!
preschool! teachers.! Further! research! is! needed! to! see! how! professional!
development!programmes!affect!teachers’!practices.!!

If! teachers! broaden! their! views! of!mathematics! in! preschool! to! be! based! on!
Bishop’s!six!mathematical!activities,!there!may!be!more!opportunities!for!the!
preschool!to!work!with!all!of!the!goals!in!the!curriculum.!In!contrast,!if!some!
of! the! activities! are! not! recognised! by! the! preschool! teachers! and! childcare!
staff,!then!children!might!not!gain!access!to!all!the!mathematical!goals.!!

3.3 What is mathematics in preschool seen from the researcher’s 
perspective? 

As! discussed! in! Chapter! 1,! most! researchers! investigating! mathematics! in!
preschool!have!focused!on!how!children!learn!specific!aspects!of!the!content!
of! school! mathematics.! This! view! of! mathematics! is! often! discussed! in!
relationship! to! readiness! for! school.! This! view! indicates! that! very! little!
research! has! investigated! aspects! of! mathematical! processes.! A! constant!
comparison!with!what! occurs! in! preschool!with!what! occurs! in! school! also!
seems! to!not! respect!what! actually! occurs! in!preschools! and! the! capabilities!
that! preschool! children! often! show! in! their! interactions.! This! resulted! in! a!
diminished!view!of!what!preschool!mathematics!could!or!should!be!

Using!Bishop’s!six!mathematical!activities!expanded!my!research!perspective!
on! mathematics! by! acknowledging! what! is! actually! happening! in! the!
preschool.! However,! it! was! not! without! challenges! as! Bishop’s! original!
descriptions! were! not! written! with! preschool! children! in! mind.! Article! IV!
included!a!theoretical!discussion!about!what!mathematical!play!might!be!and!
compared! it!with!Bishop’s!description!of!Playing!as!a!mathematical!activity.!
In!other!research,!we!have!explored!aspects!of!Explaining!as!a!mathematical!
activity!in!regard!to!preschool!children!(Johansson,!Lange,!Meaney,!Riesbeck!
&!Wernberg,! 2014)! but! there! is! a! need! to! explore! descriptions! of! the! other!
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mathematical! activities! if! these! activities! are! to! be! used! more! widely! in!
research!on!what!mathematics!in!preschool!is.!

The!results!of!this!thesis!also!suggest!how!a!broader!view!about!mathematics!
in!preschool! than! just! being! a!watered2down!version!of! school!mathematics!
could! contribute! to! a! range! of! different! investigations.! For! example,! the!
discussion! of! mathematical! play! raised,! unexpectedly,! the! issue! of!
mathematical! exclusion.! It! is! unlikely! to! have! become! visible! if! researchers’!
perspectives! about! mathematics! had! not! been! expanded! to! deal! with! both!
content! and! processes.! Similar! to! the! discussion! about! whether! it! was!
important!that! the!teachers!and!children!knew!that!what!they!were!engaged!
in!was!mathematics,! there! is!a!need! to!discuss! if! the!mathematical!exclusion!
has! an! impact! even! if! the! children! and! the! teachers! are! unaware! of! the!
mathematics! in! the! situation.! This! leads! to! the! need! to! connect! the! didaktic!
space!to!issues!of!inclusion!and!exclusion.!!!!

3.4 Mathematics in preschools 

What!mathematics!is!in!preschools!can!be!viewed!from!different!perspectives;!
perspectives!to!do!with!who!is!involved!and!who!is!deciding!what!is!going!on!
as!well!as!conceptions!about!what!is!considered!mathematics.!Van!Oers’!three!
views!indicated!that!different!ways!of!viewing!mathematics!will!affect!what!is!
considered! the! valuable! mathematics! to! be! identified! in! the! data! that! is!
collected.!Researchers,!just!as!much!as!children!and!teachers,!will!be!affected!
by!previous!experiences!that!contributed!to!them!accepting!one!or!other!view.!
Although!using!Bishop’s!six!activities!proved!useful!in!this!thesis,!taking!this!
different!view!of!mathematics!on!was!not!without!its!challenges!as!it!involved!
challenging!my!own!as!well!as!the!teachers’!previously!held!views.!

However,!taking!on!a!broad!view!about!mathematics!in!preschool!contributed!
to! highlighting! the! importance! of! mathematical! processes! in! preschool.! In!
previous! research! about! mathematics! in! preschool! processes! tended! to! be!
neglected,! likely! to! the! detriment! of! children.! If! the! children! are! faced!with!
only!objectives!defined!by!different!mathematical!content!topics,!learning!will!
be!reduced!to!the!names!of!shapes!(Kamii!et!al!2004),!or!numbers!(Thiel!2010!
or! Lee! 2010)! or! any! other! content! (for! example!Mulligan! and!Mitchelmore!
2009).!!
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3.5 Further research 

In!the!previous!sections,!I!have!mentioned!some!ideas!about!further!research.!
Major! research! questions! that! need! to! be! answered! are:! is! it! necessary! for!
preschool! teachers! and! children! to! be! aware! that! they! were! engaged! in!
mathematics?;!what!happens!if!they!are!aware?;!and!what!happens!if!they!are!
not!aware?!

Another! set! of! questions! are! to!do!with! the! influence! of! preschool! teachers’!
views!on!mathematics!and!how!these!affect!the!mathematics!provided!in!the!
preschools.!!

All! these! questions! require! large! scale! studies! which! would! result! in! the!
expansion!of!the!issues!discussed!in!this!thesis,!since!most!of!the!data!in!this!
thesis!came!from!one!or!two!incidents!in!preschool!(except!for!the!data!about!
the!awareness!of!adults!working!in!preschool).!This!is!not!surprising!given!the!
amount! of! theoretical!work!needed! in! exploring! the! issues!described! in! this!
thesis.!However,!now!this!work!has!been!done!it!would!be!valuable!to!explore!
mathematics! in!preschools!from!a!larger!data!set! to!see!if! the!results!are!still!
valid.!

This!thesis!focused!on!the!perspectives!of!children,!teachers!and!researchers.!
However,! these! are! not! the! only! stakeholders! in! considering! what!
mathematics! is! in! preschools.! Therefore! there! is! a! need! to! investigate! the!
perspectives! of! other! stakeholders,! such! as! parents,! governments! and! other!
institutions!and!how!these!perspectives!affect!teachers’!practice!in!preschools.!

3.6 Conclusions 

Going!back!to!the!starting!point!of!this!journey!this!second!thesis!have!made!
me!more!certain!that!the!mathematics!in!preschool!is!more!closely!related!to!
what!Bishop!(1998)!would!define!as!Mathematics!with!a!big!M!rather!than!to!
school!mathematics!and!its!different!topics.!This!is!because!my!experience!of!
Mathematics! is! one! in! which! the! processes! are! paramount! in! that! new!
mathematics! cannot! be! done! without! using! reasoning,! modelling,!
hypothetical! thinking,!explaining!and!arguing,! for!example.!Nevertheless,! to!
expand!children’s,!teachers’,!parents’!and!researchers’!views!about!preschool!
mathematics!will!take!time!and!not!be!a!straightforward!process.!
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