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Abstract: 

Interoperability specifications and architectures for learning analytics are 

rapidly evolving, but the education sector is poorly prepared for 

understanding the implications of these developments. The current state 

of specifications and architectures is surveyed, with a particular focus on 

xAPI, IMS Caliper, PAR, Apereo and Jisc. The readiness of user groups to 

engage with the development process is discussed, and found to be 

weak. Finally the report proposes some ways of approaching the 

formulation of strategic choices on interoperability strategy that 

institutions are facing. 
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1. Introduction 
This report emerges from the activity on two tasks in LACE work package 7: Task 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 analytics and learning 

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 it was foreseen 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 been disbanded1, and no equivalent 

European forum currently exists.  

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

learning analytics. This was argued in [!/9 5ŜƭƛǾŜǊŀōƭŜ 5тΦн Ψ5ŀǘŀ {ƘŀǊƛƴƎ wŜǉǳƛǊŜƳŜƴǘǎ ŀƴŘ 

wƻŀŘƳŀǇΩ (Cooper & Hoel 2015), which offered 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 

άŘŀǘŀ ǎƘŀǊƛƴƎ ŦƻǊ ƭŜŀǊƴƛƴƎ ŀƴŀƭȅǘƛŎǎέ ƛǎ ƴƻǘ ŀ ǎƛƴƎƭŜ ƛŘŜŀ ŀƴŘΣ ƛƴ ǊŜǘǊƻǎǇŜŎǘΣ ǘƘŜ ǘŀǎƪ ǎŜǘ ƻǳǘ ƛƴ ǘƘŜ [!/9 

DesŎǊƛǇǘƛƻƴ ƻŦ ²ƻǊƪ ǘƻ άŘŜǾŜƭƻǇ ŀ ǇǊƛƻǊƛǘƛǎŜŘ ǊƻŀŘƳŀǇ ŦƻǊ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ǎƘŀǊŜŘ Řŀǘŀ ǊŜǇƻǎƛǘƻǊƛŜǎ 

ŦƻǊ ƭŜŀǊƴƛƴƎ ŀƴŀƭȅǘƛŎǎ ŀƴŘ ƭŜŀǊƴƛƴƎ ǎŎƛŜƴŎŜ ǊŜǎŜŀǊŎƘέ ŎƻǳƭŘ ƘŀǾŜ ōŜŜƴ ŜȄǇŀƴŘŜŘ ƛƴǘƻ ŀƴ ŜƴǘƛǊŜ ǇǊƻƧŜŎǘΦ 

LƴŘŜŜŘΣ ǘƘŜ ƛŘŜŀ ƻŦ άŀ ǊƻŀŘƳŀǇέ ōŜŎŀƳŜ ǉǳŜǎǘƛƻƴŀōƭŜ ŀǎ ǘƘŜ range of possible aims for data sharing 

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.  

Consequently, as discussed at the first annual project review, the present report provides a detailed 

survey of current interoperability initiatives, in order to provide input to the development of such 

roadmaps, and to inform the choices of educational policy makers 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. Increasing 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 resulting applications 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 architectures, for 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 responsible for institutional strategy, while the requirements of learning analytics 
                                                           
1 See https://www.cen.eu/work/areas/ICT/eEducation/Pages/WS-LT.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 on significant 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 works to counteract lock-in 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 analytics interoperability, the aim of this document is to 

provide decision makers at all levels of education with the information that they need to make 

informed judgements on learning analytics interoperability. 

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

¶ Outline the technical issues raised by the LA interoperability process in a way which is 

accessible to policy makers and beneficiaries 

¶ Document the current state of development of LA Interoperability 

¶ Set out the decisions to be made by educational policy makers and managers when dealing 

with technical interoperability strategy for LA. 

1.2. Audience 

This deliverable is addressed to: 

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

¶ Policy-makers who are responsible for the regulatory framework governing analytics 

¶ Funders 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 specifications 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 analytics (LA) is not uncontested. Writing in the Educause Review, Van 

Barneveld et al. (2012) distinguish between: 

Academic Analytics: a process for providing higher education institutions with the data necessary to 

ǎǳǇǇƻǊǘ ƻǇŜǊŀǘƛƻƴŀƭ ŀƴŘ ŦƛƴŀƴŎƛŀƭ ŘŜŎƛǎƛƻƴ ƳŀƪƛƴƎ όŀŘŀǇǘŜŘ ŦǊƻƳ DƻƭŘǎǘŜƛƴ ŀƴŘ YŀǘȊύΦέ 

and 

άLearning Analytics: The use of analytic techniques to help target instructional, curricular, and 

support resources to support the achievement of specific learning goals (adapted from Bach). 

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

ŘŜŦƛƴŜǎ [! ƳƻǊŜ ƎŜƴŜǊŀƭƭȅΣ ǎǘŀǘƛƴƎ ǘƘŀǘ ά[ŜŀǊƴƛƴƎ ŀƴŀƭȅǘƛŎǎ ǳǎŜǎ Řŀǘŀ ŀōƻǳǘ ǎǘǳŘŜƴǘǎ ŀƴŘ ǘƘŜƛǊ 

activities to help institutions understand and improve educational processes, and provide better 

ǎǳǇǇƻǊǘ ǘƻ ƭŜŀǊƴŜǊǎΦέ ²Ŝ Řƻ ƴƻǘ ǎǳƎƎŜǎǘ ǘƘŀǘ ǘƘŜǊŜ ƛǎ ŀƴȅ ŘŜŜǇ divide in approach between these 
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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 from a range of sources to create a rich picture of the 

learnersΩ activities, 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 being 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 these part of 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 number of 

sources, then metadata standards may be 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 modules in an existing 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., self-declared activity data from the learners.  

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 analysis in order to make an informed, if provisional, 

judgement on 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 stage in 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 identified who 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 report on 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 research capacity 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 

¢ƘŜ ǘƛǘƭŜ ƻŦ ǘƘƛǎ ǊŜǇƻǊǘΣ ΨLearning Analytics Interoperability: Requirements, Specifications and 

AdoptionΩ, may suggest a sequential process that is not to be found in the case of LA interoperability. 

As we have argued above, LA systems build on the data which is already available, and are 

constructed from existing components, often without a conventional requirements gathering 

process. LA Specifications and architectures have arisen in response to the contingencies of the 

technologies being used, and to the 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, i.e., the specifications and 

architectures that are currently gaining traction in the implementation of LA.  
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We then consider this landscape from the perspective of the requirements expressed or implied by 

user groups, and continue to survey current adoption.  

We conclude by outlining an agenda for action by educational managers and policy makers. 

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 Learning Analytics in Australia project has described LA as 

ŎƻƳǇǊƛǎƛƴƎ άŎƻƳǇƭŜȄ ǇƘŜƴƻƳŜƴŀΣ ǎƘŀǇŜŘ ōȅ ƳǳƭǘƛǇƭŜΣ ƛƴǘŜǊǊŜƭŀǘŜŘ ŘƛƳŜƴǎƛƻƴǎ ǘǊŀǾŜǊǎƛƴƎ 

ŎƻƴŎŜǇǘǳŀƭΣ ƻǇŜǊŀǘƛƻƴŀƭ ŀƴŘ ǘŜƳǇƻǊŀƭ ŘƻƳŀƛƴǎέ (Learning Analytics in Australia n.d.) summarising 

(Colvin et al. 2015). The project, working in the area of HE, identifies six relevant dimensions, which 

we believe are generalizable to other sectors: 

¶ institutional conceptualisations of LA 

¶ the need for highly-focused and influential leadership 

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

¶ technological competence 

¶ stakeholder engagement 

¶ context.  

These dimensions were seen to combine in a non-linear, recursive, and dynamic process (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 fullness of time may lead to disengagement from strategically 

important standardisation processes, or to delaying work until the ever-receding day when the 

specifications are felt to be sufficiently mature.  

!ǎ ǇŀǊǘ ƻŦ 5тΦм [!/9 ǇǳōƭƛǎƘŜŘ ŀ ά{ǇŜŎƛŦƛŎŀǘƛƻƴǎ ŀƴŘ {ǘŀƴŘŀǊŘǎ vǳƛŎƪ wŜŦŜǊŜƴŎŜ DǳƛŘŜέ (Cooper 

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., Standards Norway) 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 

specifications with an explicit LA focus are only at the very beginning of a long standardisation 

process. Figure 1: Standards development is a never-ending cycle. Source: Egyedi (2008) represents 

the on-going cyclical process through which ideas are turned into a specification to be tested in real 

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

aŀƴȅ ŀŎǘƻǊǎ ŀƴŘ ŎƻƳƳǳƴƛǘƛŜǎ ŀǊŜ ƛƴǾƻƭǾŜŘ ƛƴ ǘƘƛǎ ŎȅŎƭŜΣ ƻŦǘŜƴ ƛƴ ŎƻƳǇŜǘƛǘƛƻƴΣ ƳŀƪƛƴƎ ǘƘŜ άƘŀƴŘ 

ƻǾŜǊέ ƻŦ ǿƻǊƪ ōŜǘǿŜŜƴ ǘƘŜ ŘƛŦŦŜǊŜƴǘ ǎǘŀƎŜǎ ƛƴ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ Ŏycle a challenge. As argued in a 

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 on (Hoel, 2015).  
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Figure 1: Standards development is a never-ending cycle. Source: Egyedi (2008) 

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 can again be illustrated through the Learning Analytics in Australia project that has 

contrasted two clusters of LA implementations in HE institutions: 

¶ Trajectory (Cluster) 1: LA was primarily focused on supporting retention activity 

¶ Trajectory (Cluster) 2: LA was characterised by an emerging focus 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 analytics, and 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 infrastructure 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 user, the 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 

ƛƴǘŜǊƻǇŜǊŀōƛƭƛǘȅ ŀǇǇǊƻŀŎƘŜǎ ƳŀƪŜ ǳǎŜ ƻŦ ŀ Ψ[ŜŀǊƴƛƴƎ wŜŎƻǊŘ {ǘƻǊŜΩ ǘƘŀǘ ǊŜŎƻǊŘǎ ŀƴŘ makes available 

ŦƻǊ ŀƴŀƭȅǎƛǎ ǘƘŜ ƘƛǎǘƻǊȅ ƻŦ ǘƘŜ ƭŜŀǊƴŜǊΩǎ ŀŎǘƛǾƛǘȅΦ Storage, however, is not a straightforward process, 

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? 

