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Learning analytics
• the measurement, collection, analysis and reporting of data 

about learners and their contexts, for purposes of 
understanding and optimizing learning and the 
environments in which it occurs

• Workflow of Learning Analytics Systems
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Reference model
• an abstract framework or domain-specific ontology 

consisting of an interlinked set of clearly defined concepts
• a standard model used to specify system requirements in 

an implementation- independent manner
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Learning analytics system project



Requirements for the reference model
• Open and extensible: 

– new sensors, new task workflows
• Distributed: 

– multiple sources of data and functionalities distributed over 
multiple systems. 

• Interoperable: 
– various learning platforms or virtual learning environment

• Reusable and configurable: 
– modular building blocks

• Real-time and predictable: 
– real-time constraints, estimate the time to completion.

• Usable: 
– data visualization and monitoring

• Secure and traceable:
– privacy, data governance
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- Structured: DB, Spreadsheet, etc
- Semi-structured: XML, HTML, etc (Schema based 

Markup)
- Unstructured: Text, Image, Video, Voice Data, etc

- High Performance Distributed File Processing 
(Hadoop)

- Data Extracting and Filtering

- Analytics Algorithm
- Natural Language 

Processing, 
Emotion Analytics, etc
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- Presentation 

Tech
such as 3D and 
AR
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- Analysis Algorithm 

Selection
- Privacy Policy 

Implementation

- LTI(Learning Tool Interoperability), IMS Caliper

Workflow Example
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Learning Activity

- Reading
- Lectures
- Quiz
- Projects
- Homework
- Media
- Tutoring
- Research

- Assessment
- Collaboration
- Annotation
- Gaming
- Social
- Messaging
- Scheduling
- Discussions

- Lecture (MOOCs, 
OER)

- Material (reading etc)
- Learning tool
- Quiz/Assesment Item
- Discussion forum
- Message
- Social Network
- Prior Credit
- Achievement
- System Log
- ……
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Proof of Concept for the Reference Model



Data collection



Data storing/filtering
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Data storing/filtering



Data Analysis
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Visualization
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Visualization



Details – Visualization Manager

generate chart list

R Analysis
Meta Data

chart list 
generator web 

page

generate
query
query 

generator

chart list
form

chart 
domgenerate chart

query
runner

query 
runner

manufacture 
data

chart data 
manager

chart 
generator

node.js server

request 
for 

creating 
chart with 
form data.

Virtuoso
Data Base

work flow



Feedback
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Dashboard and 
Reporting System

Feedback Action

• Learning attitude/pattern
• Learning progress
• Comparison with group
• Social diagram

……
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Reference Architecture: Sequence Diagram
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Test Scenario
• Learning activity: 

– open digital textbook on Readium-JS viewer
• Data Collection:

– IMS Caliper sensors capture data and send to an event 
store

• Data storing/filtering
– data are transformed into uniform RDF triples and stored 

to the analytics data store
• Analyzing

– statistical analysis performed using the R
• Visualization

– dashboard showing real-time student activity data



[DEMO] 1. open digital textbook on Readium-JS viewer

Open sample digital textbook via Readium-JS Viewer 



[DEMO] 2. Reading activities on Readium-JS viewer

Capture the event for page view



Call send() function from Sensor API from Endpoint

Captured data in JSON format by sensor API

Result for event data capturing by sensor API:
“result=SUCCESS”



[DEMO] 3. Reading activity data converted to the RDF format

ViewEvent data in JSON format ViewEvent data in RDF format



[DEMO] 4. Collected data on event store



[DEMO] 5. Dashboard showing engagement profile



[DEMO] 5. Dashboard showing engagement profile



Conclusion
• Need for Learning Analytics Interoperability

• Need for a Reference Model
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Explicit specification of the learning analytics systems!



Future Work
• Standard data exchange model beyond information model
• Policy specification (in conjunction with ISO/IEC JTC1 

SC36)
– Privacy
– Data governance

• Integration of the LOD of achievement standards
- LOD for curriculum knowledge

• Open and extensible system



Integration of curricula & contents


