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Abstract. Researching the sharing of learning designs is a well-established do-
main within the technology-enhanced learning research community. However, 
until now tools supporting educational modelling languages such as IMS Learn-
ing Design have reached a wide adoption in today's school practice. Following 
a design science research methodology we report on the design, implementa-
tion, and evaluation of a novel tool referred to as "Composer". The Composer 
supports the design of learning activities and has been developed according to 
design principles such as (a) interoperability between design-time and run-time 
systems based on the W3C Widget Standard, (b) inclusion of artefact types be-
yond content such as tools, people and events, (c) a user-friendly authoring en-
vironment. A first evaluation of the proof-of-concept implementation suggests 
that the tool is easy-to-use and provides added value for teachers when it comes 
to reflecting about the design of learning activities.   

Keywords: Learning Design, Educational Modelling, W3C Widgets, Mashups, 
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1 Motivation and Methodology 

The primary role of any instructional agent such as a teacher, is to stimulate the per-
formance of learning activities that will gradually result in the attainment of the learn-
ing outcomes [1]. As a consequence learning design has always been of a particular 
interest to the educational domain. [2] provide an overview of learning design author-
ing software that aims to simplify the learning design process. [3] provide a graphical 
user interface for designing learning activities based on IMS Learning Design. 
Evaluation of the latter revealed the disconnection between the design tool and the 
runtime system as one major problem with respect to user acceptance [3]. Until now, 
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tools supporting educational modelling languages have not reached wide adoption [2], 
[4], [5]. In the following, learning design is meant as the preparation of a unit-of-
learning (e.g. course, lesson) and includes the definition of learning outcomes, the 
selection of learning resources, and the sequencing of measures [1], [4].  

We focus on (blended) learning environments of the school sector. Although evi-
dence suggests that ICT can have a positive impact on the expansion of learning op-
portunities [6], [7], there is still a significant number of schools in Europe that lack 
sufficient computer equipment [7]. At the same time the adoption of ICT also varies 
between subjects [8].  

This research effort is tackling the learning design issue by applying a design sci-
ence research methodology (DSRM) [9] on the problem. Design science research is a 
research paradigm in which the researchers try to answer questions to relevant prob-
lems via the creation of innovative artefacts [10], [11]. A number of efforts have been 
made to describe and guide construction-oriented research processes [12], [13], [14]. 
Based on this the DSRM identifies six activities [9], i.e. problem identification and 
motivation, objectives for a solution, design and development, demonstration, evalua-
tion, and communication.  

This paper is structured accordingly. While Section 2 presents requirements and 
reflects them in the context of related work, Section 3 presents our proposed solution 
relying on a widget-based architecture. In Section 4 the paper concludes with prelimi-
nary findings of our evaluation.   

2 Requirements and Related Work 

Our proposed solution is centred on the design and facilitation of Learning Activities. 
We define our key concepts as follows: a Learning Activity Design (LAD) describes a 
discrete session of Learner interactions, including potential Learning Resources to be 
used, in order to achieve educational outcomes. We adopt a broad view of the term 
“Learning Resource” as to comprise Content, Contributors, Events and Tools and 
assume that all artefacts that are meant to become part of the final learning experience 
are represented as, or delivered through, widgets. A conceptually similar model is 
proposed by the Simple Learning Design 2.0 [4] specification, where a learning de-
sign is manifested in a so-called scenario, which is composed of learning activities 
that can also include learning objects. 

Our relevant stakeholder roles include Learners, Teachers, and Pedagogical Co-
ordinators. A Pedagogical Coordinator inspires other Teachers to adopt pedagogical 
innovation mediated by LADs in a learning context that aims to serve Learners in 
attaining learning outcomes.  

Driven by an analysis of the educational context we have identified the following 
requirements – very similar to those identified by [15] for learning design reposito-
ries. Pedagogical Coordinators demand means to create and reuse LADs and share 
these in order to inspire Teachers. While [15] identify the need for downloading 
learning designs, we go further by proposing a complete architecture for the exchange 
of learning designs. Teachers need to easily find and assess a LAD in order to make 



522 B. Simon et al. 

 

the associated Learning Resources available to Learners. To support the exchange of 
LADs across systems the systems involved need to be interoperable. Interoperability 
is referred to as the ability of systems or components to use information that has been 
exchanged [16]. Research distinguishes between interoperability on the object, refer-
ring to a proper use of the information provided – and interoperability in communica-
tion, referring to an agreed communication protocol between systems [17]. These two 
aspects of interoperability translate into a requirement for making LADs re-useable in 
different technical contexts as well as for agreeing on communication protocols.  