These open questions, seen from the perspectives of the various stakeholders, cannot be explored 

by carrying out a technical study. Because of this the loop of testing in Figure 1 should involve users 

at many organisational levels, taking their experiences and opinions as input into the design process.  
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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 rethink the purposes to which TEL can be put, and the 

requirements for the systems that 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 should 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 activities of the learners who use 

them, and it may be argued that the rise of learning analytics is a reflection of the huge increase in 

the quantity of this data with the introduction of new sensors and the use of Web technologies. In 

any event, whatever else LA may be, it seems clear that it is concerned with the management and 

processing of data about what learners do. A focus on learning activity can help to bring some 

coherence to the complex interoperability process we have outlined above, as it captures the object 

that is subjected to analysis. However, the term 'activity' has many meanings, including: 

1. TƘŜ ƴŀƳŜ ƻŦ ŀ ŀƴȅ ǊŜǇŜŀǘŜŘ ŀŎǘƛƻƴ όŜΦƎΦ άǊŜŀŘƛƴƎ ƛǎ Ƴȅ ŦŀǾƻǳǊƛǘŜ ŀŎǘƛǾƛǘȅέύ 

2. Aƴȅ ƪƛƴŘ ƻŦ ƳƻǾŜƳŜƴǘ όŜΦƎΦ άǘƘŜǊŜ ƛǎ ǎƻƳŜ ŀŎǘƛǾƛǘȅ ƛƴ ǘƘŜ ŎƻƳǇǳǘŜǊ ƭŀōέύ 

3. Carrying out a specific task (e.g. responding to an exam question) 

4. The instructions for carrying out a task (e.g. 'activity' as defined in IMS Learning Design) 

5. The opportunity to do something (e.g. a Wiki in Moodle is referred to as an activity). 

This ambiguity raises pedagogical 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 defines Activity as  

Χŀ ǘȅǇŜ ƻŦ hōƧŜŎǘ ƳŀƪƛƴƎ ǳǇ ǘƘŜ άǘƘƛǎέ ƛƴ L ŘƛŘ άǘƘƛǎέΤ ƛǘ ƛǎ ǎƻƳŜǘƘƛƴƎ ǿƛǘƘ ǿƘƛŎƘ ŀƴ !ŎǘƻǊ ƛƴǘŜǊŀŎǘŜŘΦ 

It can be a unit of instruction, experience, or performance that is to be tracked in meaningful 

combination with a Verb. Interpretation of Activity is broad, meaning that Activities can even be 

ǘŀƴƎƛōƭŜ ƻōƧŜŎǘǎ ǎǳŎƘ ŀǎ ŀ ŎƘŀƛǊ όǊŜŀƭ ƻǊ ǾƛǊǘǳŀƭύΦ Lƴ ǘƘŜ ǎǘŀǘŜƳŜƴǘ ά!ƴƴŀ ǘǊƛŜŘ ŀ ŎŀƪŜ ǊŜŎƛǇŜέΣ ǘƘŜ 

recipe constitutes the Activity in terms of the xAPI statement. Other examples of activities include a 

book, an e-learning course, a hike or a meeting (ADL 2013). 

Much of the body of this report consists of an analysis of the various ways in which interoperability 

architectures and specifications represent learning activities, the data which they 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 those issues related to data 

ownership and control. 

3.  The current state of learning analytics interoperability specifications 

3.1. Some relevant prior specifications 

The LACE publications Learning Analytics Interoperability ς The Big Picture in Brief (Cooper 2014a) 

and Specifications and Standards - Quick Reference Guide (Cooper 2014b) gave 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 related to processes of analytics and visualization 
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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 specification for activity streams started around 2009 when 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, 

Facebook, VMware and 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 verb, an object, and a target. It tells the story of 

a person performing an action on or with an object -- "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 specification was handed over to W3C Social Web Working Group, and 

version 2.0 is published as a working draft (W3C Soccial Web Working Group 2015). Experience API 

and IMS Caliper both build on the Activity Streams work, and in a LACE guest blog post Kitto (2015) 

suggests that the Activity Streams specification could be used to unify the two specifications in spite 

of fragmentation due to different market strategies of the players 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 XML-based specification from the Data Mining Group2. Although 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 LACE has, however, 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 architecture. PMML is also part of ApereoΩǎ [ŜŀǊƴƛƴƎ !ƴŀƭȅǘƛŎǎ 

Processor3. 

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, which in some respects replaces the 

earlier specification (note that xAPI and Tin Can API are synonymous for historical reasons4). It is 

worth briefly examining this background.  

SCORM, the Sharable Content Object Reference Model, was first released in 2001, with a major 

revision in 2004. It was based on work by the Aviation Industry Computer-Based 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.html 
3 https://confluence.sakaiproject.org/display/LAI/Apereo+Learning+Analytics+Processor 
4 See https://tincanapi.com/tin-can-xapi/ for an explanation of this double naming. 

https://tincanapi.com/tin-can-xapi/
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with content. SCORM enabled interoperability between systems (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 elearning, which made it 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 no longer 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 ExperiencŜ !tL όȄ!tLύΣ ǘƘŜ ŦƛǊǎǘ ŎƻƳǇƻƴŜƴǘ ƛƴ !5[Ωǎ ¢ǊŀƛƴƛƴƎ ϧ [ŜŀǊƴƛƴƎ 

Architecture. xAPI, in contrast to SCORM, is able to track any activity, not only completion data and 

ǎŎƻǊŜǎΦ !ŦǘŜǊ мл ȅŜŀǊǎ ǿƛǘƘ {/hwa Ȅ!tL ǿŀǎ ǊŜƭŜŀǎŜŘ ƛƴ нлмо ŀǎ ǘƘŜ ŦƛǊǎǘ ŎƻƳǇƻƴŜƴǘ ƻŦ !5[Ωǎ 

Training and Learning Architecture, heralded by some as the Future of SCORM (Werkenthin 2014). 

xAPI does not replace everything that SCORM does; it is not designed for scheduling, there is no 

sequencing, no user management feature, etc. (Werkenthin 2015). It is proposed as only the first 

building block in a system that will include Learner Profiles, Content Brokering, and Competency 

Networks (Poltrack, 2014). 

3.2. xAPI 

!ŎŎƻǊŘƛƴƎ ǘƻ !5[ ά¢ƘŜ 9ȄǇŜǊƛŜƴŎŜ !tL ƛǎ a service that allows for statements of experience to be 

delivered to and stored securely in a Learning wŜŎƻǊŘ {ǘƻǊŜ ό[w{ύέ (ADL 2013). The basic structure 

which makes this possible is as follows:  

¶ 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. 

¶ When an activity needs to be recorded, the application sends secure statements in the form of 

άbƻǳƴΣ ǾŜǊōΣ ƻōƧŜŎǘέ ƻǊ άL ŘƛŘ ǘƘƛǎέ ǘƻ ŀ [ŜŀǊƴƛƴƎ wŜŎƻǊŘ {ǘƻǊŜ ό[w{Φύ 

¶ Learning Record Stores record all of the statements made. An LRS can share these statements 

with other LRSs. An LRS can exist on its own, or inside an LMS. (Tin Can API n.d.) 

The xAPI specification is published as a living document5. We now provide an overview of the 

specification for readers who do not have the time or inclination to read the technical 

documentation (though we should add that this documentation is not too intimidating). The 

overview is based on version 1.0.2, as of November 20th 2015, and draws extensively on that text. 

Direct quotations are not indicated in order to maximise legibility, and readers are 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 experience. A Statement consists 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/adlnet/xAPI-Spec/blob/master/xAPI.md 
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Actor: An Actor is the identity or persona of an individual or group that can be tracked using 

Statements when they perform an action within an Activity. 

Object: An object is the "this" part of the Statement, i.e. "I did this". Typically the Object is an 

Activity (e.g. "Jeff wrote an essay about hiking"). The Object can also be an Agent (e.g. "Nellie 

interviewed Jeff.") or a Sub-Statement (e.g. "Nellie commented on 'Jeff wrote an essay about 

hiking.'). 

