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Potential for outdoor learning

ÅGreat potential isascribedto learningoutside of the classroom(DfES, 
2006)
ÅCreativity

ÅDevelopingsubject-relatedand interdisciplinaryskills

ÅAttitude towardslearning

ÅMotivation

ÅLong-lasting memoriesof learningoutside (Dillon et al., 2006)
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Potential for outdoor learning

Potentials Challenges

¶ Primary experiences

¶ Learning by activeconstruction

¶ Immediate applicationof theoretical

concepts

¶ Increasedinterest

¶ InterdisciplinaryLearning

¶ Additional logistical, legal, and 

organisational effort

¶ Curriculum and assessment

¶ Abuseof freedom

¶ Overtaxing

¶ Reservationsof variousgroupsof people
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Learning mathematicsoutdoors(Kleine et al., 2012)

ÅLearning mathematicsoutside the classroom

ÅPerceivesurroundings/ environmentasa learningopportunity

ÅCooperationswith non-school institutions

ÅInterdisciplinarylearningof mathematicsin combinationwith culture
and history(or other subjects)
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Learning mathematicsoutdoors(Kleine et al., 2012)

Outdoor learningof mathematicspromotesNCTM processstandards:
ÅSolvingmathematicalproblems

ÅCommunicatingmathematicalissues

ÅMaking mathematicalconnections

ÅUsingmathematicalrepresentations

The coreof outdoor learningis the applicationof knowledge
Åmainlythroughmathematicalmodelling, i.e. the creationof mathematical

connections
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Mathematicalmodelling

ÅMathematicalmodellingismostlydonewithin the classroom

ÅThe requireddataisusuallyprovidedin imageor text form

Tasks & Picture from:
Greefrath(2018)

Working on this taskoutdoorsThe containerissupposedto be filled up to the top. 
Howmuchsandsfits insidethe container?

Container task
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Modelling cycle(Blum & Leiss, 2005)

19/01/2022 Teacher Training in XXX 9



Modelling challenges(Schukajlow, 2006)

ÅFindingan adequatereal modeland a mathematicalmodelfor the givensituation
(steps2 & 3)

ÅDecidingwhichdatamustbecollected:
mathematizationof the situation, definition of variables

3

2
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Possible mathematicalmodels:
ÅSphere
ÅCylinder
ÅCuboid
ÅPrism
ÅEllipsoid

MathematicalModelling
Variety of possible models

Determinethe weightof this stoneat 
Camps Bay Beach, South Africa(in kg)
1 cm³ weighsapprox. 2.6g. 
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MathematicalModelling
Variety of possible models

Mathematicalmodel Mathematicalcalculations
(with measuringdeviationsof 2cm)

Result

Cuboid

length: 112cm
width: 78cm 
height: 58 cm

ρρςάςὧάɇχψὧάςὧάɇυψὧάςὧά

υπχφψπὧάύσωυππὧάύ

ρσςπὯὫρπσὯὫ

Cylinder
υσφπρψὧάύσχππψὧάύ ρσωσὯὫωφὯὫ

Ellipsoid 
ρωωςρυὧάύ ρυσφωὧάύ υρψὯὫτπὯὫ
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Math trails

ÅA math trail isa mathematicalwalkingtrail
ÅA walk throughwhichmathematicscanbeexperienced

(Shoaf, Pollak & Schneider, 2004)

ÅDiscoveringmathematicsin interstingplacesandat interestingobjects

ÅCan takeplaceanywhereand issuitablefor all agegroups
(Ludwig, Jesberg & Weiß, 2013)

ÅFirst math trail alreadyover30 yearsagoon Australia:
A MathematicsTrail Aroundthe City of Melbourne (Blane& Clarke, 1984)

ÅHelpful: A guide(real personor paperguide)
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Math trails

Methodologicalcharacteristics:

ÅForm of outdoor learning

ÅWorking andlearningin smallgroups

ÅSimilaritieswith learningat stations
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Math trails: An example

Name: Niagara Falls Math Trail 

Author: Eric Muller, 1993

Target group: 10-14 yearold pupils

Goal: Discover a fascinationfor mathematics
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Math trails: An example