3 Proposed Solution: A Widget-Based Architecture 

We have designed an architecture that consists of the following components: A Wid-
get is a packaged web application [18] that is designed to be easily distributed and 
embedded within varying contexts (e.g. within a portal-style mashup, on a mobile 
phone, etc…). Widgets rely on open standards with respect to both their representa-
tion format and their communication protocols.  

The Widget Store is a software component that is built on the Apache Wookie and 
EDUKApp technologies [19]. It supports the uploading, tagging, and searching for 
Learning Resources and LADs in the form of Widgets. The Composer supports Peda-
gogical Coordinators and Teachers in designing Learning Activities, and augmenting 
them with Learning Resources.  

A Widget Run-time Environment (RTE) acts as the “entry point” for end users and 
is a configurable software container that provides an environment allowing users to 
identify and add their Widgets and to integrate them in order to meet the educational 
objectives of a Learning Activity. Typically, a Widget RTE connects to a Widget 
Store to provide users with an integrated experience when selecting and instantiating 
widgets [20]. Examples include mashup engines like Apache RAVE as well as Wid-
get-enabled learning management systems like Moodle and DotLRN. 

3.1 Representing Learning Designs via Widgets 

In the following we describe our layered approach to representing LADs, that follows 
the “web best practices” of progressive enhancement and the rule of least power [21]. 
Consequently, when entering a higher level, interoperability decreases, while func-
tionality increases. At the lowest layer we render a LAD as HTML. Hence, the fun-
damental (narrative) information of such a guide is represented as a web document, 
thus can be viewed in any standard web browser, or processed otherwise by third-
party applications.  

Packaging this LAD as a W3C Widget represents the second layer, which allows 
teachers to (easier) use the LAD in various manners, e.g. instantiate it in their Widget 
RTE, view it offline on a phone, or publish it in a Widget Store. At these two levels 
the LAD already provides added value to the teacher both when preparing the learn-
ing activity and when it takes place.  
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However, many useful LADs will go beyond mere textual descriptions and will 
require actually useful resources (e.g. Applications, Content). Hence, the technology 
shall support the Teacher in augmenting the (virtual) learning environment with these 
resources. We therefore progress further in the functional enhancement by “trans-
forming” the instantiated LAD Widget into a mashup. Technically, to this end our 
approach utilizes a client side cross-context communication channel (based on pmrpc 
[22]) to transmit a description of the additional Learning Resources required. As we 
consider all resources to be delivered via Widgets, we represent the resources required 
by the LAD in the form of an mashup description based on the Open Mashup De-
scription Language (OMDL)1. Finally, the RTE instantiates all the Widgets required 
for conducting the learning activity that is described by the LAD Widget. 

3.2 The Composer: Authoring Environment for Widget-Based LADs 

The Composer is supposed to provide Pedagogical Coordinators and Teachers with 
means to compose and re-use Learning Activities and augment them with Learning 
Resources. We interpreted this process as Widget aggregation [21]. An important use 
case in the context of the Composer is the “typical usage scenario for learning re-
sources” [17], which includes the discovery, repurposing, and re-publishing of a 
LAD. When repurposing the LAD the Teacher aggregates Widgets. The result of this 
mashup activity is a personalized LAD in the form of a LAD Widget generated using 
Xocp2. For interoperability, the Composer has been implemented as a highly embed-
dable web application, i.e. we allow its seamless integration via the IMS Learning 
Tools Interoperability (LTI)3 protocol and implemented a responsive user interface 
using Bootstrap4. Moreover, a “Composer Widget” that implements a simple wrapper 
mechanism makes the application also accessible via the Widget Store. 

4 Evaluation 

At the time of writing 19 small-scale evaluation activities of the proposed solution 
have been carried out. Early evaluation activities mainly consisted of open expert 
interviews from which a better understanding of the problem definition was derived. 
At a later stage these activities were used to iteratively revise the requirements. The 
evaluation events mostly involved pedagogical experts. Early evaluations were docu-
mented in the form of action logs resulting in concrete changes to requirements. In the 
case of the Composer the main findings relate to: (a) a simple user interface, (b) pri-
vate areas within the collaborative, wiki-style tool, and (c) better integration with 
mobile devices like tablets. 

                                                           
1  http://omdl.org/ 
2  http://wiki.tcl.tk/28538  
3  http://www.imsglobal.org/lti/ 
4 http://twitter.github.io/bootstrap/ 
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