Activity: An Activity is a type of Object in a Statement. The concept of Activity in xAPI is a little 

different from everyday language. Activity refers to something that an Actor interacted with. It could 

be a unit of instruction, an experience, or a performance that can be tracked in combination with a 

Verb that defines the action carried out. Activity can even refer to tangible 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, an e-learning course, a 

hike or a meeting. 

Verb: Describes the action performed during the learning experience. The xAPI does not specify any 

particular Verbs. Instead, it defines how to create Verbs so that communities of practice can 

establish Verbs meaningful to their members and make them available for use by anyone. 

Result: The Activity carried out by an Actor may 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, completion, response, and duration of the activity. However it 

is possible to define more types of result. 

Context: The Context can store additional information about an Activity or experience, but this is 

optional. For example, the Context could include the teacher or instructor, whether the experience 

happened as part of a team Activity, 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 could be 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 actually work with learning experiences. The 

specification defines a number of further elements. We now mention two of these that particularly 

help in understanding how the specification works. 

Learning Record Store (LRS): The Learning Record Store is a system that 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 technology enhanced 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 site6.  

                                                           
6 http://adlnet.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. The Activity Provider may not 

ŀŎǘǳŀƭƭȅ ǎǳǇǇƻǊǘ ǘƘŜ ƭŜŀǊƴƛƴƎ ŜȄǇŜǊƛŜƴŎŜ ƛǘǎŜƭŦΣ ŦƻǊ ŜȄŀƳǇƭŜ ǘƘŜ ŀŎǘƛǾƛǘȅ άbŜƭƭƛŜ ƛƴǘŜǊǾƛŜǿŜŘ WŜŦŦέΣ ǘƘŜ 

interview itself could be carried out with pencil and paper. 

Other essential information for working with statements is provided by the Timestamp (indicating 

when the experience occurred), Authentication (to verify the identity of a users and systems), and 

Authority (which indicates who or what has asserted that a Statement is 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 specification) that 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 tracking. The specification 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 

Werkenthin points out: 

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

ȅƻǳ ǘƻ ǘǊŀŎƪ ŜǾŜǊȅǘƘƛƴƎ ƴŜŜŘŜŘ ǘƻ ŀƴŀƭȅȊŜ ȅƻǳǊ ƭŜŀǊƴŜǊΩǎ ŜȄǇŜǊƛŜƴŎŜΣ ōǳǘ ƛǘ ƛǎ ŀƴƻǘƘŜǊ ǊŜŀǎƻƴ ǘƘŀǘ Ȅ!tL 

ƛǎ ƴƻǘ ǘƘŜ άƴŜǿ {/hwaΦέ CƻǊ ŜȄŀƳǇƭŜΣ ǿƘŀǘ ǾŜǊōǎ ƻǊ ŜȄǘŜƴǎƛƻƴǎ ƛƴŘƛŎŀǘŜ άŎƻƳǇƭŜǘƛƻƴέ ƻŦ ŀ ŎƻǳǊǎŜΚ 

¢ƘŜǊŜΩǎ ƴƻ ŘŜŦƛƴƛǘƛƻƴΦ {ǳǊŜΣ ȅƻǳ Ŏŀƴ ƳŀƪŜ ȅƻǳǊ ƻǿƴ ŎƘƻƛŎŜΣ ōǳǘ ƛƴǘŜǊƻǇŜǊŀōƛƭƛǘȅ ƛǎ ƭƻǎǘΦ (Werkenthin 

2015)  

!5[ ƛǎ ŀǿŀǊŜ ǘƘŀǘ ǘƘƛǎ άǎǘǊǳŎǘǳǊŜŘ ōǳǘ ƛƴŎǊŜŘƛōƭȅ ƻǇŜƴ ǿŀȅ ƻŦ ŘŜŀƭƛƴƎ ǿƛǘƘ Řŀǘŀέ ƛǎ ǘƘŜ ǎǇŜŎƛŦƛŎŀǘƛƻƴϥǎ 

άƎǊŜŀǘŜǎǘ ǎǘǊŜƴƎǘƘ ŀƴŘ ǿŜŀƪƴŜǎǎέ (Bowe 2013). The specification addresses this problem by 

ŜȄǇƭŀƛƴƛƴƎ ǘƘŀǘ ά/ƻƳƳǳƴƛǘƛŜǎ ƻŦ ǇǊŀŎǘƛŎŜ ό/ƻtǎ) will, at some point in time, need to establish new 

Verbs to meet the needs of their constituency. Therefore, it is expected that xAPI communities of 

practice generate profiles, lists, and repositories that become centered on Verb vocabulariesέ. ADL is 

coordinating the creation of collections of recommended Verbs by communities of practice, and this 

work is likely to ŎƻƴǘƛƴǳŜ ǘƻ ōŜ ǎǳǇǇƻǊǘŜŘ ōȅ !5[Ωǎ ǇŀǊǘƛŎƛǇŀǘƛƻƴ ƛƴ the recently established Data 

Interoperability Standards Consortium (DISC). Individual activity providers remain can, nevertheless, 

make their own choice of Verb.  

According to the specification a Controlled Vocabulary is  

Χa restricted, agreed-ƻƴ ƭƛǎǘ ƻŦ ǿƻǊŘǎ Χ ǳǎŜŘ ŦƻǊ ŀ ǎǇŜŎƛŦƛŎ ŘƻƳŀƛƴ ƻŦ ƪƴƻǿƭŜŘƎŜΦ ¢ƘŜ ƻōƧŜŎǘƛǾŜ ƻŦ ŀ 

controlled vocabulary is to ensure consistency in the development and implementation 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 person, there 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 CoP. (ADL 2013) 

CoPs are also expected to develop Domain Profiles, i.e. reusable templates that convey domain-

specific or use case requirements, 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 the specification itself. Miller 

(2014a) explains the importance of the Registry as a solution to this problem. 
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As the specification approached a 1.0 release, it became apparent that switching the identifiers for 

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 to catalogue the various terms 

they use to construct Statements (Miller 2014b). Thus xAPI is not a stand-alone specification, but 

rather, as the specification states άǘƘŜ ŦƛǊǎǘ ƻŦ Ƴŀƴȅ ŜƴǾƛǎƛƻƴŜŘ ǘŜŎƘƴƻƭƻƎƛŜǎ ǘƘŀǘ ǿƛƭƭ ŜƴŀōƭŜ ŀ ǊƛŎƘŜǊ 

ŀǊŎƘƛǘŜŎǘǳǊŜ ƻŦ ƻƴƭƛƴŜ ƭŜŀǊƴƛƴƎ ŀƴŘ ǘǊŀƛƴƛƴƎΦ Χ ǘƘŜ 9ȄǇŜǊƛŜƴŎŜ !tL ƛǎ ŘŜǎƛƎƴŜŘ ǿƛǘƘ ǘƘƛǎ ƭŀǊƎŜǊ 

ŀǊŎƘƛǘŜŎǘǳǊŀƭ Ǿƛǎƛƻƴ ƛƴ ƳƛƴŘΦέ (ADL 2013) 

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 controversy in the context of the formal standardisation process. When xAPI was 

ƻŦŦŜǊŜŘ ŦƻǊ ǎǘŀƴŘŀǊŘƛǎŀǘƛƻƴ ƛƴ L999 !ǳƎǳǎǘ нлмп άƛǘ ǿŀǎƴΩǘ ǘƘŜ ǎƭŀƳ Řǳƴƪ ώǘƘŜȅ ǿŜǊŜϐ ƴŀƛǾŜƭȅ ƘƻǇƛƴƎ 

ƛǘ ǿƻǳƭŘ ōŜέ (Silvers 2014b). The 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 issues of privacy (Hoel 2014). 

However, a strength of the xAPI specification is that 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 to give permission to IEEE to 

make a standard from the spec, which makes it possible for it to go into standardization whenever -- a 

challenge that was really difficult to do with SCORM. 

There are no IP issues in the wings with this effort, no dependencies on other organizations 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 I and others took great 

care with and deliberated over so as to avoid making choices that turned out to be mistakes later on. 

(Silvers 2014a) 

Thus the story of SCORM 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 lets us express 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 countries nowadays, communities of interest meet to define 

vocabularies allowing them to exchange activity data. These vocabulary sets have been referred to 

as recipes, but current practice in ADL is to use the term profiles. 

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 formal e-Learning that will be maintained in the 

LMS, so a more modern SCORM is certainly needed. Now that ADL is taking over the cmi5 

ǎǇŜŎƛŦƛŎŀǘƛƻƴ ŦǊƻƳ ǘƘŜ !L//Σ ƛǘ ƛǎ ŎƭŜŀǊ ǘƘŀǘ ŎƳƛр ƛǎ ǘƘŜ άƴŜȄǘ ƎŜƴŜǊŀǘƛƻƴέ ƻŦ {/hwaΦ (Werkenthin 

2014)  
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CMI5 is a runtime communication data tracking framework under development by ADL together 

with The Aviation Industry CBT Committee (AICC). CMI-5 runs on top of xAPI, and one can think of 

CMI5 as 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 (LRS). CMI-р ƛǎ ŀ άǳǎŜ ŎŀǎŜέ ŦƻǊ Ȅ!tL 

ŦƻǊ ǘƘŜ [a{ όάȄ!tL ǿƛǘƘ ǊǳƭŜǎέύ, specifying 10 CMI5 verbs: 

¶ Session verbs: launched, initialized, and terminated.  

