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ABSTRACT

There are various tools that teachers can use fodayder to design a learning unit in a formal aedsable way. This
paper gives an overview of the various featuresdhaent learning design tools support and disesitise required ones
that will make these tools more appealing to tlxehers. Factors that discourage teachers frong tis@se tools are the
lack of both user friendly graphical notation ahd hon support of a layered approach to learnisggdeThus this paper
proposes to build learning design tools followirge tconcept of the “separation of concerns” thamstdérom the
principles of web engineering. A graphical, IMS-I&vel A/B compliant learning design tool, called CKDS, which
supports the “separation of concerns” conceptami@g design, is being presented.
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1. INTRODUCTION

A “learning design” (LD) is the outcome of a desjgmwcess which is both art and science. A teacalsing
his/her experience and creativity, may create mieg design for a simple activity, for a coursstilag one
or a few hours, for a course lasting a few weekswan months or for a curriculum, meaning a whaary
teaching programme [Britain, 2004; Goodyear, 2008hchers are now seeking not only models sudheas
Caladine’s Learning Activities Model (LAM), the AW, the T5 and more recently the ELM, IMS LD and
LAMS model [Botturi & Stubbs, 2008; Brown, 2006hat could guide them during the learning design
process but also tools that could make this proeasg and error prone. Research studies stress ihaery
helpful for teachers (i.e. teachers as designersgréate learning designs by "dragging and dropping
activities, putting the items in a sequence ankirig them to learning objects and learning tooladtillard,
2008; Paquette et al., 2006].

As Lejeune et al. (2009) pointed out, teachers millke a choice among the available tools based on
criteria such as:

e Comprehensibility/usability

e Pedagogical neutrality

o Flexibility

e Interoperability

A teacher, with the aid of a learning design taotalled to orchestrate the learning activities #ihe
thinks the students should perform in order to emgush the desired learning objectives following th
principles of a learning strategy. S/he might aleed to specify the learning objects, tools andices that



will be related to these activities. The teacheyudth also be able to determine in which order toelents
should perform the activities and any conditiongcpnditions or rules that might exist. Additioyathere
must be flexibility when creating the leaning desié\ teacher should be able to revise the desighaaial
activities if s/he thinks that so far hasn’t beatiifed the scope of the course or remove an #gtiv s/he
thinks that eventually it doesn’t provide somethitogthe learning process or change the rules or the
execution order of the activities.

The aim of this paper is to present a new appraaddarning design which is supported by a graphic
LD editor named CADMOS which meets the aforememibchallenges at the design phase, i.e. to allow
educational practitioners to build, revise and alme the desired learning designs, without thednek
technical skills. This new approach is based onpttieciples of “separation of concerns” which isvall
known technique in web engineering [Papasalourat ,e2004; Rossi et al., 2008]. The structurehefpaper
is as follows. First we make a brief comparativalgsis between learning design languages and tgarni
design tools in order to highlight the requirememsn a new LD approach. Then we present the upideyl
philosophy based on which CADMOS tool was develop@dDMOS tool was evaluated by learning
designers, most of whom were experienced teachlkeosattended a MSc course on e-learning design. This
evaluation process and its evaluation findingspaesented in the paper. Finally, the paper ends sdtme
concluding remarks and the plans for future work.

2. LEARNING DESIGN LANGUAGESvsVISUAL LEARNING DESIGN
TOOLS

Learning design languages and visual learning desigls have been proposed to aid teachers duniag t
learning design task. On the one hand the LD laggside.g. E2ML, coUML, PCel, PoEML) advocate the
use of a specific notation (symbols and rules)darating a design without the support of a spexdli
learning design tool teacher. On the other hang,etkisting LD tools such as COMPENDIUM, MOT+,
LAMS, COLLAGE and OPENGLM are based on specificigegrinciples and philosophy [De Vries et al.,
2006]. Obviously, languages and tools have advastamd disadvantages that determine their widesgprea
usage.

