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SUMMARY: The aim of the Theoretical Framework is to introduce ASYMPTOTE and
explore its potential implementations in ~ Mathematics education. In this process:
The continuum of educational settings is introduced, the role of the teacher in
Technology Enhanced Learning concepts is defin
various educational settings are described. Moreover, onli  ne pedagogy theoretical
frameworks such as the Community of Inquiry and mobile learning pedagogy are
presented as the base to the identification of the pedagogical model specifically
designed for ASYMPTOTE. Briefly outlined are also learning design princip les and
online teaching and feedback strategies. Lastly, the technical characteristics of the
system are presented and more specifically the sequencing of tasks, the Learning
graph construction and the adaptivity features of ASYMPTOTE.

KEYWORDS: Mathemati cs education, Technology Enhanced Learning, online
pedagogy, Community of Inquiry, mobile learning, task design, learning graph,
adaptivity .
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Aim
The aim of this chapter is to introduce ASYMPTOTE and explore its potential

implementations in Mathematics education. In this process:

educational settings will be elaborated as a continuum from face to face to
online teaching and learning

the concepts of Technology Enhanced Learning will be presented and
analysed, while clarifyi ng the definition of mobile learning.

the role of the teacher in Technology Enhanced Learning concepts  will be
defined and the case of ecoshock when moving to online teaching will be
briefly outlined.

Key Competencies and Skills

In this chapter you will have the opportunity to learn about face to face Technology
Enhanced Learning, Blended Learning, and Online Learning concepts.

You wi || explore ASYMPTOTEAS possibilitie
incorporated in the concepts of Technology Enhanced  Learning.

Keywords

ASYMPTOTE, Technology Enhanced Learning, Mathematics education
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Corona pandemic brought major challenges to the educational system (Barlovits
et al., 2021; Mishra et al., 2020; Zhang et al., 2020). Both teachers and students
had to adapt to a new reality since teaching and learning were conducted, for a
long period of time, mostly remotely, synchronously and/or asynchronously
(Barlovits et al., 2021; Mishra et al., 2020; Zhang et al., 2020).

This crisis forced teachers, all around the world, to restructure their teaching

processes, basing them mainly on digital media and the Internet (Crompton et al.,

2021). They had to adjust and find solution s to overcome rising problems (Aldon,

Cusi et al., 2021), maintaining the continuity in education, in its new form (Hall et

al., 2020). In parallel, students and parents were also challenged, as many of them

di dnAt have t he exper i enc edjustoto/thsn suddenh h e means
technologically driven change (Agostinelli et al., 2020). The new reality required a

hi gh degr ee o forganizatiah aml sef /& managlerent, which for many

was not an easy task. The above resulted in an increase in learning g aps and

inequality (Agostinelli et al., 2020).

The difficulties mentioned above were also evident in Mathematics education,
where the integration of technological means in the teaching process was more
conservative, in the previous years (Chronaki, & Matos , 2014). In a recent study
that was conducted by Barlovits et al. (2021), Mathematics teachers from Germany
and Spain, reported that some of the problems they faced during the shift in
educational processes due to Covid -19, were pertaining to the technical
equipment, feedback, lack of personal contact and assessment. Especially the lack
of personal contact was reported as a main challenge from teachers in Spain.

On the positive side, these new challenges inspired half of the teachers, in the
study mentione d above, to integrate more digital tools and media in their teaching
process, after returning to the classrooms (Barlovits et al., 2021). Specifically,
teachers in Germany, reported an increase in the digitalization of educational
materials and the use of learning software and platforms, while more than half of
the teachers in Spain, mentioned an increase in the use of digital media in their
math lessons, outlining the importance of learning platforms (Barlovits et al.,
2021). As it seems, the sudden need o f integrating technology in the educational
processes, due to Covid -19, formed new patterns and introduced new practices in
Mathematics education.
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ADDITIONAL READING MATERIAL

Barl ovits, S. , J @. bLudwig,s\K, i& ,Reci8,.T, (20214 Zemahing
from a Distance ? Math Lessons during COVID -19 in Germany and Spain.
Education Sciences, 11(8), 406.

This new reality in Mathematics, and the already mentioned problems that the

pandemic arose, inspired the formation of the ASYMPTOTE project. ASYMPTOTE

st ands Adaptive S¥nhchronous Mathematics learning PaThs for Online

Teachingin Eur opej and was created in an effort to ¢
learning in Mathematics education (Barlovits et al., 2022) , like the lack of personal

support and direct feedback and the increased consequential self  -organization.

The technical starting point of the ASYMPTOTE project has been the already
existing and successfully used MathCityMap (MCM) system. MCM has been
developed at Goethe University Frankfurt as a system for experiencing
mathematical trails (Ludwig, & Jablonski, 2019). The ASYMPTOTE project adapted
the MCM system to meet the new challenges of distance learning. It transform ed
the concept of straight outdoor learning trails into a concept of branched, adaptive
online learning graphs . The ASYMPTOTE system consists of a web portal and an
app. Both are available free of charge and are GDPRcompliant. The ASYMPTOTE
app run s on Andro id and iOS mobile devices.

ASY MP T (dedighams mainly to enable teachers to conduct synchronous and
adaptive online teaching and learning processes in Mathematics. Here, students
need only a smartphone or tablet and an internet connection, minimizing
participatory barriers. The web portal provides access to a repository of tasks,
including task formulation, hints, and sample solution, on different learning topics
for primary, secondary and university level Mathematics. Tasks in ASYMPTOTE are
divided int o 3 broad categories regarding their focus: training, reasoning,
modelling (more in chapter 3.5)

Through the web portal teachers can search for, and select existing tasks, or create

their own in order to design a task sequence with multiple levels of diffi culty, for a

specific topic of Mathematics - or a learning graph as it is called in ASYMPTOTE

(more in chapter 3.5). Concurrently, the students through the app will be able to

see the available tasks that the teacher has set for them and go through them,

having systematic, synchronous feedback on their entered solutions. Meanwhile,
thereward-based system applied, facilitates student
app in the gamification spectrum of education.

ASYMPTOTHoject Deliverabl®.106.01 [6]
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Moreover, ASYMPTOTE provides a Digital Classroom mode that offers the
possibility of direct communication between the teacher and the students and
between groups of students assigned by the teacher.  One of the main challenges
in self-guided distance learning is the possibility to provide individual feedback as

a teacher. Larmann et al. (2021) showed that students using MCM with distance
education tasks (MCM@home) used the chat to ask the teacher conte nt questions
without prior initiation. This observation highlights the importance and
acceptance of this communication channel. Based on these experiences made
with the MathCityMap system, ASYMPTOTE offers a teacher -student chat, too.
Concerning the differ ent types of feedback, the chat allows teachers to make
valuable evaluative and explanatory comments ( Hattie, 2007 ; Larmann, et al.,
2021) in a synchronous online environment.

Moreover, in the MathCityMap chat, teachers missed the possibility for
communica tion among the students (Larmann, et al., 2021). This finding is in line
with Col (see Chapter 2.1) and highlight s the importance of student collaboration

in online environments. Since using a messenger app in school to communicate
raises data protection i ssues and would harm the workflow and concentration, the
Digital Classroom chat is developed to a point where it covers all necessary
communication among students to work on a LG successfully. This so -called
teamwork mode involves setting up a group chat f or synchronous and text -based
interaction to support collaborative task processing, discussion, and reflection
(Barlovits et al., 2022). It includes the support of images/screenshots and voice
messages, as well as chatting in predefined teams with the teac  her.

The Digital Classroom can also be viewed as an assessment tool for the teacher,
because it monitor sst udent sA progress t hr odhgbigitalhe di spl
Classroom offers both an individual progress display and a class overview. While

the first feature is useful for retracing the student's individual work progress, the

second feature can give the teacher insight into which tasks are the most

challenging for the learners etc. Consequently, it provides the possibility for the

teachertoelicit t he student As success in completing t
In addition, the Digital Classroom monitoring system helps to prioritize follow -up

discussion of tasks, e.g., via videoconferencing, thus assisting teachers in

organizing fruitful discussi on

These possibilit ies allow teachers to provide individualized support to the student

in the sense of formative assessment (Black & Wiliam, 2003). The system provides
user interaction data for an effective monitoring and evaluation of students'
progress, rendering the design process easier for the teachers who can design
learning graphs, with tasks adopted to each students individual learning progress.
Thus, the system further allows assessment and the use of adaptive elements in
online learning. Lastly, to facilitate learning for students with disabilities, a read -
out-loud mode and a zoom function are available. All the available tasks in the
system are translatable in various languages which helps bridge language barriers :

ASYMPTOTHoject Deliverabl®.106.01 [7]
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by facilitat ing teachers from ar ound the globe to translate and use tasks into their
language, and by enabling foreign students who are still learning the language to
solve tasks in their mother tongue.

Note: All tasks and learning graphs created by the project A &am will be available
in English, German, Greek, Italian, Portuguese and Spanish.

ADDITIONAL READING MATERIAL

Barlovits, S., Kolokytha, A., Ludwig, M., Fessakis, G., (2022). Designing mobile
environments for mathematics distance education: The theory-driven development
of the ASYMPTOTE systeAccepted for publication at the Congres s of European

Research in  Mathematics Education 2 -5 FEB 2022CERME12,
https://www.cermel2.it.

ASYMPTOTEAs features can be wutilized in al most
that encompasses technology. From face to face to blended and online learning,

ASYMPTOTE can be an asset for both teachers and students. Thus, ASYMPTOTE

can be placed in the concepts of Technology Enhanced Learning.