¶ Status verbs: passed, completed, waived, failed, abandoned, and satisfied. 

¢ƘŜ άŜȄǘǊŀ ǊǳƭŜǎέ ƛƴ CMI-р ŘŜŦƛƴŜ άǇƭǳƎ-and-Ǉƭŀȅέ ƛƴǘŜǊƻǇŜǊŀōƛƭƛǘȅ ōŜǘǿŜŜƴ ǘǊŀŘƛǘƛƻƴŀƭ [a{ ǎȅǎǘŜƳǎ 

and learning content activities. 

CMI-5 requires conformance with xAPI, and allows for the flexibility of xAPI to be used in any way 

which does not conflict with CMI-5. An LMS which is CMI-5 compliant must use the CMI-5 launch 

mechanism, include required CMI-5 statements in all sessions, define sequence and completion 

criteria, and provide a user interface to access all data recorded. If successful, CMI-5 will harness the 

flexibility of xAPI as a way of going beyond the limitations of SCORM, while maintaining a clear and 

practical approach to standardising information about activities and learning experiences provided 

on LMS systems. Rustici Software are including CMI-5 support in both their Scorm Engine7 and Scorm 

Cloud8. The CMI5 specification is open source and the current draft version if available on Github9. 

Development can be followed on Twitter10. 

3.3. IMS Caliper Analytics 

3.3.1. The context of the Caliper specification 

IMS Global Learning Consortium Inc. is a non-profit, member organization founded in 1999 that 

strives to enable the adoption and impact of innovative learning technology in education (IMS Global 

Learning Consortium n.d.). Membership is by annual subscription, which in 2015 varies from $1,500 

to $55,000 depending on the size of the institution (IMS Global Learning Consortium 2015a). 

Members include major software companies and publishers, universities and government 

agencies11. Specification development is carried out in private by groups of members, who also vote 

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, 

whether this 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 launched in 2013 with the publication 

by IMS of the Learning Measurement for Analytics Whitepaper (IMS Global Learning Consortium 

2013). The whitepaper, reflecting the strategic interests of the IMS membership, discussed Caliper in 

ǘŜǊƳǎ ƻŦ ǘƘŜ ƎǊƻǿǘƘ ƻŦ ŘƛƎƛǘŀƭ ŜŘǳŎŀǘƛƻƴ ŀƴŘ άŀ ŎƻƴǘƛƴǳŜŘ ƘŜƛƎƘǘŜƴŜŘ ƛƴǘŜǊŜǎǘ ƛƴΣ ŀƴŘ ƴƻǿ ŘŜƳŀƴŘ 

                                                           
7 http://scorm.com/scorm-solved/scorm-engine/ 
8 http://scorm.com/scorm-solved/scorm-cloud-features/ 
9 https://github.com/AICC/CMI-5_Spec_Current 
10 @cmi5spec  #cmi5 
11 https://www.imsglobal.org/membersandaffiliates.html 
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for, accountability regarding the ability to measure and analyze this enriched online learning 

ŀŎǘƛǾƛǘȅέΦ The whitepaper proposes an 'edu-graph' of the whole range of educational data, and 

Figure 2 shows the initial IMS focus areas within this wider domain. 

 

Figure 2: ¢ƘŜ ŎƻƳǇǊŜƘŜƴǎƛǾŜ άŜŘǳ ƎǊŀǇƘέ data model. Source: IMS Global Learning Consortium (2013) 

In addressing these areas IMS sets out to complement and leverage its existing set of specifications: 

ά{ǳōǎǘŀƴǘƛŀƭ ǇǊŜ-ŜȄƛǎǘƛƴƎ ǿƻǊƪ ŜΦƎΦ [ŜŀǊƴƛƴƎ ¢ƻƻƭǎ LƴǘŜǊƻǇŜǊŀōƛƭƛǘȅϰ ό[¢LύϰΣ [ŜŀǊƴƛƴƎ LƴŦƻǊƳŀǘƛƻƴ 

{ŜǊǾƛŎŜǎ ό[L{ύΣ vǳŜǎǘƛƻƴ ŀƴŘ ¢Ŝǎǘ LƴǘŜǊƻǇŜǊŀōƛƭƛǘȅϰ όv¢Lύϰ Ƙŀǎ ōŜŜƴ ŘƻƴŜ ǘƻ ǎǘŀƴŘŀǊŘƛȊŜ ǘƘŜ ƭŜŀǊƴƛƴƎ 

activity encapsulation and context that can be leveraged, but it needs to be extended to engage 

ƭŜŀǊƴƛƴƎ ƳŜŀǎǳǊŜƳŜƴǘέ (IMS Global Learning Consortium 2013). Somewhat confusingly, IMS has also 

had a parallel activity to Caliper, called RAM (Real-ǘƛƳŜ !ƴŀƭȅǘƛŎǎ aŜǎǎŀƎƛƴƎύ άǘƻ ƛƳǇƭŜƳŜƴǘ ǊŜŀƭ-

ǘƛƳŜΣ ŀŎǘƛƻƴŀōƭŜ ƳŜǎǎŀƎƛƴƎ ŀƭŜǊǘǎέΦ ¢Ƙƛǎ ǿƻǊƪ Ƙŀǎ ƴƻǿ ŎƘŀƴƎŜŘ ƛǘǎ ƴŀƳŜ ǘƻ La{ I95 !ƴŀƭȅǘƛŎǎ ƎǊƻǳǇΣ 

ŀƴŘ ƛǘ ƛǎ ǎŀƛŘ ǘƻ ǊŜƭŀǘŜ άǘƻ ǊŜǉǳƛǊŜƳŜƴǘǎ ǘƻ ƭŜǾŜǊŀƎŜ ŀ ƳƻǊŜ ƳƛƴƛƳŀƭ ŜǾŜnt with a free-ŦƻǊƳ ǇŀȅƭƻŀŘέ 

(IMS Global Learning Consortium 2015e)  

3.3.2. An overview of the Caliper specification 

Version 1.0 of the Caliper specification was published in October 2015Σ ŀƴŘ ǇǊƻƳƻǘŜŘ ŀǎ άǘƘŜ 

ǿƻǊƭŘΩǎ ŦƛǊǎǘ ƛƴǘŜǊƻǇŜǊŀōƛƭƛǘȅ ǎǘŀƴŘŀǊŘ ŦƻǊ ŜŘǳŎŀǘƛƻƴŀƭ ŎƭƛŎƪ ǎǘǊŜŀƳ Řŀǘŀέ (IMS Global Learning 

Consortium 2015f)Φ Lǘ ŀƛƳǎ άǘƻ ǇǊƻǾƛŘŜ [ŜŀǊƴƛƴƎ aŜǘǊƛŎ tǊƻŦƛƭŜǎ ŀǎ ǎǘŀƴŘŀǊŘƛǎŜŘ ŘŜǎŎǊƛǇǘƛƻƴǎ ƻŦ 

actions and related 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 , and Question & Test Interoperability 

speciŦƛŎŀǘƛƻƴέΦ !ŎŎƻǊŘƛƴƎ ǘƻ La{ (IMS Global Learning Consortium 2015b) Caliper's principal 

contributions are that it: 
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¶ Creates IMS Learning Metric Profiles to establish a basic, 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 labels for 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 different products can be created using the same labels established by the 

standard. 

¶ CǊŜŀǘŜǎ ǘƘŜ La{ [ŜŀǊƴƛƴƎ {ŜƴǎƻǊ !tLϰ ǘƻ ŘŜŦƛƴŜ ōŀǎƛŎ ƭŜŀǊƴƛƴƎ ŜǾŜƴǘǎ ŀƴŘ ǘƻ ǎǘŀƴŘŀǊŘƛȊŜ ŀƴŘ 

simplify the gathering of learning metrics across learning environments.  

¶ Leverages ŀƴŘ ŜȄǘŜƴŘǎ ǘƘŜ La{ [¢Lϰκ[L{κv¢Lϰ ǎǘŀƴŘŀǊŘǎ ǘƘǳǎ ŜƴƘŀƴŎƛƴƎ ŀƴŘ ƛƴǘŜƎǊŀǘƛƴƎ 

granular, standardized learning measurement with tools interoperability and the underlying 

learning information models, inclusive of course, learner, outcomes and other critical 

associated context. 

The Caliper specification is composed of three documents (IMS Global Learning Consortium 2015b) 

¶ Caliper Analytics v1 Best Practice Guide 

¶ Caliper Analytics v1 Implementation Guide 

¶ Caliper Analtyics v1 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 description in order to increase readability, and readers are referred to the Caliper 

documentation for authoritative information about the specification. 

Learning Activity: A Learning Activity in Caliper is any activity that can be a component of a learning 

sequence in a digital learning environment. A Learning Activity is typically equivalent to a lesson.  

/ŀƭƛǇŜǊ {ŜƴǎƻǊ!tLϰΥ The Caliper SensorAPI defines the way that learning applications (for example, a 

Learning Management System, or a publisher's content) can interact with the learning analytics 

services that are offered by Caliper. 

