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Executive Summary

The overall aim othe PBL3.0 project is to enhance Problem Based Learning (PBL) with Learning
Analytics (LA) and Learning Semantics. (I8grefore PBL3.0 wifiroduce a new educational
paradigm and pilot it to produce relevant policy recommendations.

WPL1 is responsiblfor the needs analysis of the project, providing stafehe art input on the PBL
strategy as well as the LA field that will guide the projectanstructing the PBL3.8ducational
approachln particular, it aims to:

wldentify all educational data thaire generated for each step of the PBL strategy.

wAnalyseprocesss and techniques that transforreducational datanto meaningful, mult
modal information.

widentify all intervention mechanisms that could be put into practice based on all LA feedback
duringPBL3.@ours& design implementationanddelivery.

wConstruct the PBL_LA educational approach.

The present deliverable is the second deliverable of WP1, D12 Analysis. Its purpose is to
present all preparatory work done tnalysethe LA domain as wWieas all the results derived, such as

all the LA components that are required to be employed in order to effectively raise the quality of
education and traininglnformation that is included in this deliverable is valuable to all partners for
ensuring theappropriate development of the PBL_LA educational approach and the LA modules that
will be employed in the pilots.

More specifically, this deliverable covers issues such ad #hstakeholders, existing frameworks
that aim to describe the LA domain andpigt all related concepts, as well as existingchanisms
regading the LA lifecycle, e.glata gathering, data processing, data analydeta storage data
cleaning visualizationand interpretation as well agnterventions or recommendation methods that

are currently available based on the relevant ktierre. Indicative examplesf modelsidentified in

the study carried out include behaviour modelling, discourse analysis, sentiment analysis, natural
language processing, association rule mining, knowledge domain modelling etc.

Furthermore, the report prodes information on available tools that have been developed in order
to perform specific LA functionalitiekidicative examples of technologies identified include:

9 Generalpurpose LA dashboards, which are solutions that provide information and
visualizéions around different types of data for multiple stakeholders. Such tools include
CourseVis, GLASS and Google Analytics.

9 LA standalone tools, which provide specific information and be used in different platforms,

such as SNAPP for social network andlysif Sa2 F2NJ RSGSOGAy3 tSINYyS
StepUp! for allowing reflection etc.
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I LMSbased tools, which have been developed, usually as plugins eorldo support LA
functionality within LMS environments, such as Gismo for evaluating the sceglitive and
behavioural activities of learners in the online courses, MOCLog for analysing all interactions
that can be recorded in an online course etc.

The deliverable also covers ethical issues and limitationsstudiesthe classification of the A
ethical issues, i.e. location and interpretation of data, Informed consent, privacy and the de
identification of data, and the management, classification and storage of datditionally, the
limited available LA practices, the objectivity in interpretations of LA results, and the proper and
effective usage of relevant software aseme of the challenges and limitations identified in regards
to the LA effective application in real world settinggnally, the deliverable elaborat¢basedon
existing practices of LA appligat in real world educational and training settings in general and
usage othe PBL strategy in particular.
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1 Introduction

¢CKS FTAY 2F (GKAAa &aSOGA2y Aa (2 AYyGNRRdIzOS GKS ot
Fylrftearaedod ¢KS aolBatife cursém doduknént has setSodtitd &Elieve are
presented in suisection 1.1. The intended audience for this document is described Hsesttibn

1.2 while subsection 1.3 outlines the structure of the rest of the document.

1.1 Scope

The present documerk & (G KS 5Sf A@GSNIotS moduw a[! ylLfearas
PBL3.0 project. The main objective of D1.2 is to provide -@lepth overview of the LA domain and

investigate the integration of LA mechanisms in -BBé&nted settings. These reks will feed into

the development of the PBL_LA educational approach and will guide the identification, configuration

FYR FLILX AOFGA2Yy 2F [! (G22ta Ay (GKS LINR2SOGQa LI

1.2 Audience

The intended audience for this document is the PBL3.0 consortium, thep&amdCommission, and
the public interested in investigating the LA domain.

1.3 Structure
The structure of the document is as follows:
A Section 2 presents the methodology followeahis deliverable.

A Section 3 provides an analytical overview of LA, includiegdifferent LA definitions and
detailed information on the different LA directions and existing frameworks. The Section
alsopresents the LA stakeholders as well as the most commonly employed LA methods and
techniques.¢ KA & | AYa (2 A Yideptwdowiedgson tiNPABIATHEQ & A
section also describes the related work on the LA lifecycle ddgborating on existing LA
models and presenting each step within the LA lifecydhés aims to provide information on
all the LA steps that will latem help the project design the PBL_LA educational approach.

A Section 4 presents the Educational Reference Process Framework and the adaptation model
IDEAL, andleals with the tasks and potentials afodelling and measuring educational
processesand looks ér appropriate instruments

A Section 5 presents LA tools that exist to support the LA processes for education and training.
This aims to provide information on all the existing technological solutions that can be
exploited and / or configured for the purpes of the project during WP3.

A Section 6 describes some interesting existing applications of LA in different real world
contexts, such as higher education institutions, MOOCSs, business traininghistaims to
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provide empirical evidencen methodologyways of implementation and lessons learned
that can be exploited in the project during WP4 and WP5.

A Section 7 presents some interesting existing applications of LA in PBL environiitests
aims to provide insights on existing ways LA is integrated wahPBL strategy and to detect
good practices, limitations, gaps and opportunities for the project to put to practice and / or
to address and solve.

A Section 8 presents the ethical and privacy issues related to the LA domain. This aims to raise
awareness onlte issues that need to be taken into consideration when designing the
PBL_LA educational approach, configuring the LA, tanl$ applying LA related approaches
in real world contexts.

A Section 9 provides an initial synthesis of the studigdrature in regrds to all the
O2YLRySyida GKFG IINB NBtS@Gryd (2 GKS LINR2SOGQ
foundation for thework to be carried out in Task1.3 and in the following WPs.

A Section 10 concludes the document.
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2 Methodology

In order to performa thorough and irdepth review of the LA domajra collectionand structured
review of the relevant State of the Anas carried out. The review included the following research
fields covered by PBL3.0 in order to identify main terms, concepts and comisonfethe LA domain
that will guide the development of the PBL_LA educational approach. Such research fields include:

w LA termsand objectives

w LA lifecycle steps and data processing on each step;
LA frameworks;

Ethical issues and limitations;

Existing pproaches and practices of LA in educational and training settings;

€ € €& €

Existing approaches and practices of LRBdesignededucational and training settings

We started by searching the major research databases of computer science, i.e. ACM Digital Libra

IEEE Xplore, SpringerLink, ScienceDirect and Google Scholar using keywords leachings

analytics, learning analytics lifecycle, learning analytics problem based learning, learning analytics
ethics, learning analytics methoasc. We preferred pulitations dated from 201 (as according to
D223fS ¢NBYRaAQ &SI NOK | yR ySgleaningSahdymdBsyates @2 dzy
becoming popular in March 2011

Learning analytics
Topic

Beta: Measuring search ints picsis a beta featur which quickly provides accurate measurements of overall search interest. To measure
search intersst for a specific lect the "zeasch term” option.

Interest over time

.
nr

AN !

- R AVAVER'
i RV
AN IRYAY W
[ !

v
- vy
] Vo

March 2011

= Learning analylics: 28

Figure2-1 Google Trends on Learning alytics
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The references of the selected papers were checked and additional papers were found. Electronic
articles written in blogs such dsearning and Knowledge Analytigselearning space Effective
Learning Analytics challenge by Jistc, referring © LA were also reviewed. Finally, initiatives
coming fromresearch institutes, universities, training organizations, compaamesfunded projects

were also included in the survey.

