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Abstract

Interoperability specifications and architeices for learning analytics ar
rapidly evolving, but the education sector is poorly prepared

understanding the implications of these developments. The current s
of specifications and architectures is surveyed, with a particular focu
xAPI, IMSaliper, PAR, Apereo and Jisc. The readiness of user gro
engage with the development process is discussed, and found t
weak. Finally the report proposes some ways of approaching
formulation of strategic choiceson interoperability strategy that

institutions are facing.
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I 1. Introduction

This report emerges fronhe adivity on two tasks in LACE work packdg&ask 3 seeks to build a
consensus on a description of core elements and mappings, while Task 4 has as its objective a
prioritised roadmap for development of shared data repositories for learning analytitleaming
science research. The scope of the report includes requirements, explores options, and makes
recommendations in respect of high level system architecture, sustainability, cultural/legal/ethical
issues, etc.

In the LACE Description of Work itssfareseen that work on tasks 3 and 4 would lead to a CEN
Workshop Agreement. As discussed at the first annual project review this did not prove to be a
feasible objective, for two reasons.

Firstly,the CEN Workshop on Learning Technologies has beemdistiaand no equivalent
European forum currently exists.

Secondlythe idea of a unitary roadmap has been questioned, given the highly situated nature of

learning analytics. Thiswas arguedih / 9 5SSt A@SNI o6t S 51dn W5 GF { KIF NJ
w2 | R YCobper & Hoel 2015yvhichoffered a high level description of requirements and design

options. One of the conclusions of D7.2 was that

The variety of aims for data sharing (section A 2 Exploring aims for data sharing) makes clear that

GREFEGE aKFNARY3I F2NJ €t SENYyAy3 ylrftedadaeg rAa y208 F &hn
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was explored because the balance of emphasis between the issues varies. Hence, we conclude that,

as groups of stakeholders marshal interest around certain aims, each should expect to develop their

own roadmap.

Congquently, as discussed tte first annual project reviewthe present report provides a detailed
survey of current interoperability initiatives, in order to provide input to the developmesuch
roadmaps, and to inform the choices of educational pati@kers and managers.

1.1.Aims and objectives
The focus of this report is on technical issues related to the specifications, architectures and
infrastructure needed to implement solutions for learning analytics (LA) in different educational
settings. Increasg amounts of data are being captured, exchanged and analysed by educational
institutions. LA has the potential to integrate these data with the tools and legacy systems that are in
use in schools, universities and workplaces today, and use the resyfigations to enhance the
performance and results of both institutions and the people who work and study within them.
However, LA may also have the potential to disrupt current usage of technology as users discover
flaws and gaps in current architecturésy example due to issues of ownership and control of data,
trust, or of ethical codes of use not being properly addressed.

The use made of these capabilities can determine the success of an institution, and so is of direct
interest to those responsiblfor institutional strategy, while the requirements of learning analytics

1 Seehttps://www.cen.eu/work/areas/ICT/eEducation/Pages/\W.S .aspx
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systems are exercising an increasing influence on decisions on technical infrastructure. Consequently
the interoperability of learning analytics data and representations takes offisant strategic

importance. Interoperability can ensure that all the elements of the technical ecosystem can work
together efficiently in gathering data and analysing them, and so that opportunities for insight are

not lost. Interoperability also work®tcounteract lockin to single providers and to legacy systems,

two problems that can both constrain the functionality made available to learners, teachers and
managers, and also increase costs.

In the light of this central role for learning analyticseirdperability, the aim of this document is to
provide decision makers at all levels of education with the informatianthey need to make
informed judgements on learning analytics interoperability.

In order to achieve this aim, the following objectived be addressed:

9 Outline the technical issues raised by the LA interoperability process in a way which is
accessible to policy makers and beneficiaries

1 Document the current state of development of LA Interoperability

1 Set out thedecisions to be made ducational policy makers and managers when dealing
with technical interoperability strategy for LA.

1.2.Audience
This deliverable is addressed to:

1 Anyone who is required to make decisions on educational or training infrastructure

1 Policymakers who are resporse for the regulatory framework governing analytics

1 FRunders who are responsible for allocating resources to research and development in this
area

It does not set out to resolve the challenges that are encountered by those developing
interoperability spetfications and architectures for learning analytics. But the authors hope that the
report will be valuable to them by identifying alignments and points of divergence within the
learning analytics interoperability landscape.

1.3.Scope
The scope of learning ayéics (LA) is not uncontested. Writing in the Educause Reviaw
Barneveld et al(2012)distinguish between:

Academic Analyticsa process for providing higher education institutions with the data necessary to
ddzLILI2 NI 2LISNI GA2yLFf YR FAYLFYOALt RSOA&AAZY YIF{Ay3

and

oLearning AnalyticsThe use of angtic techniques to help target instructional, curricular, and
support resources to support the achievement of specificieday goals (adapted from Bach).

On the other hand the Jisc Code of Practice for Learning Analytics does not make this distindtion, an

RSTAySa [! Y2NB 3ISySNrffesx adradAay3a GKFEG a[ SFENYAy

activities to help institutions understand and improve educational processes, and provide better
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and other definitions, but we take the opportunity to make readers aware of possible confusion, and
to clarify that we will be taking an inclusive view of the scope of LA.

LA typically involves bringing together data framange of sources to create a rich picture of the
learnergactivities, which can then be analysed. In this sense most of the field of LA involves
interoperability of data in one form or another. Consequently the criteria for technologies and
standards bag within or out of scope may be blurred, depending on the aspects of the architecture
that are under consideration. A case in point is metadata standards. These have been around for
some years, and are used in all kinds of learning technologies. Are plaesof the interoperability
landscape for learning analytics? One might assume that they are not. But if you are building a
recommender system acting upon the insights gained by analysing activity data from a humber of
sources, then metadata standardsagnbe essential in recommending relevant resources. The same
could be the case for competency standards, and a host of other standards developed within
education.Consequently the inclusion of LA modulesaimexisting educational architecture is, to a
large extent, about making use of the data that are already there: in the log files of the LMS, in the
Student Information System, in the Library system, etc. A more significant challenge is to add new
data sources, e.g., saleclaredactivity data from thelearners.

Learning analytics is now moving out of the research labs into schools, universities and vocational
training on a large scale. In this report we want to compare and contrast technical architectures,
record evidence of use, and carry out gap gsil in order to make an infmed, if provisional,
judgementon where time and money will or should be directed to ensure that this move is
strategically well directed, and operationally effective. However, we must realise that we are at a
very early stagén the process, and the standards support strategy of some vendors may be limited
to following the aspirations set out in a white paper. As of yet there is no agreed map of the
technical LA space; indeed, it is impossible to be sure that we have ideéntifie will be the most
influential stakeholders for the design of this space. However, a picture is emerging of the overall
landscape, with some features becoming clearer while others remain shrouded in mist. It is this
emerging picture which we will reppon in this deliverable. Much of the work on LA interoperability
is being driven by vendors, and by the Higher Education (HE) sector, where large institutions have
realised the strategic importance of the issue, and have both the leadership and resepadity to
address it. The infrastructure itself is applicable across sectors, as are many of the strategic
implications. However, in the section on requirements (below) we focus on the differing dynamics in
the HE, Schools and Workplace sectors.

1.4.Structure
¢KS GAGE S L2aning Analgtics MigrbfierbidiitReqUitements, Specifications and
AdoptiorQmay suggest sequentialprocesghat is not to be found in the case of LA interoperability
As we have argued above, LA systems build on thewdaizh is already available, and are
constructedfrom existing components, often without a conventional requirements gathering
processLASpecifications and architectures have arigenesponse to the contingencies of the
technologies being used, and tiee needs of education as understood by the teams which are
responsible for driving the work forward.

We therefore start our report with an analysis of the facts on the ground the specifications and
architecturegthat are currently gaining tractioin the implementation of LA.
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We then consider this landscape from the perspective of the requirements expressagplied by
user groups, and coimtue to survey current adoption

We conclude by outlining an agenda for action by educational managdrsaicy makers.
I 2. The learning analytics interoperability landscape

2.1.Designing interoperability in a complex domain
It is important to recognise the dynamic nature of developing architectures and standards for
learning analytics interoperability. The Leaigniinalytics in Australia project has described LA as
O2YLINAR&AY3I a02YLX SE LKSy2YSylx akKlLSR o0& Ydzf GALX
02y OSLJidz f = 2 LISNI A 2(\/darhinglAyakticirSAvudidiad.simmarsing: A y a €
(Colvin et al. 2015)The project, working in the area of HE, identifies six relevant dimensidnsh
we believe argyeneralizabléo other sectors:

9 institutional conceptualisations of LA

1 the need for highfocused and influential leadership

9 an appropriate and sustaining structure supported by articulated vision and strategy

9 technological competence

9 stakeholder engagement

1 context.

These dimensions were seen to combine in a-hio@ar, recursive, and dynampcocess (ibid).

