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Abstract

There is considerable interest in the topic of reusable learning designs. These offer the
prospect of capturing effective designs for learning and making them available for reuse and
adaptation. Much of this work is focused at the level of lesson plaabove. However,
GKSNB INB YlIye tFre8SNA 2y oKAOK fSIFENYyAy3a RS&EA:
need to focus on learning activities for understanding key concepts and procedures. This
paper, building on the work of the Centre for Excellencégaching and Learning (CETL) in
Reusable Learning Objects, deals with reusable learning designs at this basic level. The RLO
CETL has produced nearly 200 multimedia learning objects. It has recognised, however, that
it needs to go beyond producing speciiéarning objects. The idea of capturing successful
learning designs and making these the basis for reuse, rather than content, is at the core of
the concept of generative learning objects (GLOs). The authoring and adaptation of
generative learning objés is achieved through a specially developed authoring tool called
GLGMaker. This approach leads to improvements in productivity and the quality of the
learning objects produced. Crucially, tutors can also use the taadptexisting GLO
based learmg objects to suit the local needs of their students. This paper will set out the
need for GLOs, how these are developed using the-kaker tool, and the advantages of
this approach over traditional approaches to learning objects. Finally, it will ppondoing
and future work both in enhancing the tool and linking this work as a service to other

WKAIKSND fFeSNa 2F S|

Background: content and design-based approaches to learning
objects

The traditional approach to developing learning objects has focused on content, and

standards for packaging and describing this content (e.g. IMS 2009, IEEE 2002, ADL SCORM
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2009). Repositaries of learning objects based on these standards are meant tavémpro

learning:

GOd 68 YI1Ay3d O02yiSyd Y2NB NBIRAtE® FOFAtLS
LINE RdzOAy 3 ljdz2t t AGe O2yiSyds FyR 68 lfft2say3a O2
al. 2004)

This vision for learning objects has been to improve the quafiteaching and learning
OKNRdzZAK GKS SARSALMDBYRI A WERE 031 RIWRY 2 TN &HBdzZND ¢
and international repositories have been developed. However, the evidence points to
limited impact in achieving this aim (e.g. Koppakt2004). There are several reasons why
the learning object vision has failed so far to achieve its potential. However, one central
reason is the failure in this approach to consider the central issue of the quality of learning.
In the traditional, stadardsoriented approach, there is really no guidance as to how to
develop highquality learning objects, either in terms of pedagogy or the design features

that will facilitate reuse.

The traditional model for reuse has been to focus on content (IEEB.2B@&vever, content
on its own is of very limited pedagogical value. The-REDL has focused on a problem
ignored in the main approach of standasdased learning objectsthe design of high
guality learning objects. Rather then assume that qualitgamding would automatically
arise out of availability for reuse Boyle (2008) argues that we need to tackle the central issue

of the design and development of high quality learning objects in the first place:
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This approach and emphasis was adopted by the Centre for Teaching and Learning in
Reusable Learning Objects (RCETL). This fiweear project, funded by the Higher
Education funding Council for England focused from the beginning on high quality design
(RIO-CETL 2009). In the initial phase of development (200Y) the RLEETL developed
nearly 200 multimedia learning objects. These can be accessed from the CETL website
RLG A&dd Hnndpvd ¢KS RSOSE2LIVSYyld 2F GkBSyWeS f S NYA
et al. 2006). The characteristics of this approach are that tutors (and often learners) work in
small, empowered teams with multimedia developers to create learning objects. These
projects begin with the identification of real and significant edigal problems. The
projects were driven by the need to design higlnality resources that would help students
to overcome these problems. Typically, an iterative prototyping development approach was
used. The developers constructed initial versionwladit they believed the tutors/learners
wanted, which were then refined and improved until the final learning object was produced.
These learning objects were normally then evaluated with large samples of students. This

work has been extensively reporteske, for example, Boyle (2008).