This resulted in a collection of more th4B80 publications that includedaj conference, workshop

and symposium papers, (b) journal articles, (c) electronic articles and (d) technical reports and white
papers. Around 10 publications were finally selected as the most relevant. Furthermore, a total of
35 sites were selected, whicdiscuss initiatives from researching organizations/institutesearch
communities, standardization bodies, consortdad funded projects.

Figure 2-2 presents the overalloverview of the work carried out in this deliverablend the
corresponding main concepts addressed and studied.

LA frameworks Dverview

LA methods and N

technigues \ Lifecycle

Ethics and

LA technologies limitations

Empirical evidence of

LA usage in education /

and business -

Empirical evidence of
PEL-specific LA usage in
education and business

LA concepts for PBL3.0

Figure2-2 D1.20verview

! http://www.learninganalytics.net/
2 http://www.elearnspace.org/blog/
3 http://analytics.jiscinvolve.org/wp/

Pagel6 of 92


http://www.learninganalytics.net/
http://www.elearnspace.org/blog/
http://analytics.jiscinvolve.org/wp/

PB\,

Problem-Based Learning 3.0 D1.2 LA AnalySiS

More specifically, the overall aim of studying and analysing the LA domain led to the identification of
the subsections hat are relevant to the study and that combined provide a holistic overview of all
LA components.

The thorough study and analysis of the LA domain led to the identification of the main concepts that
are relevant to the PBL3.0 project and that will latef o FSSR GKS 62N] R2yS
SRdAzOF GA2Yy Il f | LIINRI OKé @
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3 Learning Analytic©verview

This section reports on the generic overview of the LA concept. Section 3.1 presents all the available
definitions of the term and comments on the commonalities of &hésting approaches. In Section

3.2, main concepts relevant to the LA domain are presented, while Section 3.3. elaborates on the
existingtechniques and methods of L#kocessesFinally, Section 3.4 presents frameworks that have
been constructed to describthe LA domain.

3.1 Learning Analyticslefinitions

The increased usage of learning technologies such as learning management systerbase&ktb
learning environments, Web 2.0 tools, social media etc, has led to the generation of a large variety
of different ard multimodal educational data (Ferguson, 2QI)us, an important questiois how

S OFry 3AFGKSNIIFYR YI1S aSyaS 27F +tt GKSasS RFEGF 7
NEE{S YR O02d2NESQa RSaAdIyod

Up until 2010there was still limited exploitdion of such data from educational institutiorend
companies, leading to increased numbers of dropouts and delayed actions taken to enhance
performance (Long & Siemens, 2011). As a promising solutiergdncept of LA has started gaining
increasing attetion from the end of 2010 to the beginning of 2011, when the 1st International
Conference on Learning Analytics and Knowledge, @3Kl) took placé.The main purpose of this

new field is to try and make sense of learning related data and provide insightew to enhance

the learning experience for both learners and teachers (Ferguson, ZBdIR)wing the growth of the
interest on LA, a variety of different, yet also similar definitions is available. Some of the most
representative definitions are aslfows:

1) a[ ! Andasudemént, collection, analysisndreporting of data about learners and their
contexts, for purposes ainderstandingand optimizing learning and the environments in
GKAOK Al 200dzNE®¢ o[ 2y3T g9 {ASYSYazZHnanmmO

2) & A refers to thenterpretation of a wide range of data produced by agatheredon behalf
of students in order toaccessacademic progresyredict future performance andspot
potential issues. The goal of LA is to enable teachers and schoddsldo educational
opportunitesto¢ OK a0 dzRSy & Qa f S@Sf-to2edl tineSISNRCHorigppiR | 0 A £ A
H.E. Report, 2012 & EDUCAUSE)

3) drhe field of LA focuses on tracking learning activities and the context in which these

activities occur, to promote awareness and reflection thriouglgorithmic analysis (in
educational data mining) or information visualisatib(Duval et al, 2014)

4 Proceedings of the IKA2011- 1st International Conference on Learning Analytics and Knowledge
Banff, AB, Canada February 27 March 01, 2011
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Another interesting definition that applies to the business sector is the following:

4 6[! Aa

Ly SRdzOFGA2Y I §

behaviourd gHorizon Report, Schools 2014)

All aforementioned definitions share an emphasis on collecting and analysing learning data and
transkting them into meaningful actions for improving the learning experience for all involved
stakeholdergChatti et al. 2012).

The field of LA has emerged from and is closely connected to multiple and different research fields
and interestsrelated to analgis such as business intelligence, statistics, web analytics, academic
analytics, data miningsocial network analysis as well as research interest in the field of lgarnin

I LILI A Glcamina@nyy usedrto iy S 6
business toanalysecommercial activities, identify spending trends, and predict consumer

sciences such as pedagogies, Technology Enharaeaing(TEL)cognitive scienceetc.LA is finally

strongly related to the learning technologies that have become an integrated part of the learning
experience through the technology enhanced learning paradigm. Such technologies generate large
amounts of educational data, and range rfracognitive tools to more sophisticated and complex

byl

environments like Learning Management Systems (LMSs), Virtual Learning Environments (VLES) and
the recent Massive Open Online Courses (MOOC).

Statistics

Business
Intelligence

Academic
analytics

Visualization

Social Network
Analysis

Data mining

ANALYTICS

LEARNING SCIENCES

Pedagogies
Cognitive Sciences
Constructivism
Sociology

LEARNING ANALYTICS

LEARNING TECHNOLOGIES

Cognitive tools
Learning Management Systems
Virtual Learning Environments

MOOCs

Some of thdields that aremore interconnectedwith LAinclude:

1. Business intelligencd’rocess established in the business world for generating informative

Figure3-1 Multidisciplinary nature of LA

decision making capabilities through the analysis of data (Elia4)20

2. Academicanalytics Process established in the academic world for applying tools and

methods from the business intelligence domain to academia (Golstein and Katz, 2005).
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3. Social network analysidProcess for investigating social structures and relatitmough
networks (Otte and Rousseau, 2002).

4. Constructivism. Theory according to which humans generate knowledge and meaning from
an interaction between their experiences and their ideas (Piaget, 1967).

The LA domain can thus reinforce education andntrg through providing feedback based on

generated data and allowing an-ttepth understanding of the learning experience. This can be done

by accumulating as much educational data as possible and enabling learners and educators / trainers

to comprehendthe information providecand make decisionis regards to the learning process, the

f SENYyAYy3a LINRPOSaasSaz fSFNYSNERQ (y26fSR3IS YR aihi
GKS |aasSaaySyiQa SFFAOASyOe S Oesdsfull peréonalizédSaadS A y a A
adaptive learning that improve all aspects of education and training.

3.2 LA directions

LA can be viewed as focusing on two main directions, namely academic analytics and activity
analytics. The first category refers to the acadeSi@1St 2F [ ! Qa Ay Tt dzSyoO0Sa ¢K)
0§KS AYRAGARdZ tmetiods@rd freBultseaffeBeiBatign larfl drainingprocesses on a

macro and mesedlevel.
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Academic ‘ Activity
Analytics Analytics

Governance
analytics

Self-
monitoring

Automated
assessment

Reflection

Recommender
systems

Learning
organization

Research on
learning

Predictive
models

Figure3-2 LA directions

Figure3-2 presents some examples of the two main categories, and more details are provided in the
following subsections as well as in Section 3.4

3.2.1Learning Analyticen an academic level

LA provide methods and techniques that contributethe continuous improvement of academic
institutions. Also, they provide a personalized learning experience, by exploiting available data so
that academic institutions and eduéatNBE O Yy | RRNEB Dtz ét &8,1200B)SNEQ ySSRa

LA on an academic levetovide information focused on the administration of the academic sector,
underpinning operations such as improved decision making, efficient resources allocation,
representative view of the successes and challenges of the institution and increase of the
organizational productivityDietz et al, 2013).