DEFINITION

Technology Enhanced Learning z TEL, in the current context, is used to describe

the applications of technology in education that aim at improving the processes
of teaching and learning.

To fully understand the potentials of using ASYMPTOTE, the concepts of
Technology Enhanced Learning need to be analysed, while taking int o perspective
the role of the teacher and the difficulties that they can face when shifting from a
traditional face to face to a Technology Enhanced, blended or fully online
instruction. This chapter will attempt to shed light on the different technology
supported educational settings as a continuum, where technology can be seen as

a medium for an enhanced face to face education; or a complementary tool for
blended methodologies; and finally, as the main instrument that can support
education by developing t he communication and information processes in an
online educational concept (Garcia -Tudela et al., 2021; Tikhomirov et al., 2015).
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In all education processes, technology has been used to enhance teaching and
learning in many ways, throughout the years  (Cakir et al., 2009). The different uses
of technology in education result in a wide range of pedagogical possibilities
(Redmond, 2015). Garcia-Tudela et al. (2021), in their paper, present the following
conceptu al map (Figure 1.1) that describes the key existing concepts of Technology
Enhanced Learning. This map can facilitate the understanding of the theoretical
exposition around key concepts related to the educational use of technology.

Figure 1.1. Key concepts of Technology Enhanced Learning Garcia -Tudela et al. (2021)

Face-to-Face | ) Distance
Learning T _— Learning
Are electronic devices used TT— Blended — Is it based on the use of electrenic media
in class for educational purposes? Learning connected to the internet?
Py

Ny
Yes No Is it based on enriched methodaologies, enriched assessment
e

- S and smart technology to adapt the learnir-g process to any student?
Technology-enriched Traditional Electronic leaming Traditional
classrooms learning (E-Learning) distance learning
Other BL options

Is it based on mnblle technology?

__N‘M -\

ine |
Is context-awareness uken
irto accou nt?

/'

:]

As itAs shown in Figure 1.1, the concepts of
differentiate from the way and the degree of the use of technologies. The range is

wide and includes a) the us e of digital technologies for the enrichment and the

implementation of the educational processes while implementing education

mainly face to face e.g. in the traditional classrooms, b) the combination of

traditional and online processes with a mixed approa ch (blended model) and c)

delivering education exclusively online in synchronous and asynchronous forms.

Considering ASYMPTOTEAs settings blruidefllay\ descr
et al . (2021) conceptual map , i tthreemaimi dent t h
concepts of Technology Enhanced Learning: face to face, blended and distance. In

order to highlight ASYMPTOTEAs possible implen
settings through all of the educational concepts, the following figure was created

(Figure 1.2).
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Figure 1.2. ASYMPTOTEAs i mplementations in the concepts of Tec¢

/

é'éymptote 'S

implementations in the concepts of
technology enhanced learning

Face-to-face
learning

Blended learning Online learning

Mobile

learning

Ut As apparent that Figure 1.2 shdwsiemamMy svarti a
al. (2021) conceptual map. The decision to eliminate many of the main conceptsA
branches was made to accommodate the aim of
purposeful to analyse all the possible variations of the main concepts of

Technology Enhanced Learning and as a result the focus was eliminated to the

most common and broade r practices of each one of them.

Another differentiation can be noticed in the replacement of the term distance
learning with online learning. Distance learning is a broader term that can refer to

both online learning and older forms of education such as correspondence -based
courses that take place via the postal service (Keegan, 2005; Pregowska et al.,
2021). Online learning on the other hand is more specific and it refers to
educational processes that use the internet as the main multimodal
communicatio n medium. In the literature, online learning has been outlined as a
special case of distance learning, regarding the access to educational
opportunities, the flexibility, and the interactivity (Moore et al., 2011).

Lastly, mobile learning here is considere d as a concept of Technology Enhanced
Learning that is parallel to the different learning concepts of the continuum. The
advancement in mobile technology and generally portable devices slowly offsets

ASYMPTOTHoject Deliverabl®.106.01 [10]
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the once prominent desktop computer (Meletiou  -Mavrotheri s et al., 2015). Mobile
technologiesA capabilities offer a new di mensi
accessible anywhere, anytime (Handal et al., 2016). Consequently, mobile learning

will be perceived as a quality factor that can be combined with every  aspect of the

learning continuum and may transform it drastically (Meletiou -Mavrotheris et al.,

2015) (see D. Mobile learning).

A. Face to face Technology Enhanced Learning

The basic idea of this concept is the connection of traditional face to face teaching
with digital tools, in order to improve the education process. At the centre of the
program is still the typical face to face teaching and the digital tools and
environments are being used in parallel z delivering additional educational
material, such as assessment tools, task delivery systems, inquiry instruments,
mindtools to construct knowledge etc. The main characteristics of a face to face
technology enhanced classroom are (Roblyer, 2006):

All the meetings occur face to face

The use of digital tools aims to enrich and leverage the education process
Educational material is a mix of traditional and digital, and can be provided
through the world wide web

Online communication and support are possible

Tasks and activities can be implemented online

As Redmond (2015 p. 108) states in Technology Enhanced Learning 3i nf or mat i on
and communication technology (ICT) is used within face to face classes, or the web

might be used to post written information alsopr ovi ded i n the RAace to f
common example of this type of use is a teache
ACTIVITY

Design your own face to face Technology Enhanced Learning instruction for a
specific mathematics topic. In whatwaycan Asy mpt ot e As f e at-Lt
4) foster the chosen instructional design?

ASYMPTOTHoject Deliverabl®.106.01 [17]
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B. Blended learning

The second concept of Technology Enhanced Learning is called blended learning
and combines the traditional, face to face instruction with online learning
processes (Osguthorpe & Graham, 2003). Blended learning environments are
based on the construct that by combining traditional face to face and online
learning, the instruction strengthens and student achievements and satisfaction
increase, hence improving student learning ( Cakir et al., 2009). Thus, the term
blended learning refers to a Technology Enhanced Learning environment where
the curriculum, the teaching materials, and the assessment methods are centrally
developed, delivered and implemented  both online, and face to face (Delialioglu
& Yildirim, 2007).

The main characteristics of a blended learning concept are (Delialioglu & Yildirim,
2007):

Recurring meetings in person

30% to 79% of the course is provided online (Allen & Seaman, 2013)
Online communication and support are important.

Learning material are provided online

Activities and assignments are conducted off and online

B.1. Flipped classroom

One of the most popular sub -models of Blended -Learning is Flipped Classroom
(FC) (Staker& Horn, 2012). The main idea behind this pedagogical approach is to
transfer the centre of the teaching -learning relationship from the educator to the
students. The educator -centred part of teaching that used to take place in class is
now accessible at ho me, mostly by instructional videos, therefore space and time

in class session are maximised to implement more activating learning methods
(Bergmann & Sams, 2012; EDUCAUSE, 2012; Estes et al., 2014; Tucker, 2014).

DEFINITION

Bishop and Verleger (2013, p.5) define Flipped Classroomas 3an educ

technique that consists of two parts: interactive group learning activities inside the
classroom, and direct computer-based individual instruction outside the
cl assr oomj .

In one of the most common models of FC, Estes et al. (2014) include three
general stages in a circular continuous format:

ASYMPTOTHoject Deliverabl®.106.01 [12]
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In class and
Post-class stage (Figure 1.3).

Figure 1.3 . The stages of flipping a class (Estes et al., 2014)

Pre-class In-class
(Modeling, (Clarifying concepts,
Pre-assessment) Solving problems)

Post-class
(Assessment,
Application, Transfer)

Pre-class stage mostly consist of instructional and assessment material, such as
short video -lectures, online exercises or quizzes, and some sort of online support
(hints, discussion, comments, messages etc). The face to face part of FC isthe In -
Class stage, in which activities with interaction and collaboration are taking place

in order to explore in depth topics and clarify misunderstandings. In the third
stage (post-Class) the main goal is to assess, apply or transfer various learning
contexts of what h as been accomplished by the students in the previous stages
(Estes et al., 2014; Lo et al., 2017).

ADDITIONAL READING MATERIAL

Lo, C. K., Hew, K. F., & Chen, G. (2017). Toward a set of design principles for
mathematics flipped classrooms: A synthesis of research in mathematics
education. Educational Research Review, 22, 50 -73.

ACTIVITY

Design your own FC model for a specific mathematics topic. In what way can
Asympt ot e As f e a tdlfoskereack tagesof the @igudar cBntinuous
format described above (see Figure 1.3)?

ASYMPTOTHoject Deliverabl®.106.01 [13]
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C. Online learning

Online learning is the education process that is implemented entirely using

Computer Mediated Communication means and Information and Communication

Technologies (ICT) tools and applications. As Nichols (2003, p. 4) states 3 T h e
fundamental applications of online learning include digital materials storage and

distribution and synchronous and asynchronous communication, simulative

interactivity, multime dia, and access tracking (processesy each of which is subject to

mul tiple applicati on sltsmdin chameeristios dre i(Alend&v at i o n
Seaman, 2013):

The instructions are solely online

Communication and support occur only remotely though the internet
(synchronously and/or asynchronously)

Learning material, activities, assignments, and assessment are provided
exclusively online

Digital tools are the main instrument of the instruction

C.1 Synchronous

In this variation of online learning, teaching takes place in real time. In other words,
at the same time, all stakeholders are connected on the same platform. The place
of each participant differs; however, the time is common to all. Commonly used
tools for synchronous online learning are (Finkelstein, 2006):

Text-Based Tools
Live Audio and Video Tools
Content, Display, and Other Interactive Tools

The most widespread form of synchronous online learning is videoconferencing.
During the Covid z 19 pandemic the synchronous online learning concept was one
of the forms of teaching and learning for schools all around the world (Barlovits et
al., 2021; Mishra et al., 2020; Zhang et a I., 2020)

When talking about synchronous interactions, the first thing that comes to mind

is face to face real time interactions, but the major competencies of face to face
learning are also carried out by synchronous, online learning environments
(Finkelstein, 2006):

Teaching: The pedagogical methods and approaches that can apply in a
synchronous online teaching are the same as any offline educational
setting (Finkelstein, 2006).

