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Kurzfassung

Thema der Diplomarbeit

Vorschläge für eine vereinfachte Lernplattform für den Mathematikunterricht

Zielsetzung

Neben mathematischen Kompetenzen verlangt der österreichische Lehrplan für Math-

ematik von Lehrerinnen und Lehrern ihren Schülerinnen und Schülern auch personelle

und soziale Kompetenzen zu vermitteln, und das nach gewissen didaktischen Prinzip-

ien, um e�ektives und erfolgreiches Lernen zu ermöglichen. Lernmanagement Systeme

und Lernplattformen können beim Erreichen dieser Ziele sehr nützlich sein. Deshalb

widmet sich diese Diplomarbeit der Recherche und Erstellung von Vorschlägen für eine

verbesserte Lernplattform, die dabei helfen soll Lernen e�ektiver und erfolgreicher zu

machen, insbesondere durch die aktive Einbeziehung der Schülerinnen und Schüler.

Durchführung

Zu Beginn werden in der vorliegenden Diplomarbeit Lernmanagement Systeme und Lern-

plattformen de�niert, genauer auf ihre Funktionen untersucht und vorgestellt. Danach

wird am Unterrichtsthema �Pythagoras� versucht konkrete Anforderungen an ein Lern-

management System oder an eine Lernplattform zu bestimmen, um die geforderten

Lernziele bestmöglichst zu erreichen. Mit diesem Wissen ausgestattet werden unter-

schiedliche Lernmanagement Systeme und Lernplattformen untersucht und Meinungen

aus der Literatur zitiert, um Vorschläge für eine verbesserte Lernplattform zu erhalten,

welche abschlieÿend präsentiert werden.
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Abstract

Topic of the diploma thesis

Suggestions for a Simpli�ed Learning Platform for Teaching Mathematics

Objective of the thesis

Besides mathematical skills, the mathematics curriculum in Austria requires teachers

to teach their students personal and social skills using di�erent didactic principles to

facilitate e�ective and successful learning. Learning management systems and learning

platforms can help achieve those goals, especially if they are well designed. Therefore,

this thesis contains research work and suggestions for a concept of an improved learning

platform in order to enable e�ective and successful learning by involving and motivating

students and supporting di�erent learning theories.

Content

This thesis starts with de�nitions of learning management systems and learning platforms

and introduces their features and capabilities. The example about the Pythagorean

Theorem is used to determine required features of learning management systems and

learning platforms to allow students to achieve the desired learning goals. Equipped with

that knowledge, di�erent existing learning management systems and learning platforms

are reviewed using literature in order to derive suggestions for an improved learning

platform.
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Introduction

In order to have a solid mathematics education, in the very least, students should be able

to solve algorithms, use their skills in new situations, and be critical of their solutions

while being able to argue, present, and evaluate them. But not to forget that they

should become self-dependent young people with discernment � prepared to take on the

responsibility of lifelong learning, which is becoming very important in our society, as well

as demonstrate the ability to communicate and work in teams while tolerance and social

responsibility (see section 2.1). Learning management systems and learning platforms

can help to facilitate the success in achieving all these goals, especially if they are well

designed. Therefore the goal of this thesis is to perform research in order to get ideas

for suggestions for an improved learning platform, which should enhance e�ective and

successful learning in particular by involving and motivating students and by allowing

the use of di�erent supporting learning theories.

First, in chapter 1, learning management systems and learning platforms with their gen-

eral features and �elds of applications will be introduced. Later on in chapter 2, an

example for �ipped classroom, which is one of the applications where learning manage-

ment systems and learning platforms can be used (see section 1.4), will be presented.

The topic of the K-121 education example is the �Pythagorean Theorem�. Based on that

example and literature, existing learning management systems as well as learning plat-

forms will be reviewed and my experiences will be summarized in chapter 3, in order to

get ideas for suggestions and improvements for a new mathematical learning platform

within GeoGebraTube (see section 4.2), the GeoGebra material sharing platform, which

will be described in chapter 4.

In summary, there will be suggestions for a platform, which should �rst of all provide

teachers and students some common administrative features (see section 1.3.1 Adminis-

tration & class management), which are easy to use and help relieve the classroom from

1Kindergarten through 12th grade
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Contents

overhead tasks, content sharing tools, which allow students access to their learning mate-

rials at anytime from anywhere, and well-designed communication features, which should

prevent isolation and desperation and enable social learning. This di�erentiated learning

environment, which allows students to learn at their preferred pace online, outside the

classroom, at anytime and anywhere, should engage and motivate students to participate

and contribute content as well. Students should also be able to receive feedback on tasks

and quizzes constructed within the learning platform.
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1 Learning platforms and learning

management systems

Jeschke, Kohlhase, and Seiler (2004, p. 23) say that mathematics is developing into

an increasingly important �eld of knowledge in our society. Highly developed computer

algebra systems and software allow the simulation and visualization of complex processes

in natural and engineering science. Mathematics also allows us to model technical and

social processes like market prices and thus lets us control them. It is used and built in

everyday things like cash machines and phones and it is getting a common tool to make

estimations as a basis of decisions for example in politics.

Therefore Jeschke, Kohlhase, and Seiler (2004, p. 23) think it is necessary to expand and

improve mathematics education in all levels of the population, by embedding technology

elements into the traditional mathematics education and allowing students to learn and

practice mathematics out-of-school. Lifelong learning is becoming a key feature in ed-

ucation nowadays, and this requires the support of one's own initiative, �exibility and

curiosity. Also multidisciplinary and �soft skills� like the ability to communicate and

to work in a team, as well as creativity, the capability for innovation, holistic intellec-

tual power and continuous willingness to learn are becoming important requirements for

successful mathematical practice.

According to a PBS survey (2013), the number of teachers in schools using new technol-

ogy and platforms to support instructions for their students is already growing. Learning

management system popularized in Higher Education are making their way into K-12

education. Among these, the leaders are Blackboard, Desire2Learn and Moodle. Learn-

ing platforms like Google Classroom, Haiku and Schoology are also becoming more and

more popular. (Gross, 2014)

However, the usage of new technology, learning management systems and platforms

doesn't automatically lead to students' own initiative and curiosity; and they do not
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1 Learning platforms and learning management systems

develop the above-named soft skills by themselves. This is especially true when we look

at the learning management systems literature that says, that there could be some pos-

sible improvements (see chapter 3).

Carmean and Haefner (2002, p. 29) are talking about involving course management sys-

tems to enable deeper learning due to �ve principles which are Social, Active, Contextual,

Engaging and Student Owned.

But before we talk about how we could improve learning management systems and learn-

ing platforms and how we can use them, such that they help up value and improve

learning, I would like to give some general information about these systems.

1.1 Learning management systems

The term learning management system is mostly used in the US, but the terms course

management system (CMS) and virtual learning environments (VLE) mean roughly the

same thing. (Distefano, Redestam, and Sliverman, 2007)

Philip D. Long describes in the Encyclopedia of Distributed Learning (Distefano et al.,

2007) a learning management system as it follows:

�A learning management system (LMS) is a set of integrated software ser-

vices that organizes and supports online learning, education, and training.

These systems usually provide content uploading and distribution, class ad-

ministration, and discussion facilities [...]. Some o�er additional functionality

such as assessment tools for online quizzing and testing; homework submission

tools for managing the collection, grading, and redistribution of homework

assignments to students in an online class; and student pro�ling to track the

progress and performance of individual students using the system.�

Simonson (2007, p. viii) de�nes course management systems in almost the same way,

�[...] as software systems, that assist in the management of educational

courses for students, especially by helping teachers and learners with course

administration. The systems can often track the learners' progress. While

usually thought of as primarily tools for distance education, they are also

used to support the face-to-face classroom.�
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1 Learning platforms and learning management systems

The last sentence gives a hint on how learning management systems can be used, either as

a distance education tool where the whole content of the course is delivered to the students

as an online course, or as a supportive online course to the face-to-face classroom. We

will focus on these types later in the following section 1.4, named Fields of Application.

Learning management systems all have something else in common:

�Students can log on and work anytime, anywhere.� (Simonson, 2007, p. viii)

That is mostly what we understand as distance learning, which will be also described

more detailed in section 1.4. Some of them also have �areas for synchronous chats and

asynchronous discussion postings�. (Simonson, 2007, p. ix)

So according to Long and Simonson, learning management systems have four main pur-

poses, namely administration, content distribution, communication and student assess-

ment. In section 1.3 �Functions of LMS and learning platforms� we will have a closer

look at these features.

Examples for learning management systems

There are proprietary and open source learning management systems. (Simonson, 2007,

p. ix)

A famous proprietary product, which means that the software product is purchased

and licensed from a vendor, is Blackboard1. Due to waning presence at universities

Blackboard is trying to break into the signi�cantly bigger K-12 market. (Edutechnica

team, LMS Data - Spring 2015 Updates)

Major open source learning management systems are Moodle, Canvas and Sakai (Edutech-

nica team, LMS Data - Spring 2015 Updates), but there are many more (see Capterra).

Open source learning management systems are freely available and can be even modi�ed

to meet speci�c needs of their users. (Simonson, 2007, p. ix)

1.2 Learning platforms

The following paragraphs are taken from the Encyclopedia of Distributed Learning, by

Bruce Landon (Distefano et al., 2007).

1Data set included US higher education institutions with more than 700 students.
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1 Learning platforms and learning management systems

Figure 1.1: Major learning management systems

�A learning platform, then, is a Web application service that is intended to

facilitate the achievement of learning goals by the user.�

Usually the user of the learning platform needs to have a PC with a Web browser,

connected to the Internet and access to the learning platform, which is mostly controlled

by a user name and password log in.

Learning platforms usually o�er preexisting content and content distribution as well, they

usually allow collaborative learning and typically provide some kind of learner evaluation.

(Bruce Landon in Distefano et al., 2007)

So one can think of learning management systems and learning platforms as almost the

same; but there are a few di�erences, which is making the LMS market turn away from

LMS towards learning platforms (Hill, 2012b) and also why, in this thesis, a learning

platform is being presented as the platform within GeoGebraTube instead of a learning

management system � although some desired features of learning management systems

will be adopted for suggestions in chapter 4.

Learning platforms are shared platforms with shared technology stack, database and

application web services, provided for multiple users and institutions (Software as a

service). In contrast, learning management systems are customized and set up for each

institution. (Hill, 2012b)

The idea of having one shared platform for multiple users and institutions means users

are able to communicate and work with other users beyond the classroom and even

institutional borders.

According to Hill (2012b) in learning platforms, social applications are not just on de-

mand extensions, they are built into the core design and they are designed around the

learner which makes them central actors in the system. They want to support connec-
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1 Learning platforms and learning management systems

tions between learners and, besides the viewing instructional content, they want to allow

users to view other user-generated content.

Within social learning, this is very important, because social learning is all about inter-

acting with other users as well as sharing content and thoughts with each other.

Learning platforms usually provide less functionality than learning management systems,

and as a result, they don't really replace learning management systems. Instead, they

target the speci�c problem of too many features and o�er only the ones that are needed

(Hill, 2012a). The di�erences will get clearer when examples for features of LMS and

learning platforms are shown in section 1.3.

Examples for learning platforms

Google Classroom allows teachers to make announcements to their students, create and

collect assignments, as well as give feedback on students' work. And all this can be done

online. This is a big plus for schools with a low budget, because Google Classroom is

freely available for institutions.

Figure 1.2 shows some examples of learning platforms. Most of them are freely available,

some are freely available for institutions only (e.g. Google Classroom) and some are

freely available for teachers up to a speci�c number of classrooms (e.g. Haiku2).

Figure 1.2: Examples for learning platforms

2https://www.haikulearning.com/ (Retrieved June 2015)
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1 Learning platforms and learning management systems

1.3 Functions of LMS and learning platforms

In the following section a few examples of learning management systems and learning

platforms are used to explain the available functions. They will be grouped according to

the four main purposes of learning management systems and learning platforms: Admin-

istration & class management, where general administrative features will be explained,

content creation and distribution, where details about sharing content with students will

follow, communication, where di�erent communication types in learning management

systems with their advantages and disadvantages will be introduced and �nally, assess-

ment, where quizzes and assignment features are presented. The following systems are

used as examples:

• Moodle (version 2.8.1)3

• Google Classroom4 the classroom.

• Edmodo5

• Schoology6

• Gooru7

1.3.1 Administration & class management

Roles and rights

Learning management systems provide di�erent roles to simplify rights management of a

course. There is always a teacher role, which is sometimes also called trainer or instructor.

This user is mainly the person who manages both the course and the students in the

course.

Students are participants of a course or class; they usually have fewer rights than the

teacher. Most of the content cannot be managed by students and is just readable for

them.
3https://Moodle.org/ (Retrieved June 2015)
4https://classroom.google.com/ (Retrieved June 2015)
5https://www.edmodo.com/ (Retrieved June 2015)
6https://www.schoology.com/ (Retrieved June 2015)
7http://www.goorulearning.org/ (Retrieved June 2015)
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1 Learning platforms and learning management systems

Google Classroom provides just the two roles mentioned above, Edmodo extends the

list to include a parent, Gooru o�ers a role �other� (see �gure 1.3) and Moodle currently

o�ers eight di�erent roles including manager, course creator, teacher, non-editing teacher,

student, guest, authenticated user and authenticated user on front page.

Figure 1.3: Available roles in Gooru

Log in requirements

Most learning management systems and learning platforms require users to create an

account and so that they can login into the system with their credentials.

Gooru allows users to study public resources without requiring them to login; but as

soon as users want to save their results and the learning management system is used to

keep track on student's progress, it is obvious that a login becomes necessary.

Creating a class/course

There are very big di�erences in how courses are created in the several learning man-

agement systems and learning platforms. It ranges from very quick and easy, to a lot of

settings that need to be selected while creating a course.

Google Classroom, for example, just asks for a class name and a section, shown in

�gure 1.4.

Gooru asks for even less, just the title of the course.

On the contrary, Moodle (�gure 1.5) allows a lot of settings to be changed; but most of

them are optional and prede�ned. Besides the course name, course start date and course

description, the creator of the course can also change the layout and appearance settings,

specify upload �le sizes, create guest access, create groups for the course and rename the

roles for the course.
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1 Learning platforms and learning management systems

Figure 1.4: Create a class in Google Classroom

Some learning management systems including Moodle and Schoology, also o�er the possi-

bility to change privacy settings for the course so that, for example, only invited students

are able to �nd and subscribe to the course.

Add students to a course

The next step for a teacher after creating a course in a learning management system

or learing platform is to invite students to the course. Most systems o�er two di�erent

possibilities to add students to a course. The creator of the course can add students

either by manual enrollment or self enrollment.

With manual enrollment a teacher adds students to the course manually. Often this

is done either by entering email addresses or by entering their user names, if students are

already registered in the system.

For example Gooru allows you to invite students by entering students' email addresses,

see �gure 1.6.

Google Classroom also o�ers the option to invite an entire group from the user's contact

list to the course, which is a very e�cient method to add a list of students.

The second possibility for enrolling students to the course is the self enrollment of

students, where a unique class code is generated and students have to know and enter

that class code in order to get access to the course. For example a class code of a Google

Classroom could look like 68vxg4.
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1 Learning platforms and learning management systems

Figure 1.5: Add a course in Moodle

Figure 1.7 shows a screen shot of a student entering a class code, provided by the teacher,

in order to join a course in Google Classroom. They simply enter the code to get access

to the course immediately.

Some learning management systems and learning platforms o�er the creator another

security option, to approve each self enrolled student, before he or she becomes a member

of the course.

Usually the enrollment methods can be set by the creator of the course so the creator

chooses if both enrollment methods are allowed or just one.