Taking for granted that teachers need usable mieargeating their learning designs, we have sulidie
LD tools and languages and drew some conclusionstaheir characteristics which teachers might find
useful when choosing among them. These design cflesistics had been followed when creating the
CADMOS LD tool that is presented in this paper.

2.1 Learning Design Languages

Learning design languages (e.g. E2ML, coUML, PebEML) offer a specific notation style for creatiag
design without the support of a specialized leaymlasign tool. Often the teacher faces problentseating
a learning design using the symbols and rules lbbdanguage because there are no supportive thats t
could offer guidance. Table 1 briefly shows theulessfrom a comparison of the four most populaglzages
according to the following criteria suggested bychuBotturi et al. (2006): user skills, formalizatjo
stratification, elaboration, perspective and notati

Table 1. Comparison of learning design languages

CRITERIA E2ML PCeL coUML POEML
User Skills Novice Medium Medium Expertise
Formalization Semi-Formal Semi-Formal Semi-Formal Formal
Stratification Flat Layered Layered Layered
Elaboration Conceptual Conceptual Conceptual Implementation
Per spective Multiple Single Multiple Multiple
Notation Visual Visual Visual Visual

From the above comparison we notice that E2ML édhly language that is suitable for teachers with
basic knowledge of learning design and basic coemmkills. PCelL and coUML demand intermediate skill
while POEML demands users who know well the langudPML, PCelL and coUML are semi-formal



languages while POEML is formal. From the poinsttification, only E2ML is flat, which means ththe

learning activities are presented only from onenpof view and not in different layers as the otlagiguages
do. POEML is also the language that helps the dsesign the learning activities in detail, while thiber

languages are more conceptual. On the other hael, B a language that presents the activities froip

one perspective.

2.2 Visual Learning Design Tools

As opposed to learning design languages, learng@sigd tools offer a structured environment thatgsi
teachers during the design process. A specificgoayeof tools which are becoming very popular pdavi
graphical interfaces that facilitate teachers tatz their lessons, usually through a drag-and-gropess.
Such LD tools are COMPENDIUM, MOT+, LAMS, OPENGLM& COLLAGE each of which are based
on specific design principles and philosophy [Déesret al., 2006]. Table 2 briefly shows the resérdom
the comparison of five popular LD tools according the following criteria: user skills, guidance,
templates/design patterns, export IMS-LD A, B, ditieg of a ready-made IMS-LD package.

Table 2. Comparison of graphical learning desigtstoo

CRITERIA COMPENDIUM MOT+ COLLAGE LAMS OPENGLM
User Skills Medium Expertise Medium Medium Medium
Guidance - - + +

Layered ) ) ) )

Approach
Templates/ + ) + ) +
Design Patterns
ExportsIMSLD R IMS-LD IMS-LD IMS-LD +
AB,C LEVEL A LEVEL A LEVEL A
Editing of ) ) ) ) +
IMS-LDs

The comparison in Table 2 shows that MOT+ mustdslby teachers with specialized knowledge of the
learning design (LD) standards. In particular MOdeimands its users to know well the underlying miadel
approach. On the contrary LAMS, COMPENDIUM, COLLAGHEd OPENGLM can be used by teachers
with intermediate level knowledge of the learnirgsign (LD) standards.

COLLAGE and OPENGLM offer guidance to the teacheriy the design process. In COLLAGE the
teacher decides which learning strategy to useh@nformat of learning activity flow patterns) atiten
follows a set of steps on how to organize the eaurs OPENGLM the user chooses to add a new agfivit
the design and the tool guides him/her to editifipgaroperties.

COMPENDIUM, COLLAGE and OPENGLM have embedded l&@gndesign patterns that offer
guidance to an inexperienced teacher. MOT+, COLLA®E LAMS allow the user to export a design into a
IMS-LD Level A format, while OPENGLM creates IMS Llevel A, B and C compatible designs.
COMPENDIUM is not IMS LD compliant. Finally, only BENGLM offers the teacher the possibility to
import an existing IMS-LD lesson for editing.