Name: Niagara Falls Math Trail 

Author: Eric Muller, 1993

Target group: 10-14 yearold pupils

Goal: Discover a fascinationfor mathematics

Topic: Tasks concerningthe phenomenon
waterfall
(e.g. energyproduction, bridges, etc.)
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Math trails

Methodologicalcharacteristics:

ÅForm of outdoor learning

ÅWorking in smallgroups

ÅSimilaritieswith learningat stations

ÅRealisticandauthentic problems

ÅInterdisciplinarylearning

ÅImportanceof mathematicsin everydaysituations
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MathCityMap

Math trails
Smartphones

Outdoor 
learning

Cooperation

Interesting
tasks
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The MathCityMap system
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MathCityMapidea: Web portal

ÅThe tasks are marked on a map!
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Web portal: Home page
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Web portal: Mapview
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MathCityMap-Idee: Webportal

ÅThe tasks are marked on a map

ÅTasks can be accessed in the portal
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Web portal: Calling up tasks
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Web portal: Calling up tasks
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MathCityMapidea: Web portal

ÅThe tasks are marked on a map

ÅTasks canbe accessedor createdin the portal

ÅSeveral tasks form a Math trail
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Web portal: Home page
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30

Web portal: Calling up mathtrails
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MathCityMapidea: Web portal

ÅThe tasks are marked on a map

ÅTasks canbe accessedor createdin the portal

ÅSeveral tasks form a math trail 

ÅThe tasks are set in such a way that they can only 
be solved on site 
e.g. measurements must be collected
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MathCityMapidea: Web portal

ÅThe tasks are marked on a map

ÅTasks canbe accessedor createdin the portal

ÅSeveral tasks form a math trail 

ÅThe tasks are set in such a way that they can only be solved on site 
e.g. measurements must be collected

ÅEveryonecanparticipate and createtheir own tasksand math trails
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Create yourown tasks& math trails
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The MathCityMap system
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MathCityMap idea: App

ÅTrails are downloaded to the 
smartphone

ÅThe MathCityMap app is free of 
charge and advertisements and 
respects personal data protection 
(GDPR)

ÅThe app is available for Android & iOS
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MathCityMap idea: App

ÅTrails are downloaded to the 
smartphone

ÅThe tasksarecalledup via the
smartphoneand/or a paper
guideis used
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Paper guideand/or smartphoneapp
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MathCityMap idea: App

ÅTrails are downloaded to the 
smartphone

ÅThe tasksarecalledup via the
smartphoneand/or a paper
giudeisused

ÅHelp or hints canbe calledup
via the app
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MathCityMap idea: App

ÅTrails are downloaded to the 
smartphone

ÅThe tasksarecalledup via the
smartphoneand/or a paper
giudeisused

ÅHelp or hintscanbecalledup
via the app

ÅThe solution is checked by the 
app
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MathCityMap idea: 
Response formats
ÅExactsolutions

ÅMultiple choice

ÅIntervals

ÅPosition recognition(GPS tasks)

Structureof the solutioninterval:
Answerisonly just correct

αwrongά answer αwrongά answer

correctanswer
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MathCityMapin class
App usage

Herewe explain in a YouTube video how our app works. 
https://www.youtube.com/watch?v=shO8uWn3CfY
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MathCityMapin class
Preparationin the classroom

ÅForm groupsof 3 memberseach

ÅTake onemath trail setper group: 
foldingrule, measuringtape, trail guide, pen

ÅEachgroupneedsonly1 activesmartphonewith the MCM app

ÅThereare3 rolesςchangingthe rolls isdesired:
ÅNavigator operatesthe app, helpsto find tasks

ÅMeasurement expert  responsiblefor exactmeasurementsand tools

ÅSecretary recordsmeasuredvaluesand solutionpath
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MathCityMap in class
Conductionof outdoor learning

Video: The MathCityMap app

https://www.youtube.com/watch?v=shO8uWn3CfY
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https://www.youtube.com/watch?v=NrIq4TbKjCI
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A1

A2

A3

A4

A5

A6

MathCityMap in class
Conductionof outdoor learning

A1 Task #1

Group of three

Circle of stations: appguidesgroupsto the next task

A1

A2

A3

A4

A5

A6
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MathCityMapin class
Operating the MCM app

Click to enter answer

Check answer: 
Åverygoodsolution
Ågoodsolution
Åwrongsolution

Graduatedhints
(text, picture, video)

Skip task
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MathCityMap in class
Operating the MCM app

19/01/2022 49

Show sample solution

Continuetrail with the next task
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NowƛǘΨǎyourturn!
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At XX:XX we meethereagain.
Havefun!