16



1 Learning platforms and learning management systems

Figure 1.6: Invite students by entering their email addresses in Gooru

Figure 1.7: Self enrollment of a student to a course by entering the class code

1.3.2 Content creation & distribution

The creation of di�erent kinds of content is dependent on the learning management

system or learning platform, like simple text elements with links to web pages and �les,

collections of learning materials, as well as assignments and quizzes. According to a

survey in US higher education (Dahlstrom, Brooks, and Bichsel, 2014, p. 10), this is

the main feature of learning management systems and, in most learning management

systems, content can only be shared by teachers.

Google Classroom, for example, o�ers teachers the possibility to share text and assign-

ments with attached �les or links with their students. In contrast, Moodle o�ers a long

list of activities and resources that can be created and shared with students. Available

activities in Moodle are: Assignments, Chats, Choices, Databases, External tools, Fo-

rums, Glossaries, Lessons, Quizzes, SCORM packages, Surveys, Wikis and Workshops.

Books, Files, Folders, IMS content packages, Labels, Pages and URLs can be added as

resources.

In Google Classroom not only teachers but also students, can share content with their

classmates. Figure 1.8 shows a student sharing text with an attached video with the

class. Other students can even comment on published content in the course.
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1 Learning platforms and learning management systems

Figure 1.8: Content sharing in Google Classroom

Most learning management systems o�er teachers the possibility to create content inde-

pendently of their courses and allow them to add this content to a course later. Resources

are stored in a personal library or folder and one resource can be added to more than

one course, when needed.

Moodle allows teachers to even create content in the course, but keep it hidden from

students, by setting the content invisible with an eye symbol button in the top right

corner of the section (see �gure 1.9).

Figure 1.9: Invisible content in Moodle

Some learning management systems, for example Gooru, allow teachers to share their

created collections, which are web pages composed of learning materials, not only with

students, but also with other teachers and parents by providing privacy settings for the

collections (see also �gure 1.10).

• Public, which allows all other users to �nd and learn from the collection,

• Shareable, which allows only users with the link to see the collection, and

• Private, where only the creator or owner of the collection is able to �nd and see it.

Gooru even allows users to share collections via Facebook, Twitter and Email.
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1 Learning platforms and learning management systems

Figure 1.10: Collection visibility settings in Gooru

1.3.3 Communication

Learning management systems and learning platforms allow communication through sev-

eral tools like chats, forums, wikis, classroom streams. In online courses we distin-

guish between synchronous and asynchronous communication written by University of

Wisconsin-Madison (2014).

Asynchronous communication �takes place outside of real time�, for example commu-

nication via email. If you receive an email, you read and usually respond to the message

later. Even if the time lag between receiving and responding to a message can be very

short, you could take as much time as you want.

This characteristic is a big advantage for asynchronous communication and activities, it

is very �exible. The user receives information whenever it is best for him. But it is also

a disadvantage, especially if we think about collaboration. It might take hours, days or

even weeks for a response to come back.

Contrariwise, synchronous communication takes place in real time, �like a conver-

sation�. An example of this is a chat session, where �everyone gets online in the same

virtual chat room and types questions, comments and responses in real time.�

One advantage is immediacy, which makes collaboration more interactive. But in syn-

chronous activities the users who want to work together have to be online and willing to

work at the same time. Regarding communication tools, learning management systems

di�er a lot.

Gooru, for example, does not o�er any communication tools for students; and teachers

just get a list of email addresses, which requires them to use their own email program

for communicating with their students.
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1 Learning platforms and learning management systems

Google Classroom uses an asynchronous stream for communication, which is a page

within the course where every member of the course is able to share content and thoughts

with other members and which is also used by the teacher for sharing assignments with

students (see �gure 1.11). Settings in Google Classroom allow teachers to select if stu-

dents are able to post on the stream and comment on these posts.

Figure 1.11: Share with your class in Google Classroom

Edmodo and Schoology also o�er this kind of communication tool, which is very similar

to the social media platform, Facebook.

Most of the learning management systems also o�er communication via email. Moodle

o�ers a large selection, with a chat, wiki and forum, in addition to the regular messaging

feature.

It is worth mentioning that all the communication tools of the selected learning man-

agement systems can not exceed the borders of the course, so students can only see and

communicate with members of the courses they are in.

1.3.4 Assessment

Assessment features are used to create assignments and quizzes for students as well as to

keep track of students' activities and progress. The available assessment features di�er

a lot for the di�erent learning management systems and learning platforms as well.

Quizzes

Some of them o�er the possibility to create exams and quizzes; and there are usually

several types of questions available. Figure 1.12 shows the big selection of Moodle's quiz

question types.
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1 Learning platforms and learning management systems

Figure 1.12: Available question types in Moodle

The questions in a quiz can be randomized and teachers can set a time limit if desired.

Quizzes can be generated to be graded automatically, and the student can view his or

her score right after �nishing the quiz. It is also possible to have quizzes without grades

so that they function as a self evaluation tool for students where they can practice and

check answers right away and/or have as many tries as they want to.

Assignments

All assignments or exercises created in learning management systems can be reviewed

and students' work can be graded and commented on by the teacher.

Usually assignments have a due date by which students should �nish their work. Fig-

ure 1.13 shows an example of an already graded and returned assignment in Google

Classroom.

The last sections gave an overview about what learning management systems and learning

platforms are and the basic features they o�er. As already mentioned, these features di�er
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1 Learning platforms and learning management systems

Figure 1.13: Assignment in Google Classroom

a lot and they are also dependent on the �eld of application in which the system is used.

Thus in the following section, �elds of application of learning management systems and

learning platforms will be introduced.

1.4 Fields of Application

Figure 1.14: Fields of application (Poe Ross)

Learning management systems and learning platforms are used for distance learning,

which means that teachers and learners can be separated by physical distance and/or

by time. Thus, they are so called distance learning tools and allow students to learn

anywhere at anytime, separated from their instructors. Sometimes distance learning also
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1 Learning platforms and learning management systems

means that there are more learners learning at a time simultaneously. (Belanger, 2000,

p. 3)

I would like to give an overview about the di�erent forms of distance learning, grouped

by Pallo� and Pratt (2007) in these three forms: online course, hybrid or blended courses

and technology-enhanced courses.

1.4.1 Online courses

In online courses, all the content is adapted for distance learning and the course and its

learning components are fully delivered via the Internet (Distefano et al., 2007, Online

Learning). An example are MOOCs, which came from the idea of open access to open

resources, in order to provide learning for many students with little budgets (Educause,

2013, p. 1).

MOOCs

MOOC stands for Massive Open Online Courses and is a model for an online educational

delivery system. It is massive, because there is no limitation to the number of enrollments

to the course. It is open, because anyone is allowed to participate in the course, usually

even free of charge. It is online, accessible over the web; and it is a course for a speci�c

subject with speci�c learning goals. Students can watch lectures online, view materials,

do quizzes and communicate with others via online discussion forms and forums. If some

students live close, it is even possible that they meet face-to-face. Many MOOCs are

used for higher education and it are typically provided by institutions. (Educause, 2013,

p. 1)

By reason that MOOCs are not common in schools (K-12 education) it is not relevant

for this thesis and thus no more details will be discussed here. I would like to refer to

literature for further information about MOOCs.

1.4.2 Hybrid or blended courses

�[...] contain some face-to-face contact time in combination with online de-

livery [...]� (Pallo� and Pratt, 2007, p. 3)
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So, in hybrid or blended courses, one part of the course is delivered in a face-to-face

learning environment such as a traditional classroom and another part of the content

is delivered with a distance learning tool, such as our learning management system.

(Belanger, 2000, p. 3)

Jeschke et al. (2004, p. 26) emphasize that online courses should not replace the face-

to-face classroom because they think social contact is very important for a successful

teaching and learning process. They suggest the traditional classroom can be enriched

with technology and provide multimedia-based knowledge for students, which occurs in

this as well as the following type of distance learning �technology enhanced courses�.

An example of a well balanced face-to-face contact and online delivery is �ipped class-

room.

Flipped classroom

Tucker (2012, p. 82) describes in Education Next that the idea for �ipped classroom

came up when two teachers named Jonathan Bergmann and Aaron Sams wanted to be

able to provide their lessons to absent students. They recorded and annotated their

lessons and posted them online, which was not only appreciated by any students who

missed the class, but also by students who had been to the class, because it allowed them

to review and reinforce the classroom lessons.

There is no one model for �ipped classroom wherein, the core idea is that videos and

interactive lessons created by the teacher are watched by students in advance of class

then the actual time in class can be used for working through problems, answering ques-

tions, collaborative and individual learning, which leads to better relationships, student

engagement and higher motivation.

It should be mentioned that is not just the instructional videos that make a di�erence in

learning, it is the overall approach. Bergmann, for example, forces his students to take

notes, which he checks; and he also wants his students to bring at least one question to the

classroom. Convinced by the success of �ipped classroom, he says students have a deeper

understanding, ask better questions and he is able to deal with students individually and

discover misconceptions and incorrect notions easier. During class, he gives the advanced

students more freedom and lets them work on their own, which allows him to spend more

time with struggling students.
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Figure 1.15: The Flipped Classroom (Center for Teaching + Learning)

Tucker (2012, p. 82) also mentions a math teacher named Smith, who is very enthusiastic

about �ipping. When she explains a concept like dividing fractions, she tries not only to

teach the procedure, but also the important underlying ideas of the method in a very clear

and concise, 4-6 minute video. This is very challenging, but she says it makes her think

carefully about the best way to present the topic to students, the pace, any examples

that she uses and the visual representation. But just like Bergmann, she emphasizes that

the instructional videos are just one component.

Khan Academy is an example for an online repository of thousands instructional videos,

with the mission to �provide a free, world-class education for anyone, anywhere�. It

allows every student to work through instructional videos and exercises at their own

pace, outside of the classroom, and it also provides teachers and parents with information

about their students and children.

It is obvious that this form of learning can be customized for each student because

students can choose their pace and watch lessons several times, if necessary. During

class, the teacher doesn't have to give his or her lessons and is able to assist in problems

and especially take care of and support slow-learning students.

1.4.3 Technology-enhanced courses

�[...] technology-enhanced courses meet predominantly face-to-face but in-

corporate elements of technology into the course.� (Pallo� and Pratt, 2007,

p. 3)
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This means that the content of the course is mainly delivered in a traditional classroom,

but the course is supported by a few technology elements like a learning management

system or a learning platform, which allows the students to have access to course content

at any time. Also it can be used as an organizational tool for administrative tasks and to

support communication with students, which relieves the classroom from administration

and class management duties and allows more time for learning.

Multimedia-based information is getting more popular and it gets higher signi�cance in

our society. Besides technology-enhanced courses, technology can be also embedded in

the traditional classroom, which is also part of the curriculum and is highly recommended.

It can help students get greater insights into mathematical knowledge due to visualization

of abstract concepts, experimental scenarios of mathematical models and an active and

self driven examination of mathematical matter. (Jeschke et al., 2004, p. 24)

Chapter 1 gave information about the basic features of learning management systems

and learning platforms, which are administration & class management, content creation

and distribution, communication and assessment � including how courses are created and

students are invited to courses. In the section about content creation and distribution, an

overview was given about how di�erent systems allow teachers, and sometimes students,

to create and share content with other users. The pages about communication compared

asynchronous and synchronous communication and introduced communication tools of

di�erent systems. Finally, the assessment features of learning management systems and

learning platforms where presented.

The �elds of applications were also described. Due to the importance of the �eld of

application in which learning management system or learning platform are used, because

is has an e�ect on the major features needed within the system and how they are designed,

the following chapters of this thesis will concentrate on a concrete application of the

system namely �ipped classroom.
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In order to get ideas for suggestions and improvements for useful features of learning

platforms and learning management systems, a concrete example will be introduced. It

is a geometry topic namely the Pythagorean Theorem. As already mentioned in section

1.4 Fields of Application and section 2.1 Learning goals, it is highly recommended and

part of the curriculum to embed technology elements into mathematics education, but

it should not replace the face-to-face classroom. Therefore, I would like to focus on an

example for �ipped classrooms (see 1.4.2 for details).

The following review in chapter 3 and suggestions in chapter 4 for an improved learning

platform will be based on this example of a �ipped classroom in K-12 education with the

topic Pythagorean theorem. But before the education example can be planned in detail,

learning goals, which have to be reached need to be de�ned and learning theories need

to be considered.

2.1 Learning goals

First of all, the desired learning goals are being de�ned. In Austria, the mathematics

curriculum is de�ned for every type of school and grade by the BMBF1, which tells

teachers what learning goals have to be reached by their students at what time. Besides

multiple mathematical competences, students should also gain personal and social skills,

taught with help of suggested didactic principles, which will be mentioned later in this

section.

1Bundesministerium für Bildung und Frauen (Ministry of education and women in Austria)

27



2 An example of K-12 education

Mathematical competences

Concerning mathematical skills, learning mathematics is not only solving algorithms by

executing known procedures and techniques, it is a good deal more. Students should

learn to use their mathematical skills in new, �exible and unknown situations, which

means they have to understand what they are doing. They should learn and understand

what role mathematics plays in our world, be able to read, understand and interpret

mathematical texts, as well as be critical, argument, present and be able to evaluate

solutions. (Barzel, Büchter, and Leiders, 2010; BMBF, a, p. 9)

The BMBF (a) organizes mathematical competences into competences concerning knowl-

edge, competences of terms and competences of mathematical skills, which are grouped

into four main areas: Descriptive, formal, experimental and critical skills.

Descriptive or interpretive working means all activities concerning the translation of

situations, states and processes from every day speech to the language of

mathematics and the reverse.

Formal means all activities concerning algorithms, the execution of methods and

techniques.

Experimental means all heuristic activities, like searching for principles by varying pa-

rameters or establishment of inductive gained assumptions, but also executing

simulations, exploring limit and special cases as well as develop generaliza-

tions.

Critical means all activities concerning arguing, questioning and justifying. Also

proo�ng is an essential key aspect in this area of operations.

Personal and social competences

The BMBF (a) demands the support of students with taking over responsibility for their

lifelong learning:

�Der Mathematikunterricht soll beitragen, dass Schülerinnen und Schülern

ihrer Verantwortung für lebensbegleitendes Lernen besser nachkommen kön-

nen.�
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Barzel et al. (2010, p. 9) mention some personal and social competences which should

be achieved by students:

• Self-reliance, especially to organize one's learning.

• Cooperate and communicate with others, work together.

• Tolerance and learning to handle mistakes made by oneself and others as well as

problems considerately.

• Social responsibility and contribution.

• The ability for self-actualization, a will to organization and the development of

creativity and interests.

• The ability to judge critically.

Didactic principles

For an optimal learning progress and also to achieve personal skills besides of mathemat-

ical skills, the BMBF (a), BMBF (b) points out that it is important for teachers to keep

the following listings in mind when planning their classes:

• New topics should be practiced in easy situations, before they are deepened and

completed later. It is important to make connections to the content by appropriate

lessons and exercises. Desirable connections should also be made to other subjects

as well as to the world of students.

• Intelligent learning is an individual, active and constructive process and it is im-

portant that students are not just consumers of given knowledge, but they produce

their knowledge for themselves by actively working, exploring, describing and re-

�ecting. (see section 2.2.2 Constructivism)

• Students should learn and repeat thoughts that lead to mathematical knowledge;

they should be able to reconstruct, illustrate, and justify it by themselves. It is nec-

essary to monitor the students progress without grading pressure. (see section 2.2.2

Constructivism)
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• Use multiple social structures: let students work in teams and on projects, which

supports a constructive environment, and will furthermore support the learning

process. (see section 2.2.1 Social learning)

• Give students the possibility to get di�erent points of views, by making the advan-

tages and disadvantages of several approaches very clear, which supports a great

�exibility in practicing the learned skills. (see section 2.2.1 Social learning)

• Provide instructional assistance, which means, in the very least, providing adequate

learning environments and o�er them to students. It would be best to provide

environments for di�erentiation, to support talents, skills, addictions, needs and

interests of individual students. (see section 2.2.3 Di�erentiated learning)

• Teach students to �nd, process and evaluate information with mathematical content

in books, journals and the internet and, ideally, support students to write and

present mathematical texts and skilled work by themselves.