Failure to recognise this complex landscape leaves one prey to supposing that interoperability is
more mature than it really is. Similarly, a misplaced assumption that interoperability can be left to
technical experts to resolve in the lioéss of time may lead to disengagement from strategically
important standardisation processes, or to delaying work until the egeeding day when the
specifications are felt to be sufficiently mature.

& LI NG 2F 51tdm [ !/ 9 LPdid fyARdE NRR v dEk {OLISoop&T ASOIB Y A0Sy 3
2014b) which provides an overview of the rather complex standards landscape. The standards

groups involved are both industry consortia (e.g., IMS Global Learning Consortium), national

standards bodies (e.g., StandardsriNay) that are part of a formal standards track, and formal

standards organisations like the European CEN/CENELEC and the international ISO/IEC (in which JTC
1/SC36 committee just started a working group on LA). It is important to note that those

specifiations with an explicit LA focus are only at the very beginniraglohg standardisation

processFigurel: Standards devepment is a neveending cycle. Source: Egyéa008)represents

the onrgoing cyclical process through which ideas are turned into a specificatlmntisted in real

life applications, and are then fed back for revision and further development.

alyed OG2N&R FyR O2YYdzyAlGASa IINB Ay@2f SR Ay (GKAS3Z
2P0SNE 2F ¢2N)] 0S0G6SSy (KS RéchtidieRyy AsaigledBSa Ay (FK
LACE blog post, the achievement of consensus on how to describe a learning activity is a case in

point, and we have seen that different organisational policies make it hard for the uninitiated to see

what is going orjHoel 2015)
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Factors in the standards Factors in the
development setting implementation setting

evised) Idea ;> Specification -—'—)» Implementation

Standards (maintenance) Implementation
process process

Figurel: Standards develpment is a neverending cycle. Source: Egyg@008)

This process raises many issues, two of which we highlight here.

Firstly, the criteria for assessing the infrastructure for learning cannot be limited to the purely
technical. This caragainbe illustrated through tle Learning Analytics in Australia project that has
contrasted two clusters of LA implementations in HE institutions:

9 Trajectory (Cluster) 1: LA was primarily focused on supporting retention activity
9 Trajectory (Cluster) 2: LA was characterised by an engefgcus on pedagogy, curriculum,
and learning.

The project concludes that

... the two trajectories did not only differ in how their learning analytics programs looked, both
trajectories were underpinned by different conceptualisations of learning arwalysind their

prioritisation, and readiness, of antecedent factors. Simply, how learning analytics was deployed (and
performed) was strongly mediated by goals and drivers for learning analytics that appeared unique to
each institution(Learning Analytics in Australia n.d.)

Given these different goals and drivers, a purely technical assessment of the effectiveness of LA is

not possible. Moreover, there are many aspects of infiasttire which are often not captured by

architectural diagrams. To give an example, from a functional point of view a cloud store, an

institutional repository, and a personal store perform a similar technical task. However, from the

perspective of the usethe types of interactions which they support may be very different, as may

be the policy implications from an institutional perspective. As we will discuss below, current
AYOUOSNRBLISNI 0AfAG@ | LILINBLFOKSA YI 1S dzongkesavhilable W[ S| NJ
F2N) Lyl feara GKS KA BaraghBowed s iokaStrafgiforweyt privdass, I Ol A O A
and raises many open questions.

Are we talking about a huge, central learning record warehouse?
Are we talking about long term storage

Would it be possible or useful to have distributed storage?

Could each learner have a personal learning record store?

What other processes are needed in order to run a storage service?

= =4 =4 4 =

These open questions, seen from the perspectives of the vasi@akeholders, cannot be explored
by carrying out a technical study. Because of this the loop of testiRigurel should involve users
at many organisational levels, taking their experiences and opinions as input into tha gestgss.
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Secondly, the LA interoperability process recursively changes the domain which it is operating on
Designs for interoperability are moulded by current practice in TEL and constrained by the existing
infrastructure. But the designs also rethitile purposes to which TEL can be put, and the
requirements for the systenthat are to be constructed. The dialogue between these two

discourses creates a dialectic which progresses, but which never reaches a stable state. We believe
that this is as it shad be, and that any attempt to impose a technocratic solution increases the
potential for dystopian applications of technology.

2.2.The centrality of activities and activity flows
Learning technologies have always tried to capture data about the acéiattee learners who use
them, andit may be argued that the rise of learning analytics is a reflection of the huge increase in
the quantity of this data wittthe introduction of new sensors antle use of Web technologies. In
any eventwhatever else LA maye, it seems clear that it moncerned witithe management and
processing of data about what learners.dofocus on learning activity can help to bring some
coherence to the completeroperabilityprocess we have outlined above, as it captures the abje
that is subjected to analysis. However, the term 'activity' has many meanings, including:

TKS yFYS 2F | Fyeé NBLSFGSR FOGA2Y 6So3d aNBIR
AYe 1AYR 2F Y20SYSyid o0So3d aGKSNB Aa az2yvys | O
Carrying out aspecific task (e.g. responding to an exam question)

The instructions for carrying out a task (e.g. 'activity' as defined in BdghingDesign
The opportunity to do something (e.g. a Wiki in Moodle is referred to as an activity)

ok owhpRE

This ambiguity raisesepgagogical questions. What kind of activity is under discussion, and what kind
of learning is taking place which it would be interesting to know more about? But 'activity' also has a
technical meaning, for example the Experience API specification defitigiyas

Xl eSS 2F hoeaSOG YIF{Ay3a dzlJ 6KS aGKA&E Ay L RAR &
It can be a unit of instruction, experience, or performance that is to be tracked in meaningful

combination with a Verb. Interpretation ofchivity is broad, meaning that Activities can even be
GFry3arofS 202S5S00Ga adzOK & I OKIFANI ONBLFf 2NJ @A NI dzl f
recipe constitutes the Activity in terms of the XxAPI statement. Other examples of activities ilmclude

book, an elearning course, a hike or a meetifggDL 2013)

Much of the body of this report consists of an analysis of the various ways in which interoperability
architectures andecifications represent learning activities, the data wtttodtly choose to collect

about them, and the methods which they deploy to process them. Many aspects of this have strong
links to earlier educational technologies. Others are new, including thegsedgelated to data
ownership and control.

I 3. The current state of learning analytics interoperabiligpecifications

3.1.Some elevant prior specifications
The LACE publicatiohsarning Analytics InteroperabiligyThe Big Picture in Bri6Eooper 204a)
and Specifications and StandardQuick Reference Guig@ooper 2014byave an overview of the
standards that could play a role in promoting LA interoperability. Some of the standards are related
to activity information, while other standards are relatamgrocesses of analytics and visualization

6
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following the description of activity stream. In this section we highlight two specifications, one
describing activities and one describing predictive models.

3.1.1. Activity Streams
The work on defining a specificatifor activity streamsstarted around 2009vhen it became clear
that there was no interoperable format for exchanging and syndicating information about activities
from social media. The work was undertaken by a group from IBM, Google, Microsoft, MySpace,
Faebook, VMwareand others which published its first version in 2011. The first sentence of the
Introduction to version 1.0 reads:

In its simplest form, an activity consists of an actor, a verlmkject, and a target. It tells the story of

a person performig an action on or with an objeet"Geraldine posted a photo to her album" or

"John shared a video". In most cases these components will be explicit, but they may also be implied.
(Activity Streams Working Group 2011)

The specification was adopted by many large players in the social media scene (e.g., Facebook and
MySpace). In 2014 the spication was handed over to W3C Social Web Working Group, and
version 2.0 is published as a working d{@#3C Soccial Web Working Group 20EXperience API
andIMS Caliper botbuild on the Activity Streams worlind in a LACE guest blog pKitto (2015)
suggestghat the Activity Streams specification could be used to unifytespecificationsn spite

of fragmentation due to different market strategies of tp&ayers in learning analytics.

3.1.2. Predictive Model Markup Language (PMML)
Interoperability of models and methods is the aim of PMML, the Predictive Model Markup Language,
a mature XMtbased specificatin from the Data Mining GrodpAlthough its emphasis is on
predictive methods such as decision trees and logistic regression, it can also be used to convey the
results of more common statistical tests. PMML allows for data transformations and other pre
processing steps, algorithm selection, and fitted parameters, etc., to be exchanged. There are
several independent implementations of PMML, however, the standard has not been widely used
for learning analytics. The Interoperability work package of LACEMasyer, concluded that no
evidence is found that would prove PMML inadequate for learning analytics. Indeed, the Open
Academic Analytics Initiative (OAAI) is built on PMML, and the OAAI has been adopted by Jisc Open
LA framework as part of its open aratture. PMML is also part of Ape®@ [ S Ny Ay 3 ! yI &
Processot:

3.1.3. From SCORM to xAPI
Advanced Distributed Learning (ADL), a division of US Department of Defence, has been responsible
for both the highly successful SCORM specification, and xAPI, wemiénespectseplaces the
earlier specification (@te that xAPland Tin Can ARdre synonymous for historical reasdst is
worth briefly examining this background.