NowƛǘΨǎyourturn!
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1. Open the MathCityMapapp
and clickƻƴ α!ŘŘ ¢Ǌŀƛƭǎά 

2. Enter the digital classroom
code and clickƻƴ α!ŘŘάΦ

3. Acceptthe termsand conditions
and clickƻƴ αContinueάΦ

sXXXXXX



NowƛǘΨǎyourturn!
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4. Choosea teamnameand 
enter your teammembers.

6. The tasksareshownon a 
map. 
Chat messageswill appearas
a pop-up (bottom). The chat
windowcanbeopenedby
clickon the chatsymbol.

5. Download the math trail
with a clickon the blue
button.
tǊŜǎǎ α{ǘŀǊǘ ¢Ǌŀƛƭά ŀƴŘ ȅƻǳΨǊŜ
goodto go!

7. Through the chatwindow, 
teacherscanchatwith all or
chosengroups. 
Pupilscanenterquestionsto
the teacher.



Feedback

Howwas your experiencewith the math trail?
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MathCityMapin class
Digital classroom

ÅDigital real-time representationof a 

classalonga trail

ÅThreefunctions:

ÅOrganisational function: Location 
& progressof eachgroup
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MathCityMap in class
Digital classroom

ÅDigital real-time representationof a 

classalonga trail

ÅThreefunctions:

ÅOrganisational function

ÅCommunication function: Chat 
betweenteacher& pupil groups
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MathCityMapin class
Digital classroom

ÅDigital real-time representationof a 

classalonga trail

ÅThreefunctions:

ÅOrganisational function

ÅCommunication function

ÅEvaluation function: Detectionof
potential errors through event view
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MathCityMapin class
Digital classroom- usage
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1. Open the MathCityMapapp
and clickƻƴ α!ŘŘ ¢Ǌŀƛƭǎά 

2. Enter the digital classroom
code and clickƻƴ α!ŘŘάΦ

3. Acceptthe termsand conditions
and clickƻƴ αContinueάΦ

sXXXXXX Note:

An internet connectionis
requiredto usethe digital 
classroom



MathCityMapin class
Digital classroom- usage

19/01/2022 Teacher Training in XXX 59

4. Choosea teamnameand 
enter your teammembers.

6. The tasksareshownon a 
map. 
Chat messageswill appearas
a pop-up (bottom). The chat
windowcanbeopenedby
clickon the chatsymbol.

5. Download the math trail
with a clickon the blue
button.
tǊŜǎǎ α{ǘŀǊǘ ¢Ǌŀƛƭά ŀƴŘ ȅƻǳΨǊŜ
goodto go!

7. Through the chatwindow, 
teacherscanchatwith all or
chosengroups. 
Pupilscanenterquestionsto
the teacher.

Note:

An internet connectionis
requiredto usethe digital 
classroom



MathCityMapin class
Digital classroomςdataprotection

ÅThe dataisprocessedand storedin Germany (1&1 ςFrankfurt).

ÅThe collecteddataisnot personalized
ÅNoregistrationfor studentsnecessary

ÅIdentificationthroughradomtemporarykeys(no clearnamesor e-mails
necessary)

ÅEncrypteddatatransmission(SSL)

ÅMathCityMap complieswith the provisionsof the GDPR
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Own tasks& Math trails

ÅMathCityMapisa participatoryproject:
Anyonecancreatea math trail in their own city

ÅWeb portal: https://mathcitymap.eu
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https://mathcitymap.eu/


Own tasks& Math trails
Web portal
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Create yourown tasks& Math trails
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ÅOption: New task

ÅFree creationof an own taskconsisting
ofΧ
ÅTitle

ÅPicture of the object

ÅTask definition

ÅLocation of the task(coordinates)

ÅSolution

ÅSample solution

ÅHints

ÅNecessarytools

ÅCurricular location(grade level& topic)

Own tasks& Math trails
Web portal

¢ƘŜ αŘǊŀŦǘά option allows
you to quicklycreatea 
task

Draftscanbe calledup
againat anytime and  be
completedto tasks. This 
makesthem particularly
suitablefor mobile task
creation.