• Students should learn the importance of mathematics in life and areas of knowledge.

They should take over responsibility for their learning because discovery and the

feeling of success is a very good contributor to motivation.

• Introduce students to computer algebra systems, dynamic geometry software and

spreadsheets and push the meaningful and constant use of such systems in class.

2.2 Learning theories

Now, this section we will have a closer look at how the desired competences can be

achieved. It will give more detailed information about some of the didactic principles,

which are mentioned in the curriculum.

Naismith, Lonsdale, Vavoula, and Sharples (2004, p. 15) say:

�The most successful learning comes when the learner is in control of the

activity, able to test ideas by performing experiments, ask questions, collab-

orate with other people, seek out new knowledge, and plan new actions.�
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This statement summarizes the learning theories introduced in this section which are

major components to the example in section 2.3. The following pages will contain infor-

mation about social learning, where students work and learn together, constructivism,

which essentially says that students are constructing their knowledge by experimenting

and testing and last di�erentiated learning. This allows the support of students with

di�erent talents, skills and needs.

2.2.1 Social learning

There are many de�nitions for social learning, and some di�er a lot. Van Dam (2012)

de�ned social learning as

"the interaction between two or more people utilizing social media and/or

other collaborative technologies to facilitate exchanges in knowledge acqui-

sition." And furthermore �Social learning is characterized by interactive col-

laboration and iterative knowledge creation stimulated by cycles of sharing

and feedback.�

Whereas the social learning theory mentioned in the psychological literature by Bandura

and McClelland (1977, p. 3) says that:

�In the social learning system, new patterns of behaviour can be acquired

through direct experience or by observing the behaviour of others.�

Kerres, Hölterhof, and Nattland (2011, p. 3) summarized some meanings of social learn-

ing in didactic:

• Learning goals that are connected with achieving social behavior like negotiation,

respect, responsibility, ability to work in a team, etc.

• Didactic methods like cooperative learning.

• Learning in a social context with other people.

In this thesis when social learning is mentioned, it means learning in a social context with

other people, not necessarily face-to-face but also online. This is exactly how Dillenbourg

(1999, p. 1) de�nes Collaborative learning on page 33. It can also help students achieve

above named social skills like negotiation, respect, responsibility, ability to work in a

team, and more:
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Reasons that speak in favor for social learning

�Learning is enhanced when it is more like a team e�ort than a solo race.

Good learning, like good work, is collaborative and social, not competitive

and isolated.� (Chickering and Gamson, 1987, p. 3)

Chickering and Gamson (1987, p. 3) say when students work together, involvement is

increased and when they share their di�erent views and ideas, it leads to a better and

deeper understanding of the learning materials and topics. Also Naismith et al. (2004,

p. 15) say that learning can be much more e�ective if learners can talk to each other

and can share their points of views. Kizilcec, Schneider, Cohen, and McFarland (2014,

p. 13) say that:

�Social learning requires individuals to articulate and externalize their ideas,

learn through teaching and engage in dialogue with others who may have dif-

ferent perspectives or greater expertise.�

Pugalee (2001, p. 296f) says that communication can help to re�ect students' thinking

because, as soon as ideas are written down or communicated with others, they get explicit.

And according to Pugalee (2001, p. 296f) especially in mathematics education, talking

to other students can have a great impact on students' learning progress and should be

a fundamental part in a successful mathematics education:

�When students are given the opportunity to communicate about mathe-

matics, they engage thinking skills and processes that are crucial in developing

mathematical literacy.�

But he (2001, p. 298) points out that it is important that teachers take care of a classroom

environment with respect to social norms so students can share their thoughts without

fear and learn to give constructive critics to their classmates without mobbing. All the

students should get an opportunity to contribute to the classroom communication and

it is important that they get feedback about the quality of their communication.

Kerres et al. (2011, p. 5) listed some reasons for social learning that summarize the above

written:

1. Social learning can help to teach student social behavior like negotiation and the

ability to work in a team.
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2. It enables di�erent learning experiences for students like cooperative learning. (see

2.2.1)

3. Social learning supports relationships between students, which help to raise the

value of learning and make learning more interesting. Also, it helps reduce the

dropout rate of students.

4. Other learning students have di�erent knowledge, skills and views, which they can

share with their group.

5. Social learning helps create a social community, which gives users access to cultural

knowledge and societal communication.

Collaborative learning

Dillenbourg (1999, p. 1) says that, collaborative learning �[...] is a situation in which two

or more people learn or attempt to learn something together.� But each of the terms can

be interpreted di�erently, such as how two or more people can mean a pair of students,

a class of students or even a community with thousands of people. Learn something can

be interpreted as �studying course material�, �problem solving� or �follow a course� and

�together� can be face-to-face or by online communication asynchronous or synchronous.

(1999, p. 2) There is not one correct de�nition for collaborative learning, it di�ers from

the academic �eld, where it is used.

According to Dillenbourg's de�nition cooperative learning is a special form of collabora-

tive learning, where students are interested in each other's success.

Cooperative learning

Cooperative learning is a learning pattern that is in contrast to both competition learning,

where students see who is best, and individualistic learning, where every student works on

his own without paying attention to other students. If students work cooperatively, they

are interested in each other's success as well as in their own. Roger and Johnson (1994,

p. 1) say �they celebrate each other's successes, encourage each other to do homework,

and learn to work together regardless of ethnic backgrounds, male or female, bright or

struggling, handicapped or not�.
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They also say that students can achieve more in cooperative learning compared to the

other two patterns. Also, they are �more positive about school, subject areas, and teach-

ers or professors� as well as about each other, and students are �more e�ective interper-

sonally�.

2.2.2 Constructivism

�You cannot teach a person anything; you can only help the person to discover

it in her or himself.� (Galileo Galilei (1564 - 1642))

According to cognitive psychology, the learner's information processing is the �central

cause of learning�. Schunk (2012, p. 229) says learning researchers focus more on learn-

ers and �rather than talk about how knowledge is acquired, they speak of how it is

constructed.�

There are di�erent types of constructivist theories, which refer to literature so will not

be discussed here (Schunk, 2012, p. 230�). Concerning teaching, constructivism means

that teachers should create and use materials which actively engage and involve students

(2012, p. 235). Piaget and Vygotsky emphasize that besides interacting with the mate-

rials, social interaction can have a great impact on cognitive learning (2012, p. 240�).

Discovery Learning

�Learning becomes more meaningful when students explore their learning

environments rather than listen passively to teachers.� (Schunk, 2012, p.

267)

Discovery learning is an example of constructivist learning, which is problem-based and

experimental and is recommended by the curriculum (see section 2.1):

�Intelligent learning is a individual, active and constructive process and it

is important that students are not just consumers of given knowledge, but

they produce their knowledge by themselves by actively working, exploring,

describing and re�ecting.�
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Schunk (2012, p. 276 f.) says for discovery learning, it is important that the teacher pro-

vides puzzling situations with su�cient guidance, which should motivate and encourage

students to �nd a solution. It is very important that teachers give support and guidance,

only then it can lead to e�ective learning; and students have to have necessary previous

knowledge about the topic.

According to Schunk (2012, p. 254) �multidimensional classrooms are compatible with

constructivist tenets about learning�. Characteristics of a multidimensional classroom

are di�erentiation, where students work on di�erent tasks, as well as a high student

autonomy, where students have choices. It is individual, which means that students are

not grouped by ability and students are not graded on the same assignments, they are

graded less in public and social comparison is avoided.

2.2.3 Di�erentiated learning

Barzel et al. (2010, p. 42) say in every classroom, very di�erent students are learning

together. They have di�erent ways of learning, which are e�ected by their individual

experiences, general and professional precondition in learning and their personal ways

that they approach problems.

The curriculum in Austria (section 2.1) says:

�Provide instructional assistance, which means at least to provide adequate

learning environments and o�ers for students and it would be best to provide

environments for di�erentiation, to support talents, skills, addictions, needs

and interests of individual students.�

To be able to support students with di�erent talents, skills and needs, we di�erentiate.

Freiman, Kadijevich, Kuntz, Pozdnyakov, and Stedøhrny (2009, p. 98) say that learning

platforms can be used as a tool outside of the classroom to di�erentiate in order to meet

the di�erent educational needs of students and mathematical challenges very easily.

There are three di�erent kinds of di�erentiation, namely inner, outer and natural di�er-

entiation explained by Breuning (2010).
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Outer di�erentiation means the separation of students in di�erent schools with di�er-

ent levels of di�culty and di�erent focuses. In Austria, for example, there are �Hauptschulen�

and �Gymnasien� for the ages 10 - 14, with di�erent focuses like sports, science, music

and so on. Remedial teaching is also a kind of outer di�erentiation.

Inner di�erentiation happens within the classroom and can be a di�erentiation re-

garding the content, where the level of di�culty (for e.g. exercises) varies for di�erent

students, or quantitative di�erentiation, where additional materials (e.g. exercises) are

o�ered for good students. Inner di�erentiation means giving students the freedom to

choose exercises they want to do, choose their preferred method and media, as well as

social form (if they like to work alone or in groups).

A big advantage is that students can learn on di�erent levels according to their needs;

but it also might happen, that some students are over-trained with the lower level of

di�culty and they still might not be challenged enough. Students who only work on very

low level exercises might get discouraged and unmotivated. And still the teacher decides

how and what students are going to learn, in contrast to the natural di�erentiation.

Natural di�erentiation also called individualization takes place when students choose

their own ways to get the solution for the problem. In the end, every student should reach

the exact same learning goal, however, the way to get there varies and is individualized

for every student. Students should be able to see the backgrounds and connections within

the learning matter, decide when they would like to learn what and how much time they

would like to take. It is also important that students are allowed to make mistakes and

therefore learn from them.

Advantages of individualization are that students study on their individual level of di�-

culty, and when good students are busy working on their exercises, the teacher has time

to take especially good care of struggling students. Though it can be hard for teachers

to keep track of what each of the students are learning at the moment, because not all of

them are working on the same problems; therefore teachers have to adjust very quickly

to di�erent topics and levels of di�culty.

After this introduction on learning goals, used in the following example, as well as in

major learning theories, a detailed information about the topic and furthermore how the

topic will be presented to the students will follow.

36



2 An example of K-12 education

2.3 The Pythagorean Theorem �ipped

Just to recap quickly, a �ipped classroom is an example of distance learning form �Hybrid

or blended courses� (see 1.4.2 on page 23) wherein lessons are provided on videos within

an online learning tool with materials for students so they can study the lessons at home

and the valuable, limited time inside the classroom can be used to discuss, solve problems

and do exercises together.

In mathematics education especially, it is very important to know that knowledge is not

just delivered by explaining and circulating information. Knowledge has to be achieved

by all individuals themselves, by actively building and constructing it (Barzel, Huÿmann,

and Leuders, 2005, p. 16) (see section 2.2.2 Constructivism). Tucker (2012, p. 82) says

that �ipped classroom teachers agree that videos on their own don't add to the value of

the learning progress, it is the overall approach, which makes a di�erence. So it is very

important to think about it carefully and o�er di�erent and social learning experiences

for students, inside as well as outside of the classroom, which allow the discovery of great

insights and where students can work and learn together.

To reach the desired learning goals, the curriculum provides didactic principles (see sec-

tion 2.1), which should be considered by the teacher. For the following lessons, activities

were been chosen such that social learning, constructivism and di�erentiated learning

was enabled (for details see section 2.2) and the didactic principles were kept in mind.

Barzel et al. (2010, p. 36) mention four big categories of education functions, which are

necessary for a rich in content mathematics education and which will also occur in the

following education example:

• Explore, discover and invent,

• systematize,

• practice, repeat, deepen and

• diagnose and test.

Now an overview about the topic �Pythagorean theorem �ipped� will follow and the

individual lessons will be introduced. Later on in chapter 3, discovered problems by

use of existing learning management systems and learning platforms will be discussed

and good examples will be presented, which will help to get ideas for suggestions for an

improved learning platform within GeoGebraTube in chapter 4.
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Short information

What Geometry, Pythagorean theorem

Who 13-15 year old students

How Blended learning, �ipped classroom

Previous knowledge

• Students know about square roots

• Students know about areas of squares

• Students know about triangles, right triangles

• Students know about prime factorization (needed for examples)

Targeted competences

• Students should know and understand the Pythagorean Theorem

• Students should understand a proof for it

• Students should be able to apply the Pythagorean theorem in new, unknown situ-

ations

Media Some schools don't have su�cient computer workplaces for all students, so the

following lessons will not require technology in the classroom sessions, only at home.

Thus it is necessary that every student has access to a PC, tablet or a phone with access

to the internet
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Activities The activities are divided in �home sessions�, which are done by the students

at home and �classroom sessions�, which are done in the classroom. As already mentioned

above, it is mandatory for every student to be able to access the internet at home.

The tasks for the home sessions will be provided within an online learning tool like a

learning management system or learning platform. When there is new content or tasks

available the teacher can mention them in the lesson at school, but students should

also get apprised of new contents and tasks through noti�cations (see section 3.1.3)

within the system. By making the learning platform also available for mobile devices

(see section 3.1.2), students could be apprised of new content and changes immediately,

which would allow them to study and ask questions on the go at anytime from anywhere

on their smart phone or tablet.

The planned activities are:

2.3.1 Home session I: Repeat previous knowledge

Figure 2.1: Home session I: Repeat previous knowledge

It is important to tie-in to the previous knowledge of the students and it is important for

the in-class task, that students have previous knowledge ready for delivery on demand,

therefore the �rst home session is a repetition in form of a quiz about squares, their

areas, how to calculate the appropriate side length of the square given the area as well

as a recap about right triangles.

Ideally, the students can do an online quiz with self evaluation, which allows them to

display hints and/or the solution and where they can have more attempts to answer all

the questions correctly. It is also possible that the teacher grades the quiz and uses it

as assessment, but since it is just for the purpose of repetition, I think it is best for the
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students to check their answers immediately and repeat the quiz as often as they want

to. It is obvious that this is only possible if the quiz consists of questions with de�ned

or sample solutions, such that the solution can be displayed for the students, and there

is no additional correction necessary by the teacher.

Examples of questions are:

• How can you calculate the area of a square with side length a? � Asquare = a·a = a2

• Given the area of a square, how can you calculate the side length of a square? �

By taking the square root of the area.

• What are characteristics of right triangles? � They have a right angle.

• How many degrees does a right angle have? � 90 degrees.

• The longest side of a right triangle is called ...? � Hypotenuse.

• The two short sides of a right triangle are called ...? � Legs.

• The hypotenuse of a right triangle is located ... the right angle? � Across from.

• Given pictures of right triangles, which are rotated and labeled with other letters

than �a�, �b� and �c�, students should be able to point out the hypotenuse.

Figure 2.2 shows an example how such a quiz with self evaluation could look like in

Moodle. Students have the possibility to check their answers immediately.

The outcome of the quiz looks really good, but the creation of such a quiz in Moodle is

no piece of cake, especially not for beginners, because the questions have to be created

within a question bank, which can be really hard to �nd. Later on these questions can

be added to quizzes that are created within a course. (See section 3.1.1 for details on

user-friendliness in LMS.)