There are three main problems with this approach:

1 The process of developing learning objects in this way is very intensive, and is
difficult to scaleup;

1 The learning objects thus developed cannot be repurposed/adaptedtoystto
meet their needs, without accessing the skills of a specialist multimedia developer;

1 Above all the primary emphasis in this approach is on design. However, the designs
are embedded in specific learning objects, and were not available for independe

reuse.

To tackle these problems, and produce a more powerful basis for reuse, the concept of
generative learning objects (GLOs) was developéth GLOs the primary focus of reuse is
not the specific learning object but rather the pedagogical desighuhderpins the object.
This switch in emphasis raises two main challenges. The first is the development of a clear
conceptual model to capture and represent these desigiss issue is tackled in the

following sectionThe second challenge is to makese designs accessible to tutors




Jollgdgdl 4

a1 (e puleillg ugp-‘dll' pleill

through a tool that permits the creatioand adaptationof learning objectsA special tool,
called GL&Maker, has been developed to enable users to create and adapt generative
learning objects. This is described in tlemiral section of the paper. The paper then
O2yaARSNER K2¢ D[ha FAG Ayd2z GKS SARSNI FNIYSg2]
O2yOSLIWi 2F tF8SNBR tSINyaAy3a RSaAdIy Aa dzaSR (2

level and above. Finallthe paper discusses current and future development work.

GLOs: adesign-based approach to learning objects

GLOs are concerned with the pedagogical designs underlying (successful) learning objects,
and making these the primary focus for reuse. Thesestpithg designs have to be
rendered explicit in a conceptual model. These designs have terakered expliciin two
distinct ways. The first form relates to human understanding. We need to articulate the
often implicit decisions involved in design foatring. Furthermore, we need to render
these decisions in a way that can be executed by computer software to produce learning
objects based on the design. These problems are tackled using a form of representation
borrowed and adapted from Generative Lilgfics, in particular Systemic Grammar

(Halliday 1973, 1975).

Generative linguistics is used as the basis for the GLO approach for two main reasons. First
of all, it provide ayenerativeform of representation, not a simply a descriptive form.
Generativdinguistic models seek to capture the processes involved in producing language
(rather than simply describing the structuraiter they are produced). This is an important
point. The description of an object after it has been finished can take a fgdid&trent
form from a description of the processes involved in producing that object. In the GLO
approach, we seek to capture the decisions made in producing learning objects in a way that
can be inspected, adapted and reused by teachers and lear@serative linguistics,
furthermore, provides a basis for capturing these decisions in forms that are amenable to

interpretation and execution by a computer. It thus, importantly, provides the basis for a
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form of representation that is both amenable to derstanding by human users and

executable by formal computer software.

There are many forms of generative grammar. It is not a matter of which, in some absolute
sense, is the best. It is a question of choosing the representation that best meets our needs
The particular approach adopted for representing GLO structure is based on Systemic
DN} YYIFNJ 61 FffARFE MPpToX MpTpod LGA F LILINRF OK 2
decisions, which are then mapped onto the forms of language, proved to beydarty
productive in capturing and formalising decision processes involved in pedagogical design.
This distinction between pedagogical functiovh@t you want to achieve pedagogically),
and the forms that realise that functioh@wyou achieve it), is céral to the architecture of
the GLOs. The paper will not provide a review of Systemic Grammar; rather it will show how

these concepts have influenced the conceptual structures developed to represent GLOs.

The process of developing a GLO involves extrgietind representing the design structure
that underpins a series of learning objects. This is perhaps best illustrated by showing how
the first GLO design pattern was developed. This was based on a set of learning objects that
won a European Academic 8wére Award (EASA) in 2004. These learning objects may be
accessed online at EASA (2004).