New task

New draft
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ÅOption:  Task-Wizard
Use an alreadypreparedαblueprint taskά 
orŀ αstandardsituationtemplateά

ÅMore than 20 templates, e.g.
ÅSlopeof a ramp
ÅSpeed of an escalator
ÅVolume of a well
ÅWeightof a stone
ÅAge of a tree

ÅAll youhaveto do isenterΧ
Åthe measureddata
Åa pictureof the object
Åthe locationof the task(coordinates)

Own tasks& Math trails
Web portal

Selectionof a wizard
template, e.g. for the
gradient

Calling up the Wizard
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ÅOption:  Task-Wizard
Use an alreadypreparedαblueprint taskά 
orŀ αstandardsituationtemplateά

ÅMore than 20 templates, e.g.
ÅSlopeof a ramp
ÅSpeed of an escalator
ÅVolume of a well
ÅWeightof a stone
ÅAge of a tree

ÅAll youhaveto do isenterΧ
Åthe measureddata
Åa pictureof the object
Åthe locationof the task(coordinates)

Own tasks& Math trails
Web portal

Wizard createsΧ

Å Title
Å Task definiton
Å Solution
Å Sample solution
Å Hints
Å Necessarytools
Å Curricular location

Χ asif by magic!
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Own tasks& Math trails

ÅMathCityMapisa participatoryproject:
Anyonecancreatea math trail in their own city

ÅWeb portal: https://mathcitymap.eu

ÅRegistration is required to createtasks

ÅTocreatea math trail, severaltasksarecombinedinto onesuch trail
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Own tasks& Math trails

ÅOwncontent (tasks& trails) areprivate by default

ÅTheycanbesharedby codeor in a working group

ÅPublicationof own contentspossible on request
ÅTasks gothrougha review process

ÅTasks arecheckedfor the followingquality citeria
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Criteriafor a MCM taskI

ÅClarity:
Foreachtask, a picture mustbecreatedthat allowsthe clearidentificationof the
situationor the object the taskisabout. 

ÅPresence:
The taskcanonlybesolvedon site, i.e. the taskdatamustbecollectedon site. 
This also meansthat the pictureor the taskdescriptionmustnot besufficientto
successfullysolvethe task. 

ÅActivity:
The personwho solvesthe taskmustbeactiveand do something(e.g. measuring
or counting).
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Criteriafor a MCM taskII

ÅMultiple solutions:
The taskshouldbe solvable in different ways.

ÅReality:
The taskshouldbe application-oriented, realisticand not too contrived. 

ÅGraduatedhints:
At least onehint shouldbeaddedto eachtask.

ÅSchool mathematicsŀƴŘ αǘŀƎǎάΥ
The taskshouldhavea clearrelationto schoolmathematics: Use the prepared
tags or addnew terms. The taskshouldalso beassignedto a classlevel. 
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Criteriafor a MCM taskIII

ÅSolution formats:
The solutionof the taskshouldbepresentableasa solutioninterval(goodand 
medium interval), asan exactnumber, asmultiple choiceor asa GPS task. 

ÅTools:
Nospecialtoolsshouldbe requiredto solvethe task.

ÅSample solution:
Oneshouldoffer a solutionand hints (onlyvisablein the portal) for teachers. 
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Responeformats

ÅExactsolutions

ÅMultiple choice

ÅIntervals

ÅPosition recognition(GPS tasks)

Whichresponseformat fits best to my task idea?

Structureof the solutioninterval:
Answerisonly just correct

αwrongά answer αwrongά answer

correctanswer
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Response formats
Exactsolution
ÅUsagescenarios:
ÅCombinatorialquestionswith an exactanswer

ÅCountingtaskswherethe numbercanbedeterminedveryaccurately

ÅExample:
ÅHowmanywindowsarevisible on the southsideof the building?

Answer: 40

ÅAuthor definesin the web portal: Number

ÅUserentersin app: Number
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Response formats
Interval
ÅMost commontasktype
ÅBUT: Badlycalculatedintervalscancausefrustration!