SCORM, the Sharable Content Object Reference Model, was first released in 200Inajih a
revision in 2004. It was based on work by the Aviation Industry Comateed Training Committee
(AICC) going back 20 years specifying how the desktop, later the web browser, could communicate

2 http://www.dmg.org/v4-1/Interoperability. himl
3 https://confluence.sakaiproject.org/display/LAl/Apereo+Learning+Analytics+Processor
4 Seehttps://tincanapi.com/tin-canxapi/ for an explanation of this double naming
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with content. SCORM enabled interoperability betweestsgns (LMS and training content) to

become a reality. It supported one pedagogical scenario, and was based on the infrastructure of the
time (desktop computer, web browser, institutional servers). It was also assertively marketed as the
gold standard for kearning, which madé hard for educators to buy into the benefits of technology
standards for learning.

The introduction of mobile devices, increased use of simulations and gaming in military training, and

the fact that large groups of students were mmger satisfied with the use of an LMS for other than

obligatory tasks made it clear to ADL that SCORM needed updating. The US Government

commissioned a study called Project Tin Can that resulted in the data transport and storage
mechanism called Experigdc | t L 6 E!t L0 GKS FANBG O2YLRYySyd Ay
Architecture. XAPI, in contrast to SCORM, is able to track any activity, not only completion data and
a02NBad ! FGSNI mn &@SINB 6AGK {/ hwa E!'tL 61 & NBtSI
Training and Learning Architecture, heralded by some as the Future of SGGRAnthin 2014)

XAPI does not replace everything that SCORM does; it is not des@gremhéduling, there is no

sequencing, no user management feature, éWerkenthin 2015)lt is proposed a®nly the first

building block in a system that will include Learner Profiles, ContakieBng, and Competency
Networks(Poltrack 2014)

3.2.XAPI
I O0O2NRAY3I (2 ! 5[ ackcdvicSthadaldwiSidizst&emerss of expkriericgito be
delivered to and stored securely in a Learnm@ O 2 NR { {(ADINID13)THe wdsio structure
which makes this possibls as follows:

1 People learn from interactions with other people, content, and beyond. These actions can
happen anywhere and signal an event where learning could occur. All of these can be recorded
with the Tin Can API.

1 When an activity needs to be recordgthe application sends secure statements in the form of
Gb2dzys @GSNDBI 202S5S06G¢ 2NJaL RAR GKAag G2 + [ SNy

1 Learning Record Stores record all of the statements made. An LRS can share these statements
with other LRSs. An LRS can exidtoawn, or inside an LM$Tin Can API n.d.)

The xAPI specification is published as a living docuinéfe now provide an overview of the
specification for readers who do not have the time or inclination to read the technical
documentaton (though we should add that this documentation is not too intimidating). The
overview is based on version 120as of November 20th 2015, and draws extensively on that text.
Direct quotations are not indicated in order to maximise legibility, and eemdre referred to the
specification itself for the authoritative text.

The xAPI model of a learning experience

The fundamental concept in XAPI is the statement, a simple construct which tracks an aspect of a
learning experienceAStatementconsiss of an<actor (learner)>, a<verb> , an

<object> , with a<result> , in a<context> . There is no constraint on what these objects
should be. We now briefly introduce these elements in turn.

5 https://github.com/adInet/xAR-Spec/blob/master/xAPI.md
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Actor: AnActoris the identity or persona of an individual or grotinat can be tracked using
Statements when they perform an action within Aativity.

Object An object is the "this" part of the Statement, i.e. "l did this". TypicallyQhbpectis an
Activity (e.g. "Jeff wrote an essay about hiking"). The Object cantad an Agent (e.g. "Nellie
interviewed Jeff.") or a SuBtatement (e.g. "Nellie commented on 'Jeff wrote an essay about
hiking.")

Activity: AnActivityis a type ofObjectin aStatement The concept ofctivityin xAPl is a little

different from everyady languageActivityrefers to something that aActorinteracted with. It could

be a unit of instruction, an experience, or a performance that can be tracked in combination with a
Verbthat defines the action carried oufictivitycan even refer to tangie objects such as a chair

(real or virtual). In the statement "Anna tried a cake recipe", the recipe constitutes the Activity in
terms of the xAPI statement. Other examples of activities include a book|esrréng course, a

hike or a meeting.

Verb: Describes the action performed during the learning experience. The XAPI does not specify any
particularVerbs Instead, it defines how to create Verbs so that communities of practice can
establishvVerbsmeaningful to their members and make them availableuse by anyone.

Result TheActivitycarried out by arActormay lead to a measured outcome related to the
Statement in which it is included (though this does not have to be the case). The kind of results
foreseen in XAPI are scores, success, completgmponse, and duration of the activity. However it
is possible to define more types of result.

Context TheContextcan store additional information about akctivityor experience, but this is
optional. For example, th€ontextcould include the teacher danstructor, whether the experience
happened as part of a teadctivity, or how an experience fits into some broader activity.

Attachment In some cases it is important to store a file that provides evidence of a learning
experience. For example, this cdule a record of communication, an essay, a video, or a certificate
that was granted as a result of an experience.

The elements described above provide an indication of the way that xAPI models learning
experiences. However, this is not sufficient to adiyuevork with learning experiences. The
specification defines a number of further elements. We now mention two of thieseparticularly
help in understanding how the specification works.

Learning Record Stor@RS)TheLearning Record Stoiga systenthat stores learning information,

and xAPI is dependent on the presence of an LRS if it is to function. In the past most learning records
were stored on Learning Management Systems (LMS). But the LMS is no longer the unquestioned
centre of every technologgnhanced learning environment. The use of an LRS element makes it

clear that it is not necessary to work with a full LMS in order to implement xAPI. A reference
implementation of he Learning Record Store is available on the ADL GitHub site

6 http://adinet.github.io/
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Activity Provider (AP) The Activity Provider is the software that communicates with the Learning

Record Store to record information about a learning experience Attigity Providermay not

I Olidzl £ & adzlL2 NI GKS fSENYAy3d SELBSSASYDSNBLESERS
interview itself could be carried out with pencil and paper.

Other essential information for working with statements is provided byTimeestamp(indicating
when the experience occurredduthentication(to verify the identityof a users and systems), and
Authority (which indicates who or what has asserted tha&tatements true).

Flexibility and interoperability: squaring the circle

Even though SCORM was marketed as the LMS standard, it was primarily its tracking feature
(adopted from the AICC CMI specificatidmt justified the work required to build SCORM into an

LMS. However, SCORM could only track a very limited and fixed set of activities. In response to this
limitation xAPI is much more versatile in its trackinge $hecification offers a framework for the
description of learning experiences, enabling users to define their own vocabularies, and to extend
Activity Definitions, Context, and Result. This offers many advantages, but also comes with a cost, as
Werkenthinpoints out:

One of the great things about xAPI is that you can define your own verbs and extensions. This allows

@2dz G2 GNY Ol SOSNRBUKAY3I ySSRSR (2 FylrtelsS &2dzNJ S
Ad y2i GKS aySs {Hlhiwa@®INICR2 Nd DESEYLEVSEA 2y a4 AYRAOFGS
CKSNBQa y2 RSTAYAGA2Y D {dzNBI &2dz Ol yWevkenthid &2 dzNJ 2 4
2015)

' 5] A& | ¢ NXB diNG-RiI oldeiA aA yoONBNEGD £ @ 2 1LISy ¢l & 2F RS
GANBFGSad aid NS Bawe B013) Thd&speazifichatipnya8diesses this problem by

SELX FAYAYy3 GKIFG &/ 2 YWldaf SoierpSirt in 8nte, neddldo EsiablishPewo / 2 t &
Verbsto meet the needs of their constituency. Therefore, it is expected that XxAPI communities of

practice generate profiles, lists, and repositories that become centerédevbvocabularies. ADLis

coordinating the creation of collectiomd recommended/erbsby communities of practicend this
workislikelytoO2 Yy 1 Ay dzS (2 06S & dzLILJ2 Nifie$eRently éstablishe¢d@dta LI NI A OA
Interoperability Standards Consortium (DIS@gividualactivity providersremain can, nevertheless,

make their own choice dferh

According to the specification@ontrolled VVocabulgris

Xarestricted, agree@ y f Aad 2F g2NRa X dzaSR F2NJ I aLISOAFTAO R
controlled vocabulary is to ensure consistency in the developmeniraptementation of xAPI

statements to avoid ambiguity and ensure the use of consistent language. It is controlled because

only terms from the list may be used for the subject area or domain. It is also controlled because, if it

used by more than one persothere is control over who adds terms to the list, when, and how to the

list. The list could grow, but only under defined policies by a GdPL 2013)

CoPs are also expected to develop Domain Profiles, i.e. reusable templates that convey domain
specific or use cagequirements, documentation, vocabulary, and sample statement(s) for how to
capture specific types of learning experiences using xAPI. As a result of the flexibility of xAPI there is
also a need to add mechanisms to support interoperability beyond thefsgimon itself.Miller
(2014a)explains the importance of the Registry as a solution to this problem.