Collaboration: A key element to the success of an online learning
environment (Conrad & Donaldson, 2004).

Support: Crucial element for retaining and motivating learner (Finkelstein,
2006)

ASYMPTOTHoject Deliverabl®.106.01 [14]
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Socialization and informal exchange: Very important elements that are

di fficult to quantify. A's Irferantikns inghisei n (200
realm often dispense with formality and can even be short of substance, yet

without them a crucial foundation on which to build instructional activities is

lackingj

C.2 Asynchronous

In contrast to the synchronous variation, in this concept  the educational process
takes place in a flexible time and place. Specifically, the participants, following their
personal program, choose the time as well as the pace they will study the
educational material. The flexibility that asynchronous online educ  ation offers an
example of how people can be given more possibilities on self  -education and self -
construction of knowledge (Nichols, 2003; Papachristos et al., 2010). Online
learning tools used in asynchronous education can become the means to
encourage st udents to further explore topics on their own and take ownership of
their learning (Nichols, 2003).

The asynchronous education process is carried out online, using electronic tools,
digital educational material, and resource repositories. Commonly used too Is for
Asynchronous online learning are Learning Management Systems, Audio and
Video Tools etc.

DEFINITION

Learning Management System (LMS) is a collection of eLearning tools available

through a shared administrative interface. A LMS can be thought of as the
platform in which online courses or online components of courses are
assembled and used from (Nichols, 2003).

ACTIVITY

Design an online instruction with synchronous and asynchronous aspects for a
speci fic mat hematics topic. Un what w
4) foster the chosen instructional design? Where could you find or how could

you develop your own tuto rial material?

ASYMPTOTHoject Deliverabl®.106.01 [15]
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D. Mobile learning

As a result of the popularity of mobile learning, in recent years there has been a
huge growth of Mobile learning research across all sectors of education, in which
the definition of the term differs (Winters, 2007).  Perspectives on mobile learning,
are summarised in the following broad categories according to Winters (2007):

i.  Technocentric: This is the most common perspective in the literature where
mobile learning is defined as learning using a mobile device.

ii.  Relationship to online learning: This perspective defines mobile learning
through its link to online learning, as a more flexible delivery medium, while
lacking in the characterization of its distinctive nature.

iii.  Enhancing traditional education : This perspective defines mobile learning
through its link to formal education and its use as an enriching tool

iv.  Learner-centred: In this perspective the focus shifts from the device and
centres on the mobility of the | edilener. As
| ear ni ragy sortof leariing that happens when the learner is not at a
fixed, predetermined location, or learning that happens when the learner takes
advantage of the learning opportunities offered by mobile technologiesj
( OAMal | ey adcitedih Winter ZD07%

The main debate among scholars, concerning the definition of mobile learning, is

related to the mobility of both technology and learning itself (Sonmez et al., 2018).

Un this construct, Yamamot o Aitios wil(b2 8dbpdel mobi | e
merely because it links those two perspectives.

DEFINITION

According t o Y a ma mo Mabile (e2ringy 3s, a tpchnblég)cal
infrastructure that removes the barriers on accessing information in learning (e.qg.,
teachers, time, space, and resources), it is an interactive method of learning which

offers personal, social and contextual learning opportunities, which can be offered
anywhere without breaking apart ftoadds,
Jare offered in real/virtual environm
provide learning material and enriched multimedia, while placing the student in the
centre of the learning procesg

Even from the different def i ni ti on approaches of the term,
learning can be linked to many Technology Enhanced Learning settings. From face

to face (i, iii) to online learning (ii, iv) the range and variety of implications, set

mobile learning as an educat ion process that can be linked and applied to each of

the three main technology enhanced concepts that have been presented above.
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The application of digital technologies in education even though it can enhance

teaching and learning, also alters the educational processes in many ways. This

change results in a role shift for the teacher (Redmond, 2015). The shift can

become clear if one considers the dramatic change that the transition from

traditional face to face towards technology enhance d, blended and fully online
teaching, has on a teacher As practices. From
mainly disseminate information, they transit to designing a learning environment

where students co -construct knowledge (Vaughan, 2010).

In any technology enhanced concept, it is important for the teachers to

understand their role and support their teaching with effective practices. The

pedagogical approaches adopted, should allow students to make decisions about

what, how, and when they needtolearn. Udn t hi s | engthy process, te
the key to creating and maintaining studentsA
and intervention along the learning process, as well as a deep understanding of

how technology can and is going to enhance the tea ching and learning process.

Researchers from the University of Birmingham (n.d.) suggest that a teacher
should:

Establish academic and behavioural rules, roles, and responsibilities for the
participants.

Articulate how technology tools will be used and  for how long.

Define the conditions under which students will receive whole  -group,
small-group, and one -on-one instruction.

Set expectations regarding the evidence students must provide of their
learning and parameters for asking for help from the teacher and their
peers.

Establish standards for acceptable and unacceptable work.

Define the behaviours that will and will not be tolerated.

Articulate the support that is available and under what conditions the
participants can obtain it.

These t eac hgbilites althowls wery significant are mostly procedure -
oriented and refer to the guidelines that form an instruction. On a more
pedagogical note, Palloff & Pratt (2003) define: flexibility, collaboration, the ability

to learn from others and the ability  to share control with the participants, as the
main characteristics a teacher should have.

On the same note, Berge (1995) identified four main roles an online teacher has:
pedagogical, social, managerial, and technical . In more detall, the pedagogical
rol e regards the clear definition of objectives, providing feedback, exploring
different perspectives, encouraging participation, and questioning. The social role
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of the teacher helps them create an environment that helps participants trust and

support their peers, while being able to challenge each other in a respectful

manner. As Berge (1995) states the goal of thisroleistocreatea 3 cohesi ve | ear ni
communThgj manageri al r olog giamd Ilswade v nadnd toheo cE& du
Jadministrative t a s.Khdsjrole includes the designing and circumscribing phase of

the instruction, where the objectives and the timelines are set, the content is

formed, and all the rules and routines are introduced. Lastly, the technical role

of the teacher revolves around the technological tools and media involved in the

educational process. The goal of the teacher is to encourage and support the

participants in order to make them comfortable with the technology that is

incorporated in the instruction. As Berge (1995) state s3t he wul ti mate techni
for the teacher is to makQverdlhhe genegatnatorel ogy tr al
and the importance of each one of these roles could make them valuable in any

technology enhanced educational concept and not only in online learning as Berge

originally stipulated them for.

Serdyukov (2015) identified three main types of teachers in online environments:

Leaders , Facilitators or Mediators . These types can be observed, with some

variations, in most teachings from traditional face to face to online. The first type

of teacher, Leaders , are the ones who lead the educational processes and are

excessively active throughout the teaching process. In the second type,

Facilitators , t he teachers are more passive. They mo.
questions and provide support when needed. The third and final type, Mediators ,

is defined as artfully active throughout the teaching. They are on a par w ith the

participants, engaging and interacting but without direct management

(Serdyukov, 2015).

As stated above, an effective teacher should allow participants to make decisions
about their learning, while increasing their engagement, collaboration, inqui ry,
and involvement. From this, it is evident that the preferred type of teacher in all
Technology Enhanced Learning concepts is the Mediator.

ADDITIONAL READING MATERIAL

Berge, Z. L. (1995). Facilitating computer conferencing: recommendations from
the field. Educational Technology & Society, 15 (1), 22 z30

Ecoshock

Introducing technology in educational processes results in an increase of
pedagogical and methodological possibilities that are available for the teacher to
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use. In parallel learners may be unfamiliar with the technologies that are
incorporated in the teac her and/or with the new process itself. These new
conditions can result in ecoshock.

Learners or teachers new to online processes experience challenges that are

similar to those faced by people who travel and interact with different cultures .In

both case s the person feels vulnerable, when experiencing the unknown (San Jose,

& Kelleher, 2009). Ecoshock is the physiological and psychological reaction to a

new, diverse, or changed ecology and it affects the quality of experience,

performance and motivation ( Fontaine, 2000). For example, the unfamiliarity of

the new technologies can affect the participa
complete a task. Simultaneously, the teachers may struggle with the lack of

physical presence, the difference in preparing and  presenting the educational

content , and the new communication met hods et c
the new ecology is different and it is related to their previous experiences.

Regardless of the symptoms and their severity, in order to develop the necessary

skills, one needs to continue interacting with the new ecology (course, task etc.)

(San Jose, & Kelleher, 2009).

The existing phenomenon of ecoshock, in combination with the sudden changes

in the educational processes th at the pandemic brought, increased the need for

guidance on how to best design and deliver effective online courses. As a result,

emphasis has been given on the development of standards for online teaching, to

both assess quality instruction and guide deve lopment efforts in course design.