ÅUsagescenarios:
ÅAll tasksthat requiremeasuringin the process.

ÅExample:
ÅDeterminethe areaof the (rectangular) schoolyardin m².

Solution: A = a ɇb = 100m ɇ50m = 5000 m²
ÅBUT: Other measuredvaluesareconceivable(e.g. a = 99,5 m; b = 49,8 m)

The interval shouldcontainall resultsthat arisefrom acceptable
deviationsin the measurement!
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Response formats
Interval: calculateintervallimits
¢ƘŜ αmeasuredvalueά method:

ÅA deviationisdefinedfor eachmeasuredvaluewhichisstill accepted
(e.g. 3%-deviation for green& 7%-deviation for orange interval):

ÅSame procedurefor the orange interval

ÅThis leadsto the followinginterval limits:

4325 4704 5305 5725

Acceptablemeasurement
error

Own measurement Acceptablemeasurement
error

a1 = 97m a = 100m a2 = 103m

b1 = 48,5m b = 50m b2 = 51,5m

A = a2ɇb2 = 4704,5m² A = aɇb = 5000m² A = a2ɇb2 = 5304,5m²
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Response formats
Interval
ÅUsagescenarios:
ÅAll tasksthat requiremeasuringin the process

ÅExample:
ÅDetermine the areaof the (rectangular) schoolyardin m².

Solution: A = a ɇb = 100m ɇ50m = 5000 m²

ÅAuthor definesin the web portal: 4 numbers (limits for green& orange interval)

ÅUserentersin app: Number

4325 4704 5305 5725
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Response formats
Multiple choice
ÅUsagescenarios:

ÅTasks that haveseveralcorrectanswers
ÅTasks that havetermsasanswers(equations, technicalterms)
ÅTasks that presentequivalentanswersόŜΦƎΦ оϊнΣ сύ

ÅExample:
ÅWhatgeometricshapesand bodiescanyourecognizein the LeaningTower of

Pisa?
a) squares
b) triangles
c) cylinders
d) circles

ÅAuthor definesin the web portal: 4 answersof which1-4 maybecorrect

ÅUserentersin app: Checks all correctanswers
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Response formats
GPS tasks(positioningtasks)

ÅUsagescenarios:
1. Walk a predefineddistance
2. Walk the shapeof a square/ equilateraltriangle
3. Find a positionthat isequidistantfrom two (three) points
4. Find two pointson the mapthat correspondto a givenequation

ÅExample:
ÅWalk a distanceAB of 100 metersfrom South to North.

ÅAuthor: 
Å1. / 2. Definelengthof the distanceor edgelength
Å3. Set two (three) pointsof referencein the web portal.
Å4. Definethe coordinatesystemon the mapin whichthe linear function is to be

placed
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GPS tasks

ÅAuthor definesin the web portal: 
Å1. / 2. Definelengthof the distanceor edgelength
Å3. Set two (three) pointsof referencein the web portal.
Å4. Definethe coordinatesystemon the mapin whichthe linear 

function is to be placed

ÅUser entersin app:
ÅUser seesa mapwith four buttons(A,B,C,D).
ÅAt the push of a button, a pin isplacedon the currentposition
ÅDependingon the task, the usermust find suitablepositions, place

the pinsand then validatethe task

ÅNote 1: 
GPS taskscanonlybecreatedvia theα¢ŀǎƪ ²ƛȊŀǊŘά

ÅNote 2: 
GPS tasksshouldonlybeusedon extensive open spaces(e.g. sports
fields). Buildings reduceGPS accuracy.
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Fromthe web portal to the app

1. On the web portal:
Å Compilinga trail όαbŜǿ ǊƻǳǘŜάύ or

usingan existingtrail
Å Note down the code of the trail or

createa digital classroom(system
generatesindividual code)

2. In the app:
Å Chooseα!ŘŘ ¢Ǌŀƛƭǎά
Å Enter code from 1.

3. Export pdf if necessary
Å Open trail in the web portal and click
ƻƴ αpdf downloadά underactions
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NowƛǘΨǎyourturn!

Find two interesting objects outside 
(until XX:XX).

Then create two tasks in the system
(until XX:XX).
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