Caliper Sensor: A Caliper Sensor is a piece of code that can be used by programmers to include 

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

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 Profiles define 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 the specification. There is a Base Metric 

Profile which includes entities and attributes that are useful in describing all other Metric Profiles 

(for example name and keywords). The other profiles are Session, Annotation, Assignable, 

Assessment, Outcome, Reading and Media. It should be noted that there is an extensions property 

which can be used to add properties to the Base Profile in order to track aspects which not have 

been foreseen by the specification. Each Metric Profile includes three types of information: 
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¶ The Entities that participate in Learning Interactions (e.g. Person, Assessment, Video, etc.). In 

the case of the Reading profile these refer to properties drawn from the ePub specification 

(e.g. ePubVolume) 

¶ Actions indicate the actions that can be carried out as part of a Learning Interaction. For 

example in the Reading profile the available actions are Searched, Viewed and Navigated To.  

¶ Events capture the Entities involved in a learning event, and the Actions that are performed. 

For example the Reading event includes the attributes Actor, and Object (a digital resource 

in most cases) 

In order to do useful work with Metric Profiles the data that they generate has to be held in an Event 

Store. Caliper does not formally include an open, standards based event store/LRS in its initial scope. 

However, a reference EventStore implementation 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 an Engagement Scenario which is not a Metric Profile per 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 of Events and Actions drawn from the current set of Metric Profiles that 

indicate minimum student engagement with Learning Activities. All attributes/objects (e.g. actor, 

action, object, startedAtTime, endedAtTime, duration, etc) of Events are implicitly part of the 

Engagement Profile. Figure 3 provides a high level representation of the Caliper environment.  

 

Figure 3: high level representation of the Caliper environment 

It is not anticipated that all adopters will implement all of the Metric Profiles. The advice of the Best 

Practice Guide is that  

ΧǿƘŜƴ ȅƻǳ ōŜƎƛƴ ƛƳǇƭŜƳŜƴǘƛƴƎ /ŀƭƛǇŜǊ ȅƻǳ ǎƘƻǳƭŘ ŎƻƳǇŀǊŜ ȅƻǳǊ ŀǇǇƭƛŎŀǘƛƻƴΩǎ ŦŜŀǘǳǊŜǎ ǿƛǘƘ ǘƘŜ 

ƳŜǘǊƛŎ ǇǊƻŦƛƭŜǎ ŀƴŘ ƛƳǇƭŜƳŜƴǘ ǘƘŜ ƻƴŜǎ ƴŜŎŜǎǎŀǊȅ ǘƻ ŎŀǇǘǳǊŜ ǘƘŜ ǳǎŜǊΩǎ ŀŎǘƛǾƛǘƛŜǎ ōŀǎŜŘ ƻƴ ȅƻǳǊ 

features. For example a Quizzing tool would want 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 profiles. (IMS Global 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 independently, as indicated in Figure 4. 

 

Figure 4: Illustration of Metric Profile Interactions. Source: the Caliper Implementation Guide 

3.3.3. Conformance 

The third document in the specification is the Conformance Guide, which we discuss in the section 

on adoption below. 

3.4. C-BEN and the TIP Project 

The Competency-Based Education Network (C-.9bύ ƛǎ άŀ ƎǊƻǳǇ ƻŦ ŎƻƭƭŜƎŜǎ ŀƴŘ ǳƴƛǾŜǊǎƛǘƛŜǎ ǿƻǊƪƛƴƎ 

together to address shared challenges to designing, developing and scaling competency-based 

ŘŜƎǊŜŜ ǇǊƻƎǊŀƳǎέ (Competency Based Education Network 2015). C-BEN has partnered with IMS 

Global to seek a solution to the problem of interoperability of competence definitions. The Technical 

Interoperability Pilot12 has been set up to support this collaboration, with funding from the Bill and 

Melinda Gates foundation. Many aspects of this work are peripheral to LA interoperability, but one 

aspect is relevant. Leuba (2015) ŀǊƎǳŜǎ ǘƘŀǘ άŎƻƳǇŜǘŜƴŎƛŜǎ ŀǊŜ ƴƻǘ ƳŀƴŀƎŜŘ ƛƴ ǘƘŜ ǎŀƳŜ ǿŀȅ ŀǎ 

courses, with a unique competency code and related competency statement that can be added or 

ŎƘŀƴƎŜŘ ŀƴŘ ǊŜƳƻǾŜŘ ŀǎ ƴŜŜŘŜŘέΦ Lƴ ǊŜǎǇƻƴǎŜ ǘƻ ǘƘƛǎΣ ǘƘŜ ǘƻǇ ǳǎŜ ŎŀǎŜ ǘƻ ōŜ ŀŘŘǊŜǎǎŜŘ ōȅ ¢IP is 

άaŀƴŀƎƛƴƎ ŎƻƳǇŜǘŜƴŎƛŜǎ ǳǎƛƴƎ ŀ ǳƴƛǉǳŜ ƪŜȅΣ ƛƴ ŀƴ ƛƴǘŜƎǊŀǘŜŘ ŘŀǘŀōŀǎŜΣ ƛƴŎƭǳŘƛƴƎ ǘƘŜ ŎƻǳǊǎŜ-

ŎƻƳǇŜǘŜƴŎȅ ǊŜƭŀǘƛƻƴǎƘƛǇόǎύέ (Leuba 2015). No solid results are yet available from this work, 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 

interoperability specifications. Indeed, while C-BEN is committed to collaboration with IMS Global, 

                                                           
12 https://www.imsglobal.org/initiative/enabling-better-digital-credentialing 
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they would also be a good fit for a Community of Practice in the context of xAPI. In relation to this, 

Aaron Silvers commented that the Data Interoperability Standards Consortium (DISC) άwould 

ǿŜƭŎƻƳŜ ǘƘŜƛǊ ƛƴǾƻƭǾŜƳŜƴǘ ŀƴŘ ǿŜΩŘ ōŜ ƘŀǇǇȅ ǘƻ ǎǳǇǇƻǊǘ /-BEN any way we canέ (A. Silvers, 

January 5 2016, personal communication). 

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

analytics 

4.1. The context for open architectures for 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, there are wider implications for the infrastructure which is 

required. As Kitto said in an interview for this report:  

¢ƘŜ ǇǊƻōƭŜƳ ƛǎ ȅƻǳ ŘƻƴΩǘ Ƨǳǎǘ ǿŀƴǘ Ȅ!tLΦ ¸ƻǳ ƘŀǾŜ ǎǘŀƴŘŀǊŘǎ ŀƴŘ ȅƻǳ ƘŀǾŜ ƭŜƎŀŎȅ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΣ ŀƴŘ 

you can do some work with that. But it is not enough. 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 systems both within and 

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 designation of boundaries between educational and 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 ArchitecǘǳǊŜ ŦƻǊ IƛƎƘŜǊ 9ŘǳŎŀǘƛƻƴΦ Lǘǎ ǇǊƛƳŀǊȅ Ǝƻŀƭ ǿŀǎ άǘƻ ǇǊƻŘǳŎŜ ŀƴ ŜǾƻƭǾƛƴƎ ŀƴŘ 

sustainable, open standards based service oriented technical framework to support the education 

ŀƴŘ ǊŜǎŜŀǊŎƘ ŎƻƳƳǳƴƛǘƛŜǎΦέ (Olivier et al. 2005). Some intensive 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 synchronizing their assorted 

learning software to create integrated, open ǎƻǳǊŎŜ ǘƻƻƭǎΦ ¢ƘŜƛǊ ǇǊƛƳŀǊȅ Ǝƻŀƭ ǿŀǎ ǘƻ άƛƳǇǊƻǾŜ 

teaching, learning and research by providing a compelling alternative to proprietary learning 

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

ŜŘǳŎŀǘƛƻƴ ŎƻƳƳǳƴƛǘȅέ (Apereo Foundation 2014). 

At present Sakai is used by 300 institutions around the world serving more than 4 million students. 

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, Jisc, and 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 proposals, which 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 the architectures that are emerging. 
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4.2. The Society for Learning Analytics Research 

¢ƘŜ {ƻŎƛŜǘȅ ŦƻǊ [ŜŀǊƴƛƴƎ !ƴŀƭȅǘƛŎǎ wŜǎŜŀǊŎƘ ό{ƻ[!wύ ƛǎ άŀƴ ƛƴǘŜǊ-disciplinary network of leading 

international researchers who are exploring the role and impact of analytics on teaching, learning, 

ǘǊŀƛƴƛƴƎ ŀƴŘ ŘŜǾŜƭƻǇƳŜƴǘέ (Siemens et al. 2011). While the development of technical infrastructures 

ƛǎ ƴƻǘ ǇŀǊǘ ƻŦ {h[!wΩǎ ƳƛǎǎƛƻƴΣ ƛǘ ōŜŎŀƳŜ ŎƭŜŀǊ ŀǘ ŀƴ ŜŀǊƭȅ ǎǘŀƎŜ ǘƘŀǘ ǊŜǎŜŀǊŎƘ ƛƴǘƻ ǘƘŜ ǊƻƭŜ ŀƴŘ 

impact of analytics was being held back by a lack of infrastructure. In 2011 SOLAR launched the Open 

Learning Analytics (OLA) project which has provided a point 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: 

¶ Openness of process, algorithms, and technologies is important for innovation and meeting the 

varying contexts of implementation. 