2.3.2 Classroom session I: A challenging problem to discover the

Pythagorean Theorem

In order to learn about the Pythagorean Theorem, it is a good idea to let students

explore the relation by themselves (see section 2.2.2 Discovery Learning). The Austrian
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Figure 2.2: Repetition questions in Moodle with self evaluation

curriculum for mathematics education says that: �Intelligent learning is an individual,

active and constructive process and it is important that students are not just consumers

of given knowledge, but they produce their knowledge by themselves by actively working,

exploring, describing and re�ecting.� and also �[...] discovery and feeling of success is a

very good contribution to motivation� (see section 2.1). Therefore this lesson's main aim

will be �explore, discover and invent�, and it will train experimental skills (see section 2.1

Mathematical competences).

After the repetition about squares and right triangles, the students should start with

the exploration of the Pythagorean Theorem. There are a few ways to discover the

Pythagorean Theorem, for example the National Council of Teachers of Mathematics

(2008) created a worksheet where students should �nd a connection between height of

rectangle, width of rectangle and the height of the diagonal of the rectangle. Students

explore a few rectangles on a paper by measuring the according length and answer ques-

tions about their �ndings. Another example is from Teaching Channel (2015) where

students are not just looking at the height of the rectangle, but also at the areas of the

squares drawn on each side of a right triangle.

I personally prefer the second example, because the theorem is about the relation between
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Figure 2.3: Classroom session I: A challenging problem to discover the Pythagorean
Theorem

the areas and also I think it is easier for students to see the connection between areas, than

between the side length. Further, I don't want the task to be too challenging, because

even not so talented students should have success and gain insights to the relation by

themselves. Therefore, the second example will be chosen and explained in detail in the

following paragraphs.

The discovery should take place in the classroom because the teacher is available to

support students and ask inspiring questions, students can work together in groups and

discuss the problem with each other (see section 2.2.1 Social learning), which supports a

constructive environment and furthers the learning process.

As already mentioned, the goal of this lesson is that every student �gures out the

Pythagorean Theorem by calculating the areas of the squares drawn on each of the

triangle's sides (see �gure 2.4) and thinking about a connection between these areas.

Figure 2.4: Example to discover the Pythagorean Theorem

Figure 2.4 shows a right triangle both legs of length have squares drawn on each side of

the triangle. Students will get a list of di�erent right triangles with di�erent leg length to

discover (see table 2.1). They should draw the triangles with the corresponding squares
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Length
of leg 1
(unit)

Length
of leg 2
(unit)

Area of square 1
on leg 1

(square units)

Area of square 2
on leg 2

(square units)

Area of square on
hypotenuse

(square units)

1 1 1 1 2

1 2

2 2

1 3

2 3

3 3

3 4

Table 2.1: Examples for right triangles to discover the Pythagorean Theorem

on grid paper and calculate the areas and �nd out the connection between the areas in

order to �nd out about the Pythagorean Theorem.

When students get the idea that the area of square 1 plus the area of square 2 equals the

area of the square on the hypotenuse, the next question they should ask themselves is if

this is also good for more than the seven triangles outlined in table 2.1. But before this

question is answered, the gained insights will be summarized in home session II.

At the end of this session, the teacher should already explain the bonus task to the stu-

dents, which will be optional teamwork, namely writing a short paper about Pythagorean

Number Triples (see section 2.3.10 for details). This information can be also published

within the learning management system or learning platform.

2.3.3 Home session II: Systematize experiences

Figure 2.5: Home session II: Systematize experiences

The education function in home session II is �systematize� and students should get a
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summary of the discoveries made in class and get to know these experiences under the

name Pythagorean Theorem. The idea is that they watch a video and write down notes

in their exercise books. When they have questions they write them down too, so they

can ask them during next class session. To allow students watch videos, a learning

management system or a learning platform is needed, which allows to upload or embed

videos (see section 3.2.4).

When one searches for videos about the Pythagorean Theorem on YouTube, there are

about 57,700 results, including videos that are really fun to watch like �Rock on Pythago-

ras�2, which is a comic song with Pythagoras, to a big variety of good instructional videos

with examples that teachers who do not want to make their own instructional videos can

pick from that caters to his/her teaching style.

Figure 2.6: YouTube video �The Pythagorean Theorem� from Khan Academy

For my purpose I chose a video created by Khan Academy called �The Pythagorean

Theorem�3, see �gure 2.6, because it repeats the characteristics of right triangles, then

explains the relation of the areas of the squares (A2 + B2 = C2) and shows practice

examples where either the hypotenuse or a leg length is missing. Also I think it is easy

for students to take notes in their exercise book from that video.

The practice examples will prepare students for the next classroom session, where they

should solve problems by themselves.

2https://www.youtube.com/watch?v=9UK0DVgRTl8 (Retrieved June 2015)
3https://www.youtube.com/watch?v=AA6RfgP-AHU (Retrieved May 2015)
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2.3.4 Classroom session II: Practicing the Pythagorean Theorem

Figure 2.7: Classroom session II: Practicing the Pythagorean Theorem

After discussing unanswered questions from home session II, this lesson's education func-

tion is �practice, repeat and deepen� and formal mathematical competences will be

trained, which are all activities concerning algorithms, the execution of methods and

techniques.

The didactic principles (2.1) in the curriculum say:

�New topics should be practiced in easy situations, before they are deepened

and completed later.�

Therefore, in class session II students will start practicing the Pythagorean Theorem

with some easy, general exercises given by the teacher, with drawings like they've seen

in the instructional video at home (see �gure 2.8 for examples, (Busch, 2013, p. 132f))

and where they have to calculate the missing side of the right triangle.

Calculate the length of the hypotenuse Calculate the length of the leg

Figure 2.8: Examples for exercises for classroom session II

Also, they get some exercises where they have to do drawings by themselves, where

students have to decide if a triangle is a right triangle. They will also get exercises

where they have to �nd the formula of Pythagorean Theorem in other triangles. Possible

examples are:
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• Calculate the missing side length in the following right triangles ABC with γ = 90◦!

(Lütticken and Uhl, 2010, p. 99)

� a = 8cm, b = 10cm

� a = 5cm, c = 13cm

� c = 12cm, b = 9cm

• Are the following triangles right triangles? Why, why not? (Lütticken and Uhl,

2010, p. 100)

� a = 8cm, b = 6cm, c = 10cm

� a = 7cm, b = 8cm, c = 11cm

� a = 4cm, b = 5cm, c = 7cm

• Write down the formula of the Pythagorean Theorem for the following right trian-

gles!

� DEF with ε = 90◦

� KLM with λ = 90◦

� STU with τ = 90◦

During classroom session II students are free to choose which examples they want to do

�rst and if they prefer to work in groups, which should support di�erentiated learning

(see section 2.2.3). The teacher will act like a coach and support students who need help

with the exercises, while good students work on their own.

2.3.5 Home session III: Practicing and repeating

This lesson's education function will also be �practice, repeat and deepen� and formal and

descriptive mathematical competences will be trained because, besides solving exercises,

students also have to translate situations, states and processes from every day speech to

the language of mathematics and the reverse.
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Figure 2.9: Home session III: Practicing and repeating

Students have the possibility to practice and deepen what they've learned during the last

lessons by �nishing the exercises from the last classroom session. Also, more complex

exercises with solutions will be provided online.

There are a lot of di�erent problem-centered exercises for the Pythagorean Theorem

that can be found on the internet or in books, both as text or as videos. I picked

two examples from Khan Academy. They o�er video exercises on their website and on

YouTube with solutions. I think it is a good idea to provide videos with solutions for the

students working on the �rst examples at home so they can �rst try it out by themselves,

but watch the video when they need help or compare the solution they've got with the

solution in the video.

• Boat example (see �gure 2.10)4: �The main mast of a �shing boat is supported by

a sturdy rope that extends from the top of the mast to the deck. If the mast is 20

feet tall and the rope attaches to the deck 15 feet away from the base of the mast,

how long is the rope?�

• Carpet example5: �A carpet measures 7 feet long and has a diagonal measurement

of
√
74 feet. Find the width of the carpet.�

2.3.6 Classroom session III: Practicing and repeating

This lesson's education function will also be �practice, repeat and deepen� and formal

and descriptive mathematical competences will be trained.

4https://www.youtube.com/watch?v=JVrkLIcA2qw (Retrieved May 2015)
5https://www.youtube.com/watch?v=T0IOrRETWhI (Retrieved May 2015)
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Figure 2.10: YouTube video �The Pythagorean Theorem 1� � Boat example

Figure 2.11: Classroom session III: Practicing and repeating

After watching the videos and solving the exercises, students should be able to do more

exercises by themselves. During this session, students will continue working on problem-

centered exercises, and the teacher will be supporting the students as well as answering

open questions. Again students may work together in groups in order to help each

other to increase their understanding (see section 2.2.1 Cooperative learning) and to

develop social competences like cooperation, communication and the ability and to work

together. Every teacher is free to choose the exercises he/she thinks are best. One can

create exercises, use the world wide web to �nd exercises or simply use the textbook and

choose exercises from it.

Examples for exercises are (Bustle):

1. A carpenter wants to build a handicap ramp over a set of steps that is 12 feet long

and 5 feet high. How long will the ramp be?
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2. Frank Rd and James Rd. make a perpendicular intersection. The state wants to

build a new road. The new road will intersect 3 miles north of the intersection on

Frank Rd. and 4 miles west of the intersection on James Rd. How long will the

new road be that intersects Frank and James Rd? The new road would cost $10

per foot to pave. What would be the cost of the new road?

3. The mobile phone company is anchoring wires to the top of their 1200 ft high

communication towers. The cable for the support wire comes in a roll that is 3900

ft long. The company requires you to use the entire roll. The cable can only be

cut twice to ensure its strength. All cables need to be equal. How long will each

cable be and how far from the base of the tower do they need to be anchored?

4. In the city planning meeting, a scale drawing of a park was drawn. The park �lls

inside a square city block. The scale was 3 inches equal 3/10 miles. One side of

the city blocks was 4 inches in the drawing. One member of the city planners said,

�There needs to be a short cut through the park from the corners.� How long in

miles will the short cut be? Round answers to the nearest tenth of a mile.

5. You are planning to put a new digital �at TV on a wall that is 12 ft long and 9 ft

high. The digital TV has a diagonal of 72 inches. The length of the TV is twice

the width of the TV. How much of the wall will still need to be decorated around

the TV?

Solutions:

1. 13 ft long

2. 5 miles long cost $264,000

3. 1300 ft cables, 500 ft from the tower

4. About 6/10 miles

5. 32.2 in width rounded to 3 ft, 64.3 in length rounded to 5ft, total area for TV is

15 sq ft, remaining area around TV is 93 sq ft

2.3.7 Home session IV: Understanding a proof

This home session's education function will again be �explore, discover and invent� but

this time, students will explore a proof for the Pythagorean Theorem. According to
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Figure 2.12: Home session IV: Understanding a proof

the mathematics curriculum of Austria proo�ng is an essential key aspect in the area of

critical mathematical competences.

Students should have a look at a proof of the Pythagorean Theorem and explain it to

one or more classmates during the next class session. This will depend on the proof that

individual students have chosen. The goal is that students pick di�erent proofs, so it

is important to o�er many possibilities to pick from, which is easy for the Pythagorean

Theorem, because there are so many proofs. Students then can pick a proof they like

and which is easy for them to understand, such that they can explain it to their class-

mates. This also supports di�erentiated learning (see section 2.2.3), because students can

choose the level of di�culty by themselves. The freedom to choose should also support

self-reliance and students should learn how to organize their learning. It is imaginable

that very good students search the internet for another proof, because according to the

curriculum students should be able to �nd, process and evaluate information with math-

ematical content in books, journals and the internet and ideally teachers should support

students to write and present mathematical texts and skilled work by themselves (see

section 2.1). Here is a list of possible proofs, which students could study:

• �Pythagorean Theorem Proof Using Similarity�6

• �Bhaskara's proof of Pythagorean Theorem�7

• �Visual Pythagorean Theorem Proof�8

• �Another Pythagorean Theorem Proof�9

6https://www.youtube.com/watch?v=LrS5_l-gk94 (Retrieved May 2015)
7https://www.youtube.com/watch?v=1ul8g55dYA4 (Retrieved May 2015)
8https://www.youtube.com/watch?v=r382kfkqAF4 (Retrieved June 2015)
9https://www.youtube.com/watch?v=rcBaqkGp7CA (Retrieved June 2015)
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• �Euclid's Proof of the Pythagorean Theorem�10

• �Gar�eld's proof of the Pythagorean Theorem�11

• �Pythagoras Same Area Pat Hayes Example�12

• �Pythagoras Same Area Example 2�: Proof using decomposition13

• Pythagorean Theorem Proof by Rotation14

Besides watching the videos and animations, students should try to understand a proof,

make notes and prepare in order to explain it to classmates during the next class section.

To be able to explain the proof to other students, the students have to understand the

proof and can't just learn it by heart. Doing this at home allows the students to take as

much time as needed and watch to the video of the proof more often.

In case problems arise and students need help, they should be able to communicate with

individual classmates or the teacher online when they are online at the same time (see

section 3.3.1), or they can post on the class discussion board, where everybody can read

the question and comment (see section 3.2.2 �Class discussion board�).

2.3.8 Classroom session IV: Talking about proofs

Figure 2.13: Classroom session IV: Talking about proofs

This time students' critical mathematical skills, which means activities concerning argu-

ing, questioning, justifying and proo�ng, will be trained. They have to explain a proof

10https://www.youtube.com/watch?v=k2F56Vv1avs (Retrieved June 2015)
11https://www.youtube.com/watch?v=EINpkcphsPQ (Retrieved June 2015)
12https://www.youtube.com/watch?v=Zb0thZ6_5G8 (Retrieved June 2015)
13https://www.youtube.com/watch?v=_87RbSoELW8 (Retrieved June 2015)
14http://tube.geogebra.org/m/422209 (Retrieved June 2015)
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they've studied to one or more students, so that their audience is able to understand

the proof. They take over social responsibility and contribution to the learning progress

of their classmates, which is another desirable personal learning goal for students (see

section 2.1 Personal and social competences).

Depending on what proof the students have chosen, they should �nd a partner or a group

of students who studied a di�erent proof of the Pythagorean Theorem so that they all

can present the proofs to each other. The listening students should try to understand

the proof and think critically about the steps explained by their classmate. This method

allows cooperative learning (see section 2.2.1) where every student has responsibility to

teach the proof to another student. The ability to cooperate and communicate with

fellow men and to work together is being acquired but also the ability to judge critically

should be supported. Talking about the proofs should consolidate the knowledge and

lead to a deeper understanding. When ambiguity and questions arise, the teacher is

present to help.

After this session, all the learning goals should have been reached by every student, they

should know and understand the Pythagorean Theorem, they should understand one or

more proofs of it and they should be able to apply what they've learned in both known

and new, unknown situations. The next home session will reveal if the goals were reached,

because a quiz is planned.

2.3.9 Home session V: Diagnose and test

Figure 2.14: Home session V: Diagnose and test

This lesson's education function will be �diagnose and test� and it will be tested, if the

previously mentioned learning goals are achieved by every student and it can be also used

for grading purposes, because at the end of the year the students have to get graded.
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There should be an online quiz, which covers the complete topic and the results should

be saved within the online learning tool. Doing such a quiz at home and not at school

allows the use of time during the classroom lessons for more important things, like team

work, presentations, discussions etc.

Examples for exercises for such a quiz could appear as the following:15

• What is a necessary precondition for the triangle to use the Pythagorean Theorem?

• For a given triangle with di�erent labeling the students should write down the

equation of the Pythagorean Theorem.

• Given a triangle, calculate the missing side length.

• To get from point A to point B you must avoid walking through a pond. To avoid

the pond, you must walk 34 meters south and 41 meters east. To the nearest meter,

how many meters would be saved if it were possible to walk through the pond?

