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Abstract 
Learning management systems are often seen as enablers for learning analytics as they generate 
data and help to analyse such data. In the case of the popular learning management system Moodle, 
however, almost no learning analytics functionalities are provided.  

In this report, a method will be demonstrated how learning materials can be integrated into Moodle 
courses so that they produce interaction data. Such data can be collected and used as input for 
learning analytics.  
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1 INTRODUCTION 
Learning analytics, i.e. the collection, correlation and usage of quantitative data in the learning 
process, promises more individual adaptation of didactic support and coaching of students, thus 
enabling a higher learning success. Learning management systems can in principle be used as a data 
source for learning analytics. Such data can then be used to infer the individual gaps and to plan 
teaching interventions to support students. Besides from that it is also possible to evaluate the 
effectiveness of learning modules based on such data. 

Learning management systems are often seen as enablers for learning analytics as they generate 
data and help to analyse such data.  

In this report, a method will be demonstrated how learning materials can be integrated into Moodle 
courses so that their use by students will produce interaction data. Such data can be collected and 
then used as input for learning analytics. 

1.1  Moodle 
In this study, Moodle is used as learning management system. About 49% of the higher education 
institutions in Germany that responded to an online questionnaire (https://beta.doodle.com/poll/ 
uyvcg2wz6s4bwv6v#table) in the last years are using Moodle as their learning management system. It 
is the primary content management system for educational resources at Hochschule Mannheim 
University of Applied Sciences although Mediawiki and Slack are also applied in selected courses. 

With Moodle teachers are able to run a complete course online: They can offer static and dynamic 
educational resources such as texts and exercises. Moodle also supports common recurring 
classroom activities such as grouping of the attendants, getting feedback, organizing tests and 
homework assignments. 

This means that students should constantly visit a course page in moodle and interact with it 
throughout the semester. In principle, this interaction should lead to sufficient data about the learning 
process. However, almost no data is available that could be used as input for learning analytics 
algorithms.  

1.2 Learning Tools Interoperability Interface 
Moodle features an interface making it possible to integrate external systems with a Moodle 
installation. This standardized interface is called IMS Learning Tools Interoperability (LTI) [1]. It is 
needed as a prerequisite for recording user interaction.  

LTI connects nodes or services running on different computers using HTTP requests or RESTful 
webservices. There are two roles that services can act as:  
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• LTI Provider: A tool that offers some self-contained functionality to learners. Often this is a 
dynamic learning ressource that teaches a defined topic. 

• LTI Consumer: An environment, that connects an LTI Provider with the student. The consumer 
normally knows the current student (identification), logs assessment results, and bundles some 
learning resources to a course. Often the LTI Consumer is a learning management system such 
as Moodle. 

Since Moodle version 2.2 LTI Providers can be used in Moodle courses as “external tool”. LTI 
Providers are referenced as learning resources in Moodle just as static documents would be. They are 
represented as a different type that has some attributes, foremost a URL to the external resource 
which has to be hosted as a webservice somewhere on the Internet.  

If the learner activates such a target he or she will be redirected to the external LTI Provider, normally 
as a webpage which will be embedded into a Moodle view (technically as an IFrame). The LTI-
Provider will be informed about the user identity via HTTP POST request parameters. The connection 
between LTI Consumer (Moodle) and LTI Provider can be secured though Secure Socket Layer 
encryption. Additionally, the user authentication is covered by using the OAuth 1.0 protocol in signing-
only mode. 

In sum the LTI Provider available under a certain “launch URL” gets  

• a consumer key under which responses can be sent back to the LTI Consumer  

• a shared secret key in order to authorise the LTI Consumer as a valid source of request 

• information about the Moodle user who is going to use the LTI Provider as an extenral tool 

• additonal application specific keys 

2 METHODOLOGY 
Which technical features do digital materials need to allow for learning analytics related data 
acquisition via the Learning Tools Interoperability interface in Moodle? 

2.1 Media as Learning Materials 
Educational resources in higher education are often in the form of documents describing or 
documenting a topic. It is plausible to assume that learning processes can be observed by means of 
working with such documents while memorizing, processing, or applying the described concepts.  

There are some problems with such learning materials:  

− offline usage,  
− granularity, and  
− usability while observability. 

2.1.1 Offline Usage 

If students download documents from Moodle for offline usage they are eluded from observation. The 
first working session with a document could be monitored (i.e. the download itself). But further practice 
would be invisible to any tracking technology – especially if students printed them out on paper or 
used some mobile device which might not always be connected. 

2.1.2 Granularity 
Often such a document might consist of descriptions of several topics and subtopics. Attention to a 
media file as a whole does not imply how long a student will be working with it or until what part of 
such a document a student would be reading it. There are some comparatively new developments to 
get more insight from media usage which require special players. For example, YouTube allows the 
content providers and video editors to get statistics which parts of a video clip are watched and which 
parts are skipped. Also, some e-book environments like .mobi on Amazon Kindle let authors know 
which parts of a book get actually read and how long users display individual pages. Something 
similar is needed for learning materials in the form of documents. 
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2.1.3 Usability while Observability 
If online usage and a “per-page” granularity are needed for learning material media, one might first 
think of splitting a conventional document in several sub-pages and providing a web-based reader that 
could track accessing the individual parts [2]. Instead this seems to be unfamiliar in higher education. 
Students keep asking for sets of commented slides as brief documentation and reference for lectures. 
Even textual lecture notes are often considered verbiage by the current generation of students. 