On that not e, EUAs Digital Education Pl an, on
September 2022, the Commission will have developed common guidelines and

standards to help teachers and educators, promote digital literacy and address

disinformation through education and training.

DEFINITION

Standards for online teaching, refer to the roles, characteristics, competencies,

and skills required for a competent and successful online teacher (Albrahim, F.
A., 2020)

Competencies for online teaching have been categorized at different levels in the
literature, and several approaches have been adopted to classify them. Albrahim,
F. A. (2020), states that the categories that are more frequently displayed and have
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received more focus in a larger number of studies in the literature are: pedagogy,
technology, design, content, management and institutional, communication and
social. This result is compatible with Technological Pedagogical Content
Knowledge (TPACK), according to which, effective teaching with technology occurs
when teachers have a body of knowledge that resulted from a complex interaction
among the knowledge of content, pedagogy, and technology (Koehler et al., 2013).
Al brahi mA s F. A. ( 2 Onppé&encexis dlse grdimeiwrhathei on o f CoO
standards for online teaching, set by many international bodies, such as National
Standards for Quality (NSQ), Quality Matters Rubic Standards (QM), Virtual
Learning Leadership Alliance (VLLA), @One, North American Counci | for Online
learning (NACOL), International Association for K -12 online learning (iNACOL),
OAKS History Cohort, Idaho State Department of Education and more.

ADDITIONAL READING MATERIAL

Goodyear et al. (2001) identify eight roles for an instructor in online teaching:
researcher, content facilitator, technologist, designer, manager or
administrator, process facilitator, advisor or counselor, and assessor.

Based on the review of the abo ve, the most commonly used standards for each
category are summarized below:

Pedagogical skills

The online teacher supports learning and facilitates presence (teacher,
social, and learner) with digital pedagogy.

The teacher knows, understands, and applies to their teaching the value of
active learning, participation, and collaboration within the online

classroom.
The online teacher motivates students and shows enthusiasm and interest,
while encouraging knowledge construction b

know ledge and life experience.

The online teacher personalizes the |l earnin
diverse academic, social, and emotional needs, while incorporating

accommodations into the online environment.

The online teacher understands how student s learn and develop, and

provides opportunities that support their intellectual, social, and personal

development.
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The teacher ensures that course material is accessible to student with
disabilities.

Technological Skills

The teacher effectively uses a range of technology tools existing or
emerging - both within and outside of the Learning Management System -
that support student learning and engagement in the online environment.

The online teacher understands the learning and teaching capabilities and
limitations of these tools.

The online teacher demonstrates competencies in creating and
implementing assessments in online learning environments in ways that
ensure validity and reliability of the instruments and procedures.

The teacher knows and understan ds methods for collecting data regarding
student learning and uses this data to modify instructional methods and
content, and assess studentAs performance.
The teacher arranges media and content to help students and teachers
transfer knowledge most effecti vely in the online environment.

Design Skills

The online teacher understands the central concepts, tools of inquiry and
structures in online teaching and creates learning experiences that take
advantage of the transformative potential in online learning environments.
The online teacher curates and creates instructional materials, tools,
strategies, and resources to engage all learners and enable student
success.

The online teacher plans and teaches well -structured lessons

Content Skills

The online teacher demonstrates good subject and curriculum knowledge.
The online teacher is able to link the subject and content with scientific,
social, cultural, and any other relevant phenomena.

The online teacher develops a course outline that includ es all course
components and elements, as well as an inventory of existing content,
resources and any additional material that will be needed.

The teacher develops and delivers assessments, projects, and assignments
that meet standards -based learning goals and assesses learning progress
by measuring student achievement of learning goals.

The online teacher plans and prepares learning plans based upon
knowledge of subject matter, students, the community, and curriculum
goals.
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The online teacher understands, uses, and interprets formal and informal
assessment strategies to evaluate and advance student performance and
to determine program effectiveness.

Social and Communication Skills

The online teacher uses sufficient and commonly understandable
language, requests information and asks questions clearly, while clarifying
the purpose and meaning of messages and feedback.

The online teacher uses a variety of communication techniques including
verbal, nonverbal, and media to foster inquiry, collaborat ion, and
supportive interaction in and beyond the classroom.

The online teacher interacts in a professional, effective manner with
colleagues, parents, and other members of the community to support
student sA success.

The online teacher creates and develops respectful relationships and a
sense of community among the learners while maintaining a warm,
friendly, and inviting atmosphere.

The online teacher personalizes messages and feedback and makes them
more lively by adding the appropriate sense of humor whe  n possible and
by showing sensitivity and empathy.

The online teacher facilitates and maintains interactive discussion and
information exchange, while respecting and considering cultural
differences.

Management and Institutional Skills

The teacher meets th e professional teaching standards established by a
state -licensing agency or the teacher has academic credentials in the field
in which they are teaching.

The online teacher is a reflective practitioner who demonstrates a
commitment to professional standar ds and is continuously engaged in
purposeful mastery of the art and science of online teaching.

The teacher knows, understands, facilitates, complies, and encourages
legal, ethical, and safe technology use, and copyright issues and standards.
The teacher provides online leadership, management, mentoring, and
coaching in a manner that promotes student success through regular
feedback, prompt response and clear expectations.

The teacher is able to manage the course time and apply time -saving
techniqu es.

The online teacher establishes and declares clear rules and regulations for
participation, submission of assignments, timeliness, sending and seeking
feedback, and communication protocols.
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The online teacher is tracking sorha& cour se
regular basis.

ACTIVITY

Using the form included in the Appendix A. Online Teaching Skills Checklist
(Activity 1.4), rate your online teaching skills, and write down the ways that you
could improve yourself.

As stated above, the ASYMPTOTE project was inspired by the difficulties that the
pandemic arose. It is a tool for secondary and university level Mathematics,
consisting of an App and a web portal (repository of tasks, task form  ulations, hints,
and sample solutions). Its features enable teachers to conduct adaptive online
education in Mathematics, while providing evaluation data for the students'
progress. In the spectrum of Technology Enhanced Learning, as it was briefly
mention ed above, ASYMPTOTE can be implemented in face to face, blended and
online educational concepts.

In a face to face technology enhanced concept ASYMPTOTE can be
implemented as a teaching and learning tool

ASYMPTOTEAs repository of [|leanng grapf designeMat hemat i
and its adaptivity features can help the teacher design learning activities adopted

to each studentA s individual |l earning progre
process. The teacher can choose to incorporate the usage of the ap  p during the

time of the teaching or at home as a practice and/or assessment tool.

In a blended learning concept ASYMPTOTE can be implemented as both a
teaching and learning tool and a self -learning tool

In the blended learning concept, the teacher can ch  oose to incorporate the usage

of ASYMPTOTEAs app both during the face to fac
been analysed in the face to face concept above) or as a part of the online learning

process as a learning activity distribution tool or an asse ssment instrument. In

both cases ASYMPTOTE is used as a teaching and learning tool but could also be a

self-learning tool that the participants use on their own time for their personal

development in the currently instructed topic of Mathematics.
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As stated above (see 1.2/B.), blended learning environments are based on the
construct that by combining traditional face to face learning and online learning,
students' learning improves ( Cakir et al., 2009). A traditional learning environment
for example provide s inherent teaching advantages, such as the immediate
feedback which is essential for any learning environment.  ASYMPTOTE in this case,
can offer systematic and i mmediate feedback o
Furthermore, the system provides also the po ssibility of concurrent direct
communication between the participants and their peers and/or the teacher. This
feature can prove to be an asset in a blended learning environment, providing in

the online learning parts of the teaching the same direct commun ication that is
taking place in the face to face portion of it.

Specifically for the Flipped classroom model, ASYMPTOTE as a learning activity

distribution tool, an assessment instrument and a self  -learning tool could play a

meaningful role both in Pre -class and Post-class stages. In addition, through the

communication possibilities and the adaptivity features, ASYMPTOTE can also

contribute to In -Class stages where data -driven decisions are important to modify

and adjust teaching pleamisg pérfarmanck (cbloetsat,udent s A |
2017).

In an online learning concept ASYMPTOTE can be implemented as an online
teaching and learning tool, a self -learning tool and a 1  -to -1 interaction tools

In an online educational concept, both synchronous and asynch ronous,

ASYMPTOTE can be one of the main technological tools used to conduct the

teaching. As in the concepts before, ASYMPTOTE can be used, here too, as an

online teaching and learning tool, a self -learning tool but also as a 1 -to-1

interaction tool subst ituting the practice with teacher support phase of face to face

teaching. Lastly through the J3Digital Classroo
can communicate directly bringing some of the in  -person aspects of face to face

learning to the online process.

ACTIVITY

In which of the three Technology Enhanced Learning concepts do you think
ASYMPTOTE has the most beneficial role and why?

As mentioned, in the study of Barlovits et al. (2021), Mathematics teachers
reported that one of the main problems they faced during the shift in educational
processes due to Covid-19, regarded feedback and personal contact.
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provide solutions to these problems. ASYMPTOTE
direct communication between a | earnersA teach
communication more immediate and personal, minimising the barriers of online
learning. ASYMPTOTEIn this case can be used as an interaction tool that simulates
the traditional face to face communication.

ASYMPTOTEAS i mpl ementati ons in t he t hree ma i

Enhanced Learning (face to face TEL, blended learning, and online learning) are
summarised in Table 1.1. In the same table the key characteristics of each learning

concept are briefly presented.