• A baseball diamond is a square with sides of 90 feet. What is the shortest distance,

to the nearest tenth of a foot, between �rst base and third base?

• Oscar's dog house is shaped like a tent. The slanted sides are both 5 feet long and

the bottom of the house is 6 feet across. What is the height of his dog house, in

feet, at its tallest point?

• Proof the Pythagorean Theorem! Feel free to choose the proof you want to show!

Multiple choice questions and some text questions can usually be graded automatically

by a learning management system or learning platform (see section 1.3.4), but open

questions like the proof has to be graded by the teacher. For the question about a proof,

it would be also an advantage to have a dynamic geometry software like GeoGebra (see

section �4.1) so students could construct and animate a proof, of course assuming that

the students are used to working with such a software. For open questions, it would be

a great advantage to have mathematical special characters available (see section 3.2.4).
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Figure 2.15: Classroom session V: Presentation of optional exercise

2.3.10 Classroom session V: Presentation of optional exercise

To allow better di�erentiation there will be provided an additional task at the beginning

of the topic (announced at the end of classroom session I and with online information in

a LMS or learning platform) for motivated and interested students, for which completion

should be rewarded and have a positive impact on the grade of the student. For example,

there could be a badge system (see section 3.4.2) which are rewards for e.g. students,

who do additional tasks or other good performances.

The task is done in groups (depending on how many students want to do the task, the

groups can have a di�erent number of group members) in the form of a free work (Barzel

et al., 2010, p. 76), which is usually done over a longer period of time so that the students

can choose when they would like to work on the task. This supports independence

and personal responsibility, because students take over responsibility for their learning

progress. The topic is Pythagorean Number Triples and students should do research

on the internet and write a short mathematical text about it, approximately 2 pages,

potentially with images such as an animation or a dynamic worksheet (GeoGebra). This

can then be uploaded to the learning platform, where it will be graded by the teacher

but can also be reviewed by other students. The paper should contain an explanation of

what Pythagorean Number Triples are as well as some historical information about the

topic.

When students work at home it would be good if the learning management system

or learning platform provided communication tools, which allow asynchronous or even

synchronous communication with their group members. A so called �online status indica-

tor� would be a good feature to facilitate synchronous communication with other group

15Some examples are taken from http://www.regentsprep.org/regents/math/algebra/AT1/PracPyth

.htm (Retrieved June 2015)
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members or classmates (read more in section 3.3.1), because it indicates if another user

is currently available to talk or to work together. To allow students to work together is

another great feature to consider. Students should be able to work collaborative on their

paper, like how Google Drive16 allows more users to work on a document at a time (see

section 3.2.3).

During classroom session V, groups should be formed with at least one Pythagorean

Number Triple expert in each group (again this depends on the number of students who

did the paper). The experts will now present their �ndings on the topic and explain it to

the other students, ideally with supporting media like a poster, or digital media in case

they prepared an animation or a dynamic worksheet. The teacher again acts like a coach,

supports the groups, clears misunderstandings and adds missing information. After that

students can practice what they've learned by doing exercises regarding Pythagorean

Number Triples provided by the teacher.

Examples for exercises are (Lütticken and Uhl, 2010, p. 100):

• Which of the following number triples are Pythagorean?

� (8 | 15 | 17), (4 | 12 | 15), (9 | 40 | 41), (33 | 56 | 65)

• Complete the number triples in order to get a Pythagorean Number Triple!

� (9 | 12 | x ), (24 | x | 26), (14 | 48 | x ), (x | 30 | 34)

16https://drive.google.com/ (Retrieved July 2015)
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After providing detailed information about the topic and how it should be introduced to

the students, the following chapter will introduce some problems and further suggestions

for improvements for a learning platform, which will be used as online learning tool in

order to make the Pythagorean Theorem �ip possible. Thus, in this chapter, the systems

are reviewed concerning the needs of the example in the previous chapter.

For the review, a variety of di�erent learning management systems and learning platforms

have been chosen, so that we can compare them in order to get multifarious ideas from

di�erent systems. The following learning management systems and learning platforms

are being reviewed:

• Moodle (version 2.8.1) � Moodle is a very popular learning management system in

Austria. The fact that it is a learning management system means it is in need of a

separated installation for each school or institution. It is a very complex learning

management system with a lot of features (see section 1.3).

• Google Classroom � Google Classroom is a very simple learning platform which

doesn't require a separated installation, because all institutions use the same plat-

form on the internet. Although all users are using the same platform, users can

only see content and other users within the classroom.

• Khan Academy � Khan Academy is also a learning platform, but with a lot more

features than Google Classroom, like a pro�le page for users, badges and a big

selection of online learning materials available.

The suggestions for improvements are structured according to the main functions of learn-

ing management systems and learning platforms namely administration & class manage-

ment, content distribution, communication and assessment (described in section 1.3).

Dahlstrom et al. (2014) combined the results of two surveys done by ECAR, the Educause

Center for Analysis and Research. In one survey from 2013, where about 800 institutions
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in the US were asked about their current information technology practices and in another

one from 2014, more than 17000 faculty and 75000 students from 151 institutions in the

US were asked for their experiences and expectations in higher education technology.

(2014, p. 3) The following pages will contain some of the results, since they contain

general statements that can be applied to K-12 education around the world.

3.1 Administration & class management

This section contains general and administrative suggestions for learning management

systems and learning platforms.

3.1.1 User-friendliness

Dahlstrom et al. (2014, p. 15) say that �57% of faculty and 51% of students agree

that they'd be more e�ective, if they were better skilled using LMS technology in their

courses�.

Also, the user satisfaction is not very overwhelming. According to the ECAR survey,

only 39% of the users are satis�ed with their learning management system.

An anonymous faculty member of the ECAR faculty study (Dahlstrom et al., 2014, p.

10) says:

�What we have is bloated (= zillions of features we do not need), badly

designed (features we need are not streamlined, easy to use, intuitive), and

cumbersome.�

In my opinion, it is sometimes very hard to work with the current learning management

systems such as Moodle. It is especially challenging for beginners because the big selection

of features makes it di�cult to �nd the one needed. Figure 3.1 shows a screen shot of

the members page in a Moodle course. We can very easily see that there is a lot of

information on that page, which makes it unclear and complicated.

One solution to improve the e�ciency of users would be to provide special training for

teachers and students; while this would improve their skills in using a particular learning

management system or learning platform, it would be very costly and time intensive.
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Figure 3.1: Course members in the Moodle course Geometry

A better solution is to use a system with intuitive, easy to use features, so that no

training is required and/or to have a learning management system with built in, on-

demand, training functions. (Dahlstrom et al., 2014, p. 15)

In summary, what we want for desirable learning management systems is for them to

be more user-friendly and intuitive, such that users can �nd the desired functionality

and content quickly and easily so that no additional time and cost consuming training is

required.

A good example concerning a simpli�ed user-interface is Google Classroom, because it

o�ers only the essential features of a learning platform on very few pages, there is:

• A classroom stream, which acts like a discussion board and everybody can share
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class related content with the whole class and which is also used for posting assign-

ments (see section 3.2.2).

• The members page, which provides an overview of all students and some additional

administrative functions for the teacher like inviting students to the course and

managing them.

• The about page gives general information about the course, e.g. where �les are

stored in Google Drive and this is where one could add another teacher to the

course.

• Some pages for assignment review and assessment for the teachers as well as as-

signment overview pages for students.

• In addition to that, Google Classroom uses Google Drive to store and manage �les,

which can be attached and linked in the course.

Figure 3.2: Google Classroom ��rst steps� tour for teachers after creating a course

These few and simple pages make Google Classroom very clearly represented and easy to

use even for nonprofessionals, therefor it doesn't o�er a lot of functions. In addition to

the simple user-interface, it o�ers teachers and students the possibility to start a virtual

tour after creating or joining a course, which helps with the �rst steps. Figure 3.2 shows

a part of the virtual tour for a teacher.

Khan Academy is a more complex system with a big selection of online materials sorted

by grades, subjects and topics. It has a lot more features than Google Classroom. It
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provides a pro�le page for each user, a badge system, progress overview and more. Like

Google Classroom it also provides a virtual tour, which introduces the main features of

the system to make it easier for users to start (see �gure 3.3). Noti�cations are also a

big help because they lead users to their tasks given by the coach (teacher) and notify

users of news like invitations to courses and so on. More information about noti�cations

will follow in section 3.1.3.

Figure 3.3: Virtual tour in Khan Academy for a student

3.1.2 Availability on mobile devices

Mobile devices like smart phones and tablets are getting more and more popular in

our society and obviously they are also getting more common in the hands of students

(Dahlstrom et al., 2014, p. 18). The trend is going towards connecting more devices to

a platform (O'reilly, 2007, p. 33f).

Every year, the Medienpädagogische Forschungsverbund Südwest from Germany does a

survey about teenagers from 12 - 19 years and the way they handle media. In 2014, 97%

of the teenagers had their own cell phone and 88% of these phones were smart phones

with a touch screen and access to the internet. Also, the number of tablet PC's in the

hands of teenagers is rising, every �fth youngster has his own. (Freiman et al., 2009, p.

7)

Dahlstrom et al. (2014, p. 18) say that 80% of the students access a learning man-

agement system from their mobile device, so it is extremely important to have learning

management systems available on mobile devices. 78% of the students say it is at least

moderately important to access the LMS from their mobile device, but only 61% say

that the access via their mobile devices is good or excellent.

Many learning management systems can be accessed on a phone using a web browser, for

example �gure 3.4 shows the Geometry course in Moodle on a smart phone. Moodle can
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Figure 3.4: Moodle (left) and Google Classroom (right) displayed on a phone

be used on a phone, but it is not optimized for phones and some improvements would be

an improvement.

Google Classroom in a phone's web browser does not function at all, but at least it shows

a note that the web browser is not supported (see red rectangle in right image in 3.4).

Google therefor o�ers a Google Classroom app, which is an application designed especially

for smart phones and tablets and allows students and teachers to use Classroom on

the go. Students with newer smart phones (Android 4.0 and up) can access all their

courses, view and work on all their assignments and answer their classmates' questions

instantly. Also teachers can save time by creating, reviewing and grading assignments,

writing announcements or starting class discussions from anywhere at anytime (Google

Playstore, 2015). Figure 3.5 shows an overview over the user's courses in the left image

and the classroom stream (see 3.2.2 for details) in the right image.

3.1.3 Noti�cations

It is desirable to have alerts and noti�cations in learning management systems and learn-

ing platforms to apprise users of new contents, tasks, grades, etc.
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Figure 3.5: Google Classroom App for Android (Google Playstore, 2015)

In the ECAR survey of 2014 (Dahlstrom et al., 2014, p. 19) students were asked, what

they would like to improve in their LMSs if they were to start from scratch. Almost half

of them cited, that improvements in alerts and noti�cations would be mandatory, like

reminders on exams, assignment due dates and noti�cations on grades.

Baldauf, Jiang, Marshall, and Dennen (2014, p. 98) think it is desirable that individual

users can set their preferred type of noti�cations, for example, if they prefer e-mail

noti�cation or text messages, and the frequency of alerts.

Corbeil and Corbeil (2014, p. 83) emphasize that it should be possible to get noti�ca-

tions on smart phones, so users can receive updates right away on their phone, follow

discussions easily and do their tasks on the go. (See section 3.1.2 for more details on the

availability on mobile devices.)

Shukla distinguishes between �in-app noti�cations� and �push noti�cations�. In-app no-

ti�cations apprise users of new content inside the app, when they are currently doing

activities, where in contrast push noti�cations �let your application notify a user of new

messages or events even when the user is not actively using your application and helps

you in sending event or alert to your app users even when they are not logged into app�.

Google Classroom, for example, doesn't o�er in-app noti�cations, but users get push
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noti�cations via email on new assignments, graded assignments, comments, etc. Addi-

tionally, Google Classroom o�ers an overview about upcoming assignments, see the left

image in �gure 3.6. The right image shows Moodle's overview over course updates, so

students can see easily which contents are new.

Figure 3.6: Sidebars with overviews: Google Classroom (left) and Moodle (right)

Khan Academy o�ers in-app noti�cations within their system, similar to Facebook. Fig-

ure 3.7 shows the noti�cations pop up where users see information like when they are

invited to a new class, when they achieve badges, when they unlock special features of

the system like a new avatar and so on.

Figure 3.7: Noti�cations in Khan Academy

Moodle also o�ers push noti�cations via email in addition to in-app noti�cations in the

form of pop ups. Users can set their preferred noti�cation type in the noti�cation settings

(see an excerpt of the noti�cation settings of Moodle in �gure 3.8).

3.2 Content creation and distribution

Today's students are born in the digital age, they grew up with video games, mp3 players

and cellphones. Rosen, Carrier, and Cheever (2010) call them the iGeneration, and say

that it is the generation that is online 24/7, multitasking, socializing constantly via

technology such as social networks and text messaging, and they live a connected life.

He says:
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Figure 3.8: Adjust noti�cation settings in Moodle

�Students' participation in the Web 2.0 via user-generated content, social

networking, mobile learning, and virtual learning environments (just to name

a few) is highly motivating for them and the are naturals at it.�

Unfortunately, most learning management systems do not provide tools that support

social constructivist learning experiences, learner-centered instructions and a learning

community, but:

�[...] tools developed as part of the Web 2.0 movement such as microblogs,

wikis, and social networks are far more learner-centered and support robust

and diverse social interactions [...].� (Baldauf et al., 2014, p. 91)

An improved learning platform should be a learner-centered environment that encourages

students' interaction with the content, communication between students and the teacher,

and therefore enhances the learning process (Committee on Academic Programs and

Teaching (CAPT), Learner-Centered Task Force, 2005-2006, p. 2). The environment

should highly motivate them through a learning community, where students are engaged

in the learning process and are active participants in the social learning space, due to

the freedom of creating �their own content and product�, giving feedback and having

communication tools available. (Baldauf et al., 2014, p. 93)
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3.2.1 Pro�le

Students should be able to communicate with each other and work together, so it is very

important that they get to know each other, their interests and goals (Baldauf et al.,

2014, p. 95). One may think they know each other because they are attending the same

classes, but I think it is hard to know every classmate in a class of 30 students and if two

students know each other, unless they are best friends, there still are some things that

they might not know, especially concerning learning.

Pro�le pages from social media like Facebook, where a user can enter his/her information

and provide it to other users, are a way to get to know each other. Usually it contains a

pro�le picture and some personal information like age or birthday, location, occupation,

and so on (see �gure 3.9).

Figure 3.9: Facebook pro�le image and user information

In a learning management system or learning platform the pro�le page would focus more

on course-related content like the user's interests in the appropriate subject, their mastery

and goals in the course, if they are willing to help other students, if they prefer to work

in groups and so on. (Baldauf et al., 2014, p. 96)

With that information, students can �nd classmates or users with similar interests for

e.g. learning circles, students with problems can search for users with knowledge and get

assistance and also teachers can get information about their students. (Baldauf et al.,

2014, p. 96)

For example, �gure 3.10 shows di�erent widgets on a student's pro�le page in Khan

Academy. This information is mostly intended as information for the user himself/herself

and the teacher, so he/she can keep track of the student's progress easily, but the widgets

can also be visible for everyone in the entire Khan Academy community.
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Figure 3.10: Elements of a student's pro�le page in Khan Academy

3.2.2 Class discussion board

Amain feature of learning management systems is to provide students with course content

so teachers can upload �les and share contents with their students. We want to encourage

students to interact and participate, so students should also be able to share thoughts,

content and �les within the course. (Baldauf et al., 2014, p. 100)

Baldauf et al. (2014, p. 97) suggest to provide a news feed or class discussion board

for a course or class where everybody is encouraged to contribute anything class-related.