¶ Modularized integration: core analytic tools (or engines) include: adaptation, learning, interventions, 

and dashboards. The learning analytics platform is an open architecture, enabling researchers to 

develop their own tools and methods to be integrated with the platform. 

¶ Reduction of inevitable fragmentation by providing an integrated, expandable, open technology that 

researchers and content producers can use in 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 at-risk students). Administrators benefit from integrated 

tools that track learning-related activity and then influence resource allocation across multiple tools 

and spaces of learning. Learners will benefit from having timely 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 (see Figure 5). Little progress was made to realising the 

vision outlined in Siemens et al. (нлммύΦ ¢ƘŜ h[! ǇǊƻǇƻǎŀƭ ǿŀǎ ŀƴ άƛƴƛǘƛŀƭ ŎƻƴŎŜǇǘ ǇŀǇŜǊέ (SOLAR 

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 LAK conferences 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 breathe life into the OLA initiative, including both members of SOLAR 

and Apereo (see section 4.3 below). Since then members of SOLAR and Apereo have collaborated in 

a number of events to move forward open learning analytics, which have provided a focus for joint 

work between learning analytics researchers and the developer community. 
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Figure 5: Solar integrated learning analytics system. Source: Siemens et al. (2011) 

4.3. The Apereo Learning Analytics Initiative 

4.3.1. The Apereo Learning Analytics Initiative in context 

Apereo is an open-source foundation formed through the merger of Sakai and Jasig in 2012, The 

CƻǳƴŘŀǘƛƻƴ ǿŜōǎƛǘŜ ǎǘŀǘŜǎ ǘƘŀǘ !ǇŜǊŜƻ ƛǎ ŀ άƴƻƴ-stock, non-profit corporation, with members drawn 

from higher education on four continents. Our mission? To help educational organizations deliver 

their mission, by developing and ǎǳǎǘŀƛƴƛƴƎ ƻǇŜƴ ǎƻǳǊŎŜ ǎƻŦǘǿŀǊŜέ (Apereo Foundation n.d.). In 

doing this Apereo gives great importance to the incubation process, both in terms of the formal 

structures of projects and also the development of communities. In an interview for the present 

report, !ƭŀƴ .ŜǊƎ ŜȄǇƭŀƛƴŜŘ ǘƘŀǘ ά!ǇŜǊŜƻ ƛǎ ŀōƻǳǘ ōǳƛƭŘƛƴƎ ŎƻƳƳǳƴƛǘƛŜǎ ŀƴŘ ǎƻŦǘǿŀǊŜΦ Lǘ ƻŦŦŜǊǎ ŀ ǎŀŦŜ 

ŀǊŜŀ ǘƻ ŘŜǾŜƭƻǇ ƛƴΣ ŀƴŘ ƭƛŎŜƴŎŜǎ ǘƘŀǘ ǿƻǊƪέ (Griffiths 2015a). Given the range of stakeholders 

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 

ŎƻƳōƛƴŀǘƛƻƴ ƻŦ ǊŜŦŜǊŜƴŎŜ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ŀƴŘ ǎŎƛŜƴǘƛŦƛŎ ŦǊŀƳŜǿƻǊƪΦέ (Griffiths 2015a) 

TƘŜ !ǇŜǊŜƻ [ŜŀǊƴƛƴƎ !ƴŀƭȅǘƛŎǎ LƴƛǘƛŀǘƛǾŜ ό[!Lύ άŀƛƳǎ ǘƻ ŀŎŎŜƭŜǊŀǘŜ ǘƘŜ ƻǇŜǊŀǘƛƻƴŀƭƛȊŀǘƛƻƴ ƻŦ [ŜŀǊƴƛƴƎ 

Analytics software and frameworks, support the validation of analytics pilots across institutions, and 

work together so as to avoid duplication where possiōƭŜΦέ (Apereo Foundation 2015). Apereo has 

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

the LA interoperability world. In addition to the participation of a many universities which are active 

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

University System), Jisc have joined the Apereo Foundation, and members of SOLAR collaborate 

closely. The link-up between Jisc, SOLAR and Apereo seems to have been particularly productive, 

with extensive cross fertilization and convergence of architectures. The Apereo LAI provides systems 

which can be adapted to any local context, while the Jisc 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 agreements. The whole development process is carried out openly and documented in a 

Confluence site13 and on Github14. 

4.3.2. An overview of the Apereo Learning Analytics Initiative 

The existing code base of Learning Management Systems and Student Information Systems is, for 

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 greatly, generating 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 functionality enabling teachers and 

learners to build the functionality they need, which can then feed back into the framework and 

inform its development. To achieve this the LAI is 

¶ Building cards in open dashboards 

¶ Sharing algorithms for predictive models 

¶ Sharing how to get data out of systems. 

The creation oŦ ǘƘƛǎ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ǿƛƭƭ ōŜ ŀ ǎƛƎƴƛŦƛŎŀƴǘ ŀŎƘƛŜǾŜƳŜƴǘΦ IƻǿŜǾŜǊ .ŜǊƎ ǿŀǊƴǎ ǘƘŀǘ άǘƘŜ 

real problem is building up knowledge in universities. They want evidence in their local context. You 

need multidisciplinary teams with power ǘƻ Řƻ ƘŜŀǾȅ ƭƛŦǘƛƴƎέ (Griffiths 2015a). In line with 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 stakeholders. The architecture is developed through public 

discussions on the Apereo Confluence site15. There is, therefore, no blueprint for the LAI architecture 

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

snapshot of the process. Nevertheless, the broad outlines are clear and well established, and seem 

to be very stable. 

Development work within the LAI is coordinated around the development of the LAI Open Learning 

Analytics Platform, described on (Apereo Foundation 2015) with an update provided at the Open 

Apereo conference 2015 (Jayaprakash 2015) which is the source for the following figures. The Open 

Learning Analytics Platform is built on a diamond shaped diagram (Figure 6), which defines four 

ǇǊƛƴŎƛǇŀƭ ŀǊŜŀǎ όΨŎƻƭƭŜŎǘƛƻƴΩΣ ΨǎǘƻǊŀƎŜΩΣ ΨŀƴŀƭȅǎƛǎΩ ŀƴŘ ΨŀŎǘƛƻƴΩύ ƳŜŘƛŀǘŜŘ ōȅ ΨŎƻƳƳǳƴƛŎŀǘƛƻƴΩΦ  

                                                           
13 https://confluence.sakaiproject.org/display/LAI/Learning+Analytics+Initiative 
14 https://github.com/Apereo-Learning-Analytics-Initiative 
15 https://confluence.sakaiproject.org/display/LAI/ 
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Figure 6: Open Learning Analytics Diamond. Source: Jayaprakash (2015) 

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.  

Figure 7 shows how the components of the Open Learning Analytics Platform are being addressed 

through a number of Apereo development projects. 

 

Figure 7: Open Learning Analytics Platform Progress. Source: Jayaprakash (2015) 

Taking these in turn, the development work being carried out by the Apereo Foundation includes: 
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Collection: Any xAPI (and soon Caliper) conformant system can perform the collection function, but 

Apereo also provides xAPI integration in the Sakai Collaboration and Learning Environment, the 

Apereo Open Academic Environment, and uPortal. 

Storage: OpenLRS is an open source Java 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 Processor project 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 powerful άōƛƎ 

Řŀǘŀέ ǘƻƻƭ ǿƛƭƭ ŎƻƳŜ ŀ ƭƛōǊŀǊȅ ƻŦ ƻǇŜƴ ǇǊŜŘƛŎǘƛǾŜ ƳƻŘŜƭǎ ǿƘƛŎƘ Ŏŀƴ ōŜ ǎƘŀǊŜŘ ŀŎǊƻǎǎ ƘƛƎƘŜǊ ŜŘǳŎŀǘƛƻƴ 

free of licensing costs and, most importantly, allow institutions to collaborate on enhancing and 

improving these models over time. The project entered incubation in June 201516. 

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 data model. 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 a link-up to Hadoop to enable it to scale further. 

OpenDashboard is IMS Learning Tools Interoperability compliant, facilitating its integration with 

other systems17. 

Action: Student Success Plan supports a coaching and counselling model, and expedites 

interventions for students in need (Jisc, Sinclair Community College, and Unicon). It includes case 

management, academic advising tools, early alert, integration with student information systems, and 

reporting and data collection tools18. 

Feeding into the Learning Analytics Platform is a Library of Open Models. This builds on the Open 

Academic Analytics Initiative, whose Early Alert System is the first model to be deployed (see Figure 

8).  

