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MathCityMap math trails

We can find mathematics everywhere!

Weight of the stone?



MCM@home – Designing distance learning

MathCityMap math trails

•We can find mathematics everywhere!

•In textbooks: required information is given

•BUT IN REALITY: 
−A multitude of information is countable/ measurable

−Information must be selected and collected

•THEREFORE:
−Outdoor math lessons with the real object!

−Outdoor learning
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MathCityMap math trails

Definition: (Shoaf, Pollack & Schneider, 2004, p. 6)

• “a walk to discover mathematics.” 

•Perceiving mathematics in one’s own environment

Characteristics: (Cross, 1997)

•Working on authentic tasks

•Collecting data (counting, measuring & estimating)

•Cooperating in groups

•Station learning

Modeling & problem solving

Arguing & communicating

Representing & mathematical working

Math trails promote all mathematical 
core competencies (Ludwig et al., 2013)
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MathCityMap math trails

1. component: web portal
¢ŜŀŎƘŜǊǎΩ ŀƴŘ ŀǳǘƘƻǊǎΩ ǇŜǊǎǇŜŎǘƛǾŜ

2. component: App
[ŜŀǊƴŜǊǎΩ ǇŜǊǎǇŜŎǘƛǾŜ
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MathCityMap math trails

Methodological characteristics:

•Form of outdoor learning

•Similarities with station learning

•Reality-based problems

•Importance of mathematics in everyday situations

•Interdisciplinary learning

•Working in small groups
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The challenge of distance learning

Thumb test: During the 2020 school closing…

•... the material had to be particularly suitable for independent learning.

•... some students have been lost.

•… individual feedback cost too much time.

•… I have mainly used repetition tasks.

•… my students had a rhythm that was out of sync with the timetable.

•… I didn’t know if the students understood the material.

•… I selected tasks that were solvable for at least two thirds of the learners, so 
that they did not throw in the towel
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The challenge of distance learning

(Barlovits, Jablonski & Ludwig, 2021)
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The challenge of distance learning

• Insufficient technical equipment for teachers & learners
• Problems with handling the technology

Technical challenge

• Mangel an persönlichem Kontakt
• Verlust der Unterrichtsstruktur / Kontroll- & Disziplinverlust
• Motivationale Probleme
• Verstärkung sozialer Unterschiede

Sozial-organisatorische Herausforderung

• Mangelnde Diagnosemöglichkeiten
• Mangelnde Möglichkeiten für individuelle Förderung

Didaktische Herausforderung

• Fokussierung auf Standardverfahren & Reproduktionsaufgaben

Inhaltliche Herausforderung

(Barlovits et al, 2020; Europäische Kommission, 2020; Forsa, 2020; Mayer, 2020)
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The challenge of distance learning

• Insufficient technical equipment for teachers & learners
• Problems with handling the technology

Technical challenge

• Lack of personal contact
• Loss of classroom structure/ loss of control & discipline
• Motivational problems
• Reinforcement of social differences 

Social-organizational challenge

• Lack of diagnostic opportunities
• Lack of options for individual support

Didactic challenge

• Focus on standard procedures & reproduction tasks

Content challenge

(Barlovits et al, 2020; Europäische Kommission, 2020; Forsa, 2020; Mayer, 2020)
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The challenge of distance learning

Conclusions: A tool is sought which …

… is available & easy to use (technical challenge)

… gives structure & enables communication (social-organizational challenge)

… enables diagnosis & individual support (didactic challenge)

… allows for professionally adequate teaching (content challenge)
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The basic idea of MCM@home
App usage 
•The trails are downloaded onto 

the smartphone.

•The MathCityMap app is free of 
charge & advertisement and 
respects personal data 
protection (GDPR)

•The app is available for Android 
& iOS
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The basic idea of MCM@home
App usage
•The trails are downloaded 

onto the smartphone. 

•The task texts are accessed via 
the smartphone, and/ or one 
uses a paper guide.
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Paper guide       and/ or smartphone app
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The basic idea of MCM@home
App usage
•The trails are downloaded onto 

the smartphone. 

•The task texts are accessed via 
the smartphone, and/ or one 
uses a paper guide.

•Help or hints can be called up 
via the app.

•The solution is checked by the 
app.