3.2.2Learning Analyticen an individuallevel

LA are also useful for individuals within the academic institutions, as they provide information on the
learners, such as at risk cases, and can suggest intervevitrii K2 Ra G2 AYLINR@S (K
pedagogical approaches.
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¢ KS aiddzRSYy (G aQ LISNF 2N lcghpler Sigpbriedizariing 2nyiroimgnisla 02 Y LIt
tiring and timeconsuming process for educators who must take into consideration a large amount
ofpaN} YSGSNE® {GdzRSyGaQ aaSaavySyid akKz2dZR |taz2 oS
collaboration, and the quality of engagement and creativity in the group assignments (Dyckhoff et

al., 2012).These parameters are difficult for an educator desess without using sophisticated

analytics methodologies and toolSuch tools can also exploit data recorded in an LMS and allow the
educators to create & S| NJidal&lIf Huccessful behaviour, so that they can design their future
courseshasedontth Y2 RSt |yR AYONBFasS (KS LINRPOI DlezAlGe 27
et al, 2013).

Apart from support for educators, LA also support the learners, by providing them knowledge on
their own performance by allowing them to reflect on their progressjew their ongoing
engagement in the learning process and ask for scaffolding when needed.

3.3 Learning Analytics Frameworks

The proper, efficient and beneficial exploitation of LA in education and training requires the
investigation of all dimensionsthatK 2 dzf R 6 S Gl 1Sy Ayidi2 O2yaARSNI (A2
world settings. Relevant research on this matter has led to the construction of multiple frameworks

and models that describe the basic dimensions related to the LA domain.

3.3.1LA fameworkby SOLAR

The Society for Learning Analytics Research (SOlAR}he instigator in this researchroposing
integrated toolsets through the development of four specific tools and resources:

1. A Learning analytics engine, a versatile framework for collectimgpeiocessing data with
various analysis modules

2. Adaptive content engine
3. Intervention engine: recommendations, automated support

4. Dashboard, reporting, and visualization tools
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+ Semantic Content
* Intelligent Curriculum « Recommender
* Aytomated intervention
Learning Adatation + Human Intervention

and Personalization
Engine Intervention
Engine

» Social Network Analysis

« Concept Patterns Ana « Discourse Analysis
+ Samantic Analysis Enlgyl“n? + Sensemaking Models

= Conceptual Development

Figure3-3 LA integrated engie framework by SOLAR (Siemens et al., 2011)

Figure3-3 shows all the components such an integrated solution comprisesording to the SOLAR
team, the Analytics engine is the central component of the engine, as it comprisesamhework
that focuses ongathering and processinglata from multiple different sources, e.g. LMS
environments, social media websites, dashboards, and even physiclal data such as attendance
lists, usage of learning materials etc.

For examplethe LAframeworkwould includegatheling data from a discussion forum of an LMS,
which would include the scope of the forum, the topics and posts submitted, the interactions
replies, quotes et¢ and then performing processing with various methods and technigueh as
data mining, social network analysis, natural language processing, prediction models design etc.

3.3.2LA frameworkby the OU of the Netherlands

The Centre for Learning Sciences and Technologies of the Open Univédditgit the Netherlands
designedan LA framework (Drachsler & Geller, 2011) which consists of six main dimensions, as
shown inFigure3-4.
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Parents

Objectives Educational Data

Figure3-4 OU Netherlands LA Framework (Drachsler & Geller, 2011)

Thesedimensions represent the main components that are strongly connected with the successful
application of LA in real world settings.

Stakeholders The framework recognizes that the stakeholders are an important part of the LA
process and suggest four maimtegories of interested parties, namely institutions, teachers,
learners and parents.

Objectives This dimension refers to the specific target outcomes of the analysis of educational data.
As examples, the framework includes reflection and predictionleB@&n information carregard
ongoing progress on learnddperformance, common mistakes, most active and inactive learners
etc., while prediction involves the identification of learners at risk, final outcomes etc.

Educational dataThis dimension refes to all data that is generated during learning. The framework
divides this data into open and protected, emphasizing the importance of privacy and sensitive data.

Technologies This dimension refers to the different tools and methods that allow proged
successful gathering, processing and analysis of the educational data. Closely related concepts and
terms include educational data mining, recommender systems and statistical analysis. These tools
and methods will also provide the means to properlyalize the target objectivedy enabling the
development of reflection dashboards and prediction models.

Constraints This dimension refers to all the limitations and issues to take into consideration when
applying LA in real world settings. Such limdas include privacy and ethics issues, as well as
ownership and legal protection in regards to the educational data generateduaalgised

CompetencesThis dimension refers to all the knowledge and skills required for the correct and
effective applicatia of LA in real world settings. The proper and contextual interpretation of the LA
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outcomes into robust actions to improve the learning experience for all stakeholders requires
competences such as critical thinking, interpretation skills, ethical undeistgnand self

directedness.

3.3.3LA Reference Model

An LA reference model was suggested by Chatti et al. (2012), which consists of four main

RAYSyaArz2yas yvivSte G(KS |jdSadrzya
as shown irFigure3-5.
DataTEL, Big data Indicators, Metrics
- L v
Why?
'/_ Moniroring,Analpsis —\
2 " Pregicrion/Inte reeation
o g = ] Turoringfdentening
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E E = Personallzanon, Recommendarion
'EIL ES“ % —/ Refiection
o= T
Learning Analytics
=
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=3 How? Who?
? N~ Tevhigues Irakeholders
H (&g Sotihicd, Wisaleotiend, Dofa,/Web Mising, Sacial .5 Learnar, Tepchers, Tadors, Afentors Insfituficnd,
o Network Analysis) Besearchers, System desigre s )

J C

Integration, Performance,
Scalability, Extensibility

1

Constraints (Ethics,
Privacy, Stewardship)

Figure3-5 LA Reference Model (Chatti, 2012)

The dimensions of the reference model are as follows:

G2 KIFIiKé =

Huoad
JEmxajuoafjod

saouajadwo’

What? This question refers to the actual data and the environments in which dajanerated and

analysedLA requires that the data to be gathered, processed amalyseds educational, and thus

a2 Ké K:

collected through environments that arused in learnindge.g. LMS, VLE, social media, ePortfplios
Wikis MOOCssensorsetc.). Also, it isimportant to determine which of the educational data is
available and / or can be made available, as well as which of these datasets can actually provide
meaningful insights wheanalysed(Pistilli et al., 2014)it is considered that the utilization ofath
from multiple data sources can provide more accurate insights on the learning process, as they
analysedifferent types ofaspect of the learning experience.

Apart from the content and the sourcenother concerning datds the amount of data gathered.

Technology enhanced learning data, i.e. data that derive from different tools applied for learning can
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be quite large, especially when technologies such as MOOCs are utilized. These big data require
specific operations, such as increased storage avatjatiiigmentation etc.