10
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As the specification approached a 1.0 release, it became apparent that switching the idefdifier

Verbs and other Statement parts to URIs was going to leave a gap. Out of that recognition came the
Registry. The Registry provides a place for users of the Tin Can API touegttadogarious terms

they use to construct Statemen{Miller 2014b) Thus xAPI is not a staatbne specification, but

rather, as the specification statésit KS FANRG 2F Yl ye Syg@raizySR (GSOK
F NOKAGSOGdzZNE 2F 2yt AYyS €SIENYAY3I YR GNIAyAy3aId X
F NOKAGSOG dzNJ (ADL2RIBA 2Y AY YAYR®E

Towards standardisation

The architectural implications of XAPI, however, expanded its scope beyond the description and

transport of activity streams, by introducing the concept of a Learning Record Store. This has

generated some cdroversy in the context of the formal standardisation process. When xAP| was
2FFSNBR FT2NJ adlyRIFINRAAIGAZ2Y AY L9999 ! dz3dzad wHnAawmn
AG g2 qFEivers 0BT he proposal was rejected for two reasons: IEEE requested a more

modular structure of the specification, and European IEEE members in particular requested a clearer
discussion of is&s of privacyHoel 2014)

However, a strength of the xAPI specificatiothet it is published with an Apache 2 license. Aaron
Silvers comments that

One might think it odd to license a spec that way, but it makes it possible to allow derivative-works
meaning ADL (vis a vis the US Department of Defense) doesn't need teegiviegion to IEEE to

make a standard from the spec, which makes it possible for it to go into standardization wherever
challenge that was really difficult to do with SCORM.

There are no IP issues in the wings with this effort, no dependencies onartemizations IP or prior
works. These are all pretty administrative issues but they are the kinds of things that made getting
SCORM out of ADL/USDoD nigh impossible... and they're the kinds of things | and others took great
care with and deliberated oveso as to avoid making choices that turned out to be mistakes later on.
(Silvers 2014a)

Thus the story oSCORM and its successor XAPI is a story about a learning activity tracking
technology that proved to be too restrictive, both pedagogically and technically, and how easing the
restrictions became the way to fix it. XAPI is based on a language that ketpress everything.
However, as we know from our own language experiences it is not enough to have a language, one
also need a vocabulary to come up with meaningful statements. A vocabulary implies a community;
and this is what we observe in many countniesvadays, communities of interest meet to define
vocabulariesllowing them to exchange activity dafBhese vocabulary sehavebeenreferred to
asrecipes but currentpracticein ADL is to use the terprofiles

CMI5
Werkenthin has argued that

By itself, XAPI is not a replacement for SCORM. Instead, xAPI defines communication between a

learning experience and the learning record store, or LRS. While most of us agree that the majority of
learning occurs outside the LMS, there is still some formadaning that will be maintained in the

LMS, so a more modern SCORM is certainly neddied.that ADL is taking over the cmi5
ALISOAFAOLIGAZ2Y FNRBY GKS 'L/ /32 Al AaWeké&thind GKFG OYA
2014)
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CMI5 is a runtime communicat data tracking framework under development by ADL together

with The Aviation Industry CBT Committee (AICC)-80Mihs on top of XAPI, and one can think of

CMiI5as the LMS use case for XAPI. It therefore seeks to make the openness of the specification

tractable for users of common LMS systems. The CMI5 specification defines how the LMS and the
content will communicate using the xAPI Learning Record Store (LR$).CMIA | & dzaS OF aS¢é
F2NJ GKS [ a{ o sépEcifyinglo GMISieths Ntz S & € 0

1 Sessn verbs launched, initialized, and terminated.
9 Status verbspassed, completed, waived, failed, abandoned, and satisfied.

¢ KS GSEG RBMp NBS §AYSIIGILE dzIA y i SNRLISNI 6Af Ade 0SG6SSy
and learning content activities.

CMI5 requiresconformancewith xAPI, and allows for the flexibility of xAPI to be used in any way
which does not conflict with CMA. An LMS which is CMIcompliant must use the CMllaunch
mechanism, include required ClIstatements in all sessionsfthe sequence and completion

criteria, andprovide a user interface to access all data recorded. If successfuf @MIharness the
flexibility of XAPI as a way of going beyond the limitations of SCORM, while maintaining a clear and
practical approacto standardising information about activities and learning experiences provided
on LMS systems. Rustici Software are including®adibport in both their Scorm Engfrend Scorm
Cloud. The CMI5 specification is open source and the current draft vefsimailable on Github
Development can be followed on Twittér

3.3.IMS Caliper Analytics

3.3.1. The context of the Caliper specification
IMSGlobal Learning Consortium lig.a nonprofit, member organizatiofounded in 1999hat
strives to enable the adoption arichpact of innovative learning technology education(IMS Global
Learning Consortium n.dMembership is by annual subscription, which in 2015 varies from $1,500
to $55,000 depending on the size of the institutidMS Global Learning Consortium 2015a)
Members include major software companies and publishers, universities and government
agencie¥'. Specification development is carried out in private by groups of members, whoaéso v
on the approval of specifications for publication. Once approval has been given by members, IMS
specifications are published on the IMS website.

The response of IMS to the emergence of learning analytics reflects the interests of its members,
whetherthis may be to improve products and maintain market position, or to ensure that the

products which educational institutions purchase provide appropriate functionality and offer the

benefits of interoperability. Development of IMS Caliper was launchedli 2@h the publication

by IMS of the Learning Measurement for Analytics Whitep@dés Global Learning Consortium

2013) The whitepaper, reflecting thstrategic nterests of the IMS membershidiscussed Caliper in
GSNX¥a 2F (GKS INRgOK 2F RAIAGIE SRdzOFGA2Y YR al

7 http://scorm.com/scormsolved/scormengine/

8 http://scorm.com/scormsolved/scormcloudfeatures/
9 https://github.com/AICC/CMb_Spec_Current

0 @cmiSspec #cmi5

11 https://www.imsglobal.org/membersandffiliates.html
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for, accountability regarding the ability to measure and analyze thisleadi online learning
I O A Tha Whitepaper proposes an 'edwaph' of the whole range of educational data, and
Figure2 shows the initial IMS focus areas within this wider domain.

[ initial IMS measurement focus areas

Learner, Background
Educator
Profile | Socis
Data

Education

Operational

Data Career —

Data Connections

Maniors

Enrolimeonts e

|me D
Figure2 ¢ KS 02 YLINB K Sy adat@Bodél Sorrde IMBNGlolalK_éarning Consortiu(@013)

In addressing these areas IMS sets out to complement and leverage its existingpetifi€aions
G{dzoai-FEAAEAYIMBE2N] SP3d [SIENYyAy3a ¢22ta LYGSNRL
{ SNBAOSa O6[L{0OX vdSailiAzy YR ¢Said LYGSNRBLISNI O6ACf A
activity encapsulation and context that can be leged, but it needs to be extended to engage

f SFENYAyYy3 YEMSHGuB yadhiigiGonsortium 208)mewhat confusingly, IMS has also

had a paralleactivity to Caliper, called RAM(Réah YS ! yI f @A 04 aSaal3aAaAy3aov a
GAYSZ OGA2YIo6fS YSaalr3aAay3a FESNIhaéd ¢KAA 62N] KU
FYR Ad Aa &AFAR G2 NB{FGIS a2 NBhdhadS2x 9y (13 &22 i B
(IMS Global Learning Consortium 2015e)

3.3.2. An overview of the Caliper specification
Version 1.0 of the Caliper specification was published in Octobers2016 Y R LINR Y2 GSR | & &
62NI RQa FANRUG AYUSNRLISNI 0Af Al MAGIdbaf ReariNdg T2 NJ S R dzC
Consortium20156p LG FAYa ad2 LINRPGARS [SEFENYyAy3a aSiNrRO t N
actions and rlated contexts; creating Learning Sensor APIs and Learning Events drive to be able to
aggregate metrics; and leverage of existing IMS specifications, like Learning Tool Interoperability

(LTI) specification, Learning Information Service specification Qaedtion & Test Interoperability

specF A Ol G A2y ¢ @ (INBIRoNdREafrithg GoRsortiuan 2016k)iper's principal

contributions are that it:
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1 Ceates IMS Learning Metric Profiles to establistasidy and extensible, common format for
presenting learning activity data gathered from learner activity across multiple learning
environments. Metric Profiles provide a common language for describing student activity. By
establishing a set of common labdbr learning activity data, the metric profiles greatly
simplify exchange of this data across multiple platforms. While Metric Profiles provide a
standard, they do not in and of themselves provide a product or specify how to provide a
product. Many diffeent products can be created using the same labels established by the
standard.

f ONBIi{iSa G4KS La{ [SFNYyAy3a {Syaz2zNl!tLu G2 RSTFAY
simplify the gathering of learning metrics across learning environments.

1 leveraged YR SEGSYR& (KS La{ [¢Luk[L{kveLn &dl yRL
granular, standardized learning measurement with tools interoperability and the underlying
learning information models, inclusive of course, learner, outcomes and other critical
as®ciated context.