•A sample solution is displayed.
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ASYNCHRONOUS LEARNING

Systemic feedback, hints, answer 
validation and sample solution

MathCityMap app

Digitales Klassenzimmer

Digital learning paths
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The basic idea of MCM@home
The digital classroom

•Digital real-time representation of a 

class along a trail

•Three functions:

−Organizational function: 
individual progress

Note:
An internet connection is required to use the digital classroom
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The basic idea of MCM@home
The digital classroom

•Digital real-time representation of a 

class along a trail

•Three functions:

−Organizational function

−Evaluation function

−Communication function: Chat 
between teacher & students

Text, images and audio
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The basic idea of MCM@home
The digital classroom

•Digital real-time representation of a 

class along a trail

•Three functions:

−Organizational function

−Evaluation function

−Communication function

E-Portfolio

Chat
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ASYNCHRONOUS LEARNING

SYNCHRONOUS LEARNING

Structuring the 
learning process

E-portfolio

Systemic feedback, hints, answer 
validation and sample solution

MathCityMap app

Digital classroom

Digital learning paths

Individual feedback via chat

Supporting the work 
process
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Practice phase: MCM@home

Click to enter solution

Check answer: 
•Very good solution
•Good solution
•Wrong solution

Graduated hints (text, picture, 
video)
Skip task
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Show sample solution

Continue trail with the next task

Practice phase: MCM@home
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Practice phase: MCM@home

1. Open the MathCityMap app 
and click on „Add Trails“ 

2. Enter the digital classroom 
code and click on „Add“.

3. Accept the terms and conditions 
and click on „Continue“.

sXXXXXX
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Practice phase: MCM@home

Work time:
25 min 
incl. individual break

Session Code:
s201350

4. Choose a team name and 
enter your team members.

6. The tasks are shown on a 
map. 
Chat messages will appear as 
a pop-up (bottom). The chat 
window can be opened by 
click on the chat symbol.

5. Download the math trail 
with a click on the blue 
button.
Press „Start Trail“ and you‘re 
good to go!

7. Through the chat window, 
teachers can chat with all or 
chosen groups. 
Pupils can enter questions to 
the teacher.
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Feedback

How was your experience with the MCM@home-Trail?
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Digital classroom – Data protection

•The data is processed and stored in Germany (1&1 – Frankfurt)

•The collected data is not personalized 
−No registration for students necessary

−Identification through random temporary keys (no clear names or e-mails 
necessary)

−Encrypted data transmission (SSL)

•MathCityMap complies with the provisions of the GDPR
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MathCityMap@home idea: web portal
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MathCityMap@home idea: web portal

•The tasks are marked on a map!
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Create your own tasks
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Create your own tasks
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•Option: New task

•Free creation of an own task consisting 
of… 

•Title

•Picture of the object

•Task definition 

•Location of the task (coordinates)

•Solution

•Sample solution

•Hints

•Necessary tools

•Curricular location (grade level & topic)

Create your own tasks

The „draft“ option allows 
you to quickly create a 
task

Drafts can be called up 
again at any time and  be 
completed to tasks. This 
makes them particularly 
suitable for mobile task 
creation.

New task

New draft
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•Up to three hints (text, image, video)

•Possible types:      (Franke-Braun, G., Schmidt-Weigand, F., Stäudel, L., & Wodzinski, R., 2008)

•Paraphrasing: reformulating the task

•Elaboration of sub-goals: Deviding the task into sub-steps

•Activation of prior knowledge

•Visualization: Making a sketch

•Consideration: Content-specific vs. strategic hints

Create your own tasks
Hints
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Own tasks & math trails

•MathCityMap is a participatory project:
Anyone can create a math trail or digital learning path

•Web portal at: https://mathcitymap.eu

•Registration is required to create tasks

•To create trails, several tasks are combined into one such math trail

https://mathcitymap.eu/
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Own tasks & math trails

•Own contents (tasks & trails) are private by default

•They can be shared by code or in a workgroup

•Publication of own content is possible on request
•Tasks go through a review process

•Tasks are tested for the following quality criteria
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Criteria for an MCM@home task I

•Uniqueness:
For each task, a picture must be uploaded that allows the clear identification of 
the situation or the object the task is about.

•Presence:
The task can only be solved on site, i.e. the task data must be collected on site. 
This also means that the picture or the task description must not be sufficient to 
successfully solve the task.

•Activity:
The person solving the task must be active and do something (e.g. measuring or 
counting).
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Criteria for an MCM@home task II

•Multiple solutions:
The task should be solvable in several ways.

•Reality:
The task should be application-oriented, realistic and not appear too contrived.

•Graduated hints:
At least one hint should be added to each task.

•School mathematics and “tags”:
The task should have a clear relation to school mathematics: Use the prepared 
tags or add new terms. Likewise, the task should be assigned to a grade level.
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Criteria for an MCM@home task III

•Answer formats:
The solution of the task should be presentable as a solution interval ( good and 
medium interval), as an exact number or as multiple choice.

•Tools:
One shouldn‘t need any special tools to complete the task.

•Sample solution:
One should provide a solution or solution hints (only visible in the portal) for 
teachers.
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Answer formats

•Exact solution

•Multiple choice

•Intervals

Which answer format?

Structure of the solution interval:
Answer is only just correct

„wrong“ answer „wrong“ answer

correct answer



MCM@home – Designing distance learning

Answer formats
Exact value
•Usage scenarios:

•Combinatorial questions with an exact solution

•Counting tasks where the number can be determined very precisely

•Example:
•Task apples: How many did he have in the beginning?