Table 1.1. TEL concepts - ASYMPTOTE's role

Face to face

Blended learning

Online

Space

Teacher and learners
interact in the same
space - Classroom

Teacher and learners
interact mainly in the
same space (e.qg.
Classroom) but interact
online too in virtual
spaces (e.g. in >=30%
of the interaction a
Learning Management
System) is used.

Teacher and learners
interact mainly (>=80%)
or solely online in a
virtual space

Time

Same time
synchronous

Mostly same time -
Synchronous and
different time Z
Asynchronous

Synchronous and
Asynchronous

Communication

Direct and in person

Both direct/in person
and Computer
Mediated
Communication

Computer Mediated
Communication

ASYMPTOTE/

Teaching and learning
Technology Enhanced
Learning tool. E.g.,
reinforcing learning,
for practice, for
assessment etc

ASYMPTOTHoject Deliverabl®.106.01

Teaching and learning

tool / Self -learning tool.

Online teaching and
learning tool.
Self-learning tool.
1-1 interaction tool.
Immediate Feedback
and assessment,
chatroomand 1 -1
discussions.
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Moving towards online learning offe  rs both opportunities and challenges, not only

for learners but also for teachers. Shifting from face to face to blended or online

teaching environments is usually difficult for ~ teachers. The new online teachers

often end up replicating face to face teachi ng online, instead of taking advantage

of the affordances of the online environment. With all the available pedagogical
possibilities, teachers suffer an J3ecoshockj (
different countries and cultures. The need to return to 3Jwhat i s famil |
(Redmond, 2015) is quite strong. Thus, it is important for ~ teachers to re -evaluate

their values, beliefs, and assumptions about teaching in general and particularly

for teaching online. They need to learn to be flexible and open to |  earning and

sometimes to not be afraid to give control to their learners . It is, therefore,

important for teachers to gain online pedagogy knowledge to be able to effectively

use educational tools, such as ASYMPTOTE.

Aim
To get familiar with online  pedagogy theoretical frameworks

To identify a pedagogical model for ASYMPTOTE

Key Competencies and Skills

After reading this chapter, you will be able to

Describe the Community of Inquiry theoretical framework and explain in
your own words the process of creating a learning experience

Describe the 5 Stage Model

List the five competences that online teachers must possess to assist
learners in interacting with the teacher and the content

Keywords

Online Pedagogy, Community of Inquiry (Col), e-moderator, e -tivities, 5 Stage
Model
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N w-&nlown, successful, and widely researched approach to designing an
educational experience is the Community of Inquiry theoretical framework
(Garrison et al., 2000). The Communit y of Inquiry (Col) framework guides online
teachers in how to select content, how to set the learning climate and how to
support discourse to establish a quality educational experience through
collaborative and constructivist approaches.

The Col framework consists of three overlapping key elements: cognitive
presence, social presence, and teaching presence . Cognitive presence means

Jthe extent to which the participants in a com
through sustained communicatio n j(Garrison et al., 2000, p: 89), especially in terms
of online learning. Social presence is3t he ability of the particip

the community, communicate purposefully in a trusting environment, and develop

inter-personal relationships by way of projecting their individual personalities”

(Garrison, 2009, p. 352). Teaching presence includes 3t he desi gn, facil it
instruction directed toward creati(@agisoand sust a
2009, p. 355). Teaching presence is considered as the key presence, as it impacts

both on social and cognitive presence.

Figure 2.1. The Community of Inquiry theoretical framework.

Social
Presence

Cognitive
Presence

Supporting
Discourse

Engagement with
Participants

EDUCATIONAL
EXPERIENCE

Setting
Climate

Engagement
Re Goals / Direction

In a survey by Akyol & Garrison (2008) it was found that the three elements
described above appear to develop and progress in different ways in an online
environment. However, it was suggested that the development and progression

of each presence might be different when applied in other contexts and that Jthe
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integration of the elements of a community of inquiry should be designed, facilitated
and directed based on the purpose, participants and technological context of the
l earni ng d&Aypl&Garason; 2008, p.18).

Engagement and motivation in the Col Framework

Engagement, or, in other words, the state of being mentally and emotionally
actively involved, focused, devoted, motivated, interested in educational activities
and tasks which relate to po sitive outcomes (such as efficient learning, high
grades, personal satisfaction or sense of community) is a significant factor for
efficient learning experiences, positively related to academic success (Beer et al.,
2010; Dixson, 2015; Vytasek et al., 2020 ).

According to Dixson (2015), 3 Soc i all construction in general a
particular support the need for student engagement with content, other students, and

t he i n s Espacially in anjonline learning environment, where learners can

easily be distracted, passive or feel isolated and disconnected from their peers

and teacher, it is important to establish connections between those three factors,

to create and maintain an active, interactive, and collaborative as well as engaging

online learning environment.

In the table below, suggested activities are presented to promote engaging and
interactive activities for students to achieve a better connection with the content,
the teacher, and the other students.

Table 2.1. Suggested engaging activities in the Col framework

Content Make students comfortable with the online tools (Conrad &
Donaldson, 2011)

Minimize distractions (Novak & Rodriguez, 2018)

Provide authentic, relevant, valuable tasks/activities to the  students
(Novak & Rodriguez, 2018)

Provide a variety of tasks/activities that are alternated (Gov.uk,
2021)

Provide challenging tasks/activities (Gov.uk, 2021)

Provide adaptive tasks/activitie
styles

Give immediate and varied feedback (Gov.uk, 2021)

Build in Rewards and incentives to make learning game  -like (Gov.uk,
2021)

Create rubrics to define st udg
Donaldson, 2011)

Provide options for self -regulation (Novak & Rodriguez, 2018)
Provide option s for reflective self -assessment (Conrad &
Donaldson, 2011; Novak & Rodriguez, 2018)
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Students Provide icebreaker tasks/activities (Conrad & Donaldson, 2011)
Organize team/peer assessments (Conrad & Donaldson, 2011)
Provide collaborative tasks/activities (Conrad & Donaldson, 2011)
Provide ways for synchronous and asynchronous communication
and share contents (chatrooms discussions, forums, messages, 1 -
to-1 interaction tools)

cultivate the sense of community (Novak & Rodriguez, 2018)

Teacher Create rubrics to define st udg
Donaldson, 2011)

Give immediate and varied feedback (Gov.uk, 2021)

Provide hints and comments during the activities/tasks

Provide continuous support via synchronous and asynchronous
communication (chatroom discussions, forums, announcements,
messages, interactive touch -screen questions in live recorded
lessons)

ACTIVITY

In teams, select one of the presences described in the Col framework. Find
more about what the presence you chose is about and present your findings in
plenary.

The Community of Inquiry framework explains how an online learning experience

is created and how the relationship between social presence, teaching presence

and cognitive presence is developed in an online environment. In this section,

there wildl be p r ewerarohing trameavorlo foh ereatingd online

pedagogy appropriate design of collaborative interactive learning and teaching in

online environments; ( Wri ght, 2015, p.18). That is the f|
Salmon, and includes E -moderation, the 5 Stage Model and e -tivities. Educators

are expected to wutilise Salalgo thérdeachingeande wor k i n
design practices with the Col framewory ( Wr i ght , 2015, p. 18).

E-moderation

To assist learners in making meaning from their interactions, online teachers, w ho
often act as e-moderators , are expected to have the following five competences
(Salmon, 2011):
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1. Understanding of the online learning processes,
2. Technical skills to use the software features,
3. Online communication skills (non -verbal, verbal, and written),
4. Content expertise to share with and support
5. Personal characteristics such as empathy, creativity, confidence, and

flexibility.

It is important to highlight that e -moderators do not need many years of

experience ortoomanyqual i fi cati ons and they donAt have t
field. Instead, they can and should be trained on how they can use all the available

online tools to extend their teaching, since the transition from face to face to

online environments is quite challen ging, even for the most experienced lecturers

and trainers (Salmon, 2011).

Therefore, it is understood that online learning strategies must address issues that
relate to online learning facilitation, tutoring and support but also to the
appropriate use of online learning materials and tools to enable fruitful
interactions between the teacher, the learners, and the educational material.
Concerning facilitation, online learning is hosted usually in Virtual Learning
Environments (VLE) or Learning Management S ystems. However, those
environments create additional problems since they are usually considered as
complicated to use by the learners and difficult to moderate by the tutors.

5 Stage Model

To address some of these issues, Salmon proposed the Five -Stage model (Figure

2.2), a pedagogical model for the management of online teaching, which offers
Jessential support and development to | earners
i n | ear ni (gamom 2013, p.25). The Five-Stage Model divides online

teaching into successive stages with different needs in technical support and

moderation. In other words, the Five -Stage Model describes how to apply the

Community of Inquiry framework to develop cognitive, social, and teaching

presence with a serie s of steps.

Stage lis about establishing access for each one of the learners and giving them
reasons to actively engage and participate in the community. At this stage,
learners will be unfamiliar with the online environment and tools, and they need
suppo rt to feel confident and motivated. Depending on the level of familiarity they
have with the online learning software in use, learners will need more or less time

in each stage before progressing. In Stage 2 learners establish their online
identities, and they start to exchange messages with others. They need to
understand the value of learning together online and ways of contributing to
group work. In Stage 3 learners interact with the course materials, and they
exchange information with others, while co ntributing to learning at their own
pace. Knowledge construction begins in Stage 4 through course -related group

ASYMPTOTHoject Deliverabl®.106.01 [34]



/;/ Co-funded by the AT,
Erasmus+ Programme x ok

7asymptote of the European Union (el

discussions and small, collaborative, and sequenced e -tivities (see next section). In
Stage 5, learners feel confident to work with others onli  ne and they can fully
exploit the benefits of their own learning. They are able to self  -reflect and make
judgments about their experience.