The Caliper specification is composed of three docum@hS Global Learning Consortium 2015b)

9 Caliper Analytics v1 Best Practice Guide
9 Caliper Analytics v1 Implementation Guide
9 Caliper Aaltyics vl Conformance Guide

In the following outline of Caliper we describe the main elements of the specification, paraphrasing
and quoting from the Best Practice Guide and the Implementation guide. Detailed citations are not
provided in this descriptioin order to increase readability, and readers are referred to the Caliper
documentation for authoritative information about the specification.

Learning Activity ALearning Activityn Caliper is any activity that can be a component of a learning
sequene in a digital learning environment. llearning Activitys typically equivalent to a lesson.

/£ A LIS NJ {TBegaligeNIensdrAB¥fines the way that learning applications (for example
Learning Management System, or a publisher's content) daneict with the learning analytics
services that are offered by Caliper.

Caliper SensorA Caliper Sensas a piece of code that can be used by programmers to include

Caliper functionality in their learning applications. The code takes care of the nsaipbetween

the host application and Caliper services, and makes it much faster and easier to adopt Caliper.
Sensors have been implemented in Java, Javascript, PHP, Python, Ruby and .NET, in order to support
a wide range of applications.

Metric Profile: Metric Profiledefine the types of learning activities which can be handled by Caliper.
They offer a common format for grouping learning activity data. The data is classified and managed
according to a list of learning activity concepts included in tleziigation. There is Base Metric
Profilewhich includes entities and attributes that are useful in describing all other Metric Profiles
(for example name and keywords). The other profilesSegssionAnnotation Assignable
AssessmenODutcome Readingand Media It should be noted that there is an extensions property
which can be used to add properties to tBase Profilén order to track aspects which not have

been foreseen by the specification. Eaddhtric Profileincludes three types of information

14
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1 The Entities that participate in Learning Interactions (BgrsonAssessmend/ideq etc.). In
the case of thdReadingprofile these refer to properties drawn from the ePub specification
(e.g. ePubVolume)

1 Actionsindicate the actions that can be cad out as part of &earninginteraction For
example in theReadingprofile the available actions a®earchedViewedandNavigatedTa

1 Events capture th&ntitiesinvolved in a learning event, and thetionsthat are performed.
For example th&eadingevent includes the attributeéctor, andObject(a digital resource
in most cases)

In order to do useful work witMetric Profilegshe data that they generate has to be held inEvent
Store Caliper does not formally include an open, standards baseut stere/LRS in its initial scope.
However, a referenc&ventStorémplementation has been provided, which is intended as a
development/test/demo environment rather than as a component of a production Caliper system.

There is also aBngagement Scenanwhich is not aMetric Profileper se, but rather a common use
case that applies a blended collection of metrics and context derived from other metric profiles. The
scenario contains a list @&ventsand Actionsdrawn from the current set dfletric Profileghat

indicate minimum student engagement witlearning ActivitiesAll attributes/objects (e.gactor,

action, object startedAtTimeendedAtTimeduration, etc) ofEventsare implicitly part of the
Engagement Profild=igure3 provides a high level representation of the Caliper environment.

--------------------------------
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Figure3: high level representation ofhe Caliper environment

It is not anticipated that all adopters will implement all of the Metric Profiles. The advice of tie Be
Practice Guide is that

X6 KSy @2dz 6S3IAY AYLX SYSyGAy3 /FEALISN €2dz aKz2dzZ R O:
YSGNRO LINBPFAESE YR AYLX SYSyld GKS 2ySa ySOSaal Ne
features.For example a Quizzing tool wduvant to implement base, session, assessment,
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assessment item and outcome metric profiles. An eReader would at a minimum implement base,
session and reading metric profildMS Gobal Learning Consortium 2015c)

It is however expected that the selection of Metric Profiles which are implemented in a particular
system will work together to provide a richer picture of activity than could be achieved with any one
of them independentlyas indicated ifrigure4.

Reading Metric Profile

navigatedFrom Annotation Metric Profile

Gradable/Assessment Metric Profile

Figure4: lllustration of Metric Profile Interactions Source:the Caliper Implementation Guide

3.3.3. Conformance
The third document in the specification is the Conformance Guitiishawe discuss in the section
on adoption below.

3.4.GBEN and the TIP Project
The CompetencBased Education Network{C9 b 0 A& &l 3INRdzZL) 2F O2ftf S3Sa
together to address shared challenges to designing, developing and scaling cooydedeed
RS3INBS LiSBdnFetehcy Based Education Network 20CBEN has partnered with IMS
Global to seek a solution to the probleminferoperabilityof competence definitions. The Technical
Interoperability Pilot? has been set up to support this collaboratiavith funding from the Bill and
Melinda Gates foundation. Many aspects of this work are peripheral to LA interoperability, but one
aspect is relevant. Leulf@015)F NHdzSa GKIF G aO02YLISGISYyOASa FNB y2i
courses, with a unique competency code and related competency statement that can be added or
OKIFIy3SR YR NBY2OSR a4 ySSRSRéd Ly NBaRByas d2
Gal yFr3Aay3a O02YLISGSYyOASa dzaAy3da | dzyAljdzS -1Se8z Ay |y
O2YLISGSyOe N@Bdubda201DN6 dokdirdsldtsi aveéyet available from thisrk, but it
can be imagined that, if successful, it would offer a possible route to classifying the result of a
learning activity. In this way it is relevant to the pedagogical interoperability problem raised by LA
interoperabilityspecifications. Indeedyhile GBENs committed to collaboration with IMS Global,

2 https://Iwww.imsglobal.org/initiative/enablingbetter-digitalcredentialing
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they would also be a good fit for a Community of Practice in the context of kARlation to this,

Aaron Silvers commented thate Data Interoperability Standards Consortium (Di&@uld

St 02YS GKSANI Ay@2f @SYSy GBEN ghRwag Bex&A. BilGersK I LILIE (2 3
January 2016, personal communication)

4. The current state of development of open architectures for learning
analytics

4.1.The context for open architecturesf learning analytics
Agreed open specifications enable data to be moved between systems, and so they are the bedrock
upon which interoperability is built. But once you start to do this, and to take advantage of the
opportunities that are opened up, ther@re wider implications for the infrastructure which is
required. As Kitto said in an interview for this report:

¢CKS LINRO6fSY A& &2dz R2y Qi 2dzAad ¢l yd E!'tL® ,2dz KI @8
you can do some work with that. But it istnenough. And in Life Long Learning you need to think

about the entire datasystem. You need people to take the data with them throughout their

education.(Griffiths 2015b)

The management of this data involves a mix of open source and proprietary systemgithithand

beyond educational systems, and the systems which we normally identify as involving learning

analytics form only a small part of this. There have been efforts to bring some structure to this highly

varied landscape, involving the designatiorbotindaries betweemducationaland generic

software, the articulation of architectures, and shared development of open source systems for

education. Ten years ago Jisc (UK) and DEST (Australia) initiated a major effort to create a Service
Oriented Archited dzZNB F¥2NJ | AIKSNJ 9RdzOF A2y ® LG& LINARYIFNE 3:
sustainable, open standards based service oriented technical framework to support the education

'y R NXBaS!I NDKOIvier ¥t b d2g05)8oing iatemsive work was carried out, but no

sustainable results were produced. A more sustained effort has been made by the Sakai Foundation.

Sakai began in 2004 when a number of US universities started work on synetyonéir assorted

learning software to create integrated, opén2 dzZNOS G 22f a® ¢ KSANJ LINAYIl NB 3
teaching, learning and research by providing a compelling alternative to proprietary learning

systems, an innovative platform for learning amdlaboration that is produced by and for the higher

SRdzOI (A 2y (ApRryoYdayidatioR 2014)

At present Sakai is used by 300 institutions around the world serving more thahoh siibidents.

The Sakai project is now a project of the Apereo Foundation, which has taken on an important role
in facilitating the development of an open architecture for LA, in close collaboration with The Society
for Learning Analytics Research, Jsa] a number of leading universities. This is currently the most
significant focus of work on open LA architectures. Some other consortia and national agencies are
also working on proposal&/hich relate to a greater or lesser extent to that which is being

coordinated by Apereo. There are also initiatives which are less open, or closed, which are worthy of
mention although not entirely in scope for this report. In the following section we discuss how these
various initiatives interrelate, and outline ttechitectures thatare emerging.
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4.2.The Society for Learning Analytics Research
CKS {20ASGe& FT2NJ [ SINYAyYy3 |-gidciplidaty hedvbrk of Badisg NOK 6 { 2|
international researchers who are exploring the role and impact of analytics ohitegdearning,
GNI AYAY 3 |y SieRégbdl. 201.VRil¢ thé development of technical infrastructs
Aa y20 LINIH 2F {h[!wQa YA&aaA2y> AdG 0SOFYS Of SI NJ
impact of analytics was being held back by a lack of infrastructure. In 2011 SOLAR launched the Open
Learning Analytics (OLA) project which has providedirt of coordination in the exploration of
architectures in LA to the present. The underlying beliefs which informed the project remain
relevant as a statement of the rationale for an open learning analytics architecture:

1 Openness of process, algoritis, and technologies is important for innovation and meeting the
varying contexts of implementation.