Why? This question refers to the specific objectives and motivation behind utilizing LA for learning
and teachingEach objective requires a different set of indicators and metrics that determine which
data will be gathered, what prcessing will be carried out and what kinds of visualizations / actions
will be available to achieve the set goals. As showhignre3-5, seven main objectives are listed
that cover the majority of the reasons why stakeholdess LLA.

These objectives include
9 monitoring and analysis for making decisions eleging on the orgoing progress;

9 predictions for performing interventions when needed, tutoring foowiding scaffolding
mechanisms;

9 assessment for evaluating the learningbgress during each step and not only in the end
andproviding feedback to learners;

1 adaptation for allowing flexibility &2 NRAy 3 (2 (GKS f SINYySNEQ ySSRa

1 recommendations for transferring the control to the learners and lettingnthdecide on
how they willlearn;

1 reflection for allowing orgoing overview of the learning progress to both teachers and
learners.

How? This question refers to all the LA methods and tools that are available for performing all the
steps of an LA lifecycldhe methods that are mer commonly used include clustering, social
network analysis, predictive models, machine learning, statistics etc. The outcomes of these
methods are then depicted in various types of visualizations such as dashboards, graphs, networks
etc.

Who? This questio refers to the stakeholders, i.e. the people that are closely connected to the LA
domain. These can include students, teachers, trainers, trainees, researchers, institutions, system
RSAAIYSNE SG00 91 OK &Gl | SK2f RS NDHectivey they MB ol Ay [
achieve by using LA. For example, learners want to be able to reflect on their progress, get
recommendations and adaptive learning pathways that will help them improve their performance,
teachers want to be able to monitor the leang process more proactively, make sense of the
generated data, scaffold their learners and design their courses more effectively, institutions want to

be able to make more efficient decisions based on what works and what does not etc.

This dimension imdves two other main concepts, namely competences and constrains. The
exploitation of LA by each stakeholder requires a specific set of competencies that allow efficient
critical thinking, decision making and proper interpretation of the LA outcomes. éruntire, the

nature of the data presents issues such as privacy, ethics, data management etc. Appropriate
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decisions and actions need to be taken by the stakeholders in regards to these issues before any
data analysis is carried out.

3.3.4 LA Framework for Educatnal Virtual worlds

C S NJ +-GalRgoh et al. (2013) propose anftaimeworkfocused on virtual learning environments
as shown irFigure3-6 and includes concepts such as process models, educational world, learning
platform, eduational data and process mining system.

Virtual world
scripts

Supports / Controls / Monitors

IMS LD engine

-
7.
Shidents. »| | (OPENETALD)

Helps [ Assists

Leaming
Resources

Services

3D EVW Platform
(OPENETAVE)

Educational world Structure of a

learning stralegy Records the events
that ocour during

the Baming ftlow
Change the process model of

y
students/ieachers actviies

Process Models Event
(IMS -LD-based ( Process Mining System W Logs
learning flows)

- Check learning flows conformance

- Discover IMS LD-based learning flows

Figure3-6CNJ YS62NJ] F2NJ[! AY 05 SRdzGhléghazeyal., RO1PA NIidzZ £ 62

This framework shows that the educational world is consisted of th&e$iolders involved in LA
include the teachers, the students and the instructors as well as the learning resources and services
that operate during learning.

This concept is inteconnected with the process models, which refer to learning flows constructe
based on the IMS Learning Design (LD) specification. The process models represent the actual
processes that are simulated within the virtual world and are realized by the teachers and students
inside the environment.

The process models receive input riiothe event logs of the virtual learning platform and the
learning flows are designed in accordance to the data processing carried out by the Process Mining
System.
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3.4 LA stakeholders

LAcan be targeted at and be interesting to a different number of stakdgrs, each of which has
different reasons and expectations from the analysis of educational ddte. literature review
provides different suggestions on who the LA stakeholders are and what is their connection to the
LA domainFigure3-7 presents a holistic representation of the most commpoidentified interested

parties.
[ LA Stakeholders ]

-

- i
PRACTIONERS DECISION MAKERS
.

-

- .
- -
- s
e

r ™y 4 ™y

Institutional
Learner
[ L l [ leaders ]
Teac_hers / l Policy makers
Trainers

Product vendors

i

Researchers

)
P

=
2

Instructional
Technology designers
developers
Research /
Data analysts [ Standardization
providers bodies
' S \ J
Figure3-7 LA Stakeholders

The LA stakeholders can be divided into two main categories, nafig¢ipe praditioners, i.e. the

parties that work with and engage with LA, af@) the decision makers, i.e. the parties that do not
actively participate in the LA processes but they make decisions based on the LA outcomes and
assess their benefits, limitations, opponities for their respective sector (e.g. academia, business,
public sector).

3.4.1 LA Practitioners

LA can be done at different levels and characterised accordingly in #eaelp mesdevel, and
micro-level analytics (Buckingham Shamd Ferguson2012 Mad\eill et al.,2014).

The LA practitioners represent the midevel LA which involves learners, teachers and trainers,
researchers, technologies and data analy#. of these stakeholders have a similar and yet
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different perspective and expectations dfa data(Dyckhoff et al., 2013; Romero & Ventura, 2013
Greller & Drachsler, 20}2

Learners Students and learners of all other domains (e.g. private and public sector) will be mainly
interested in using LA in order to increase their performance andaefin their own progress and
competencies.

Teachers/trainers Teachers and trainers will mainly use LA in order to make sense of all the data
generated during learning, support their learners, enhance their monigorbilities, identify
problemsmore guckly and improve the learning experience for them and the learngns can be
done by identifying at risk learners and providing helpful interventions and recommendations as well
as providing learners with visualized insights of their learning progresthermore, teachers and

ResearchersResearchers are mainly interested in LA in order to identify how this new concept
benefits the learning experience for all stakeholdekdoreover, researchers wiktudy ways to
AYLINR @S §(KS bydpSyngRlA dn difeiiendSddiexis and investigate the impact of this
application on education and training

Technology developersTechnology developers are interested in the tools and technologies that can
support and reinforce the LA lifecycle. These stakedrsidactively engage in the development of
technologies that can improve, visualize and automate the different steps of LA.

Data analysts/ providers. Data analysts and providers refer to all stakeholders that deal with
providing andanalysingdata. Thesestakeholders are interested in the nature, formats adifferent
analyses that can be carried out on the data generated during education and training.

3.4.2 LA Decision makers

The macre and mesealevels of LA involve mostly stakeholders that do not usually engath LA
actively, but can make decisions around and based on LA objectives and outcomes. LA in these levels
is usually carried out with the aim to understand the opportunities and weakness of learning at an
institutional, regional and rigonal/international levels so that productivity and decisemakingcan

be improved within the educational institutions.

Tablel Macro-level LA
Scale of Analysis Objective Who benefits

Institutional : learner profiles, performance of | Administrators, funders, marketing
knowledgeflow

Regional: comparison between systems Funders, administration
National andInternational National governments, education authorities

Institutional leaders Authorities within institutions are strongly intested in LA so that they can be
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progress across the departments and years, comparison across different systems and institutions

etc. All these LAyenerated otcomes can help improve administrative decision making as well as
resource allocation within the institutions. Furthermore, institutional leadeen identify different

patterns that emerge aswellasK S ljdzt t Adeé 2F G SI OKAgfcaandintepget A y & (0 A (
these insights into meaningful actions.