                                                           
16 See https://confluence.sakaiproject.org/display/LAI/Apereo+Learning+Analytics+Processor for more details. 
17 See https://confluence.sakaiproject.org/display/LAI/OpenLRS+and+OpenDashboard for more details. 
18 See http://www.studentsuccessplan.org/features/my-academic-plan for more details. 
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Figure 8: OAAI Early Alert System Overview. Source: Jayaprakash (2015) 

The model is a collection of algorithms that have been tried and are exportable in PMML. The 

algorithms can be trained, and 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 part of the Apereo 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 not-for-profit organisation which is dedicated entirely to the UK HE ǎŜŎǘƻǊǎΩ individual and 

collective needs (Jisc n.d.). Over 80% of Jisc funding comes from UK higher education and further 

education funding bodies, but the organisation will in future be required to sell its services directly 

to institutions. One of the principal current projects being undertaken by Jisc is Effective Learning 

Analytics, which is developing the Open Learning Analytics Architecture (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 Phil Richards, Chief Innovation Officer for Jisc, the definition of LA adopted in the OLAA 

ƛǎ άǘƘŜ ŀǇǇƭƛŎŀǘƛƻƴ ƻŦ ōƛƎ Řŀǘŀ ǘŜŎƘƴƛǉǳŜǎ ǎǳŎƘ ŀǎ ƳŀŎƘƛƴŜ ōŀǎŜŘ ƭŜŀǊƴƛƴƎ ŀƴŘ Řŀǘŀ ƳƛƴƛƴƎ ǘƻ ƘŜƭǇ 

learners and insǘƛǘǳǘƛƻƴǎ ƳŜŜǘ ǘƘŜƛǊ Ǝƻŀƭǎέ (Richards 2015)Φ ¢Ƙƛǎ ƛǎ ǎǳōǎǘŀƴǘƛŀƭƭȅ ǿƛŘŜǊ ǘƘŀƴ ά¢ƘŜ ǳǎŜ 

ƻŦ ŀƴŀƭȅǘƛŎ ǘŜŎƘƴƛǉǳŜǎ ǘƻ Χ ǎǳǇǇƻǊǘ ǘƘŜ ŀŎƘƛŜǾŜƳŜƴǘ ƻŦ ǎǇŜŎƛŦƛŎ ƭŜŀǊƴƛƴƎ Ǝƻŀƭǎέ ǇǊƻǇƻǎŜŘ ōȅ 

Educause (Van Barneveld et al. 2012). This difference in terminology may not lead to differences in 

the learning analytics 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 extensively on the 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 which is underwŀȅΦ WƛǎŎΩǎ ŀǊŎƘƛǘŜŎǘǳǊŜ ŀƭǎƻ Ƙŀǎ ƳǳŎƘ ƛƴ ŎƻƳƳƻƴ ǿƛǘƘ ǘƘŜ !ǇŜǊŜƻ hǇŜƴ 

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 Amsterdam, 

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.g. Tribal) and adaptations 

of open source systems (e.g. Learning Locker). 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 and achievement, and alerts on students who are at risk.  

As described by Sclater (2015a): ά¢ƘŜ ǎŜǊǾƛŎŜ ǿƛƭƭ Ŏƻƴǎƛǎǘ ƻŦ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ŎƻƳǇƻƴŜƴǘǎΣ ŀƴŘ 

institutions will be able opt in to use some or all the components as required: 

¶ A learning analytics processor ς a tool to provide predictions on student success and other 

analytics on learning data to feed into student intervention systems. 

¶ A staff dashboard ς a presentation layer to be used by staff in institutions to view learning 

analytics on students. Initially this presentation layer will be focussed on the learner but 

dashboards for managers, librarians and IT managers could also be developed. 

¶ An alert and intervention system ς a tool to provide alerts to staff and students and to allow 

them to manage intervention activity. The system will also be able to provide data such as 

ƳŜǘƘƻŘǎ ŀƴŘ ǎǳŎŎŜǎǎΣ ǘƻ ōŜ ŦŜŘ ƛƴǘƻ ŀƴ ŜȄŜƳǇƭŀǊ άŎƻƻƪōƻƻƪέ ƻƴ ƭŜŀǊƴƛƴƎ ŀƴŀƭȅǘƛŎǎΦ 

¶ A student app ς based on requirements gathering with staff and students. Integration with 

existing institutional apps will be supported.έ 

The resulting system 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 provided (either by Amazon 

AWS or Rackspace). A complete set of the open source components will be made available for 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 Moodle site (Jisc n.d.), except where otherwise 

stated.  

4.4.2. Overview of the Jisc Open Learning Analytics Architecture 

The Jisc Learning Analytics service architecture has three layers (Figure 9): 

¶ The Presentation and Action layer provides dashboards, a student app, and tools for 

managing student interventions. 

¶ The Data Storage and Analysis Layer deals with storing the data that is collected, analysing 

it, passing it on to the presentation layer in a suitable form. 

¶ The Data Collection layer collects data about student activity from the student record 

system via xAPI, against a standard data model. 
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Figure 9: Overview of the Jisc Open Learning Analytics Architecture. Source: Jisc (n.d.) 

RESTful APIs are used to interchange data in JSON format between the layers. The APIs of each 

component are published so that institutions and third party vendors can build additional services 

on top of the architecture. We 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 Moodle and Blackboard. Plugins are also being developed to capture attendance 

and library access data. 

Personal Data: who a student is, and what courses they are studying. This will typically be extracted 

from the student record system, and transformed into the standard Jisc Analytics data model. An 

overview of the data model is provided in Figure 10. 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 published19, 

and the overall data structure is shown in Figure 10 below. Again, much will be familiar in other 

countries, but the details (at least) will vary. For example, it seems likely that the inclusion data 

related to ethnicity, socio-economic status, parents educational level, and disability, relates as much 

to UK government policy and monitoring as it does to strictly learning analytics issues. xAPI profiles 

are used to ensure that student activity on different systems (e.g. Moodle and Blackboard) is 

captured in the same way. This is also a top priority for the Data Interoperability Standards 

Consortium (DISC) recently established to steward xAPI. Such profiles can also act as means of 

relating the differing data structures in institutional and national implementations to standard 

analytics algorithms. 

                                                           
19 https://courses.alpha.jisc.ac.uk/moodle/course/view.php?id=14 
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Figure 10: Jisc OLAA overall data structure. Source: Jisc (n.d.) 

Data Storage and Analysis layer 

The structure of the Data Storage and Analysis layer is shown in Figure 11.  

 

Figure 11: Jisc OLAA data storage and analysis layer. Source: Jisc (n.d.) 

The data gathered in the data collection layer is stored in a Learning Record Store. The primary data 

storage tool is Learning 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 hosted). Learning Locker takes data from learning systems 

in xAPI format, and stores it in a NoSQL database20. The Student Success Plan module should be 

available from the first quarter of 2016. The institution will choose which system to deploy, 

depending on whether they already have something in place to 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 engine, 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 For more information see http://learninglocker.net/  and http://ht2.co.uk. 
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integrated suite, including dashboards as well as the predictive engine. LAP is provided by Jisc as a 

multi-tenanted solution, hosted in the UK on Amazon AWS, 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 shown in Figure 9, the Presentation and Action layer of the Jisc OLAA is composed of a student 

app, dashboards and alert and intervention. The student app is being developed for the Jisc OLAA by 

Therapy Box. This enables students to engage with the data held about them, and to provide their 

own 'self declared' data. As Sclater (2015c) describes, it will include  

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

¶ engagement and attainment overview, which provides an overview of academic 

performance, and in particular how the student compares to others 

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

students 

¶ interface for inputting 'self-declared' study activities and targets. 

Dashboards provide visual tools for lecturers, module leaders, senior staff and support staff to see 

representations of student engagement, cohort comparisons, etc., while Alert and Intervention 

functionality provides actionable recommendations. Institutions have three different options for 

deploying dashboards: a commercial solution, 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 and 

action layers.  

Jisc's Learning Analytics Services will offer a customised version of Tribal's Student Insight. This is a 

cloud hosted application, which has functionality in both the storage and analysis layer and the 

presentation and action layer (Figure 12). As explained in Sclater (2014b), 

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

system and the library, to build a model of engagement, with a focus on the risk of student drop-out 

or module failure. Tribal are developing a standard set of models that can be customised and 

optimised for an individual institution. The dashboard is delivered with HTML5. Student Insight also 

integrates with the Tribal Enterprise Service Desk, which manages student support processes, and this 

can be 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 proposition for many universities and 

colleges. 
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Figure 12: Tribal Student Insight. Source: Jisc (n.d.) 

The Student Success Plan (SSP) tool is based on open source tools developed by Unicon in 

collaboration with Marist College in New York State, and incubated in the Apereo Foundation. The 

functionality of the SSP (Figure 13) has been customised to meet the needs of the UK market. The 

contribution of Marist College is centred on the Predictive Analytics Reporting Framework21 (see 

section 4.7).  

 

Figure 13: Student Success Plan. Source: Jisc (n.d.) 

                                                           
21 For detailed information on SSP see http://www.studentsuccessplan.org/ 
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4.5. Unizin 

Another organisation that might have an impact on LA interoperability is Unizin. This is an invitation-

only organisation, which does not provide public details of its strategy and development. However, 

presentations by the consortium show the broad outlines. A presentation at the EUNIS conference in 

нлмр ǎǘǊŜǎǎŜŘ ǘƘŜ ƛƳǇƻǊǘŀƴŎŜ ƻŦ ǎǘŀƴŘŀǊŘǎΥ ά¦ƴƛȊƛƴ ƛǎ ǇǊŜŘƛŎŀǘŜŘ ƻƴ ǳǎƛƴƎ ǎǘŀƴŘŀǊŘǎ ǘƻ ŘǊƛǾŜ 

ƛƴƴƻǾŀǘƛƻƴ ŀƴŘ ŜŦŦƛŎƛŜƴŎȅ ŦƻǊ ǎŎŀƭŀōƭŜ ŘŜƭƛǾŜǊȅ ŀŎǊƻǎǎ ǘƘŜ ŘƛƎƛǘŀƭ ƭŜŀǊƴƛƴƎ ŜŎƻǎȅǎǘŜƳέΣ ŀƴŘ ƛƴŘƛŎŀǘŜŘ 

that Caliper would be a key component of this system (Maas & Qasi 2015). The principal goals of 

Unizin (Glover 2015) are to: 

¶ Acquire a common LMS 

¶ Acquire or create a repository for digital learning objects 

¶ Acquire/create/develop Learning Analytics. 