1 Modularized integration: core analytic tools (or engines) include: adaptation, learning, interventions,
and dashboards. The learning analytics platformnipen architecture, enabling researchers to
develop their own tools and methods to be integrated with the platform.

1 Reduction of inevitable fragmentation by providing an integrated, expandable, open technology that
researchers and content producers caselin data mining, analytics, and adaptive content
development. Educators, learners, and administrators benefit from modularized functionality: with
customizable and extendable core analytics, intervention, and content tools to meet needs of learners
and educators (particularly in identifying aisk students). Administrators benefit from integrated
tools that track learningelated activity and then influence resource allocation across multiple tools
and spaces of learning. Learners will benefit from hgwtimely and relevant feedback on their
performance, as well as content, activity, and social network recommendations to improve and guide
their learning(Siemens et al., 2011).

The outline of an architecture was published (§égureb). Little progress was made to realising the

vision outlined in Siemenset@ n MmO @ ¢ KS h[! LINRLRAI {(SGAAR |y daAy.
2014) which could not provide a detailed and shared programme of work for those who supported

it. Moreover, no funding was obtained to push the work forward. However, the activities of SOLAR,

and the LAKanferences which it organises, provide a focal point for the education community in its
engagement with analytics, and the OLA project has been important in focusing attention on the

need for an open architecture for LA.

In 2014 a summit was held to bréw life into the OLA initiative, including both members of SOLAR
andApereo (sesection4.3below). Sincehen members ofSOLAR and Apereo have collaborated in
a number of events to move forward open learnimgabytics, which have provided a focus for joint
work between learning analytics researchers and the developer community.
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Figureb: Solar integrated learning analytics syster®urce Siemens et al(2011)

4.3.The Apereo Learning Ahgics Initiative

4.3.1. The Apereo Learning Analytics Initiative in context
Apereo is an opesource foundation formed through the merger of Sakai and Jasig in 2012, The
C2dzyRIGA2Y 6S0aAiidsS asidek) dprofit éotparatidn ddhiNd@@bersiawnl  ay 2y
from higher education on four continents. Our mission? To help educational organizations deliver
their mission, by developing arddza G I A Yy A y 3 2 LIS ({Apeie@Fauhiaton AR)F ( 6 | NB £
doing thisApereo gives great importance to the incubation process, both in terms of the formal
structures ofprojects and alsthe development of communities. In an interview for the present
report,! £ Ly . SNH SELXFAYSR GKIFG 6! LISNB2 A& | 62dzi o dz
FNBIF (2 RS@St 2L A y(Griffithy2R154) Giverbtie@abgef stakeholilerss 2 NJ €
involved in LA, Apereo can play an important role in bringing together educationalists and
technologists. Berg further comments that

SOLAR is about setting the framework for learning analytics, and making sure it works pedagogically.

It can set out a set of interventions based on pedagogy, and a framework for covering those

interventions. The two communities can work together to become an authoritative voice, a
O2Y0AYylLiA2y 2F NBFTSNBYyOS A YLIGIiHtBs2016a) A2y ' yR a0ASy

TKS | LISNB2 [SIENYyAy3a !'ylLfteadArAda LYAGAFGAGS o[!LO «a
Analytics software and frameworks, support the validation of analytics pilots across institutions, and

work together so as to avoid duplication where poséi $Apareo Foundation 2015Apereo has

had some success in doing this, having achieved the active participation of some leading actors in

the LA interoperability worldin addition to the participation of a many universities which actve

in the field, (for example Marist Collage, the University of Amsterdam, and the American Public

University System)yisc have joined the Apereo Foundation, ameimbers ofSOLAR calborate

closely. The linkip between Jisc, SOLAR and Apereo seems to have been particularly productive,

with extensive cross fertilization and convergence of architectures. The Ap&dgarovides systems

which can be adapted to any local context, while flisc Open Learning Analytics Architecture
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development can apply some of this work, and contribute its own results back into the wider
community.

The Apereo Learning Analytics Community meets every two weeks, shares presentations, and comes
to agreemens. The whole development process is carried out openly acdmented in a
Confluence sit¥ and on Gitub*“,

4.3.2. An overview of the Apereo Learning Analytics Initiative
The existing code base of Learning Management Systems and Student Information Systems is, fo
the foreseeable future, a fact of the educational technology landscape which conditions the
infrastructure that can be put in place for learning analytics. On the other hand the purposes to
which institutions see for learning analytics varies greatlpegating a wide range of needs. The LAI
can be understood as a layer that mediates between these two demands. It constitutes a layer that
is coherent with the existing infrastructure, and which offers functionalitgblingteachers and
learners to build e functionality they need, which can then feed back into the framework and
inform its development. To achieve this the LAl is

1 Building cards in open dashboards
1 Sharing algorithms for predictive models
9 Sharing how to get data out of systems

Thecreaton® GKAa AYTFTNI a0dNHzZOGdzNE gAff 6S F aA3ayAFAOlLY
real problem is building up knowleddn universities. fiey want evidence in their local context. You

need multidisciplinary teams with powér2 R 2 K S [(G@ffiths 20AS). (n king Aith the

Apereo approach to incubation, the LAI architecture is emergent, guided by the use cases provided

by its members, and by those who attend the events which it organises in order to broaden the
conversation to a wider range of stakehetd. The architecture is developed through public

discussions on the Apereo Confluence8it€here is, therefore, no blueprint for the LAI architecture

towards which all development is directed, and the information presented here is inevitably a

snapshobf the process. Nevertheleghe broad outlines are clear and well established, and seem

to be very stable.

Development work within the LAl is coordinated around the development of the LAl Open Learning
Analytics Platform, described ¢gApereo Foundation 201%)ith an update provided atiie Open

Apereo conference 2018ayaprakash 2018)hich is the source for the following figures. The Open

Learning Analytics Platform is built on a diamond shaped dia¢ffagure6), which defines four

LINAY OA LI SOKNNBYARSIOWAHLNI I3SQ> WrHylFfearaQ FyR WL OG2

13 https://confluence.sakaiproject.org/display/LAl/Learning+Analytics+Initiative
1 https://github.com/AperecLearningAnalyticsInitiative
15 https://confluence.sakiproject.org/display/LAl/
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Modular Components of an
Open Learning Analytics Platform

OpenlLRS
& Larrisa

Learning
Analytics

(LAP)
Student

Success
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Library of
Open Models

Figure6: Open Learning Analytics &nond Source:Jayaprakastf2015)

It will be noticed that these components have much in common with the Jisc OLAA described in the
next section. The components are connected by means of interoperability specifications. At present
XAPI is used to channel interactions from learning systems to the learning store, but it is planned to
also include IMS Caliper. LTI is used to deliver the Open Dashboard. Open APIs are being developed
to link the other components.

Figure7 showshow the components of the Open Learning Analytics Platform are being addressed
through a number of Apereo development projects.

Open Learning Analytics
Platform Progress

XAPI / Caliper
OpenlLRS

API

LT —— API| 7 ,
Learning Open “ Aenaa'ln yt'i‘cgs
Systems Dashboard
Processor

S

Student AP
Success

Plan
N/

Figure7: Open Learning Analytics Platform ProgreSourceJayaprakast{2015)
Taking these in turn, the development work being carried out by the Apereo Foundation includes:

21



Learning Analytics InteroperabilitRequirementsSpecificationg\nd Adoption

Collection Any xAP{and soon Calipegonformantsystem can perform the collection function, but
Apereo also provides xXAPI integration in the Sakai Collaboration and Learning Environment, the
Apereo Open Academic Environment, and uPortal.

Storage OpenLRS is apensource Ja& based Learning Record Store which is compatible with xAPI.
The project entered incubation in June 2015. The alternative Larissa aims is to provide a locally
deployable LRS that can scale up to very heavy loads.

Analysis The Learning Analytics Procesgmiject is aimed at accelerating the future of predictive

learning analytics through the development of a flexible and highly scalable tool that will facilitate

everything from academic early alert systems to data visualizations. Along with this posverfiil 3

RFEGlIée G22t gAft O02YS | fAONINER 2F 2LISYy LINBRAOGAC
free of licensing costs and, most importantly, allow institutions to collaborate on enhancing and

improving these models over time. The project entkiecubation in June 201%

Communication OpenDashboard is a Java web application that provides a framework for displaying
visualizations and data views called "cards". Cards represent a single discrete visualization or data
view but share an API and dataodel. Cards are stored in a card library. The project entered
incubation in June 2015. Unicon has been contracted to make the open dashboard as scalable as
possible, and the roadmap for Apereo envisages almto Hadoop to enable it to scale further.
OpenDashboard is IMS Learning Tools Interoperability compliant, facilitating its integration with
other system¥'.

Action: Student Success Plan supports a coachingandsellingnodel, and expedites

interventions for students in need (Jisc, Sinclair Conitpi@ollegeandUnicon). It includes case
management, academic advising tools, early alert, integration with student information systems, and
reporting and data collection todfs

Feeding into thd_earning Analytics Platforia a Library of Open Models. Thigilds on the Open
Academic Analytics Initiative, whose Early Alert System is the first model to be defdeg&igure
8).