Policy makers Policy makers are interested in LA outcomes in order to transform and reform
existing policies, mainly in education and training. These policies can thenaibwnderpinthe

growth of novel educational paradigms such as new learning approaches, strategies, curricula,
technologies etc, that will reinforce the field

Product vendors Product vendors refer to all stakeholders that aaxploit LA into developing and
supplying new prodets that generate significant added value in the business domainpeayuative
dashboards, learning workflow modelling tools, analytics tools etc.

Instructional designersAll stakeholders that design and develop courses for education and training

are Y 1 SNBaiSR Ay [! 0S8S0OFdzaS GKS 3ISYySNIGSR 2dzid2YS
and success and allow them to understand how the learning resources are being used by the
learners. These insights provide them with the necessary knowledge terlzksign and refine their

courses in the future so that the learning experience will be adaptive and beneficial for all different
learner styles.

Research / standardization bodiesStandardization and research bodies are interested in LA
because the fielgtrongly affects the way we deal with and understand educational data. The field
of learning semantics has also emerged in the last few years, which has led to the release and
publication of new standards that allow easy educational resources annotation.

3.5 LAmethods

According to the cdounder and president of SOLAR, hAthodscan be categorized itwo main
components, namely techniques and applications (Siemens, 20&8hniques refer to the specific
models and algorithms that are used for carrying thut analysis of the educational data, while
applications refer to all the different ways we can exploit the techniques in order to improve
teaching and learningdowever, the distinction between the two terms is not absolatethey can
sometimes overlapRepresentative examples of techniques are provide@®aker and Yacef (2009)
who list five primary areas of this dimension:

i Prediction
91 Clustering

1 Relationship mining
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1 Representation of data for human review
1 Discovery with models

The techniques dimension foses more on the technical aspect of LA, by using mostly machine
learning methods, network analysis, statistical analysis etc. The information that can be gained
through these processes can then provide meaningful insights into different kinds of appheati

such as user behaviours, interventions on learning contents, recommendations, predictiomfestc.
FT2NBYSYyiA2ySR (GSOKyAljdzSa OFy It a2 RpédktIgir Y2RSTE 3
performance and identify parameters of similaritpmangst group of students.

On the other handBienkowski, Feng, and Means (2012) list five main areas of the application
dimension:

1 Modelling user behaviour, knowledge and experience
1 Creating user profiles

1 Modelling knowledge domains

I Trendand patternsanalsis

9 Personalization and adaptation

These application areas can guide educators into enhancing their courses (e.g. by personalizing

f SINYyAYy3 O02yiSyid Ay I OO0O2NRIFIyOS G2 GKS € SINYSNARQ
area) and developingaw curricula based on viewing insights on the knowledge domain or the trend
analysis(Herskovitz et al.2013) Furthermore educators can study the social networks formed

within a classroom and determine how these are formed and affected from the tooldeamning

strategies used during learninghis can be carried out through social network analysis (SNA), which
analyseghe interactions carried out during learning during their group collaborations, information
transfer etc and then uncovers any idefigd patterns or structures of relationship networkisat

can provide insights valuable to the learning process (Bakharia & Dawson, 2011).

Table2 provides some representative examples of some of the most commonly used techaiogies
applications (Siemens, 2013).

Table2 LA dimensions and examples

LA dimension Examples

Techniques
Modelling Learner modelling
Behaviour modelling

User profile design
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Relationship mining Sentiment analysis
Discourse arlgsis
Association rule mining

Knowledge domain modelling Natural language processing
l3aSaaySyid oe& YIGOKA
with knowledge domain

Applications

Personalization & adaptation Adaptive content to learners
Recommendations on contegntactivities and
interactions
Changes in learner behaviour, identification
errors

Prediction and trend analysis Early risk identification
Interventions

Classification
Social network analysis

Information flow analysis
Structure discovery and analysis
Semantic analysis

Clustering

Modelling techniques focus on designing models for learners in order to better structure the
learning experience. The existence of behaviour, user and learner profiles allows educators to
formulate their curricuh and learning activitiebased on the needs of their students. Data analysis
can detect different learning styles depending on for example the types of content and activities
each learner prefers (e.g. picturesvisual, podcastg aural, writingg verbal forumsg social eto),

thus allowing more adaptability and flexibility during learning and teaching.

Relationship miningtechnigues focus on methods thaketect any forming relationships between
specific variables and investigate how strong these i@teships are (Baker & Siemens, 2013)ch
variables can include types of discourse (e.g. interactions, cognition, tekt difterent sentiments
(positive, negative, neutrgl)patterns of behaviour (e.g. what behaviour can be linked with high
performanes) etc.For example, discourse can show how learners are thinking collectively. The way
in which each learner participates in a discourse can indicate how each learner a) handles and
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others.(De Liddeet al.,2011).

Knowledge domain modellingechniques focus on structuring and mapping the knowledge domains

of each learning subject in order to personalize and adapt learning for specific studpptspriate

doman modelling can lead to the gathering and exploitation of data about the learners, their

profiles, the content, data trails on their interactions etc. The analysis of all these data in correlation

with the specific concepts of the knowledge domaincay’'@i F2 NI K AYF2NXI G§A PSS Ay
1y26tSRIS Ay NBtFGA2y a8 avel akpfedictRis Yaddptdtiars andi G NHzO G d
personalizatiorof the learning processes.

Personalization and adaptatiorapplications focus omroviding flexible learningpathways during

the learning process. This can be realized through the availability of adaptive content according to
the analysis of the generated educational data, as well as through recommendations provided to
both educators and learners on different teéng resources, activities and interactions that could
lead to higher performances.

Prediction and trends analysigpplications focus ormproviding insights on future developments
based on educational data analysis. Predictions can involve various varsidd as learnefs
scores, performances, risk of dropping out.etand they usually are realized layalysingother
predictor variables, such as frequency of participation, level of interactions and group progkess
on assignments, number of conteatcessed etdBaker & Siemens, 2014).

Structure discovery and analysegpplications focus on performing analysis on the educational data
in order to detect any structures that are not yet visible or identifiable. Such structures can include
the detectionof specific groups of students that aoharacterized byparticular featuresthrough
clustering or social network analyqis.g. similar learning styles, similar skills or knowledge levels
etc.), the identification of learning contents or activities chetexized by particular featurethrough
information flow or semantic analysi®.g. supporting similar learning objectives or similar skills,
relevant to similar learning subjects étc

The specifictechniques and applications that will be used in reakld settings heavily depend on
the context of each learning and teaching environment (e.g. offline / blended / online, higher
education / corporate trainings / public sector trainings, technology enhanced / no too)sastavell

as on the kinds of datdnat can be collected during learning.

3.6 LALifecycle

The LA lifecycle represents the LA process, i.e. all the different steps that lead frodatawo
meaningful informationthat has significant added value to the enhancement of education and
training. There are many LA lifecycle models that have been designed since the concept emerged,
and while they are different in some ways, they share many similarities aslvelmajority of them
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are based on the Knowledge continuum concept which goes back to8@slbut was relesigned
by Baker (2007), as shownFkigure3-8.

Use knowledge to
establish and achieve
goals/ROI

Analyze & synthesize
derived information

Knowledge

Give meaning to
obtained data

Obtain the raw facts

Figure3-8 Knowledge Continuum model (Baker, 2007)

The bottom layer of the Knowledge continuum refers to all the raw data that is generated and
availabé for accumulation. Once meaning is attached to this data, it is transformed into information
that can answer specific questionBhe next level represents the knowledge, which is generated
once the information isnalysedand synthesized using particularethods.The top level refers to

the actual application of knowledge, which leads to wisdom, as by applying the created knowledge
we can get design and achieve our objectives, get lessons learnt for fugirejuality knowledge.