2.1.4 Google Slides as a Solution 
The Google Slides service offers a usable way to provide information in a fine-granular and 
observable way. Every deck of slides gets a unique URL (see figure 1). But very single slide gets a 
unique URL-fragment part (making the URL ending in “#...”). Changing from one slide to the next can 
be observed by changing the URL of a browser window from one fragment to the next. 

 
Figure 1: A deck of slides used as a lesson in a  

Moodle course (German user interface of Google Slides). 

2.2 Integration into Moodle 
There are several ways to include Google Slides presentation decks into a Moodle course. In principle 
a link pointing to the Google Slides URL would be sufficient. There are also possibilities to add 
keywords or a user identification as HTTP GET request parameters. But this would be easy to fake. 
Thus the Learning Tools Interoperability interface of Moodle is applied instead.  

Moodle acts as LTI Consumer and a server pointing to the slides in question is used as LTI Provider 
(see figures 2 and 3).  

Although LTI 2.0 would be available in the Moodle installation of Hochschule Mannheim University of 
Applied Sciences only fields are used that are also available in version 1.1 of LTI. 
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Figure 2. Creation of a new “external tool” activity in Moodle.  

 
Figure 3. Configuration of the forum component as “external tool” in Moodle. 
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2.3 Access to slides via online forum 
How can students be encouraged to use the learning materials only online? It is a good idea to offer 
some added value which may only be available online. One idea for such a benefit is an online forum 
that is slide-aware. It was developed in the context of a Bachelor thesis [3] (see figure 4).  

 
Figure 4. User interface for the forum embedding a Google. 

 Slides presentation (adapted from [3]). 

Students see the slides in a deck in the main part of the view (which is embedded into another Moodle 
view). On the left a discussion thread about the currently visible presentation takes place. On the 
bottom of the page students can enter questions, answers, and comments that will be visible on the 
left. All students see all discussion items (even from earlier courses if enabled by the admin). 

The forum is implemented in JavaScript with a NodeJS backend using the Socket.io framework. All 
entries are stored as JSON objects in a Mongo DB database. 

Links to slide decks are now routed through the forum service and not displayed directly (see figure 5). 
As side effect an additional tracking component is involved on the NodeJS backend that tracks 
whindow URL changes and writes them as well to a Mongo DB database. 
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Figure 5. Components and their Deployment. 

2.4 Same Origin Policy 
It is a problem that the NodeJS execution environment and the Google Slides reside on different hosts 
in different domains. The “same origin policy” enforced by most modern HTML/JavaScript execution 
environments forbids such a constellation: It is normally not possible to react on URL-changes in the 
slides view from the forum part. A work around is to set the document.domain property of the forum 
software to the domain of G Suite where the slides reside. Another possibility would be to host the 
forum and tracking components on the Google App Engine giving them the same domain as the 
slides. This has also been demonstrated to work around the “same origin policy”. 

3 RESULTS 
A compulsory learning module in informatics undergraduate degree programs at the Computer 
Science Department of Hochschule Mannheim University of Applied Sciences has been used as a 
case study. It was transformed to a fully Moodle based blended learning experience during the last 
semesters.  
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Currently this effort is still exploratory and it is more about testing of the technical feasibility. The data, 
however, already allows to detect difficult parts of the course content. A formal evaluation is planned 
for the coming winter semester. The learning analytics data will be compared with the actual learning 
process, which is investigated through additional learning records that the students will be asked to 
keep.  

4 CONCLUSIONS 
In this case study, the learning analytics relevant characteristics of learning materials were analysed. 
However, it turned out that students have high inter-individual differences in their usage of Moodle. It 
depends on technical equipment (tablet, notebook, PC pool, home computer) and personal preference 
(e.g. for working with lecture notes, handwritten remarks, offline). A forum software has been 
introduced as a benefit to encourage online usage of learning materials.  

The forum software has an additional component which is able to track user interaction on a per-slide 
scale. All interaction (switching to the next slide) is logged to a database making it possible to extract 
individual usage statistics that will be used as input for learning analytics processes. 

This data will then be used to classify the activities in the learning process (preparation and follow-up 
of lectures, laboratory tests and the independent processing of exercises, preparation of 
examinations), and, above all, to quantify (i.e. how much effort each learner devoted to these activities 
and at which time during the ongoing semester). 

Privacy is also a concern, of course. Currently all collected data is using pseudonyms instead of real 
names or matriculation numbers. This seems to be appropriate for statistical aggregation for 
evaluation purposes. If learning analytics will be used for the individualisation of the learning process 
in the future, privacy needs to be technically and organizationally enforced. 
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