Answer: 382

•Author defines in the web portal: Number

•User enters in app: Number
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Answer formats
Interval
•Usage scenarios:

•All tasks where a measurement or estimation is part of the process.

•Example:
•[MCM@Home] Subway : Determine the gradient, with which the subway 

descends into the ground. Enter the solution as a percentage.

•Author defines in the web portal:  4 numbers 
Interval limits for green and orange 

interval

•User enters in app: Number

35 40 60 65
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Answer formats
Multiple choice
•Usage scenarios:

•Tasks that have multiple correct answers
•Tasks that have terms as answers (equations, technical terms)
•Tasks that present equivalent answers (e.g. 3∙2, 6)

•Example:
•The problem of 100 birds: How many birds of each species did they buy?

a) 5 pigeons, 29 eagles, 66 sparrows
b) 15 pigeons, 7 eagles, 78 sparrows 
c) 10 pigeons, 18 eagles, 72 sparrows 
d) 20 pigeons, 5 eagles, 10 sparrows

•Author defines in the web portal: 4 answers, of which 1-4 can be correct

•User enters in app: checks all correct answers
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Tasks for MCM@home

•Modification of existing MCM tasks

•Typical textbook tasks or problems

•Topic-based trails (e.g. on linear functions 
or combinatorics)
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Now it‘s your turn!

Create three tasks in the system
(MC, interval, exact value)
by 17:45.

As a basis you can use your own tasks
or use the material provided.
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Future task formats

•Subtasks: Decomposition of the task into subproblems
🡪 mandatory or optionally accessible

•Cloze

•Vector (exact value), e.g. solution of a linear system of equations

•Vector (interval), e.g. specification of several ordered estimations

•Solution set, e.g. specification of the solution of a quadric equation (order 
irrelevant)

•Info board



MCM@home – Designing distance learning

Outline

Block I: Introduction & learner perspective

•MathCityMap math trails

•The challenge of distance learning

•MCM@home concept

•Practical phase: MCM@home

Block II: Teachers‘ & authors‘ perspective

•The digital classroom

•Use of the MathCityMap web portal I

•Practice phase: Creating your own tasks

Block III: Authors‘ perspective

•Use of the MathCityMap web portal II

•Practice phase: Creating a trail

•Follow-up



MCM@home – Designing distance learning

Use of the MathCityMap web portal II

Three basic functions for MCM authors:

•Creating a trail/ digital learning path (collection of several tasks)

•Sharing the trail with a workgroup

•Setting up a digital classroom
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Use of the MathCityMap web portal II

1. Creating a trail/ digital learning path (collection of several tasks)
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Use of the MathCityMap web portal II

1. Creating a trail/ digital learning path (collection of several tasks)
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Use of the MathCityMap web portal II

2. Sharing the trail with a workgroup
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Use of the MathCityMap web portal II

3. Setting up a digital classroom
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Use of the MathCityMap web portal II

3. Setting up a digital classroom
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Practice phase: Creating a trail

Task:

1. Assemble your created tasks into a digital math trail.

2. Join the “MCM@home training” group and share your trail with this workgroup.

3. Create a digital classroom for your math trail for Jan. 19, 2021, 10am – 12pm.

How can you join this group?

- Click on “Groups” in the web portal.
- Click on       .
- Enter the code “57993”.
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What can a follow-up look like?

•Feedback regarding technical use

•Evaluation of the tasks

🡪 Adaption
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What can a follow-up look like?

•Feedback regarding technical use

•Evaluation of the tasks

🡪 Adaption

•Indentify individual difficulties in the e-portfolio
(rounding errors, misconceptions)

•Repetition in the next synchronous meetings

•Recommendation: 
Joint discussion of individual tasks
and the corresponding solutions
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Feedback round

•More task ideas:
https://mathcitymap.eu/de/mcmhome-party/

•Evaluation and suggestions:
https://forms.gle/TabdMJAApW4LpMRn6

https://mathcitymap.eu/de/mcmhome-party/
https://forms.gle/TabdMJAApW4LpMRn6
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Always up to date…?!

•Follow MathCityMap on Twitter:
@mathcitymap

•Subscribe to MathCityMap on Instagram:
@mathcitymap.eu

•Read the latest news on our website:
www.mathcitymap.eu

https://twitter.com/mathcitymap
https://www.instagram.com/mathcitymap.eu/
http://www.mathcitymap.eu/
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Project management: 
Matthias Ludwig ludwig@math.uni-frankfurt.de

Contributors:
Iwan Gurjanow gurjanow@math.uni-frankfurt.de
Simone Jablonski jablonski@math.uni-frankfurt.de
Moritz Baumann-Wehner baumann@math.uni-frankfurt.de
Simon Barlovits barlovits@math.uni-frankfurt.de
Gregor Milicic milicic@math.uni-frankfurt.de
Sina Wetzel wetzel@math.uni-frankfurt.de
Ken Oehler oehler@math.uni-frankfurt.de

We look forward to have you on board!

Contact
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