It is important to studyall the different steps that are essential for proper LA utilization, because
these steps will guide the process, will determine the types of tools and methods to be used as well
as the different LA outcomes that can generated. The following susectiors present some of the

most representative LA models that have been designed to describe the LA lifecycle and steps.

3.6.1LA Modelby Siemens

The LA Model (LAM) proposed by Siemens (2013) consists of seven components, as $tigwe in
3-9. This model aims to provide a more systbased approach to the LA process, where
educational data can be exploited not just fodiwidual monitoring of progress, common mistakes
etc., but also for more high quality and complex insights such asifgpactions that can optimize
the learning experience, e.g. by providing recommendations or suggesting predictions etc.
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Figure3-9 LA Model (Siemens, 2013)

The LAM components are as follows:

Collection &Acquisition The actual gathering of all the data that will be used for analysis is the
initial step of the LA lifecycle. The decision on what data we will process always depends on the
purposeleading our choices. The data types, sources, formatswvatt change if our goal is to

SYyKIyOS tSINyAy3 6So3o

altdzRSyiaQ

5) G lBdlide NB 4 2 dzN

administration (e.g. log data from a Student Information Syste813. Thus, this step is closely
connected with the differentlata sourcesavailable for collection and acquisitipthese can include
the different LMS environments used during learning, the SIS used by the institution, any sensors
employed during labs, tests or courses, manual entries etc.

Storage The gathered datah®uld be stored in databases that will allow their easy retrieval and
processinglf the data is retrieved from multiple data sources, then an issue to be examined is the
storage of different types of data and their reconciliation.

Cleaning The format ad content of the gathered data is also important, as they determine whether
or not preprocessing operations are needetf. the data is already structured and only the
information useful for analysis is included then no further cleaning might be requitedever, if

the data is not structured and there are empty or duplicate records and nonsensical content, then it
is important to clean it to make sure it is accurate and Viajidising methods from the data mining
field, such as data cleaning, data intetijpa, data transformation, data reduction, data modelling

etc. (Romero and/entura, 2007)

Integration. This step refers to theombination of data residing in different sources and having

different formats for the provision of a unified view.
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Analysis The analysis of data can be carried out with multiple LA methods, such as social network
analysis, predictive modelst-risk identification, recommendations etSpecific techniques and
tools are available to support these kinds of methods that can procassdata and produce
valuable insights.

Representation & VisualizationThe analyseddata can be represented and visualizedways that

make sense to the stakeholders. These visualizations are usually in forms of dashboards, graphs,
tables, annotated texetc., and they allow for a comprehensive representation of all the valuable
information retrieved from the analysis step.

Action. The visualizations will allow for stakeholders to take specific actions in order to achieve the
set goals. Such actions indki interventions in the learning process that will improve learning,
optimization techniques, improved course design and evaluation, increased scaffolding mechanisms,
ongoing monitoring etc.

As shown in the above Figure, this LA lifecycle is a data lome, the outcomes of the Action step
also feed into the Collection & Acquisition step. This is done so that the lessons learnt from every LA
process can improve future endeavours.

Siemens (2013) also highlights the importance of a data tee#nch consistef many different types
of professionals that possess a specific set of skills and knowledge that are required for the
successful operation of all the LAM steps.

3.6.2 LA lifecycle by LTEE

Dimitracopoulou (2015) presents a LA lifecycle that consists ofpavidih six main steps, as shown

in Figure3-10.
DATA
CAPTURE /
—
Explicit A

Tacit
Physical (

Digital

[.]

it L \ 7

LA Dashboard

i

Figure3-10 LA lifecycle (Dimitracopoulou, 2015)

The steps represented in this lifecycle are as follows:
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Data Selection During ths step, the data that is generated during learning and that is relevant for
our objectives are selected. This step is closely related to data capture, where all different kinds of
data are collected. Such data can include explicit data (e.g. posts onraesity, access to learning
resources, answers to quizzes gtdacit (e.g. time on pages, social media posts, replies to posts
etc.), physical (e.g. location of resour¢esnsotbased data ety and other.

Data storage During this step, all selected andptured data is stored for further analysis.

Data analysisDuring this step, the stored dataamalysedaccording to the available LA methods,
depending on the types of analysis we aim to perform.

Data operationalization During this stepwe try toidentify clear and measurable data variables that

can help measureoncepts that are complex, fuzzy or difficult to measufdis way, wecan
understandthese conceptén terms ofwhich of theanalyseddata is of thewider conceptand which
isnotForex L ST AG Aa OKLF ff Sy 3Ay Badership SRiAFNEBhatiieasbn, Y S| & dz)
we identify data that can help measuthis concept, such as the number of times this person has

initiated activities, made decisiomrsc.

3.6.3LA modelby Elias

Elias (RP11) presents an LA model that consists aofcycle withthree main phases and four
componentsthat support all LA steps aimed to constantly improve learning and teacagmghown
in Figure3-11.

data
gathering

) d
\ @
J M .

Organizations Computers

Vi
y,

.
knowledge 1 information
application —  processing

Figure3-11 LA model (Elias, 2011)

The three phases comprising the LA model by Elias (2011) are as follows:

Data gathering This step refers to the selection and capture of the data that we waah#dyse
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Information processing This ste refers to all the different methods used to analyse and process the
gathered data. Such methods can include aggregation of smadtiurce data, prediction models etc.

Knowledge application This step refers to all the different actions taken for the edtual
application of all the knowledge derived from the information processing. Such actions include the
usage of the knowledge for improved courses and learning activities, the refinement of learning
resources and course designs etc.

The fourcomponentgshat support all the LA phases and steps are as follows:

Organizations This component refers to the organizational capacities of the institutions applying LA
in their processes. It is essential that committed and skilled leaders are in place to enstweddhp
performance and corresponding cultural change.

Computers This component refers to the different technologies that support each LA step. In
regards to data gatheringt, is essential to utilize tools that allow the seamless collection of data and
the integration of data from diverse sources. During information processing tools are available that
can develop prediction models and aggregate the data. During knowledge application, tools are
available thatsupport processes such as data visualizatioggision trees, dashboards etc. The
visualization of the analytics results is essential for appropriate decision making, as it allows large
amounts of information to be displaying in a comprehensive (@aker 2007).

Theory. This component refers to all thgedagogical theories and practices that can supporthdyA
underpinning collaboration, student motivation etdowever,there are no available guidelines for
educators on which LA parameters may be useful on a pedagogical level (e.g. what types ofi data ca
indicate student motivation (MacFayden and Dawson, 2040) how can the LA results be used to
better structure the courses based on pedagogical theories

People¢ KAa O2YLRYySyid NBFSNE G2 GKS AYLRNIFYyOS 27
though tools perform the majority of the data analysis and visualization, the actual knowledge
application should be realized by people, i.e. educators, instructional designers, trainers etc. These
people are required to check the accuracy and appropriatenaf the LA results for their specific
contexts and make the final decisions whether they will apply the knowledge to achieve their set
goals. These actions, however, call for people with a specific set of skills and knowleggebiem

solving, decisn making, leadership, critical thinking etc.

3.6.4 LA process moddly Verbert et al.

Verbert et al. (2013) proposecthd A process model thatonsists of four main stages that indicate
the level of impact of the LA results in learning and teaching, as shokigure3-12.