16 See https://confluence.sakaiproject.org/display/LAl/Apereo+Learning+Analytics+Processor for more details
17 Seehttps://confluence.sakaiproject.org/display/LAl/OpenLRS+and+OpenDashboard for more.details
18 Seehttp://www.studentsuccessplan.org/features/mgcademieplan for more details
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OAAI Early Alert System Overview
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Figure8: OAAI Early Alert System Overvie®ource:Jayaprakast{2015)

The model is a collection of algorithms that have been tried and are exportable in PMML. The
algorithms can be traine@dnd used in local context, and this has been done for Jisc as part of the
Apereo reference implementation. The library of open models will increase and better solutions
found.

In addition to the specifications mentioned above which are already parteoAffereo Open
Learning Analytics architecture, the roadmap also includes support for IMS Caliper and LTI 2.

4.4.The Jisc Open Learning Analytics Architecture in context

4.4.1. The Jisc Open Learning Analytics Architecture in context.

Jisc is a nefor-profit organisation which is édicated entirely to thaJK HE& S O (ir@liNduaband
collective needgJisc n.d.)Over 80% of Jisc funding comes from UK higher education and further
education tinding bodies, but the organisation will in future be required to sell its ses\doectly

to institutions One of the principal current projects being undertaken by Jisc is Effective Learning
Analytics, which is developing the Open Learning AnalytidsitActure (OLAA). It is interesting that

at a time when Jisc needs to demonstrate its value to the higher education sector it has chosen the
development of an architecture for learning analytics as one of the means that can achieve this.

As stated by PhRichards, Chief Innovation Officer for Jibe, definition of LA adopted in the OLAA

Ad AalGKS FLILX AOFGA2Y 2F o0A3 RFEGIE GSOKyAldzSa a&adzOK
learnersand ing A G dzi A 2 Yy & Y &RBhards2B1®A MIKA Al A&E adzoa Gl yaiAl €@
2F LylteaidAOadANDRNIE &5 G DKXSOSYSyd 2F &ALISOAFAO f
EducausgVanBarneveld et al. 2012Y his difference in terminology may not lead to differences in

the learning analytis methods deployed, but it does suggest the breadth of Jisc's scope, and its

intention to interoperate with a wide range of existing institutional systems, both open source and
proprietary.
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Jisc staff have developed an architecture, drawing extensiveth® SOLAR OLA initiative, and have

procured the development of a number of components to create a basic learning analytics system.

Perhaps following the lead of Apereo, Jisc have taken the decision to base their architecture on

other work whichisundervé @ WA 20Q& | NOKAGSOGdzNE | faz2 KIFa YdzO
Analytics architecture, as the strong presence of Unicon and Marist College suggests. This

relationship has been facilitated by the strong presence of Apereo in the University of Anmsterda

and the long standing links between Jisc and SURF (which has a somewhat similar role in Holland).

Jisc have now formalised this relationship by becoming members of Apereo.

The procured systems include bespoke versions of proprietary products (e.d) antadaptations
of open source systems (e.g. Learnirgker). The resulting system will be deployed as the Jisc
Learning Analytics Service, which will be made available to UK colleges and universities, providing
information about student engagement ardhievement, and alerts on students who are at risk.

As described by Sclatg015): 6 ¢ KS ASNIBAOS gAff O2yairad 2F (GKS 7¥:
institutions will be able opt in to use some or all the components as required:

1 Alearning analytics processara tool to provide predictions on student successl other
analytics on learning data to feed into student intervention systems.
1 A staff dashboard; a presentation layer to be used by staff in institutions to view learning
analytics on students. Initially this presentation layer will be focussed oredradr but
dashboards for managers, librarians and IT managers could also be developed.
1 An alert and intervention systeng a tool to provide alerts to staff and students and to allow
them to manage intervention activity. The system will also be able teigeodata such as
YSGK2R& |yR &4dz008aazx (2 6S TSR Ayid2 |y SESYLI
1 A student appg based on requirements gathering with staff and studehtgegration with
existing institutional apps will be supportéd.

The resulting sysm will be cloud hosted, with Jisc providing hosted solutions for each of the
components. All data is held in the EU, using mainstream cloud services jor@sitther by Amazon
AWS or Rackspace). A complete set of the open source components will be raddel@vor local
installations if cloud hosting is problematic for any reason. The source for the following overview of
the Jisc OLAA is the material available on Jisc's Moodl@isiten.d,)except where otherwise

stated.

4.4.2. Overview of the Jisc Open Learning Analytics Architecture
The Jisc Learning Analytics service architecture has three (&yguse9):

1 ThePresentation and Action layeprovides dashbards, a student app, and tools for
managing student interventions.

1 TheData Storage and Analysis Laydgals with storing the data that is collected, analysing
it, passing it on to the presentation layer in a suitable form.

1 TheData Collection layecolleds data about student activity from the student record
system via xAPI, against a standard data model.
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Figure9: Overview of the Jis©penLearning Analytics ArchitectureSourceJisc(n.d.)

RESTful APIs are used to interchange data in JSON format between the layers. The APls of each
component are published so that institutions and third party vendors can build additional services
on top of the architectureWe now look at each of the layers in turn, working from the bottom up.

5.4.2.1 Data collection layer
Two kinds of data are collected:

Activity data:what a student does. This is captured using XAPI, and Jisc provide a plugin for the
purpose for both Mootk and BlackboardPlugins are also being developed to capture attendance
and library access data.

Personal Datawho a student is, and what courses they are studying. This will typically be extracted
from the student record system, and transformed int@tstandard Jisc Analytics data model. An
overview of the data model is providedkigurel0. The information held about students is

structured according to UK conventions, and so the model makes use of concepts and definitions
from UK agencies, including HESA and ILR. Nevertheless, we do not believe that it will appear
strange to educationalists from other countries.

An alpha version of the Unified Data Definitions to be used in gathering data has been pudblished
and the overaltlata structure is shown iRigurel0 below. Again, much will be familiar in other
countries, but the details (at least) will vaRor exampleit seems likely that the inclusion data
related to ethnicity, socieconomic statusparents educational level, and disability, relates as much
to UK government policy and monitoring as it does to strictly learning analytics issueprofiés

are used to ensure that student activity on different systems (e.g. Moodle and Blackboard) is
captured in the same wayihis is also a top priority fahe Data Interoperability Standards
Consortium (DIS@gcentlyestablished tasteward xAPISuch profilegan also act as means of
relating the differing data structures in institutional and national implementations to standard
analytics algorithms.

19 https://icourses.alpha.jisc.ac.uk/moodle/course/view.php?id=14
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Figurel0: Jisc OLAA overall data structurBourceJisc(n.d.)

Data Storage and Analysis layer
The structure of the Data Storage and Analysis layer is shokigunell.
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Figurell: Jisc OLAA data storage and analysis layurcelJisc(n.d.)

The data gathered in the data collection layer is stored in a Learning Record Store. The primary data
storage tool is Larning Locker, which is an open source system licensed under GPL 3.0, and focussed
specifically on storing XAPI data. Learning Locker is developed by HT2, and is hosted in the UK by
Rackspace (although it can also be locally hostegBtning Locker taketata from learning systems

in XAPI format, and stores it in a NoSQL dataBa$beStudent Success Plamduleshould be

available from the first quarter of 2016. The institution will chowodgch system to deplqy

depending on whether they already havensethingin placeto handle interventions.

Learning Locker provides APIs to allow other systems to interrogate the data, including dashboards,
apps and predictive modelling tools. In the Jisc OLAA the data is typically passed on to a predictive
analytics agine, and adopters have a choice of two. Learning Analytics Process (LAP) is an open

source solution, based on the Weka open source machine learning engine, while Tribal Insight is an

20 Formore information see http://learninglocker.net/ and http://ht2.co.uk
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integrated suite, including dashboards as well as the predictive engi is provided by Jisc as a
multi-tenanted solution, hosted in the UK dmazonAWS, and is also available as a standalone
download. Tribal Insight is only available as a hosted solution through the Jisc service.

Presentation and Action layer

As shownn Figure9, the Presentation and Action layer of the Jisc OLAA is composeduafent

app, dashboards and alert and intervention. Bugedent appis being developed for the Jisc OLAA by
Therapy Box. This enables students to eggaith the data held about them, and to provide their
own 'self declared' data. As Scla{@015c) describes, it will include

9 activity feed or timeline, with a historical view of the activities of students and their peers

1 engagement and attainment overview, which provides an overview of academic
performance, and in particular how the studestmpares to others

9 activity comparison graph of engagement over time and how it compares with others
students

9 interface for inputting 'seldeclared’ study activities and targets

Dashboardgrovide visual tools for lecturers, module leaders, senioff stad support staff to see
represenations of student engagement, cohort comparisons, etc., whlidégt and Intervention
functionality provides actionable recommendations. Institutions have three different options for
deploying dashboards: a commercialign, provided by Tribal, an open source solution provided

by Unicon/Marist or by integrating data into their own business intelligence service such as Tableau.
The systems provided by both Tribal and Unicon/Marist span the analysis and presentation an
action layers.