This class discussion board is comparable with Google Classroom's classroom stream,

therefore the terms classroom stream or group stream will be used for class discussion

board in this thesis.

This discussion board can contain administrative announcements from the teacher and

noti�cations for the entire class, as well as assignments and upcoming events. But besides

teacher announcements, students can come up with questions, ask for help or share other

course related issues. (Baldauf et al., 2014, p. 100)

�The ongoing messages of a news feed encourage casual interaction between

students and allow students to build relationships with each other.� (Baldauf

et al., 2014, p. 97)

Baldauf et al. (2014, p. 100) bring an example for a group in Facebook for a school class,

where every student of the class is a member. Teachers and students would have the

same right to share content and thoughts on the group stream, including the possibility

to add a variety of di�erent media types, like videos, images, pdf, etc., and all users can

like and comment on these posts easily.
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There is a big trend going towards this development, when we have a look at learning

platforms like Google Classroom, Edmodo and Schoology. They all use the class discus-

sion board as a main functionality of their online courses to post announcements and

exercises (distribute content) as well as for communication purposes.

Figure 3.11: Discussion board (Stream) in Google Classroom

Figure3.11 shows a student post on the Google Classroom discussion board with an

attached YouTube video and another user's comment on the post. The rights for students

to post and comment on the discussion board can be set by the teacher on the members

page, see �gure 3.12.

Figure 3.12: Right management for the group stream in Google Classroom
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3.2.3 Work collaborative

As already mentioned in section 2.2.1 learning is enhanced when it is more like a team

e�ort than a solo race. Working in teams allows students to gain personal skills like

to tolerating others and handle one self's and others' mistakes etc. (see section 2.1).

Furthermore, the Austrian curriculum demands the use of di�erent classroom formats

including the work in teams on projects (see section 2.1).

A learning management system or a learning platform which supports collaborative work

would make it easier for students to work in groups from outside the classroom.

Figure 3.13: Share document with other users in Google Drive

Google Classroom for example allows users to work collaboratively, on the same �le, at

the same time in Google Drive1. First, the document has to be shared for other users,

so that they can see and/or edit it, see �gure 3.13.

After sharing the document with other users, with the settings set to �Can edit� all users

are able to modify the document and the users see other user's changes immediately in

real time. Users can also write comments and comment on these again. Figure 3.14

shows a document in Google Drive, where two students are writing on their paper about

Pythagorean Number Triples.

1Google Drive allows users with a Google account to create, edit and save �les online. Furthermore
these �les can be shared with other users.
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Figure 3.14: Users working together on a document in Google Drive

3.2.4 Di�erent media types and special characters

For �ipped classroom and furthermore for the example described in section 2.3, �The

Pythagorean Theorem �ipped� students have to watch lessons online, so it is necessary

that videos from websites like YouTube or vimeo can be embedded within the learning

platform so that students can see and watch them easily. Figure 3.11 (page 67) shows a

student's post with an attached YouTube video with a preview image. By clicking the

play button, the video is opened and played in YouTube.

Moodle allows users to embed and even play the video within the learning management

system without opening a new web browser tab, see �gure 3.15.

Also, in the literature, (Baldauf et al., 2014, p. 98) it is pointed out that it is important

that users can add content from other web sources and embed �YouTube videos, Prezi

presentations, Flickr photos, Google Calendars or Twitter feeds� in learning management

systems and learning platforms.

For a course in mathematics, it is really important to allow users to add mathematical

special characters like square roots (
√
), fractions (ab ) etc. Moodle allows users to add

TEX-code in pages to write mathematical formulas. For example �gure 3.16 shows a page

in Moodle with an exercise containing a square root.
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Figure 3.15: YouTube Video embedded in Moodle

Figure 3.16: Math formula (square root) on Moodle page

Google Classroom o�ers users to use mathematical formulas but, unfortunately, not on

the classroom stream. Users have to make a document in Google Drive where mathe-

matical formulas can be inserted and then attach the document to the post.

3.3 Communication

Chickering and Gamson (1987, p. 3) say in their �Seven Principles For Good Practice in

Undergraduate Education�:

�Frequent student-faculty contact in and out of classes is the most impor-

tant factor in student motivation and involvement.�
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A tool that can support synchronous communication outside of the classroom is an online

status indicator.

3.3.1 Online status indicator

An anonymous student, from the ECAR student study in 2014 (Dahlstrom et al., 2014,

p. 19), said:

�I would add a tool through which students could interact with each other

and with the instructor(s) much faster and easier since concerns, ideas, and

questions do not all come at once during o�ce hours or group meetings.�

Corbeil and Corbeil (2014, p. 79 �.) think that online status indicators are an important

feature for learning management systems and learning platforms, because they allow

users to see whether another user is currently online or not. This feature facilitates

synchronous communication (see 1.3.3), which takes place in real time, similar to a

conversation since it is immediate and allows interactive collaboration between users

online (see also section 3.2.3). While students are working on their assignments in their

LMS, they can easily communicate with their instructor, if he's present, or ask other

students who are currently online. This helps to avoid user isolation and desperation

because it allows students to get an immediate response to their question, beyond the

instructors o�ce hours. A smart phone app would expand this functionality even more.

Baldauf et al. (2014, p. 97) think that the extent from text messages to other communi-

cation media like, audio and video would also be a good feature to consider.

For the optional assignment (described in section 2.3.10), where students have to write a

short paper about Pythagorean Number Triples in groups, it would be an advantage for

students if they could see when their group members are online and thus it would make

collaborative working on their paper much easier.

Although most of the learning management systems and learning platforms o�er messag-

ing between users, none of them have online status indicators. Some learning platforms

do not o�er a messaging function, but users can communicate via the class discussion

board for example. Some o�er no communication function at all, the teacher has just a

list of email addresses and has to use his own email program in order to communicate

with his students (see section 1.3.3 �Communication�).
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3.4 Assessment

3.4.1 Feedback

According to Chickering and Gamson (1987, p. 4), feedback is very important for learn-

ing. Students need appropriate feedback on their performance in the course, so it should

be possible for teachers to give feedback quickly and easily.

Most traditional learning management systems allow teachers to give students feedback

in private which, of course, has its advantages. Baldauf et al. (2014, p. 97) say that

users would bene�t from visible feedback and peer feedback, which means that not only

teachers but student also, should be able to give feedback on other students' contributions

and comments. They cite Ertmer et al. (Baldauf et al., 2014, p. 97), who say that �Peer

feedback can in�uence the quality of student work and has bene�ts for both the recipient

and the evaluator.�

It is obvious that peer feedback, although it can add a great value, can also be challenging.

Ertmer, Richardson, Belland, Camin, Connolly, Coulthard, Lei, and Mong (2007, p. 415)

mention two mainly problems:

• It can be hard, especially for shy students, to overcome the anxiety about giving

and receiving feedback, in particular when it is negative feedback.

• It is hard to ensure reliability.

An option for a peer feedback tool would be a simple �like� button such as the one used

in Facebook and YouTube, which does not allow negative feedback at all and students

can mark content that is valuable to them. (Baldauf et al., 2014, p. 97)

In my opinion, peer feedback is useful in the classroom where the teacher is present and

is able to moderate, therefore for suggestions for an improved learning platform, I would

like to focus on private feedback by the teacher to the students.

As already mentioned in section 1.3.4, quizzes can sometimes be graded automatically

by the system, for example when the questions are single choice, multiple choice or open

questions with a sample solution. This allows students to get feedback very quickly.

Open questions with no sample solution and other assignments have to be reviewed and

graded by the teacher manually.
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It should be possible for the teacher not only to grade students and save their learn-

ing progress, but also to write feedback comments for their students, such that they

get detailed and highly valuable information on their performance and suggestions for

improvements.

Another type of feedback are badges:

3.4.2 Badges

Badges can be used to reward students for exemplary course participation or work.

Baldauf et al. (2014, p. 97) describe badges as a �form of feedback� as a �virtual form of

recognition�, which is typically given to a student from a teacher as a reward.

Abramovich, Schunn, and Higashi (2013, p. 3) distinguish between Merit-badges and

video game achievements.

Merit-badges are knowledge or skill badges, which can be achieved by participants. It's

a feature of the United States' Boy and Girl scouts, where the children select the badge

they want to earn and the �goal of earning a badge will trigger an increase in motivation�.

Video game badges �allow players to earn recognition of their in-game achievements

outside of the game itself�. Xbox, for example, allows players to create their virtual

pro�le, which displays the di�erent game rewards earned through playing video games,

for other users. This should simply encourage users to play more.

Educational badges are a mix of the two di�erent models of badges. They can be earned

through �incidental activity in addition to mastery of skills or demonstration of knowl-

edge� and are usually displayed on users' pro�les outside the traditional educational

institutions, for example on the pro�le page of the learning management system.

Khan Academy has a lot of badges for students to earn. There are di�erent types of

badges, like badges for completing topic challenges, badges for hard work, impressive

dedication and badges for beginners. Figure 3.17 shows the di�erent types of badges in

Khan Academy, from left to right there are: Challenge Patches, which are special awards

for completing topic challenges; Black Hole Badges, which are the rarest, legendary and

unknown awards; Sun Badges, which are epic, because earning them is a true challenge

and they require impressive dedication; Earth Badges, which are rare, because they

73



3 Review of existing systems

require a signi�cant amount of learning; Moon Badges are uncommon and represent an

investment in learning and last Meteorite Badges, which are common and easy to earn,

when just getting started. (Khan Academy)

Figure 3.17: Several types of badges in Khan Academy

Students can always look at possible badges, decide what they want to achieve next and

work on earning it. See �gure 3.18 for some possible badges from the Moon category in

Khan Academy.

Figure 3.18: Some of the possible Moon Badges in Khan Academy

In Khan Academy, the avatar can change with the knowledge of the user. When users

earn energy points, after completing tasks, they unlock avatars in addition to earning

badges. The earned badges can be presented in a showcase on their pro�le page (see

section 3.2.1), which can be shared with the coach or with everyone in the community.

The success of earning a badge should motivate students and encourage them to learn

more.
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3.5 Summary

To summarize, here are some suggested features for an improved learning platform (be-

sides the main features described in section 1.3). The improved learning platform should

...

• ... have a simple user interface, which is intuitive and does not require training for

users.

• ... be a system, which is also available on mobile devices like tablets or smart

phones.

• ... have a noti�cation system, that apprises students of new contents, task and

feedback.

• ... have a pro�le page for every user, which introduces the user to other users

and also informs about relevant information concerning interests and goals in the

subject.

• ... involve students by giving them the right to post and contribute content, which

should increase their motivation and thus the learning success.

• ... support di�erent media types like videos, pictures, dynamic worksheets and

especially mathematical special characters and formulas.

• ... provide online status indicators for every user, which allows synchronous com-

munication and facilitates collaborative working.

• ... o�er collaboration tools which allow students to work together and enable social

learning.

• ...o�er feedback features, which allows valuable feedback to be given quickly and

easily.
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As already mentioned in the last section 3.5, suggestions for a learning platform within

GeoGebraTube should contain the main features of learning management systems and

learning platform described in section 1.3 as well as additional features from reviews

and literature in chapter 3. The �rst sections of this chapter will contain some informa-

tion about GeoGebra and GeoGebraTube and, afterwards, suggestions for an improved

learning platform will follow.

4.1 GeoGebra

GeoGebra1 is freely available software for learning, teaching and exploring mathemat-

ics. It is suitable for all levels of education and �brings together geometry, algebra,

spreadsheets, graphing, statistics and calculus in one easy-to-use package�. (GeoGebra,

About) You can install GeoGebra on your computer, or you can use the web application

or chrome app, if you don't want to install it2. Since summer 2013, GeoGebra is also

available on tablets, running in the three main operating systems Windows 8, iOS and

Android, and versions for smart phones are on their way.

The open source software project GeoGebra was started by Prof. Markus Hohenwarter,

who I am currently working with at Johannes Kepler University in Linz, Austria.

1Visit the GeoGebra website: www.geogebra.org
2Downloads available at: http://www.geogebra.org/download

Figure 4.1: GeoGebra Logo
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Figure 4.2: Current start page of GeoGebraTube (GeoGebra, Materials)

4.2 GeoGebraTube

GeoGebraTube is an online platform with about 300,000 public, interactive GeoGebra

materials, shared by almost 200,000 GeoGebra authors and used by millions of GeoGebra

users worldwide3.

By integrating a learning platform to GeoGebraTube, teachers should be able to orga-

nize their materials for school classes and share them with their students easily, create

exercises and tests online, push out information to all of their students at a time and

keep track of their students' progress, as well as give feedback on that progress.

For students, it will be easier to access materials shared by their teacher, and they should

be able to �nd help quickly, when problems arise, due to good communication tools. Due

to equal rights in sharing content, thoughts and feedback, students should get involved

and feel like an active part in the course and they should be able to keep track of their

due dates and learning results.

3Statistics retrieved on November 20th, 2015
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4.3 Suggestions

For a better overview, these suggestions will again be grouped according to the four

main functions of learning management systems and learning platforms: Administration

& class management, content creation & distribution, communication and assessment.

4.3.1 Administration & class management

First the focus will be on general administration functions of learning management sys-

tems and learning platforms, which are necessary to create, manage and organize an

online course. Later features mentioned in chapter 3 like user-friendliness, availability on

mobile devices and noti�cations are going to be introduced.

Roles and rights

For an improved learning platform in GeoGebraTube, there should be the two major

roles, teacher and student, which are available in every learning management system

looked at in section 1.3.1, roles and rights. Sometimes the teacher will also be called

administrator, creator or owner of the course, and students are sometimes also called

members of the course. Since it should be a system with a simple and easy to use user

interface (see section 3.1.1), things should not be made more complicated by adding a

lot of roles, which are rarely used.

There should also be a role �viewer�, which allows the users only to view the content of

the course; this is in contrast to the teacher and student, who can actively participate in

course activities. For example, a parent could have the viewer role.

Roles and right management can be customized in the �Group settings� (see �gure 4.5

on page 82) and on the �Members page� (see �gure 4.7 on page 84) di�erent roles can

be assigned to members of the group. A detailed description for these pages will follow

later on in this section.

As well as in other learning management systems and platforms, students should have

less rights in the group than a teacher, especially when it comes to managing the course.

But a big di�erence to other systems should be that also students have the right to share
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Figure 4.3: Log in screen in GeoGebraTube

ideas and content with the class and thus be encouraged to be active participants in their

learning environment (see section 3.2 and 3.2.2). In section 3.4.1 literature even suggests

that students should have the ability to give feedback on other students' contributions,

which would lead to an even more learner-centered platform.

Log in requirements

Most learning management systems and learning platforms require users to create an

account and log in to the system with their credentials (see section 1.3.1). From the

examined examples only Gooru allowed users to view resources without log in require-

ments.

In GeoGebraTube, it is also possible to view public materials without a GeoGebra ac-

count. In order to create and save materials online, users have to have a GeoGebra

account. So it is obvious that in order to create and enroll in a course within the learn-

ing platform, users need to create an account and sign in. This can be done very easily

by entering an email address, user name and a password, or even simpler by choosing to

sign in with an existing Google, O�ce 360, Microsoft, Facebook or Twitter account (see

�gure 4.3).
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Figure 4.4: Creating the group �Geometry�

Creating a class/course

After signing in, every GeoGebraTube user has the same rights to create GeoGebra

materials and courses. Since courses will be named groups in GeoGebraTube, the term

group is also used for a course or class in the following sections and will have exactly the

same meaning.

The simple and easy-to-use user interface design should be continued through the entire

learning platform, hence creating a group in GeoGebraTube should be very easy and

quick and it should not confuse the user with the addition of a lot of settings which can

be di�cult to navigate and know what they do (see �gure 1.5).