The first step in the process was to extract a series of screen layouts, or templates. A
aS1jdzSyO0S 27F LI NILAOdzZ I NJ GSYLIX | ( SdesigNBaiyS a Sy i SR
representations of design stop at this level, i.e. as a series of screen templates which can be
WFAEESR AYyQ gA0K O2yiSyid FRRSR o0& GKS dza SN
extraction process went further. It extracted arepresented formally the pedagogical
decisions underlying the generation of the learning object. This second level of abstraction
does not have to do with formit is rather concerned with pedagogical functions like
WAY G NE RA&ZOS QS W dzgviktBebiare bryaRie2d to Mjifcdentnartical K
pedagogical design. These decisions are captured in a network that expands from left to

right. The first level in the network represents the tigvel decisions. Each node is then

St @alantl 35059
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progressively refined, dar as required by the design. Figure 1 provides an example of one
of these networks. This figure sets out the underlying decision structure for the EASA
RSaAdIyd ¢KSasS ySig2N1a INB | OSNB AAYALFN G2
describedm (Boyle 1997).
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learning objects

The first level represents the topmost, simplest division of the functions in the EASA
LISRF3I23A0FE RSaiaAdayo ¢tKSaS N8B troSttSR
W' yRSNBUIFIYRQ OFFOAEAGEFGS GKS f St N¥MpPlNthedzy RSNE G |y
knowledge). At this level the EASA design is not very different from many others. Each of
these highlevel decisions, however, is further refined. The distinctive features of the EASA
pattern are more obvious at the next level of refinementy” LJ- NI A Odzf I NE W! yRS
GBLAOIEEE NBFAYSR AyiG2 38GGAy3 GKS £ SFNYSI
F LILINBOALF GA2Yy0 6ST2NB W 2YLINBKSYRAY3IQ GKS 02
R2YIAYy® CAYylffez W &S Qaffalded consthictiGnesestiseSimthey 2 N | £

original EASA learning objects the learners assembled an example of the programming
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construct they had just learned). Each of the use functional decisions can be further refined

as required.

The decisions are noepresented as one rigid path, but rather as a network of choices.
There is a main or default path through this network (represented by the highlighted choices
in the network shown in Figure 1). However, it was obvious from reviewing the original
learningobjects that not all of the decisions were implemented in all of the learning objects.
The decision tree represents a default path with permitted variations available in this design
pattern. Not all of the learning objects based on this design have &trocturally exactly

the same. However, they all show key features in common.

The underlying structure represents a selected and organised set of pedagogical choices.
This is captured as a decision structgne@here each node represents a pedagogicalction

which can then be further refined/expanded as required.

These pedagogical decisions have to be realised in a form that can be communicated to a
f SFNYSNYP ¢KAad aSi 2F WRSSLI a0 NUzOGdz2NBQ LISRI 3z
a0 NUzO KdelEBKQ O2yaAraida 2F | aSldzSyO0S 2F WwWLI 3ISQ
layouts organiseandco2 NRAY I 1S&4 + aASNARSa 2F 0O02YLRySyid wO
components). Content (e.g. text, pictures or animations) is then loaded into these
comporent holders to complete the creation for a concrete learning object (e.g. See Figure 2
for examples of completed page layout3)he theoretical basis for generative learning
objects (GLOs) is described in more detail in Boyle (2006).
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Figure 2. Example 2 F (G KS Wadz2NFI OSQ &G NHzOGdzNB WLI 3SaQ

Clarifying the GLO conceptual architecture is only half the task. To achieve their potential
the concepts need to be made accessible in an attractive and easy to use form. This problem
wastackled by creating an authoring tool that would embed the GLO patterns, and make

them available both for creating new learning objects and adapting existing learning objects.

GLO-Maker Authoring tool

The GL&Makertool can be used to create specific teeng objects based on a selected

design. Each of these learning objects developed in this way canfphepesed by local

tutors (or learners), using the same tool, to adapt the resources to their local needs and
preferences. All the learning objects seated, or adapted, run as staralone Web based

learning objects.