Figure 2.2. The Five-Stage Model of teaching and learning online, as proposed by Salmon

5. Development

Providing links
outside closed
conferences

Supporting, responding

4. Knowledge construction

Conferencing Facilitating process

3. Information exchange

Searching personalizing software Facilitating tasks and supporting
use of learning materials

2. Online socialization

Amount of interactivity

Sending and receiving messages Familiarizing and providing
bridges between cultural, social

and learning environments
1. Access and motivation

Setting up system and accessing Welcoming & encouraging

|:| Technical support |:| E-Moderating

As depicted in Figure 2.2, each stage requires different technical and e -moderating

skills. In addition, different levels of interactivity are expected at each stage as

shown in the interactivity bar. In the first stages, learners are expected to have the

minimum technic al skills required to make use of the online environment, while

they gradually develop more complex skKills, i.e., getting familiar with conference

tools. At the same time, each stage requires different e -moderating skills. The

main benefit of using this mo del is that the teacherwillknow 3 how partici pants
l'i kely to expl oit t h Galmory 201%F) o asmoid cosenanh stageij
difficulties.

e-tivities

A model for designing activities online, that is based on the Community of Inquiry
framework and on e -moderating that were described previously, is  JE-tivites | a's
proposed by Salmon (2013). E -tivities are for:

at least two people that work or learn togeth  er, whether they are in the
same location or not,
people with special needs that can be assisted through technology,

ASYMPTOTHoject Deliverabl®.106.01 [35]



) ’asymptote

Co-funded by the

of the European Union

learning designers, academics, teachers, and trainers.

E-tivities can be applied to entirely online programs or to blended learning, or
mob ile learning environments. They are designed beforehand and are quick and
easy to produce, since they are reusable, scalable, and customizable. Concerning

Mathematics teaching, it may seem difficult for e

traditional teaching of Mathematics, however, they could be applied in authentic
problem -solving learning scenarios that require Mathematical modelling, with the
aim of consolidating the concepts after traditional teaching. See for example

Daher (2010), who used math apps for
authentic modelling problems using the Col model and e

-tivities.

To design e-tivities, designers need to think about the purpose and process of each
e-tivity and create a draft storyboard. After that, they need to place it into a
learning sequence, and write it in such a way that can be applied online, so that

| earners can

foll ow it That i s

tivity framework (Salmon, 2013).

Table 2.2. E-tivity framework: the invitation (Salmon, 2013)

known

* X %
* *

Erasmus+ Programme *

*
*

-tivities to be applied in the

mobile devices were used to solve

-as

Numbering, sequencing, pacing

e.g. 1.3 would refer to the e Zztivity for week 1, task 3

Title

A brief description of the invitation. Creative but short.

Purpose

Explain what will be expected with each activity. Link with the
learning outcomes and/or objectives for the
unit/module/course/program.

Task summary

Clear instructions on how to participate and what to do

Spark

Ignite interest with titles and content, to start a dial ogue

Individual contribution

Clear instructions for the individual participant as to what to
do, in what media (e.g. wiki, discussion board) and when (day
and date).

Dialogue begins

Request response from an individual to others. Use links to the
response -posting location

E-moderation interventions

What will the e -moderator do and when

Schedule and time

Total calendar/elapsed time for the e
estimated total study time required

-tivity, completion date,

Next

Link to next activity, additional resources. Use links.

Below, there are indicative examples of e
of the stages of the Five -Stage Model. E-tivities are considered as design patterns
that can be used when creating online learning activities. To lea
design patterns and learning design in general, also read sections

3.1 Teaching

a design science and 3.3. General Pedagogical Patterns

Table 2.3. Examples of e -tivities for each stage (Salmon, 2013).

-tivities that can be created for each one

rn more about

as

Ideas for e -tivities

Icebreakers
Quiz

Images
Descriptions
Mapping

Stage 1
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Stage 2

Scenarios for discussion

Introduce yourself using six descriptive words

If you were an animal, what would you be and why?

If we were setting up a business, what could you contribute? What ~ products
would you like to make or what processes would you like to set up?

Offer one website or blog that illustrates your favourite hobby.

Do you drive on the left or right? Why? Should it be changed?

Stage 3

Debates

Creative techniques (brainstorming, metaphors, etc)

Questions (Where did the Titanic sail from? What kind of people were on
board?)

Offer text, audio, or video of great speeches. Participants condense them
into 12 words, discuss the meanings and share them (use a micro -blog,
perhaps).

Practice summarizing information ? for example, the theory of relativity ? in
12 words

Investigate the best way for teams to work online, share ideas and evaluate
them.

Try out some online competitive and collaborative games.
Try”dreversal A. What would happen if
by some authority?

Stage 4

Take a key diagram, model or concept from your course or discipline. Ask
each participant to apply it or find examples. Compare and contrast
between the exam ples offered. Draw it online and collectively improve it.
Introduce staged case -study information with questions.

Introduce challenging problems with a variety of solutions.

Ask individual participants, teams or groups to undertake investigation of
one top ic or area to contribute to a whole piece of work or report.

Stage 5

Offer essays, reports or collated Web or social media sites from previous
students on the course (with permission or disguised, of course) and run an
e-tivity on how participants would have marked, assessed and graded them.
Would the group have worked differently if it had met physically too? If so,
in what way?

If the group were designing an online environment, what would it need?

Ask participants to review o ne of their own messages and rework it to show
how they would like it to appear now.

ACTIVITY

Choose a specific Mathematics topic and design e -tivities for each one of the
stages of the 5 Stage Model. Take into account the examples provided in table

2ol
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Mobile learning model was mentioned in the previous chapter. In the following
sections, a more specific elaboration of the pedagogical model will be presented,
as well as mobile learning applications in Mathematics teaching and learning.

Mobile learning can be defined as 3Jany educational provision wi
dominant technologi es ar e handhel d (Toaxler, 2@05, pt262). devi ces
Stevens and Kitchenham (2011) described m -learningas 3 meani ngf ul  earni nc
occurs through the use of wireless handheld devices such as cell phone, personal digital

assistant, mini-computer , o r. WithiPsuchjdevices, students have access to

knowledge anytime and anywhere. However, the concept of  just in time learning,
or situated learning, is not new. Just in time learning has the ability to engage
learners because of its authentic learn ing and context -based applications
(Slander & Rytkénen, 2005).

Mobile learning definitions have shifted from technocentric to learner -centered ,

leading to more recent definitions that focus on the mobility of both technology

and learning itself. Although there is not still an agreement among scholars on the

definition of the term, Yamamoto (2013) manages to meet all aspects of mobile

learning in her definition. As she states, mobile learning is not just a means of

supplying learners with barrier -free accessibility of information, but it is also a way

of enlightenment that can be presented Bbwit hout breaking apart
(Yamamoto, 2013). It i s obvious that, in the context of education, mobile learning

can be used in many different Technology Enhanced Learning settings.

Al t h o mmgblle dévices provide opportunities for interaction in many different
formatssuchasindivi dual or col |l aborat i v Attagda20i8%,it cat i on o
is not quite clear how these mobile devices can relate to other resources in the

classroom. Especially for Mathematics learning, mobile technologies are a recent

addition and, as a resu lt, it is quite challenging for teachers to create didactical

situations that promote positive pedagogical relationships and interactive

behaviors. According to Botzer & Yoamuatehal my (2
appropriate pedagogical models and to develop innovative strategies to integrate

mobile applications in learning and teaching j

For example, the COVID-19 pandemic created an emerging need for teaching
Mathematics online. To explore the challenges that Mathematics teachers faced
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during the implementation of Emergency Remote Teaching, Ferguson (2020)

conducted research from which eme

Table 2.4. Benefits, difficulties, and favourite aspects of teaching Math online.

rged the benefits, the difficulties, and the
favourite aspects of teaching Mathematics online. A summarized overview of the
results is presented in Table 2.4.

Favourite Aspects of

Benefits Difficulties Teaching Math Online
Detailed Cheating Flexibility

Flexibility Attrition (in terms of dropout rate) Interactive Tools

Self z Sufficient Student Feeling of Isolation Meeting Studen
Variety Graphing Student Diversity

Personalization

Typing Accurate Mathematics

Teaching Resources

Pacing

Interfacing with Online Environment

Resources

Difficulty With Building Relationships with

Students

Differentiation

Convenience

Accommodating

Considering that flexibility, interactive tools, meeting stude

nt s A

needs,

diversity and teaching resources are favourite aspects of teaching Mathematics

online, it is obvious that mobile technologies

have many things to offer.

3JThe

potential for visual, interactive engagement with some learning experiences, coupled
with the haptic and oral/aural affordances of the technology, change the nature of the
Mat hemat i c &hldenetdl.,i2018)t vy }

One example for good practices in Mat hematics teaching with mobile learning, is
the study conducted by Dahler (2010) on middle school students' building of
Mathematical knowledge using mobile devices outside the classroom. The study

tried to highlight the knowledge building collaborative phas

es of learning

Mathematics by solving authentic problems in a mobile phone environment by
Mathematical modelling, and the characteristics of knowledge building that are
offered in a mobile phone environment for learning Mathematics in an authentic
context. The learning setting was developed using the Col model. The results

S u g g e s tlearhirg @éhtough authentic activities involving the use of mobile phones

can encourage and enrich k1 2

2010, p. 101).

student s

1

To conclude, although there are many different mobile applications developed to
support teaching and learning online, there is a lack of theoretical frameworks
regarding the use of mobile technologies for Mathematics learning (Calder et al.,
2018). It is important to conduct more research on how to apply these
technologies in and out of the classroom. To address this need, the ASYMPTOTE
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pedagogical model was created. The model will be shaped by the experience that
will be gained by using the system.