Page38of 92



PB\,

Problem-Based Learning 3.0 D1.2 LA AnalySiS

awareness

| (self-)reflection F questions '

sensemaking answers

behaviour change
new meaning

Figure3-12 LA process model (Verbert et al., 2013)

The four stages are as follows:

Awareness This stage refers to the actual data, where stakeholders are made aféheir content
through different overviews and visualizations.

Reflection This stage refers tthe investigation of the data by asking questions about their nature,
usefulness, validity, added value etc.

Sense makingThis stage refers to the procesf answering the questions posted in the reflection
stage and having a more clear and holistic understanding cditla¢ysednformation.

Impact This stage refers to the process of making decisions and allowing change when it is
appropriateaccording toour set objectives.
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4 Educational Reference Process Framework

Thischapterdeals with the tasks and potentials wfodelling and measuring educational processes
and looks for appropriate instruments. The answer on the question: "How to implement and
improve Learning Analytics in learningdwcation, andtraining?" leads to the support which can be
provided byinternational educationabjuality standards.Thereforewe will introduceinternational
standards as an appropriate means ftructuring Learning Analigls The first ISO quality standard
for learning, education, and trainingalled"RFDQ" (ISO/IEC 19796currently under revision with

the new numbering ISO/IEC 40}8@ill be explained and the adaptation model IDEA will be
introduced. In summary, the inlgmentation and adaptation of thnternational processtandard
demonstrate its support foestablishing Learning Analytigslearning, education, and training.

4.1 The international Reference Process Framework

Quality does not exist in a simple manner as a/e shown beforgStracke 2010)First, all

a0l 1SK2t RSNA KI @S (2 RSTAYS (GKSANI 26y dzy RSNEG I )
relation to the given contexthere: Learning AnalyticsThen these different perspectives and

opinions about quaty have to be combined, to be brought into consensus and transferred into

practice. The specification of relevant aspects and criteria to define quality as well as the application

of these criteria into the given context of the organisation are quite aus$tby itself. For this

purpose a common reference framework is needed. The standard RFDQ (ISO/IEQ) 1 &¥®@rst

international quality standard for learning, education and training, is providing such a common
reference framework for educational progses and will be explained in the following.

4.1.1 The structure of the BferenceProcessFramework

The reference procedsameworkof ISO/IEC 19796 called RFDQ is the integration of the following
two main reference models (cf. ISO/IEC 2005) that will be dhestin detail below:

w the generic process model and
w the generic descriptive model.

The reference process model covers the whole lifecycle of learning, education, and training in
general including 4.earning and blended learning. Therefore it can be usedescribe any learning
scenarios as well as any educational and vocational training product and learning solution. It is
important to note that the reference process model does not include any regulations about the
sequence of the processes or interdependies between them as well as it does not give any
instructions on its specific implementation in detail as a prescription or regulation. The reference
process model serves as an open descriptive framework that always needs the adaptation to the
organisaton, the learning context, and the given situati@mf. Stracke 2006, 2010)
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4.1.2 TheProcessModel of ISO/IEC 19796

The reference procedsameworkis based on the generic process model that is divided into seven
process categories containing in total 38 pesses. It is described by the following table:

Table3: The process model of ISO/IEC 19706
ID | Category Description Processes

Identification and description of NA.1 Initiation

requirements, demands, and | NA.2 Stakeholder Identification
constraints of an edudional NA.3 Definition of objectives
project NA.4 Demand analysis

NA | Needs Analysis

FA.1 Analysis of the external context
FA.2 Analysis of staff resources
Framework Identification of the framework | FA.3 Analysis of target groups
FA : and the context of an FA.4 Analysis of the institutional and
Analsis ; o

educational prgess organisational context
FA.5 Time and budget planning
FA.6 Environment analysis

CD.1 Learning objectives

CD.2 Concept for contents

CD.3 Didactical concept / methods

CD.4 Roles and activities

CD.5 Organisational concept

Conception / Conception and Design of an | CD.6 Technical concept

Design educational process CD.7 Concept for media and interactiol
design

CD.8 Media concept

CD.9 Communication concept

CD.D Concept for tests and evaluation

CD.11Concept for maintenance

CD

DP.1 Content realization
DP.2 Design realization
Realization of concepts DP.3 Media realization
DP.4 Technical realization
DP.5 Maintenance

Development /

bP Production

IM.1 Testing of learning resources
Description of the IM.2 Adaptation of learning resources
IM | Implementation | implementation of IM.3 Activation of learning resources
technological components IM.4 Organisation of use

IM.5 Technical infrastructure

LP.1 Administration
LP.2 Activities
LP.3 Review of competency levels

Learning Realizaibn and use of the

LP .
Process learning praess
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: Description of the evaluation EO.1 P'a”'.'“”g
Evaluation/ - EO.2 Realization
EO Lo methods, principles, and .
Optimization rocedures EO.3 Analysis
P EO.4 Optingdation/ Improvement

The process model (tabk1) structures the lifecycle of learning processes, but it does not contain
any prescriptions on the structures or procedures of how to deal with the stated procddses. it

can and has to be defined andlapted for any purpose including Learning Analytics (cf. Stracke
2010, 2014b).

4.2 The Adaptation Model IDEIA

The ISO/IEC 19796reference procesframeworkis a generic model: This means that it cannot
simply be implemented and used as it is, but instedthit to be adapted to every specific context of
usage. In this chapter we will describe the process of implementing and adapting the reference
process model of the standard in practice based on first gained experiences introducing the
adaptation model IDBAas a helpful instrumen(cf. Stracke 2013, 2014a)

The following figure presents the overview of the IDEAL model:

-
. &

2 &l
-0

Figure4-1 TheAdaptation Model IDEAL

Learner

1
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In the implementation process of quality developmdratised on the reference model of the quality
standard ISO/IEC 197496 an individual selection of processes, which are applicable, has to be made
and each of the selected processes has to be specified angalthe current situationDuring this
adaptaton, the specific requirements and objectives of the current situation are considered and
thus, become part of the model.

Since the process model covers any learning processes, it is applicable to any application scenario.
Each scenario has got specific i@dweristics and focal points. In the planning phase of a learning
opportunity (product or solution), the model provides valuable support especially for the analysis of
the needs and the requirements. The reference process model supports customers dafaatdor
biddings as well as providers customising corresponding learning opportunities. In the development
phase of learning contents, the model can be helpful for the design of a learning opportunity as well
as for selecting and implementing an appriape infrastructure. Moreover, the model also supports

the production, implementation and realisation of learning opportunities as well as the continuous
evaluation just from the beginnin@f. Stracke 2010)

To achieve a holistic quality development theeds and requirements of all stakeholders of the
current learning scenario have to be considered (Feigenbaum 1986; Ishikawa 1985; Soin 1992). This
perception is also valid for the adoption and introduction of the reference process model: A strong
procedue systematically planned is needed for adapting the reference process model of the
standard ISO/IEC 197496to a specific organisation including all stakeholders. Therefore simple to
use quality tools as the adaptation model IDE#th its IDEA Phaseandeliver helpful support.

The abbreviation IDEA stands for the four main tasks to introduce quality development:
w 1. Initiate!
w 2.Dol
w 3. Evaluate! and
w 4. Act!

These four tasks and their phases and steps were developed according to the Deming cycke and th
ISO standard family ISO 900x (cf. Stracke 2006a). They have to be fulfilled for the implementation of
quality development in LET: These phases and steps can be realized and applied according to the
specific needs and the given situation of the organaatincluding feedback loops, individually
adapted sequences and parallel implementation.