Version 1 of the authoring tool was released in July 2008. It is free to use and can be
downloaded from the website (GEKdaker 2009). The authoring tool provides two main
interfaces. Thdirst interface allows the user to access a pedagogical design expressed as a
structured set of pedagogical choices. The second interface then expresses these choices as
I &4SljdzSyO0S 2F AONBSy fle&2dziad ¢KSasS O2NNBa
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described in the previous section.

In the initial version of the authoring tool (GiMaker 0.5) the user could directly access a
network representing the underlyinfiginctional choices. This is illustrated in Figure 3. The
left hand panel represents the major choices made. The main panel then displays a small
YyStg2N] 2F OK2A0Sa FT2NINBFAYAYy3d GKS WhNRASY(HQ
means that they &n be inspected, and the accuracy of the representation improved. Thus
NEFAYSYSyida Ay 1 GSNI @SNEA2ya YSIyd GKIG
orientation was removed, as it turned out to be redundant with the choices already available

in the retwork.

In the In GL@aker version 1 this interface was changed to a drag and drop interface as
illustrated in Figure 4. The main reason for this change was to make the interface more
flexible and attractive to users. The underlying conceptual structemains the same.

However, its expression is modified in order to improve accessibility and ease of use.
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Figure 3: Representation of functional choices in original version ofM&k@r (version 0.5)

The user selects a pedagogical design fromthédlroR2 6y 62 E 2y GKS YSydz ol
0SSy aStSOGSR Ay U(GUKA&A &AONBSYy aK2GQd ¢KS dza SNJ C

an option from the left hand panel, and inserting it at the chosen position in the sequence.
ThisrepresentsthetofevSt WA 12 NEB o621 NRQ 2F (KS RSaAdayo 9l OK

core sequence plus a palette of choices which can be used to extend or modify that plan.

The tool is constructed to be extendable, so that as more designs are elicited from tutors
theyd y 68 I RRSR (2 (GKS WRNRLI R26yQ o62E i GKS

designs will be inserted that are non sequential in structure.
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When the toplevel planis completed the user can launch the second GLO maker interface.

The plan automatically produces a sequence of page layouts that can be used to implement
L ' yQd ¢KAA Aa
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function can be overridden by the user selecting one of the alternatives illustrated in the

bottom left hand panel. Crucially, attached to the page is functional advice on how to unfold

this page in order to achieve the desired function. This is accésgetl P dzP®& K Si RS

title bar. The overlay screen shot in Figure 5a illustrates how advice is provided.
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The user can then add text and upload media, including still pictures, Flash animations and
videos, to create a concrete learning object. Figur@fvides a screenshot from one such

completed learning object as seen by the learner.

File  Preview Help i %
EASA I . Apprehend "] %
v &> EASA E
%) What Topic
® Comprehend
% Construct
lllustration
Load Media
Show O
File  Preview  Help i
EASA ' Apprehend "] )
QO v & EASA ] =
AL Jhat m Enter explanato
[¥) Apprehend narratlvep i
) Comprehend
% Construct
7 The purpose is to help the learner gain an
— — - overall apprehension of the concept without

worrying about details at this stage.

| Page Layouts

CA3Idz2NBE plY {ONBSy akz2ia

<
-+
N
p
(&}
p
&
>
Q)¢
>x

<
L
[«tN
A
(V)
€
-
¢

Each learning object is saved in a separate package in its own directory. This contains all the
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contains all the media assets used. The learning object can thus be played from any location
into which this package is movedor example a computer desktop, or a web server or

embedded in a learning management system.

Crucially, alllie learning objects developed in this way can be easily adapted. The learning
object is simply loaded back into the authoring system. The learning object appears the
same as in normal authoring mode. The user can then adapt the learning object either in
small ways by changing text or graphics, or in larger ways by adding, deleting or modifying
pages in the main sequence. This ability to modify the learning object is considered a crucial
feature of the GLO approach. It allows local tutors to adapt theniag object to meet the
learning needs and preferences of their students. The modified learning object is simply

saved out to its own named package, with the modifications captured in a new XML file.

Figure 5b: Completed screen from the EASA patisraeen by the learner
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