In order to create a group one should simply need to enter a group name and optionally

a description of the group (see �gure 4.4), which can be added or changed later on in the

group settings, see �gure 4.5.
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Group settings Most entries in the group settings are only available for the adminis-

trator of a group, not for members of the group, because they are used for managing the

group.

In addition to the group name, the description of the group and an header image, the

owner can also renew the group code and add further members (see details in the following

section �Add students to a course�). The viewing link allows the role �viewer� in the

learning platform and it is used by users, which are neither members nor creator of the

group, to view the content by entering the viewing link in the address bar of the internet

browser. Note that this will only work for Public or Shared groups, see privacy settings

later in this section.

As already mentioned in the previous chapter (see section 3.2), an improved learning

platform should allow students to share thoughts and content as well. However the

teacher or owner of the course should have the possibility to change the rights he/she

wants to give to students or members, so it can be chosen if only owners should be able

to post, owners and members may post or all users within the GeoGebra community are

allowed to post in the course (for example if viewers should be allowed to post too).

Email noti�cation settings can be also set in the group settings. Not every user wants to

receive noti�cations on every event in every course, so users can specify their preferred

noti�cations and their preferred noti�cation frequency. Noti�cations can vary for di�erent

users, because owners would like to have noti�cations of new group members, students

would like to get noti�ed on feedback from the teacher, etc. The frequency varies from

immediately, where the noti�cation email is sent right away to weekly, where the user gets

a summary about the happenings once a week. See section 4.3.1 for detailed information

on noti�cations.

Last but not least, the owner of the group should be able to set privacy settings for

his/her group, which will specify who is able to view the group. The possibilities are

�public�, where every user of the community can �nd and view the group, �shared with

link�, where only users with the viewing link can �nd the group and �private�, where only

members of the group can �nd and view the group. Which leads to the next section,

where adding members to a group will be discussed.
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Figure 4.5: Group settings for �Geometry� (Teacher view)
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Figure 4.6: First steps for teacher in new course �Geometry�

Add students to a course

Once a course is created a �First-step-tour� should help the users with their �rst activities

in their course (see section 3.1.1 for details). Figure 4.6 shows the group overview page

right after the creation of the group. Step 1, for example, helps the teacher adding

students to the group, step 2 will guide the teacher in the creation of his/her �rst post

and in step 3 the teacher will get a short overview tour through the system. There should

be a tour for students as well, which will look slightly di�erent.

The creator of the course can now add students or also called members either by manual

enrollment or self enrollment (see section 1.3.1). To recollect quickly, with manual

enrollment the teacher adds students to the course manually, by entering email addresses,

or by entering their user names if students are already registered in the system. While

with self enrollment, a unique group code is generated and students have to know and
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Figure 4.7: Members page in course �Geometry�

enter that code in order to get access to the course. Regardless if the group is private or

shared, with the link, students will be able to join the group by entering the group code.

A feature where a whole list of students is added to the group at once could be considered,

like it is o�ered by Google Classroom (see section 1.3.1). It would speed up things if a

lot of students need to be added to courses often, e.g. a teacher wants to create a group

for his school class with 24 students every year. But manual enrollment can be done

very quickly too, because all the students get the group code and enroll themselves, so

an option to create and invite a list of students is not really necessary.

New course members will be automatically listed on the members page (see �gure 4.7),

no further approving should be necessary, since things should kept easy and simple (see

section 3.1.1). Students that are invited by manual enrollment will be pending until they

accept the invitation (see �gure 4.7).
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Members page On the members page, the teacher will have the possibility to add

further students and update the group code, if desired. As soon as students are members

of the course, several options will be available for the teacher, such as look at the students'

learning progress by clicking on the tick in line of the student's name, sending a message

to one student or all of them, muting a student, when the student should no longer

be able to contribute content to the course and of course, the teacher is always able to

remove a student from the course by clicking the recycle bin.

The drop down box in �gure 4.7 is used for role and right management and will be set

to �Student� by default for every member added to the course; but it can be changed to

�Teacher�, if another user should be able to manage the course.

Another important element visible in that view is the green or grey circle next to the name

of every user in the course. This is an important feature for a social learning enhancing

platform and is called online status indicator (see section 3.3.1). It allows users to see if

other users are currently online and should facilitate communication between the course

members, as well as beyond the borders of the class (see section 4.3.3).

User-friendliness

According to surveys cited in section 3.1.1 some users are not very satis�ed with user-

friendliness in their learning management system or learning platform. One mentioned

reason is that there are �zillions of features we do not need� which are �badly designed

and cumbersome�. The solutions introduced in section 3.1.1 are small �First-steps-tours�

(see �gure 4.6 on page 83), which help the user get to know the most important features

right after creating a course, and to only have important features and no unessential

tools, which make everything complicated and are not needed.

Here is a summary of suggestions for improvements regarding user-friendliness, which are

mentioned in this chapter and should be kept in mind for suggestions for an improved

learning platform:

• Avoid having a lot of unnecessary roles, only have roles such as �teacher�, �student�

and �viewer�.

• Allow quick easy creation of courses by only asking for name and an optional

description in contrast to �lling out long lists of settings.
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• Provide users a guide to help them when they �rst setup a course (see �gure 4.6).

• Make the system available and user-friendly on mobile devices, see following para-

graph.

• Provide noti�cations for users to inform them about new content.

• Allow quick and easy creation of content.

• Only a few self-explained question types will be provided for quizzes.

• Allow quick and easy feedback.

At this point, no further details are mentioned, because details are pointed out in sections

about the individual pages. The general rule is to keep everything easy and simple by

providing just a few pages and a few settings which should be very intuitive for the

users. A page structure model for an improved learning platform is Google Classroom,

explained in section 3.1.1, because this example has very few pages and it's focus is on

important features, which are furthermore in my opinion very easy and intuitive.

Availability on mobile devices

Another very important detail when it comes to user interface, is the availability on

mobile devices, because the number of mobile devices is continuously growing (see section

3.1.2). Therefore it is mandatory for an improved learning platform to be available and

easy to use also on mobile devices. I would like to point out �easy to use� because a

lot of learning management systems and learning platforms are available (can be viewed

and used) on mobile devices, but are very cumbersome in their usability, which can make

them almost useless.

Some learning platforms (e.g. Google Classroom) are providing their users access via

an application (app), created and designed especially for smart phones and other mobile

devices. That would be the perfect solution of course, but there is another way, namely

to provide responsive design, which adjusts automatically depending on the screen size

and thus works for big desktop computer screens as well as for mobile devices with very

small screens. However, the means of making it mobile device friendly doesn't really

matter to the users, what is important to them, is what it looks like, so here are a few

suggestions how an improved learning platform could look on a smart phone.
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Figure 4.8: Login, �rst steps and members page on a smart phone

Figure 4.8 shows the already introduced log in page, �rst steps and the members page.

Note that there are only slight di�erences for the phone design, like e.g. the description

of the tabs is omitted for not opened tabs in order to save space and the options for the

students are only available after selecting a student to prevent an overloaded page.

Noti�cations

As already mentioned in section 3.1.3, noti�cations are a very desirable feature in learn-

ing platforms. To summarize the �ndings in section 3.1.3, there are di�erent types of

noti�cations, for example Khan Academy o�ers noti�cations in form of a pop up within

the learning platform (in-app noti�cations) and Google Classroom sends out email noti-

�cations (push noti�cations) to apprise users of new content and tasks.

For an improved learning management system, it is bene�cial to have both noti�cation

types in place, because �In-app noti�cations will help you increase user engagement in

your App.� (Shukla) and push noti�cations allow you to notify users even when they are

not logged into the learning platform. When the user is currently online and actively

participating within the learning platform, he/she should be apprised of any occurring

event. But for push noti�cations, users should be able to adjust the noti�cation settings

according to their preferences and needs, like Baldauf et al. (2014, p. 98) suggest. The
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group settings already provided insight into some of the push noti�cation settings, which

will be email noti�cations like in Google Classroom or Moodle.

Detailed information about di�erent noti�cation events for the di�erent roles within an

improved learning platform will follow.

Available noti�cations for owners (teachers)

• Notify me of new post (only available if there is more than one owner, or posting

is allowed for �Members and Owners� or �All users�)

• Notify me of new comments

• Notify me of new group members

• Notify me of new message

• Notify me of assignments which are ready for feedback

Available noti�cations for members (students)

• Notify me of new post

• Notify me of new comments

• Notify me of new feedback on assignment

• Notify me of new message

Frequency of noti�cations

• Immediately - You will receive a noti�cation immediately.

• Hourly - You will receive a summary at most once an hour.

• Daily - You will receive a summary at most once a day.

• Weekly - You will receive a summary at most once a week.

Automatic push noti�cations for smart phones are not included in this improved learning

platform, but as an alternative solution users can select immediate noti�cation frequency

and receive noti�cations via email on their smart phones right away.
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4.3.2 Content creation & distribution

Once a course is created and all members have been added successfully, the next step is to

create and/or share content with other course members. Number two of the �First-steps-

tour� will help the teacher with that. Depending on the learning management system, it

allows the creation of di�erent kinds of content, like simple text elements, links to web

pages and �les, collections of learning materials, as well as assignments and quizzes, and

they all let teachers share such content with their students (see section 1.3.2). Often

images, videos and other media types can be shared with students as well.

For an improved learning platform within GeoGebraTube, it is desired that the envi-

ronment is more student-centered and that it also encourages students to participate

and share content with other users (see section 3.2). They should be able to present

themselves by giving them the opportunity to enter information on a pro�le page; they

should also have the right to share content on a class discussion board and furthermore

collaborative working should be supported.

Especially in mathematics education, it is very important to support special mathemati-

cal characters. For �ipped classroom, it is also bene�cial that videos can be shown within

the learning platform.

The following paragraphs will describe suggestions of an improved student-centered learn-

ing platform and how content is created and shared.

Pro�le

As already mentioned in the previous chapter (see section 3.2.1), pro�le pages are used

primarily as a way for users to introduce themselves to other users of the learning com-

munity. I would like to point out an advantage of having a learning platform instead of a

learning management system here, because one platform for an entire learning commu-

nity allows users to represent one's characteristics and get to know each other beyond

institutional, classroom and even country borders, which further allows them to �nd

other users with similar interests all over the world and exchange ideas, which should

lead to users being highly motivated to participate in the learning environment and work

together, e.g. teachers can share teaching materials with each other, students can have

tutor groups, etc.
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Badges (see section 3.4.2 and section 4.3.4) should be visible on users pro�le pages to

increase users' motivation even more by rewarding skills, commitment and contribution

in the learning community (see �gure 4.9). They are also used to give information about

a user, e.g. if somebody needs help in a speci�c topic, skill badges can facilitate �nding

a user with those skills, certi�cation badges can tell other users about the quality of the

work a user is doing, etc.

Figure 4.9: A part of a user's pro�le in GeoGebraTube

Figure 4.9 shows a suggestion for a user's (Stefanie Bogner's) pro�le in GeoGebraTube.

It should be kept very simple and contain only the name of the user, a pro�le picture

and the badges achieved by the user.

Additional information (suggested in section 3.2.1) like interests, mastery and goals, or

anything else the user wants to share with the community should not be visible on the

pro�le page by default, but can be shown by clicking on �Want to know more?�. Because

the pro�le will be visible for the entire community, there will be no section for course

related information.

In �gure 4.9 there is again an online status indicator (next to the name of the user), which

indicates if the user is currently online or not (see 3.3.1). There is information about the

number of followers and a �follow� button, which allows any other user to subscribe to

the user's channel thus follow newest activities like new materials and posts4. There is

also a �send message� button, which allows users to get in contact very easily and which

is an important feature for a social learning enhancing learning platform.

As already mentioned, GeoGebraTube is the GeoGebra material sharing platform, there-

fore materials have an important role within the platform. So in addition, the user's

materials will be displayed on the user's pro�le page as well as the user's favorites, fol-

lowers and so on. This already goes far beyond course borders, therefore further details

about favorites and followers won't be discussed in this thesis.

4Details to the �follow� functionality will not be explained in this work
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Learning materials But there are some noteworthy details about GeoGebra learning

materials. GeoGebraTube o�ers two main types of learning materials. There are GeoGe-

bra worksheets, containing texts, images, GeoGebra applets, videos, web links, questions

and exercises (further details will follow later on in this section in �Collaborative work�)

and there are GeoGebraBooks, which are a collection of several worksheets and which

can be arranged in chapters.

Creating these learning materials is completely independent from courses, they are saved

in a personal library, which is shown on one's pro�le page. Therefore these materials can

be added to more than one course. Even other users' materials can be added to one's

course, which is a big advantage against other learning platform and especially learning

management systems. Teachers now don't have to create all their mathematical materials

by themselves anymore, they can choose and use other teachers materials and even modify

them according to their needs. In order to foster teachers to share their materials with the

entire learning community, badges will reward hard work and participation (see section

4.3.4, �Badges�).

Class discussion board

There is a big trend for including a class discussion board, which is used to distribute

content via posting announcements and assignments (see section 3.2.2) in a more student-

centered way of utilization, where students are allowed to post and comment. It can

even be used for communication purposes. And that is exactly what Baldauf et al.

(2014) suggest for an improved learning platform - a news feed or class discussion board,

where everybody is encouraged to contribute anything class-related and which should

encourage casual interaction between students and help them build relationships outside

the classroom (see section 3.2.2).

However , as recommended by some people, it cannot �t the needs of all courses, therefore

these settings can be changed in the group settings, as shown in the previous section 4.3.1.

Figure 4.10 shows a student post, where a student is looking for a teammate for a

task. Each post usually contains a title, an optional description to explain details on an

announcement and it may contain GeoGebra materials and additional media types.

Commenting is allowed for anyone with access to the group and it is a way to give public

answers or feedback to a post. Further details on feedback will be discussed in section

4.3.4.
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Figure 4.10: New student post in class discussion board

Work collaborative

There are many reasons to allow collaborative work in a learning platform. It makes

it easy for users to work together online, outside the classroom and collaborative work

allows users to gain social skills. Therefore, it is also worthwhile to integrate collaborative

tools within an enhanced learning platform.

Users could work collaboratively on materials e.g. worksheets or books in GeoGebraTube,

where texts, GeoGebra applets, videos, pictures, PDFs, web pages, exercises and ques-

tions can be inserted (see �gure 4.11 and �gure 4.12).

Figure 4.11: Elements which can be inserted in a GeoGebra worksheet

A history will save the progress and allow users to go back in time and restore a previous

version, in case an accident happens. Like the example in section 3.2.3 there could be
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Figure 4.12: Task elements which can be inserted in a GeoGebra worksheet

di�erent levels of permission, e.g. can edit, can comment or can view only.

Figure 4.13: Students working collaboratively on a GeoGebra worksheet

Figure 4.13 shows a screen with students working collaboratively on their research paper

about Pythagorean Number Triples. The �rst header shows the logged in user and some

options, like add a new element to the worksheet and a button to preview the worksheet.

The second header is a special collaboration header, where users are shown which have the

document opened at the moment. The option icon on the right side of the collaboration

header allows to set further options concerning collaboration, for example, to set editing

rights for further users and it allows to open additional views like the editing history.

In the worksheet settings, the visibility of the worksheet can be set to private, shared or

public, which work essentially like the privacy settings for groups. When the worksheet is

private it will be only visible for the users with edit rights, when the worksheet is shared

only users with the direct link can access the worksheet, and public means that it can be

also found in the GeoGebraTube platform search. Private worksheets don't make sense
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in groups, where users should share their work with others so, as a standard, the privacy

setting is set to shared automatically as soon as the worksheet is added to a group, such

that it is visible for all the group members.