From the above comparisons, one can identify afsetiteria that an “ideal” LD editor should meét.

LD editor should

1. be appealing and usable to novice designers whootibave specialized knowledge of the learning

design (LD) specification (User skills)

2. guide the teacher during the design process (Go&a
contain templates or patterns, (Templates/DesigteiPa)
allow the teacher to design learning activitiesnfraifferent perspectives and in different layers
(Stratification, Perspective)
have visual notation (Graphical Notation)
have a formal underlying model (Formalization)
extract designs according to the IMS-LD specifmatfExports IMS-LDs)
allow editing of IMS-LD compatible learning desigfiditing of IMS-LDs)

One idea for creating a new tool that might meestn(i not all) of the above criteria is to adopingiples
from other disciplines such as programming and amdineering. The proposed LD approach is baseten t
concept of “separation of concerns”. In the nexttisas, we are presenting this approach which s al
supported by a graphical LD editor called CADMOSudl LD editor. We are not advocating that CADMOS
is an ideal tool. Actually, in its current versignsupports only IMS-LD level A & B designs. Theotivation
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of our work is to investigate whether the concdpseparation of concerns” in learning design hefmchers
during the LD task.

3. CREATING A LEARNING DESIGN WITH THE CADMOS APPROACH

CADMOS (CoursewAre Development Methodology for Opestructional Systems) approach proposes the
“separation of concerns” for the design of learnprgcess. This concept stems from software engimger
and lately web engineering [Papasalouros et ab42Rossi et al., 2008]. It argues that the desigpudds
the design in layers, and creates two design sutetapthe conceptual and the flow model. In the LD
domain these models concern the following:
e The Conceptual Model is related to the learnindviiets that students and teachers will be engaged
during the instructional process of a specific sabjEach learning activity may be simple or conitpos
The composite learning activity consists of tworare simple learning activities but is addressdg tmn
one role, e.g. student, teacher. Additionally irs tmodel are defined the type of the resources that
correspond to these activities.
e The Flow Model contains the navigational patteorsifestration) of the learning activities.

3.1 Conceptual M odel

When a teacher creates a new unit of learning, aHgst has to define some metadata, like tHe, tthe
learning objectives, the prerequisites and thesralethis unit of learning. Then s/he starts toateethe
learning design at a conceptual level. Fig. 1 shtvesconceptual model of a LD named “Programming
Fundamentals”. The symbols that this model usestlagid meaning are cited in Table 3. At the conaapt
model the teacher has to specify the activitiesnfoasite or simple ones) of the LD.
For each composite activity there are some prageettiat need to be defined:

= Title: a title of the composite activity

= Description: a description about the compositevégti

= Role: the actor that will be engaged in this atfigstudent or teacher)
For each simple activity the properties that neeblet defined are:

= Title: a title for the simple activity

= Description: a description of the simple activity

= Role: the actor that will be engaged in this atfigstudent or teacher)

= Type: the type of the simple activity such as infative, theory, example, assessment, feedback,

scaffold, simulation-modeling, and communicative

= Learning goal: the learning goal that correspondsit activity

= Prerequisite: the prerequisite that a student folfiitin order to complete this activity
Then the teacher should connect each simple activith a resource. S/he can relate several specific
resources to a learning activity. For each resotireg@roperties that must be defined are:

= Title: a title for the resource

= Description: a description for the resource

= Type: the type of this resource, e.g. hypertexdi@wideo, assessment, forum, and quiz

= Editor: the editor of the resource

= Copyright: free/proprietary

= Learning Object : the file or web site that cor@sgs to this resource
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Figure 1. Learning Design Conceptual Model of thi¢ oflearning entitled “Programming Fundamentals”