ADDITIONAL READING MATERIAL

Holden, C. L., & Sykes, J. M. (2011). Leveraging Mobile Games for Place-Based
Language Learning. International Journal of Game-Based Learning (IJGBL),(2), 1-
18. http://doi.org/10.4018/ijghl.2011040101

Crompton, H. (2013). A historical overview of m -learning. In Z. Berge and L.
Muilenburg (Eds.) Handbook of Mobile Learning, (pp.: 3-14). New York: Routledge

V4

ACTIVITY
In small teams, using your mobile de vices:

A. Visit DESMOS fttps://www.desmos.com ). Select the graphing calculator and
try to create a small house with a roof. Alternatively, select the Math Tool of
your choice and create a short mathematics activity. Discuss your experience.

B. Create a simple Augmented Reality experience by using one of the following
AR apps. You can add links to YouTube videos or webpages similar to the
subject you choose.

Blippar https://www.blippar.com/

Zappar https://www.zappar.com/

C. Create a simple Augmented Reality experience for Mathematics teaching,
by using:

GeogebraAR (https://www.geogebra.org/m/R8Qd7U8y ) or
Photomath  (https://photomath.com/en/ )

Taking into consideration both the online and mobile pedagogy theoretical
frameworks that were described in the previous sections and the benefits and
favourite aspects of teaching Mathematics online, as they emerged from
FergusonAs research ( 2 0 Za@oyical prnciplesy fort thee s i s of
meaningful utilization of ASYMPTOTE in teaching and learning is described below.
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To start with, ASYMPTOTE, provided as a Web Portal in combination with a mobile
app, offers an innovative Mathematics learning environment, with th e following
main affordances (table 2.5): adaptivity, barrier -free online Mathematics
education, synchronous online learning and personal communication and
assessment, a rich repository of high -quality student tasks, and 1 -to-1 learning
providing immediate feedback.

Table25. ASYMPTOTEAs pedagogi cal af fordances.

Teachers compile task sequences (which in ASYMPTOTE are
called learning graphs) from a selected set of tasks with
adaptive elements. Tasks and learning graphs (see chapter 3.5)
aret ai l ored to studentsA needs

Adaptivity

Marked tasks with formulation given in an easy language to

Barrier -free online support students with less profound language skills. Zoom in

Mathematics education pictures, and task formulation r  ead out for students with visual
impairment

Pre-defined timespan in which synchronous online learning
will take place in a Digital Classroom environment.
Synchronous online learning Functionalities that exchange information betw een | e 4
& personal communication progress and teacher As we b i
student As pr ctije. éslpng hints, suppaat| and
feedback

Automated evaluation of the conducted learning session.

Long -term assessment ) .
9 Graphical and numerical outputson st udent sA perq

The web portal provides access to a repository with high -
quality student tasks on different Mathematics topics for
secondary and university level.

Rich repository of high -
quality student tasks

Students solve tasks that are embedded in a learning graph
1-to -1 learning providing designed specifically for their needs and educational level and
immediate feedback they can interact with the teacher individually to receive
immediate feedback.

These affordances support the imp lementation of an effective online pedagogy
that emphasizes student -centered learning and implements active learning
activities. An effective online pedagogy, according to Bill Pelz (2009), a Professor of
Psychology and Sloan Consortium Award for Excellenc e in Online Teaching winner,
provides three principles (p. 3):

Principle 1: Let the students do (most of) the work. The more time students
spend engaged with the content, the more they will learn.

Principle 2: Interactivity is the heart and soul of effecti ve asynchronous
learning.

Principle 3: Strive for presence: social, cognitive, and teaching presence.
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ASYMPTOTE, being a *o-1 interaction tool, offers students the flexibility to solve
individually and at their own pace a selected set of tasks that  are embedded in a
learning graph by the teacher. This adaptive learning graph, which will be

explained more in Chapter 3, i s tailored

level. If they manage to solve each task successfully, they proceed to the nexttas k.
However, if they find it difficult, they are given supportive tasks that are easier than
the main task.

Concerning tasks, ASYMPTOTE attempts to be inclusive, by adding marked tasks
with formulations given in an easy language to support students with les S
profound language skills. Moreover, to support students with visual impairment,
ASYMPTOTE provides a zoonrin feature for the images that are included in the
tasks and an acoustic readout of the task formulations.

ASYMPTOTE supports students by providing a Digital Classroom environment, in
which they can communicate and interact with each other in chatrooms and ask
for feedback from the teacher. The teacher, on the other hand, is able to provide
individual support and assessment to the students, by monitor ing their progress
on the tasks in real -time and also through the provided graphical and numerical
out puts on studentsA performance. As perceived
the Digital Classroom, can be applied synchronously, in a pre -defined timespan .

As follows, ASYMPTOTE, since it is compatible with the Col framework, manages
to create a deep and meaningful educational experience through collaborative
and constructivist approaches. Students can construct meaning through their
interactions with the ¢ ontent (cognitive presence) and identify with the community
by communicating and interacting in the Digital Classroom environment (social
presence). The teacher is able to design, re -design and adapt the tasks and the
learning graphs according to the learn er As needs, creating
outcomes (teaching presence).

To

to t|

worthw

conclude, ASYMPTOTEAs pedagogi cal principle

Learners are provided with engaging and interactive tasks that are adapted
to their educational needs.

Learners bui Id fundamental knowledge by solving training or learning tasks
and they deepen their understanding by solving reasoning tasks (see
chapter 3.5).

Learners construct their own meaning when solving tasks for modelling
(see chapter 3.5).

Learners interact and maintain their social skills in a supportive, digital,
inclusive environment.

Teaching using ASYMPTOTE is a longterm enterprise aiming to build an
online Col using the 5 -Stages process model.
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6.

Teachers facilitate learning through ASYMPTOTE in combination with any
other technigue to provide real -time individual feedback, support, and

assessment by monitoring | earner As progress
the system about their performance.
TeachersA presence i s vi sisyndhrenossamdianmai nt ai ne

asynchronous environment.

ASYMPTOTEAs tasks provide the means to main
TeachersA role shifts from explaining Math
learning environment for the students to build Mathematical knowledge.

Direct teaching is delivered through videos, while practice, knowledge

reinforcement and problem solving are implemented through the

ASYMPTOTE app by moderated sessions where teachers provide support

and feedback by text message syn chronous communication.
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The ASYMPTOTE project is following the teaching and learning design principles as

described by Laurillard (2012) and Goodyear (2015), where teaching is considered

as a Jdesign sciencej aiming to i mprove the wo
experiences n eed to participate in a community of practice. They need to be able

to continuously improve their design competence by exchanging knowledge

about which designs are effective and whicharenott 3 Teaching i s more | ike
science because it uses what iknown about teaching to attain the goal of student

| earning and uses the i mplementation of i ts
(Laurillard, 2012) . To understand teaching as:s

teaching design model is presented below.

Aim
The aim of this chapter is to present learning design principles, online teaching
strategies and feedback strategies that can be implemented in the context of

ASYMPTOTE to create meaningful and interesting learning experiences for
students. Additionally:

Task design for Mathematics using ASYMPTOTE will be explored.

The sequencing of tasks will be analysed

The functions of ASYMPTOTEAs Learning graph
The adaptivity of the system will be examined.

Key Competencies and Skills

After re ading this chapter, you will be able to

Describe the principles behind teaching as a design science

Utilize Pedagogical Scenarios and Design Patterns to create collaborative

learning activities

Utilize Instructional Strategies that support Constructivist  -based pedagogy

models

Descri be ASYMPTOTEAS t ask sequencing, | eal
adaptivity specs.

Keywords

Teaching as design, Learning activity, Pedagogical Scenarios, Design Patterns,
Feedback strategies, Task sequencing, Learning graph, Adaptivity
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According to Goodyear (2015), teaching is a form of design science 3t hat wuses a

di stinctive mode of thoughtUnamGdosgraoAst aplps oa
the student task is the key building block for the creation of the pedagogical

patterns. As depicted on Figure 3.1, there are three key learning design

components: good tasks, supportive physical and digital environments (Tools,

artefacts), modes of social organization and divisions of labour (People).

Figure 3.1. Go o dy e ar A-sentaredtdésign niogel (Goodyear, 2015).

Qutcomes
- = - e.g. cognitive; psychomotor; affective e s s EE s e e e
identity, enculturation, engagement in valued practices, etc.

T

over varioul B Activity
e.g. mental, physical
problem-solving; reflective
with/without others; with/without toolsfartefacts
heavily situated or abstracted, etc.

People Tools, artefacts
e.g. friends, workmates and other resources in the material-digital world
individually: collectively e.g books; wikis, email; LM$/VLE: seminar roeoms
dyads, groups, teams, communities ftenance Prodt atc.