In line with these goals, the consortium is adopting Canvas as a common Learning Management 

System, anŘ Ƙŀǎ ǇǳǊŎƘŀǎŜŘ /ƻǳǊǎŜƭƻŀŘΣ ŀƴ ΨE-Textbook and Digital Course Materials SolutionΩ22. As 

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 

¦ƴƛȊƛƴΩǎ ŦƛǊǎǘ ƳŀƧƻǊ ŦŜŀǘǳǊŜǎ ŀǊŜ ǘǿƻ άǊŜƭŀȅǎέ -- one for content, the other 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 them into their courses, 

Littleworth said, while the analytics relay would collect information about how content, apps and 

platforms are used. (Straumsheim 2015) 

Feldstein comments ǘƘŀǘ ά²Ƙŀǘ ƛǎ ǊŜƳŀǊƪŀōƭŜ ƛǎ ǘƘŜ ƭŜǾŜƭ ƻŦ ǎŜŎǊŜŎȅ ǎǳǊǊƻǳƴŘƛƴƎ ǘƘŜ ǇǊƻƧŜŎǘέ 

(Feldstein 2014), and given the lack of publicly available information, it is hard to assess the impact 

that the Unizin will have on LA interoperability. If successful, the initiative will be a very large scale 

learning analytics deployment making use of standards-based systems. As Figure 14 indicates, 

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

 

Figure 14: Unizin Learning Activity Measurement Standards. Source: Maas & Qasi (2015) 

                                                           
22 www.courseload.com 
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On November 3rd, 2015 Unizin announced that the consortium partners with IMS Global Learning 

/ƻƴǎƻǊǘƛǳƳ άǘƻ ŘǊƛǾŜ /ŀƭƛǇŜǊ !ƴŀƭȅǘƛŎǎ ŀŘƻǇǘƛƻƴέΦ ά¦ƴƛȊƛƴ ŀƴŘ La{ Dƭƻōŀƭ ǿƛƭƭ ŎƻƭƭŀōƻǊŀǘŜ ƻƴ 

developing a Simple Content 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 

ǳǎŜǊ ƛƴǘŜǊŀŎǘƛƻƴǎ ǿƛǘƘ ŎƻǳǊǎŜ ƳŀǘŜǊƛŀƭǎΦέ (Raths 2015) 

4.6. The Predictive Analytics Reporting Framework 

¢ƘŜ tǊŜŘƛŎǘƛǾŜ !ƴŀƭȅǘƛŎǎ wŜǇƻǊǘƛƴƎ όt!wύ CǊŀƳŜǿƻǊƪ ŘŜǎŎǊƛōŜǎ ƛǘǎŜƭŦ ŀǎ άa non-profit provider of 

analytics-as-a-ǎŜǊǾƛŎŜέ ǿƛǘƘ ƳƻǊŜ ǘƘŀƴ орм ƳŜƳōŜǊ ŎŀƳǇǳǎŜǎ (PAR Framework n.d.). The aspect of 

this work which is relevant to our present concerns is the development and maintenance by PAR of 

ŎƻƳƳƻƴ Řŀǘŀ ŘŜŦƛƴƛǘƛƻƴǎΦ t!w Ƙŀǎ άŀ ǎŎŀƭŀōƭŜ Ƴǳƭǘƛ-ƛƴǎǘƛǘǳǘƛƻƴŀƭ ŘŀǘŀōŀǎŜ ǘƘŀǘ ȅƛŜƭŘǎ Χ ŎƻƳƳƻƴΣ 

cross-institutional metrics for accountability that consider student outcomesέ (PAR Framework n.d.) 

The database includes 2 million de-identified student records and more than 20 million course level 

records. The scale of this corpus makes it possible to look for patterns of student 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 data definitions, which 

ƘŀǾŜ ōŜŜƴ ŘŜǾŜƭƻǇŜŘ ŀƴŘ ƳŀƛƴǘŀƛƴŜŘ ōȅ t!wΦ ¢ƘŜǊŜ ƛǎ ƴƻ ŜȄǇŜŎǘŀǘƛƻƴ άǘƘŀǘ ƛƴǎǘƛǘǳǘƛƻƴǎ ǿƛƭƭ ŎƘŀƴƎŜ 

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 what is in my system, so that we can communicate better through 

this common language (Grush 2013). PAR have also developed a Student Success Matrix which 

ǇǊƻǾƛŘŜǎ ŀ ŎƻƳƳƻƴ ǎǘǊǳŎǘǳǊŜ άǘƻ ƛƴǾŜƴǘƻǊȅΣ ƻǊƎŀƴƛȊŜΣ ŀƴŘ ŎƻƴŎŜǇǘǳŀƭƛȊŜ ǎǳǇǇƻǊǘǎ ŀƛƳŜŘ at 

ƛƳǇǊƻǾƛƴƎ ǎǘǳŘŜƴǘ ƻǳǘŎƻƳŜǎέ (PAR Framework n.d.)23. Both the PAR data definitions have been 

published under a Creative Commons license24. The 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. [ŀǳǊƤȳŀ 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 strategiŜǎ ƛƴ ƛƳǇǊƻǾƛƴƎ άŀǘ wƛǎƪέ ǎǘǳŘŜƴǘ ƻǳǘŎƻƳŜǎΦ 

The results are promising as they seem to point at a higher portability of those models than initially 

anticipated. ό[ŀǳǊƤȳŀ Ŝǘ ŀƭΦ нлмоύ 

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

How portable are predictive models designed for one type of course delivery (e.g., fŀŎŜπǘƻπŦŀŎŜύ ǿƘŜƴ 

they are deployed in another delivery format (e.g., fully online)? We are particularly interested in 

ŜȄǇƭƻǊƛƴƎ ǘƘŜ ƛǎǎǳŜ ƻŦ ǇƻǊǘŀōƛƭƛǘȅ ǊŜƎŀǊŘƛƴƎ ŦŀŎŜπǘƻπŦŀŎŜ ŀƴŘ Ŧǳƭƭȅ ƻƴƭƛƴŜ ǇǊƻƎǊŀƳǎ ƎƛǾŜƴ Ƙƻǿ ƳǳŎƘ 

more LMS usage takes place in the latter mode of instruction. It may be that models developed based 

ƻƴ ŦŀŎŜπǘƻπŦŀŎŜ ŎƻǳǊǎŜǎ Řƻ ƴƻǘ ƛƳǇƻǊǘ ǿŜƭƭ ǘƻ Ŧǳƭƭȅ ƻƴƭƛƴŜ ŎƻǳǊǎŜǎ ƻǊ ŀǘ ƭŜŀǎǘ ǘƘŀǘ ǎǳŎƘ ƳƻŘŜƭǎ ŎƻǳƭŘ 

be significantly improved if they were customized for fully online courses. (Jayaprakash et al. 2014) 

italics in the original. 

                                                           
23 See also https://community.datacookbook.com/public/institutions/par 
24 Available at https://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 models will work in different socio-economic, cultural and linguistic contexts. 

4.7. UvAinform (University of Amsterdam) 

The University of Amsterdam initiated the UvAInform project in 2013 όaƻƭ ϧ YƛǎƳƛƘƻȳƪ нлмпύ in 

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 implementation of these 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 university wide learning 

analytics program (Figure 15). Furthermore, the project initiated the development of OpenLRS 

(Larissa), an open source Learning Record Store for collecting student activity25. Berg comments 

ά¢ƘŜǊŜ ǿŀǎƴΩǘ ŀ ǎŎŀƭŀōƭŜ [w{Σ ǎƻ ǿe built one. It works, it scales, but there is a debate about 

resources. Is there resource for incubation? OpenLRS Unicon is the alternative. Larissa has better 

ǇŀǊǎƛƴƎΦ hǇŜƴ[w{ Ƙŀǎ ŀ ƳƻǊŜ ǎŎŀƭŀōƭŜ ōŀŎƪ ŜƴŘΦέ (Griffiths 2015a). In combination with a data 

warehouse and an open source Extract Transform and Load layer, Kettle26, the aim is to unlock the 

large number of data silos within the University, many of which were never developed specifically 

for LA purposes. 

 

 

Figure 15: University of Amsterdam Learning Analytics Framework. Courtesy of Alan Berg 

4.8. IMS Global Inc. 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 prescriptive 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 systems. Abel et al. 

(2013) set out a call for action fƻǊ Ψ! bŜǿ !ǊŎƘƛǘŜŎǘǳǊŜ ŦƻǊ [ŜŀǊƴƛƴƎΩΣ ǿƛǘƘƻǳǘ ƳŀƪƛƴƎ ŀ ŎƻƴŎǊŜǘŜ 

                                                           
25 Available at https://github.com/Apereo-Learning-Analytics-Initiative/Larissa 
26 Available at https://github.com/pentaho/pentaho-kettle/ 