Table 3. The meaning of the icons in the concephealel

Composite Simple
Course name Activity Activity Resource
b - "'
3.2. Flow M oddl

After having created the conceptual model, theltemmoves to the next layer, i.e. the flow modédijolw
concerns the orchestration of the learning acgisitiThe flow model can be created automaticallpiaying
the activities of the conceptual model, the onerdfie other as specified in the conceptual madeh feft to
the right. Fig. 2 shows the model that is creatsliming that there are no rules in the navigatibetiveen
the different activities. This means that the stdmn do them in a linear way (linear navigatignatern).
As we can see there are three different swim laoes, for the student’s activities one for the teash

activities and one for a specified group’s actasti The idea of swim lanes can also be found in the
Compendium LD tool [Conole, 2008]. In case the eadas specified a composite activity in the cpheal
model, in the flow model the activities that aretpe this composite activity are represented gealifi.e.
inside a rectangular). In Table 4 are cited thelmymthat the flow model uses and their meaning.



& cADMOS Tool v15 =B

@ suatistics @) Metadata |

-
Student Lo Pair Group
—
% Phasat i 3 ey
v ™ o~
N— Stucly Algorithms ota
l l Programming language
4 . \C - ;
£ &
o & B s et Tet
& Limie l Study an eicampls
g =
= oo
tnatest

v
<€ ) >

Figure 2. Learning Design Flow Model of the unitedirning entitled “Programming Fundamentals”

Table 4. The meaning of the icons in the flow model

Student Teacher Pair Group Simple Task
<4 r o0
‘ =
ab

The teacher needs to specify the navigation rdleswe can see in the toolbar, at the left of theigte
area, the “Rules” element consists of three diffetgpes of rules.
= The “User Choice” rule shows that a specific atfiwill be completed when its actor wants to.
= The “Time Limit” rule shows that an activity shoub# completed by a specific time.
= The score condition rule helps the designer defihizh activity will be done if the score of an
activity is above a threshold or not.

In the current version 1.5 of CADMOS apart from thrementioned rules the designer may add
“comments” next to the learning tasks, if s/he \gatot explain other rules. In the future more rugls be
added to the tool. Also the teacher could divide Igarning tasks into “phases”. The idea of dividthe
flow in sections can be found in the representatiblearning flow patterns [Hernandez-Leo et aQ1@].
Fig.3 shows the above flow model divided into plsaaed having rules.
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Figure 3.Learning Design Flow Model of the unit of learniagtitied “Programming Fundamentals”, with phases$ an
rules



There are some advantages from the use of thisddyapproach. In the conceptual model a teacher can
change a learning object (resource) which is linted learning activity, without changing anythitogthe
flow model. On the other hand if s/he adds or @slet learning activity in the conceptual model, fther
model must be created from the beginning. Als@aise a teacher wants to add navigational ruldseifiaw
model, s/he can do that keeping intact the coneépiwdel. Thus with the same set of learning ditisj
teachers can produce variations of learning agtilotvs according to their own instructional phibgy and
learning context. For example, one teacher migbidgethat the students must study the theory befgieg
to do practice or the student may not be allowetdke the final assignment, before having perforaiéthe
suggested learning activities (e.g. study theory examples and submit assignments). For the tinmgbe
CADMOS tool does not support IMS LD level C.

CADMOS tool has been created in order to be usedowjce learning designers, i.e. teachers withdasi
computer skills and knowledge of learning standafti® whole design process supported by the CADMOS
tool is considered to be incremental. CADMOS hapecific meta-model which allows the teacher toesav
the learning design in the CADMOS'’s format (.cdm)egport it as an IMS/LD level B manifest file whic
can be reused by other IMS/LD editors or playets ool also offers the possibility to import aristixng
IMS/LD level A/B manifest file and represent itits own model. Thus, a teacher can also reuse iatirex
IMS LD learning design.