Tasks
Macro-meso-micre in scale
---------------- : . h 3 i L L L L I
e.g. dissertation projects; essay; lab report answering a question

embedded meso-scale assessed tasks as key devices

Study
Situation

This model brings i ntlaarnihgadivitgi .t hTeo ci ompcl eeprie notf a3 t
students are allowed to freely explore and re -shape their learning environment by

using the tools and resources provided. In addition, students choose how they will

interact with other people for the task completion. That way, they actively

participate in the learning process, m aking their own meaning in the context of

the learning activity. So, learning activity is the unique experience each student

has when they are engaged in the implementation of a task.

The outcome of teaching d esign consists of a) a set of learning resources, b) the

description of a learning environment and c) a set of instructions that define the

l earnersA interactions to complete a sequence
of instructions, along with the  description of everything needed for their

implementation, is called a learning script or pedagogical scenario (Dillenburg,

2002).

There are many ways to represent a pedagogical scenario since there is not a
commonly acceptable standard form. For example, designs are presented as case
studies, as solution templates, or as diagrams. The sequence of tasks/activities
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usually follows trad itional models. However, in the context of ASYMPTOTE, it is
focused on student -centered models.

Through their interactions with students, teachers can discover which techniques

or methods are more effective when designing learning scenarios. This

knowl edge, when shared within teachersA comml
pedagogical approaches of higher quality. From this exchange of practices, it is

possible that a generalized form of a scenario will appear, or as it is called

Jearning designpatte mj (e. g. math trails, | earning grap
have the potential to make a major contribution to the sharing of techniques and

expert knowledge among developers of learning activities and teachers.

Theter m 3patternj was first introduced by Al exa
used the term when he proposed a new theory of architectural design. According

t o Al e x an d each pattersh deScyibes ajproblem which occurs over and over

again in our environ ment, and then describes the core of the solution to that problem,

in such a way you can use this solution a million times over, without ever doing it the

same way twicg . This definition found recognition i
leading to a common understanding ofthetermas J3Jan abstract soluti on
of problems that can be used in many different ways in various subject areas

(Hadzhikolev et al., 2021).

Concerning education, pedagogical patterns support teachers in the preparation

and im plementation of a flexible learning process. Pedagogical patterns 3 descr i be

the experience of experts for various successful practices in the field of teaching and

learningf ( Hadzhi kol ev et al, 2021). UUn other words
tool t o share best practices and create meaningful learning experiences.

There have been many significant works developed on the design and creation of
pedagogical patterns (Pedagogical Patterns Project, 2012; Bergin et al., 2012; Iba
et al., 2009; Mor et al., 2014; Fioravanti & Barbosa, 2016). However, in the context
of ASYMPTOTE, special design patterns will rise and existing will be adopted such
as Collaborative Learning Flow Patterns (CLFP{Hernandez -Leo et al., 2005). These
patterns, or scripts, 3 r e p it lmoadiyraccepted techniques that are repetitively used
by practitioners when structuring the flow of learning activities involved in collaborative
learning situationsj ( He r Aéoretcake, 2006). Below, are presented three of the
most known collaborati on patterns, the Jigsaw script, the Pyramid script and the
MathTrail.
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DEFINITION

Collaborative Learning Script : is a set of instructions prescribing how

students should form groups and how they should interact and collaborate in
order to solve a problem (Dillenbourg, 2002).

The Jigsaw

The most known collaborative script is the Jigsaw. In this script, students work in
small groups and study a lot of information to solve the same problem. The Jigsaw
script consists of three pha ses. In the first phase, students individually or in initial
groups work on one sub -problem. Then, in the second phase, members of each
student group that worked on the same sub  -problem meet in Expert Groups to
exchange their ideas. They can use a chat or other online collaboration tools. In
the final phase, students, who are now experts in each sub -problem that was
assigned to them, return to Jigsaw Groups and discuss their ideas in order to
complete the activity and find the solution to the whole problem.

Figure 3.2. Jigsaw script

" e

)
Phase 2: %“ |
Expert Group

In the Pyramid script, students collaborate to solve the same problem. Students,
in the first level, study individually, or in small groups, the problem and propose a
solution. Then, in the next level, they join larger groups in which they discuss their
ideas and generate a new proposal. In the final level, all students must propose a
final and agreed solution to the problem. In the Pyramid script, there are usually
two or more phases, depending on the needs  of learning design.

Phase 1: {

Individual — r—)
— -

Phase 3:
Jigsaw Group

The Pyramid
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Figure 3.3. Pyramid script

Level N ®

Level 1 @

There are many different patterns available that can be implemented in the design

of online learning activities. Patterns as those described above, can be used

individually or in combinationto  challenge more interactions among the students.

Un any case, it i s i simpleandeasytoadoptbykhe kanersicr i pts 3
(Dillenbourg, 2002).

ADDITIONAL READING MATERIAL

Dillenbourg, P. (2002). Over -Scripting CSCL: The risks of blending collaborative
learning with instructional design. In Kirschner, P. A. (Ed.), Inaugural Address,
Three Worlds of CSCL. Can We Support CSCHeerlen: Open Universiteit
Nederland, 61 -91.

The MathTralil

Seeking a systematic way of learning design for mobile learning for Mathematics
education, the MathTrail concept can be utilized (Cross, 1997) as a pattern of a
learning activity. MathTrail concept can be used to exploit the advantages of
mobile devices in combination with the approach of Realistic Mathematical
Education (Fesakis et al., 2018).

According to Shoaf et al. (2004), a Mathematical path is a walk towards the
discovery of Mathematics. A MathTrail includes a pre -planned path, which is
defined by a sequence of stops in which students examine Mathematics in real life
(Cross, 1997). A remarkable collection of Mathematical paths is available on
Mathcitymap project of the University of Frankfurt (  https:/mathcitymap.eu )
(Gurjanow et al., 2020).

In more detail, a Mathematical trail is a model of learning activity that combines
problem solving, creating connections of school knowledge with the real world
and other disciplines, communication, practical application of knowledge in a

ASYMPTOTHoject Deliverabl®.106.01 [50]


https://mathcitymap.eu/

Co-funded by the RN
Erasmus+ Programme L

asymptote of the European Union *

conceptual environment and physical movement (Richardson, 2004). In the
advantages of the Mathematical path, Richardson (2004) states that they create
an atmosphere of adventure and explor ation because they are implemented
outside of the classroom. The common sense of expectation and discovery that
naturally develops, leads to communication of the Mathematical ideas on which

the path focuses. Students observe, measure, collect and record da ta to process
and interpret. As they complete activities on the trail, students use Mathematical
concepts taught in class and discover various uses of these concepts in everyday
life (Fesakis et al., 2018).

ADDITIONAL READING MATERIAL

Gurjanow, I., Zender, J., & Ludwig, M. (2020). MathCityMap zPopularizing
mathematics around the globe with math trails and smartphone. In Research
on Outdoor STEM Education in the digital AgeProceedings of the ROSETA Online
Conference in June 2020 (pp. 103 -110).

Using design patterns online is a challenge that can be met when they are

implemented in Virtual Learning Environments or Learning Management Systems

or Virtual Learning Env ironments. Hadzhikolev et al. (2021) proposed a

pedagogi cal design pattern f rpedegogicalrpatteraccor di ng
instanceor instancej can be used in a Learning Managemen!i
learning, for face to face or online communication, or for hybrid learning.

ASYMPTOTE, since it is offered as a web-portal with access to a high -quality tasks
repository allows the implementatio n of various pedagogical patterns for
Mathematics teaching. More specifically, the tasks repository, in combination with

a mobile app, and the Digital Classroom feature that allows synchronous and/or
asynchronous communication, manages to combine and imple ment all the
aspects that are included in a pedagogical pattern instance, thus making it a great
tool for teachers to create meaningful and interesting learning experiences for
students. Some learning design patterns that are obviously compatible with
ASYMPTOTE include Gagne's Nine Events of Instruction, the Study -Reinforce -
Apply-Extend pattern, the MathTrail pattern, the Learning Graph pattern etc.
During the professional development program, the participants will explore
learning design patterns utilizing ASYMPTOTE to produce meaningful, engaging,
student -centered and effective learning experiences in any setting and especially
for remote teaching.
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As already mentioned in previous chapter s, teachers need to revise their teaching

methods and pedagogical practices to align with constructivist  -based pedagogical

models according to the properties and needs of online -remote educational

settings. Dabbagh & Bannan -Ritland suggest that to implemen t any pedagogical

mo d e | in an online | ear ni ndgntifggpectificansttuctionalt i s i mp
strategies that support the model characteristics and to enact these strategies by using

Web-based technologie§ ( Da b b a g h -R&and 2005 @ 801).

Instructional strategies -methods (or pedagogical approaches -pr act i cwhat) ar e 3
instructors or instructional systems do to facilitate student learning j (Dabbagh &
Bannan -Ritland, 2005, p. 203). In other words, instructional strategies are all the

techniques an instructor or an instructional designer uses to engage the students

and facilitate learning. According to Dabbagh, instructional strategies

operationalize pedagogical models, meaning that they depict how pedagogical

models can be put into pract ice.

There are 13 instructional strategies that support constructivist -based
pedagogi cal model s. THhigbhs iaterdependent ang intersect ar e 3
vertically a (Ddbbdglo& BammannRitlard, 2§0b, p. 206).

Figure 3.4. Relationships of Instructional Strategies that support Constructivist -based pedagogy
models.

Figure 3.4 shows that all three clusters or groups of instructional strategies

(exploratory, dialogic, and supportive) promote the creation of authentic learning

activities. Additional, self -directed learning 3 i s promoted as an out cc
consequenceoft he col |l ective i mplementat i(Dabbaghf all i n
& Bannan -Ritland, 2005, p.207).
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