The phases and steps of the four tasks can be described and defined as fofldtsacke 2013)
w 1. Task: Initiate!

First the raising of the awareness of all stadelers and their full involvement and
participation is needed. In transparent procedures the vision for the quality development
should be defined based on a common and shared understanding of quality for learning,
education, and training and the innovati®nhat should be achieved by the implementation
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of quality development. The loAgrm policies and strategies will be discussed and agreed
upon the approved vision.

w 2. Task: Do!

For the starting implementation the quality model has to be selected (hereuincase:
RFDQ) and to be adapted as an application profile. Concerning RFDQ that means the
selection of the appropriate and relevant processes in a quality profile. Then the specific
definitions and success criteria has to be described, for RFDQ tho#eeaatributes of the
descriptive model, mainly the methods, actors, metrics and criteria. The preparation of the
implementation will include all needed decisions and developments for the organizations.
And finally the realization of all planning for tgeality development and its integration into
organizational processes is completing this task.

w 3. Task: Evaluate!

The evaluation will focus on three distinctive objects: First, the realization of the
implementation of quality development itself as the maintcome of task 2. Second, the
adaptation of the quality model selected and adapted at the beginning of task 2. And third,
the evaluation of the initiation task 1 including the revision of the vision, strategy and
policies for the quality development.

w 4.Task: Act!

The fourth task is dedicated to the sustainability and leergn impact of the adaptation and
implementation of the quality development. The communication and further discourse with
all stakeholders will guarantee the ongoing debate and consemsliding on the quality
definitions and common understandings. Based on the evaluation results, the adaptation of
the quality model will be revised and the vision and strategy will be reviewed. Finally it
should lead the whole organization to the estahlinent of a continuous improvement cycle

for the quality development related to all tasks and steps from the other phases.

The following figure shows the IDBAases of the IDEAIdaptation model in an overview:
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Policies Concept Initiation Strategy

Development Continuous
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p

Figure4-2 ThelDEA Phases

The adaptation model IDE& presented here by using the example of introducing the ISO quality
standard RFDQ (ISO/IEC 1971961t is an appropriate model for establishing a continuous
improvement cycle based on the pripi#s of ISO 900x and the Deming cycle, in particular for the
implementation of quality development in learning, education, and trainimguding Learning
Analytics. For the PBL3.0 objectives related Learning Analytics the IDEAL model can be used for
adaping RFDQ, the unique ISO quality standard for LET, to the specific orgasizatibigiven
situations to introduce and implement Learning Analytics in probleased learning (cf. Stracke

2010, 2013, 2014a, 20014b)
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5 LA tools

The availability of tools thadre suitable for LA has increased in the last few years, adopting existing
technologies from similar disciplines such as data analytics and data science. Currently there is a
wide variety of tools that can support and implement LA processes towards ieghiearning and
teaching.This is also the case due to the gradually increasing application of technology enhanced
learning, where technologies are actively used in order to enhance and support leé§&iemgens,

2013) This brought forth the easy recordinof educational data, a process that is extremely
challenging to perform manually on a traditionehrningsetting (Picciano, 2012).

Today, theonline and blended courses can capture ammhlysea wide variety of information,
including clicks, navigatiopatterns, times spent on an activity or a learning resource, social
networks, types of resources accessed by each learner(@test, 2012).Such courses can also
adopt success stories from the business world, e.g. by using dashboards to view LArresoitsré
visualized and comprehensive way. Such functionalities support all types of stakeholders that are
interested in improving learning and teaching.

Existing tools that can be applied in education and training can be divided into three main categories
as follows:

General purpose dashboards
Ad-hoc tools

LA standalone tools

LA plugins

=A =4 =4 =9

The following suksections provide examples for each of these categori@stefesting LA tools.

5.1 General purpose LA dashboards

General purpose LA tools include solutiaist provide information and visualizations around
different types of data for multiple stakeholders, i.e. students, teachers, researchers, institutions etc.
These visualizations can be in the form of graphs, tables, chartsaett aim to assist stakeluters

in getting a more holistic overview of course activity realized in a specific platform. The following
sub-sections present a few examples of this LA tools category.

5.1.1 GLASS tool

GLASS (Gradientlsearning Analytics SyStens) a platform that visualizes events realized in a
learning environment (Leony et al., 2012he architecture designed for the development of this
platform includes four main components:

M Sensorghat send events of actions take€o the database.

1 Databasethat stores the information of the captured events.
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1 GLASS viewdhat represents the information.
1 Userthat understands and interprets the environméhts @A &dzt €t AT F GA2ya

The user interface of the tool is shownHRigure5-1.
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Figure5-1 GLASS tool user interface

The types of visualizations available include user activity, user statistics, activity evaluations and
group statisticsThe uses can choose one or multiple visualization views for the captured data and
thus explore a multimdal dashboard that will help them make beneficial decisions to improve
learning and teaching.

5.1.2 CourseVigool

CourseVigMazza and Dimitrova, 2007) is a system designed for helping educators become more
aware of what is happening during learning and makeemnoformed decisionsThis system includes
information such as:

Table4 Information presented in CourseVis

Social aspects

Participation in group work

Participation in discussions

Cognitive aspects

Overall performance in the case

Level of knowledge achieved for each domain concept of the course

Students having difficulties with a concept

Comparison of a student's progress with that of other students and the whole class
Behavioural aspects

Accesses to the course
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Reads of ourse materials
Performance on evaluation proofs
Progress with the schedule

A representative visualization is shownFigure5-2, where educators can identify the learners that
have initiated threads in a digssion forum. This can provide insights as to who are the students
with a more active engagement and leadership slaligl who are the students that require
scaffolding so that they can start participating more during learning.
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Figure5-2 Visualization of discussion threads focusing on the students who have initiated the threads
(Mazza and Dimitrova2007)

This solution aims to be used for tracking generated data within Course Management Systems
(CMS). Currently it is only supported by WebCT.

5.1.3Google Analytics

Google Analyticsmay not be developd specifically for LA purposebpwever it can be very
beneficialfor courses that utilize different websites.

° Google Analytics: http://www.google.com/analytics
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Figure5-3 Google Analytics

Google Analytics can track any website traffic and feed back to the users information such as
statistics about the users accessing the websites, real time overview, types of visits etc.

5.2 LA standalondools

LA standalone tools have been developed so thaytban provide specific information and be used

in different platforms. The following stdections provide some representative examples of such
tools.

5.2.1SNAPP

TheSNAPP(Social Networks Adapting Pedagogical Prakticel was developed to extract all user
interactions especially in discussion forums from various commercial and open source LMS
environments, including BlackBoard, WebCT, Moodle and SHkaitool performs reaime social
network analysis and presents the discussion forum activity on a nktdiagram, as shown in
Figure5-4. This visualization derives from the analysis of data such as:

1 Who posted and replied to whom
1 What were the topics of the discussions
1 How spreaebut were the discussion

®SNAPP toohttp://www.snappvis.org
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The information presented in the network diagram can help educators detect more easily learners
that do not participate measure the level of engagement for each student and peosithffolding
features to students in need. The social network diagrams can also help educators identify:

9 Isolated learners
1 Groups malfunctions or conflicts
9 Learners that serve as information brokers

5.2.2L.eMoapplication

LeMo is a wetbased LA application that A Ya (2 LINRPDBARS AYyTF2NXIGABS
navigational patters and to identify ways to improve anellesign the courses (Fortenbacher et al.,
2013).The intended target groups are the educators, researchers and the content providers.
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