4. USER EVALUATION

With the aid of the current version of the CADMQ®lt the proposed approach was evaluated. Thixty si
(36) MSc students who attended an MSc course arretey design participated. Twenty five (25) ofrthe
were teachers. Twenty (20) of them were high schieathers (17 of them teach informatics, 1 teaches
English) and five (5) of them were elementary s¢heachers. Five of them didn’t have experience in
learning design, while the rest of them had useallearning design tool at least. The majority & students
had used LAMS, MyUdutu and Dialog Plus. The evatumprocess was completed in two phases:

Phase 1:During this phase we explained the philosophy ef @ADMOS approach and functionality of
the tool via a live demonstration in a laborat@yudents spent some time experimenting with thé #&to
the end of this short face to face session we favstudents a lesson plan from environmental educin
high school which is suggested by the Greek Pedeaglodnstitute and we asked them to create the
equivalent learning design in CADMOS. The learngaals, the prerequisites and the flow of the leayni
activities were prescribed in narrative form and #tudents were asked to represent it in CADMOSs Th
session lasted almost one hour and the studengsl bsir questions to the research group mostlytathe
functionality of the tool.

Phase 2:During this phase the students were given the CAM@nI and a prescribed lesson plan in a
narrative format taken from the curriculum of histof the last grade of primary school (also a ssggn
by the Greek Pedagogical Institute). The subjethigflesson plan was the historic facts about ateber the
great which was familiar to all participants. Papants were asked to implement this lesson plamubse
CADMOS approach and the tool. Then, they were asiaunleate a learning design from their own teaghin
practice. The duration of this phase was one wBeking this week participants could pose questions
make comments about the approach and softwareibug$orum. After the completion of these tasksythe
answered an on-line questionnaire of 25 questi@fith 22 close type questions of this questionnaise
tried to measure the quality criteria such as cetepless, pedagogical expressiveness, flexibility,
personalization, usability, and compatibility [L¥hree questions were open type.

In general the comments were positive. The majafthe participants (70%) claimed that were setisf
from both the approach and the tool. All of therddhat the use of CADMOS was simple and that were
able to easily and quickly complete the learningigle 69% of them stated that were highly satisfiéith
the guidance that was provided to them during ¢faening design process and only four (4) arguetittiea
tool didn’t have all the desirable facilities inder to design a lesson. The most important remak that all
of the students-designers said that the designoapprvia the two visual LD modelling views was very
helpful. The creation of the conceptual model (19@#td the modification of the flow model (97%) were
claimed to be simple and easy. The 86% of the gipatnts claimed that the presence of ready-to-esegd
templates would have helped them while 83% of tistaed that they appreciated the fact that theydcou
reuse existing learning designs.

The participants made their positive and negatdrearks in the three open-type questions. On the one
hand many of them said that the tool must offer enoptions for characterising the types of learning



activities and learning objects. Furthermore, theeze some feedback comments about the usabilitiieof
tool, like the lack of the undo feature, copy & teafsinctionality and few others.

All of the participants mentioned that CADMOS isuseful and easy-to-learn approach and that any
teacher, with no specific knowledge in learningiglesand with basic computer skills, can apply iheT
majority of them gave positive comments about thierface of the tool. Of course, as expected, they
mentioned some software bugs during the use dabthlavhich are about to be fixed.

5. CONCLUDING REMARKS

This paper presented a learning design approacbhwhisupported by the CADMOS graphical learning
design tool. It is intended to be used by educatigmactitioners with basic computer skills. Itoalls the
easy creation of learning designs in two layersi¢eptual and flow). Although CADMOS tool is in @&atly
version, further experimentation is undergoing. étieve that it will be a great challenge for usofer
teachers the possibility in creating complex leagrilesigns that will have rules and pre-specifeadpiates

of flows of learning activities (e.g. in the form ftow patterns). Thus the next big step is to emthe meta-
model of our approach so that it could offer molexibility to the educational practitioners and be
compatible with IMS/LD level C, which means rulesnditions and notifications. We will also add rgdd-
use design templates based on known learning gieatée.g. brainstorming, TPS).
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