Jisc's Learning Analytics Services will offer a customised versioibalfs Student InsightThis is a
cloud hosted application, which has functionality in both the storage and analysis layer and the
presentation and action laydFigurel?). As explained in Sclat€2014b)

Tribal use the data in SITS, and from other sources such as the institutional learningemana

system and the librantp build a model of engagement, with a focus on the risk of student -anatp

or module failure Tribal are developing aatdard set of models that can be customised and

optimised for an individual institution. The slaboard is delivered with HTMLStudent Insight also
integrates with the Tribal Enterprise Service Desk, which manages student support processes, and this
can ke used to manage interventions following on from the results of analytics. A very large

proportion of UK higher and further education institutions have Tribal's Student Information System
installed, and so integration with this system is an attractive psion for many universities and

colleges.
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Figurel2: Tribal Student Insight. Sourcdisc(n.d.)

TheStudent Success PIgB8SP) tool is based on open smitools developed by Unicon in
collaboration with Marist College in New York State, and incubated in the Apereo Foundation. The
functionality of the SSHFigurel3) has been customised to meet the needs of the UK market. The

contribution of Marist College is centred on tReedictive Analytics Reportifgamework! (see
section 4.7.

N
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Figurel3: Student Success PlaBourceJisc(n.d.)

21 For detailed information on SSP see http://www.stutirccessplan.org/
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4.5.Unizin
Another organisation that might have an impact onihi#&roperabilityis Unizin Thisis an invitation
only organisation, which does not provide public details of its strategy and development. However,
presentations by the consortium show thedad outlines. A presentation at the EUNIS conference in
Hamp aiGNBaaSR (GKS AYLERNIFYyOS 2F adl yRIFINRAY a! yail
AYYy20FGA2Y YR STFAOASyOe F2N) alOrftlFroftS RSt ADSNE
that Caliper would be a key component of this sysidfaas & Qasi 2015) e principal goals of
Unizin(Glover 2015are to:

1 Acqure a common LMS
9 Acquire or create a repository for digital learning objects
1 Acquire/create/develop Learning Analytics

In line with these goals, the consortium is adopting Canvas as a common Learning Management
System,aR Kl & LIZNOK | & FRexthopkdahED&)itaPCloURsE Mdteylals‘8olufhrAs

yet little information is available about plans for learning analytics, but a recent post the Inside
Higher Ed site reports on an interview with Unizin COO Robin Littleworth

PYAT AY Q& TANENB Yi ge22-NndN@StorniedéNG® ather for analytics. Details about

the relays are still scarce. The content relay is more or less a search engine that would enable faculty
members to quickly search repositories for learning objects and plug thentheir courses,

Littleworth said while the analytics relay would collect information about how conteppsand

platforms are used(Straumsheim 2015)

Feldsteincommentd K 4 &2 KIF G A& NBYINEOeo (azNINR diykRS\ yiaS dikiS 2
(Feldstein 2014)and dven the lack of publicly available information, it is hard to assess the impact

that the Unizin will have on LA interoperability. If successful, the initiatilldoevia very large scale

learning analytics deployment making use of standdralsed systems. ASgurel4indicates,

Caliper will be an important part of this, and engagement with IMS is likely to be significant.

Learning Activity Measurement Standards

Figurel4: Unizin Learnind\ctivity Measurement StandardsSource:Maas & Qas{2015)

22\www.courseload.com
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OnNovember 3rd, 2015 Unizin announcit the consortium partners with IMS Global Learning

/| 2ya2NliAdzy a2 RNRAGS /FEALISN 'yIFfteidAada | R2LIAZ2YE
developing a Simple Ctamt Use Metric Profile to define the way data is shared using Caliper. This

profile will provide a standardized template for each type of learning event, down to the most basic

dzA SNJ Ay G SNIY OlGA 2y a(Raihs 20K5) O2 dzZNES YI GSNA I f & d¢

4.6.The Predictive Analytics Reporting Framework
¢tKS t NBRAOGAGS 'yl fedAroda wSLI]2 Mhockpfdit providerefd0 CNJI Y S g 2
analyticsasa-d SNIA OS¢ A GK Y2NB ((RARFramgwerk nYdFhé aspeddoO | Y LIdza S
this work which is relevant to our present comag is the development and maintenance by PAR of
O02YY2y RIUGlF RSTAYAUGA2AFQIANWZIKRY &l RAQI DI &SS (i Kdzi
crossinstitutional metrics for accountabilitthat consider student outcomégPAR Framework n.d.)
The database includes 2 million-atkentified student records and more than 20 million course level
records. The scale of this corpus makes it possible to look for pattdrstudent success and failure,
and to propose cross institutional benchmarks. These benchmarks are valuable in training algorithms
for deployment in local contexts.

This cross institutional data gathering is only possible with a standard set of datiidkes, which

KIS 0SSy RS@GSt2LISR YR YFIAYlUlFIAYSR o0& t! wd ¢ KSNE
all their variables to match PAR's data dictionary. Rather, the PAR Framework is created as a way to

map what is in your system with whatirsmy system, so that we can communicate betterough

this common languagéGrush 2013)PAR havelso developed a Student Success Matrix which

LINE GARSE || 02YY2y aGNHzOGdz2NB a2 AYyOSWtiz2zNES 2NBI Y
AYLINE @Ay 3 ail dBAR #Eiewarkirid® ButtsthedP AR data definitions have been

published under a Creative Commons licéhsthe PAR framework has been adopted by the Apereo
foundation for use in the Student Success Plan, which is also a component of the Jisc Open Learning
Analytics Architecture[ | dX et al. (2013)report that

Predictive models were trained and tested using Marist College data, and those models were then

applied on pilot runs using data from several partner institutions. The research tested the portability

of those models, and the success of intervention stréei Ay AYLINRGAYy 3 al G wiaqé
The results are promising as they seem to point at a higher portability of those models ity in

anticipated.q I d¥® Sl tdnvo0

In a later publication the authors note that an open research question is

How portable are predictive models designed for one type of course deliveryl(@pSftid 2 mFF OS0 6K ¢
they are deployed in another delivery format (e.g., fully onlikég?are particularly interested in

SELX 2NAYy3I G(GKS A&d&dzS 2F LENIFoAfAGe NBIFNRAy3I FIOS
more LMS usage takes place in thedatinode of instruction. It may be that models developed based

2y FLOSnmi2nTl OS O2dzNAS& R2 y2G AYLRNI ¢Sttt G2 7Fdz=
be significantly improved if they were customized for fully online coufdayaprakash et al. 2014)

italics in the original.

23 See alstttps://community.datacookbook.com/public/institutions/par
24 Available ahttps://community.datacookbook.com/public/institutions/par
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One might add that in addition to institutional factors, it is also an open question how well these
predictive malels will work in different socieconomic, cultural and linguistic contexts.

4.7.UvAinform (University of Amsterdam)
The University of Amsterdam initiated the UvAInform project in 2@12f 3 YAY &2§ Havnoin
order to develop an informed strategy regarding the development and implementation of university
wide learning analytics services. The project has evolved from taking a centralised approach to the
development and implementationfdhese services to a more devolved approach, in which seven
different pilots are being carried out across the various faculties of the University, so as to gain
experiences, learn valuable lessons, and develop expertise with regard to a universityammiiegle
analytics prograngFigurel5). Furthermore, the project initiated the development©penLRS
(Larissa)an open soure Learning Record Store foollecing student acivity?>. Bergcomments
G¢CKSNBE ¢ ayQi ¢buili adeé. ft Wwodks, B scdlew, o theieds adlebate about
resources. Is there resource for incubation? OpenLRS Unicon is the alternative. Larissa has better
LI NAAY3Ad hLISY[ w{ KI & (Grffiths 204%8) InZdnbifatiod Wit adala 01 Sy R®§
warehou® and an open source fEact Transform and Load layeé¢gettle?®, the aim isto unlock the
large number of data silos within the University, many of which were never deagtlgpecifically
for LA purposes

Figurel5: University of Amsterdam Learning Analytics Framewo@ourtesy of Alan Berg

4.8.IMS Globalnc. Architecture
Much of the architectural work by Apereo and Jisc above is conditioned by the structure and use
cases of the xAPI specification. The situation for IMS Caliper is somewhat different, in part because
metric profiles in IMS are more pregative than the equivalent structures in xAPI, and in part
because the structure of IMS as a closed group primarily composed of vendors means that there is
no need to coordinate a distributed development process. Nevertheless it has been for some years
an ambition of IMS to have an influence on the architecture of educational systébed.et al.
(2013)set out a call for actior2f NJ W! bSg ! NOKAGSOUdzZNE F2NJ [ SINyAy3

25 Available ahttps://github.com/AperecLearningAnalyticsinitiative/Larissa
26 Available ahttps://github.com/pentaho/pentahokettle/
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