The green and purple bars to the left side of the heading and a paragraph show that those

elements are currently being edited by other users. The colors indicate which paragraphs

are being edited and it will be locked until the users are done with their changes. All

the changes will be saved automatically and previous versions can be restored with the

editing history.

Working collaboratively on GeoGebra applets would be another important feature to

consider, but it won't be further discussed in this thesis.

Di�erent media types and special characters

As already shown in �gures 4.11, 4.13 and written in the last paragraph, images, videos,

applets, text, web links, exercises and questions can be inserted in GeoGebra worksheets

and these worksheets can be shared with students. So a lot of the suggested media types

mentioned in section 3.2.4 are supported.

However, sometimes teachers just want to share a short text and a video with their

students and don't want to create an entire worksheet just for this, so it should be

possible to share media types directly within a post on the class discussion board, like

in �gure 4.14.

By clicking on the video, it should be shown within the group stream as a pop up (see

�gure 4.15), so it is very simple and easy and no navigation to external pages is required

and closing the video should just let the user end up exactly where she/he left the group

stream.

As already mentioned in section 3.2.4 in learning platforms used for mathematics it is

extremely important to have special mathematical characters available. Like in e.g. Moo-

dle all the editors in GeoGebraTube, on the class discussion board and in worksheets,

should have besides standard text formatting functions a mathematical symbol exten-

sion as well, where basic mathematical characters, greek letters, operators, relationships,

arrows, delimiters and other other special mathematical characters can be inserted, see

�gure 4.16.
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Figure 4.14: Post with a YouTube video attached
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Figure 4.15: Playing YouTube video in group stream

Figure 4.16: Math editor in GeoGebraTube
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Figure 4.17: Online status indicator on members page

4.3.3 Communication

In section 1.3.3 asynchronous and synchronous communication have been introduced with

their advantages and disadvantages. An improved learning platform should o�er both

communication types for its' users and let them choose which one to use according to

their current needs.

Most learning platforms o�er the class discussion board as a communication tool, and it

is very helpful if a user wants to communicate something to all members of the course at

once. However private messaging and in particular synchronous communication is also

desired in an improved learning platform and this thesis has revealed in section 3.3.1 that

an online status indicator can help facilitating that.

Online status indicator

The online status indicator was already mentioned in a previous section, when the mem-

bers page has been introduced. Figure 4.17 shows a detail of the members page. The

green circles indicate that the user is online, which means he or she is currently logged

into the system, the white circle with grey border indicates that this user is currently

o�ine, which means that he or she is not logged into the system right now and thus

is not available for synchronous communication. Messages sent to o�ine users will be

available for them at the next log in, but if the user has set immediate email noti�cations

for messages, he or she can be informed of new messages instantly via email.

97



4 Suggestions for GeoGebraTube

4.3.4 Assessment

In suggestions for an improved learning platform within GeoGebraTube there will be

two types of assessment tools available: quizzes and exercises, which are grouped into the

umbrella terms assignment or task. Feedback can be given automatically for single choice

questions, multiple choice questions and open text questions with a sample solution, and

enable self evaluation for students. Manual feedback by the teacher will be required for

open text questions with no sample solution and exercises. The following paragraphs will

explain everything in detail.

Quizzes

In contrast to the big selection of question types in Moodle (shown in �gure 1.12 on page

21), the improved learning platform should only provide three di�erent question types

for now, which should absolutely su�cient for a mathematical learning platform.

Questions for quizzes can be created within a GeoGebra worksheet, which can be inserted

in a GeoGebraBook. It is very �exible to have questions in a GeoGebra worksheet,

because worksheets can also contain other content types for example text, images, videos,

web links (see the previous section of this chapter: �Di�erent media types and special

characters�), so it is possible to give some instructions and explanations prior to a quiz.

As described in another previous section of this chapter �Work collaborative�, it is also

possible to work collaboratively on these worksheets, so teachers could work on quizzes

together.

A question can be simply created in a GeoGebra worksheet by clicking the question

element which can be found in the sub menu after clicking the �+� - symbol in the

headerbar or by clicking the �add element� button.

Figure 4.18 shows an added open text question element in a GeoGebra worksheet. The

selected question type is �text�, which allows the creator to ask a question and write

a sample solution below. It is important for self evaluation that a sample solution is

provided by the teacher. Details on self evaluation will follow later on in this section in

the paragraph about �Feedback�.

The other two available question types are single choice questions and multiple choice

questions. For these two question types the correct answers are marked by the creator
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Figure 4.18: Adding a question element to a GeoGebra worksheet

Figure 4.19: Example for a text and multiple choice question in a GeoGebra worksheet

and the system will do the correction automatically, either in self evaluation mode, where

the student can check his/her answers immediately, or in teacher evaluation mode, where

the teacher needs to release the feedback. Figure 4.19 shows the just created text question

from �gure 4.18 and a new created multiple choice question.

Exercises

Exercises can be also inserted in GeoGebra worksheets. Exercises are tasks for students,

which they have to do in GeoGebra, e.g. construct a right triangle. For a �rst version of

an improved learning platform it is planned that the exercises are evaluated and graded by

the teacher but, in the future, it should be possible to check and grade the constructions

automatically by the system. Figure 4.20 shows an exercise being created in a GeoGebra
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Figure 4.20: Example for an exercise in a GeoGebra worksheet

worksheet.

Assignments

Like in other learning management systems and learning platforms, assignments is an

umbrella term for all tasks given by the teacher to his or her students within the learning

platform, which can be reviewed, commented and graded by the teacher and thus used

to keep track of the students progress.

In an improved learning platform, assignments will be shared as posts on the class dis-

cussion board because there it will be available for all members of the course. Students

who have enabled immediate email noti�cation settings for posts will be informed via

email right away when a post is created.

In order to create an assignment or task in a course, the teacher has to add a GeoGebra

worksheet, containing at least one question or exercise element. This will make the

assignment appear in the students' list for assignments and on the teachers' feedback

page. As well as in other learning management systems and learning platforms a due

date can be added for the assignment.

Figure 4.21 shows a teacher creating a new assignment for his/her students above an

already existing announcement. Below the title there is the option for adding a due
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Figure 4.21: New post on the class discussion board

date, so students know when they should �nish their task. An optional description can

be entered to explain details on the assignment. The �Add Element� button allows the

addition of more materials, videos or images to the post. The options next to the material

enable and disable self evaluation, which will be explained in the following paragraph,

they also allow editing of the material (which works only for own materials) and to

remove the material from the post.

Right after posting the assignment it will be visible for students on their �assignments�

page, where they can easily keep an overview about open and completed assignments in

their course. It will also become visible on the teachers �feedback� page, where they can

keep an overview about how many students have seen, started, completed an assignment

as well as which assignments need to be reviewed and which have been graded already.

If a teacher wants to prepare a post but keep it invisible, the eye symbol can be used to

101



4 Suggestions for GeoGebraTube

toggle the visibility of the post.

Feedback

As already mentioned in previous paragraphs of this section, in an improved learning

platform in GeoGebraTube there should be self evaluation, teacher evaluation and peer

feedback as possible feedback types.

Self evaluation I would like to start o� and explain the self evaluation in detail �rst,

where students can compare their solutions with provided solutions from the teacher.

The previous example �Repetition� will be used to illustrate the di�erences. Usually in

assignments with self evaluation students can do the tasks as many times as they want

to. Figure 4.22 shows a student doing a self evaluation quiz, where the �Check answers�

button is already being clicked. The student can see the solutions provided by the teacher

immediately and can decide to try again, to improve his/her score. Self evaluation is very

good for training, which is not needed for grading, because students can get feedback

right away and learn from their mistakes.

Figure 4.22: Student checking a self evaluation quiz
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The teacher will get an overview about how many students have worked on the assignment

in self evaluation mode on the feedback page, see �gure 4.23. A blank page symbolizes

that this student hasn't looked at the exercise yet. A page with three lines indicates that

the student has already started to work on this assignment or completed it at least once.

By clicking on the corresponding table cell, the teacher can go to the worksheet and see

the student's last modi�cations and he or she can also leave a comment for the student.

Figure 4.23: Feedback overview for teacher, assignment with self evaluation

Teacher evaluation This type of evaluation is used when the teacher wants to use the

assignment for grading. For the student, the di�erence is found when he or she opens the

assignment the answers cannot be checked right away instead the student can only save

his or her answers and close the worksheet, see 4.24. After answering all the questions and

saving the progress, the student can �nd the assignment in the completed assignments

tab on the assignments overview page.

Now the teacher is responsible for giving feedback to the student on the assignment.

Simple and multiple choice questions are automatically graded by the system, but the

teacher still needs to release the results and give feedback on open text questions and
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Figure 4.24: Student doing a teacher evaluation assignment

exercises. Feedback can be given by choosing one of �ve smileys with an emotion range

from happy to sad and by adding comments.

After the teacher is done with grading the assignment, the student will be noti�ed that

the assignment has been graded and the teacher will see the average grade for all the

questions and exercises within that assignment on the feedback page in the corresponding

table cell, see �gure 4.25.

Peer feedback Another type of feedback within an improved learning platform is peer

feedback. Members of the course can give feedback via comments on the class discussion

board. As already mentioned, it is necessary to allow members to share content on the

class discussion board in the group settings otherwise students will not be able to post.

As soon as it is enabled, members of the course can create their own posts and add

videos, images and learning materials to posts. For example, this could be a way to hand

in a GeoGebra worksheets about the Pythagorean Number Triples introduced in section

2.3.10. Other students will be able to see the shared material and can comment on it,

see �gure 4.26.
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Figure 4.25: Feedback overview for teacher with assignment with teacher evaluation

In section 3.4.1 it is described how valuable peer feedback can be if it is practiced in a good

way. The teacher should make sure to clarify feedback rules, such that it is respectful

towards other students and not insulting. In case of disciplinary problems, it is always

possible for the teacher to delete comments made by students and to �mute� a student,

which essentially denies him or her every right of contribution to the course. Further

problems mentioned in section 3.4.1 are that it can be hard, especially for shy students,

to overcome the anxiety about giving and receiving feedback in particular when it is

negative and that it is hard to ensure reliability. That's why the main focus is being kept

on private feedback by the teacher for the suggestions of an improved learning platform.

Badges

Badges like in Khan Academy for rewarding exemplary course participation are not

planned to be part of the improved learning platform within GeoGebraTube. As al-

ready mentioned in the previous section about users' pro�le pages, badges will be used

as rewards within the entire learning community, visible for all users of the learning
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Figure 4.26: Students posting their paper on Pythagorean Number Triples and receiving
feedback from other students

community and they are given by GeoGebraTube system and shown on users' pro�le

pages.

Due to the fact that they are used for the entire learning community and not just within

a group, badges on GeoGebraTube exceed the topic of this thesis, so they will be just

introduced very brie�y. Figure 4.27 shows six di�erent types of badges: The community

badge, the follower badge, the contributor badge, the speaker badge, the guru badge and

the networker badge from the left to the right. For the di�erent badge types users can

furthermore achieve di�erent levels.

Figure 4.27: Badges within GeoGebraTube
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The badges are mostly used to encourage user participation within the GeoGebraTube

ecosystem and also to facilitate �nding other users with good quality materials.

• The community badge (purple) will reward users, who are very active participants

in the regional and global GeoGebra community, for example users who translate

texts or write blog posts.

• The follower badge (blue) will reward users with a lot of followers. A lot of followers

mean usually that the user creates a lot of good GeoGebra materials, so this might

help other users �nding good quality materials.

• The contributor badge (dark green) will reward users for creating and sharing

GeoGebra materials. That doesn't necessarily have to mean that they are also

good quality, but users are being rewarded for hard work.

• The speaker badge (light green) marks users who �speak� about GeoGebra, e.g. give

classes or seminars. They give an hint about the user's knowledge about GeoGebra.

• The guru badge (orange) will be given to users, whose materials are shared, copied

and discussed a lot. So this badge is also an indicator for good quality materials.

• Finally, the networker badge (red) will reward users who spend a lot of time in the

GeoGebra ecosystem.

In the future it is also planned to have badges for di�erent skills, so it is easier for other

users to �nd help on a certain topic, this can help users to �nd assistance for certain

problems easier.
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The goal of this thesis was to get ideas for suggestions for an improved learning platform in

GeoGebraTube. First, in chapter 1, learning management systems and learning platforms

and their characteristics were introduced. Although these systems have some di�erences,

most of them have the following four main purposes: They are used for Administration &

class management (see section 1.3.1), Content creation & distribution (see section 1.3.2),

Communication (see section 1.3.3) and Assessment (see section 1.3.4).

The main di�erence between learning management systems and learning platforms is

that learning management systems require a separate installation for every institution,

in contrast to a learning platform, where di�erent institutions and users can use one

platform together.

Also di�erent �elds of applications were explained (see section 1.4), such as �Online

courses�, where the entire content of the course is delivered via the internet (for exam-

ple MOOCs), �Hybrid or blended courses�, which are delivered in face-to-face contact

as well as online (for example Flipped classroom) and �Technology-enhanced courses�,

where most of the content is delivered face-to-face in a classroom, but they incorporate

technology elements in form of a distance learning tool.

In order to �nd suggestions for an improved learning platform, a concrete example about

the Pythagorean Theorem helped specifying the needed features and improvements. This

example of K-12 education was introduced in chapter 2, after desired learning goals were

determined. Besides mathematical skills, the Austrian curriculum for mathematics edu-

cation requires students to also gain personal and social skills, taught by their teachers

with didactic principles. For example, students should be able to work in a team, coop-

erate, communicate, take over social responsibility, have the ability to judge critically,

etc. (see details in section 2.1)

Learning theories, which can facilitate in achieving those goals, were introduced in 2.2

and were kept in mind while developing a K-12 education example and suggestions for an
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improved learning platform. The example of K-12 education in chapter 2 was about the

�Pythagorean Theorem� and designed as a �ipped classroom example, where students

had to work on tasks at home within their distance learning tool and the valuable time

in the classroom was mainly used for discussions, explorations and presentations (see

section 2.3).

Based on that example, literature and existing learning management systems and learn-

ing platforms were reviewed in chapter 3, which gave ideas on how learning management

systems and learning platforms can be improved to enhance learning and motivate stu-

dents to be active participants in order to best achieve the above named learning goals.

An improved learning platform should have a very simple user-interface (see section

3.1.1) with a design suitable for mobile devices (see section 3.1.2). Noti�cations should

apprise users of new content, tasks and feedback (see section 3.1.3), pro�le pages (see

section 3.2.1) and badges (see section 3.4.2) should allow users to get to know each other

and encourage them to work together with people all over the world. Collaborative

features should be available so users can work together on a worksheet at the same

time (see section 3.2.3), always connected through improved communication tools like a

messaging function with an online status indicator (see section 3.3.1). Di�erent media

types and mathematical special characters should be available in worksheets and even

in the description of posts (see section 3.2.4). It should be possible to give feedback

for students quickly and easily (see section 3.4.1). The student-centered concept of the

learning platform should encourage and motivate students to be active participants in

the environment.

Finally, in chapter 4, suggestions for such an improved learning platform within Ge-

oGebraTube were introduced. They were structured again according to the four main

purposes of learning management systems and learning platforms: Administration & class

management (section 4.3.1), Content creation & distribution (section 4.3.2), Communication

(section 4.3.3) and Assessment (section 4.3.4). Mock-ups showed what the di�erent pages

could look like on a desktop computer and on a smart phone, when going through all

the steps from logging in, creating a group, managing the group, creating and sharing

content and giving feedback.

Future tasks would be to implement an improved mathematical learning platform within

GeoGebraTube and test the assumptions made in this thesis in real live mathematics

education. I am sure that this will bring up further ideas and suggestions to improve the
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learning platform even more. The improvement of learning platforms is never done, it is

a never-ending process and I am excited to be part of it.
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