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Abstract: This project aims to develop support for self-cieel learning in Moodle by incorporating
opportunities for reflection and self-assessmentldarners. We will develop a module that will kaa
learner's progress and represent it in terms obitapt concepts taught within a course. The regylti
student model will enable the sys- tem to recommagiiities suited to the learner's needs andtisili
Students will be able to inspect his/her stu- deatlel, which promotes reflection and deep learnirge
introduction of adaptive self-directed learning aapilities will pave the way for the next geneoatiof
learning management systems, as currently theaiisfeclimited to managing learning resources.
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1. Introduction

One of the main challenges for the 21st centurynkya is to be able to learn from a
multitude of resources such as the web, lectuses,liooks etc. and to master complex
ideas that are frequently evolving. They also nemdnas- ter the skills to become
effective lifelong learners transcending the bouisgaof the traditional classroom. Self-
directed learning has been described as "a pracesgsich individuals take the initiative,

with or without the help of others," to diagnoseitHearning needs, formulate learning
goals, identify resources for learning, select amglement learning strategies and
evaluate learning outcomes (Knowles, 1975). Theeefupporting today's learners to

acquire self-directed learning skills is an effeetivay of helping them to face theSp1
century challenges. Some of the intelligent leagnenvironments that successfully
facilitate self-directed learning are MetaTutor @edo et al., 2010), Help Tutor (Roll et
al., 2011), Betty's Brain (Wagster et al., 200AQLSTutor (Mitrovic et al., 2007) and
Crystal Island (Rowe et al., 2010). Even thoughs¢hsystems are very effective, they
need a lot of resources and development time (Aodeet al., 1995; Mitrovic et al.,
2003). On the other hand, Learning Man- agemente8ys (LMSs) are widely used in
education throughout the world, but fall short aéyding customised support to develop
self-directed learning. Moodle (Moodle, 2012) iss@uch LMS that is currently used by
more than 11 million users in 208 countries spaakiB languages. In this project we
explore the effectiveness of facili- tating selfedited learning skills such as self-
assessment and reflection within the context ahieg management systems.

2. Overview of the project
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This project consists of several phases. We interktend Moodle by (i) providing a way
for resources and activities to be related to dan@incepts byconcept tagging(ii)
developing a student model of their knowledge basedtheir behaviour in Moodle
according to the domain concepts (concept tagp) fécilitating reflection and self-
assessment by opening the student model and (teyratically providing customised
recommendationg&ctions that can be done within Moodle). Thesemamendations will
be based on their student model and what the sykteaws about the resources and
activities available. This extension will be avhilas a plug-in to the global Moo- dle
community. Only the first phase has been complstefar.

2.1 Concept tagging to associate resources to Gusace

Currently, Moodle does not associate resourcesaahdties to domain concepts i.e. the

system does not know what domain concepts areinsety particular resource or activity.

Here, the domain concepts refer to the domain taimgh particular course. Moodle does

not contain any intelligence with respect to anyndm. Currently, the system knows

about resource and activitypesbut it cannot say how each instance of the regoarc
activity re- lates to domain concepts. For examilepdle can currently identify an item
as aforum messager aquestionin a quiz but it cannot associate that particular forum
message tdractions (a mathematical concept) or a particular questimrsobaric
transitions(a thermodynamics concept).

The proposed extension addresses this shortcobyirgllowing teachers to create
concept tagst any point in time, which can then be used &g'"'resources or activities.
Each concept tag is simply the name of a concepghenchosen domain. The teacher
decides thegyranularity of the concepts. Figure 1 represents the teachewsof con- cept
tagging in the domain of Organic Chemistry. We nexplain the process of concept
tagging.

1) Adding a tag for the first time: For example if a teacher wants to tag Lecture 8s10t
(Figure 1), he/she needs to simply type the tagtim text box and click the Add Tag
button or press the Enter key. The user does na& toause the Add button each time
a concept tag is typed out. He/ She can type allctincept tags for a resource and
then press the button. Add simply automatically aipd the lists of used tags and
unused tags maintained by the system (appears inatthom left corner of Figure 1).

2) Use an already specified concept for another resoce: The teacher does not have
to type the entire concept tag every time it isdusetag a resource. As can be seen in
Figure 1 (the tag "reactions” for the resource tuee 2 notes"), concept tag will
automatically be completed

3) Tagging multiple resources:A teacher does not have to complete tagging aesingl
resource before moving onto another. He/ She mayerbetween multiple resources
and tag them in any order.

4) Remove a tag's association with a learning resourc&he cross ("[X]") associated
with every occurrence of a tag can be used to renibe tag's association with a
learning resource. If a removed tag has not beewd by any other resource, the
system will add it to the list of unused tags. Ehstags are available for future use.

5) Removing a tag permanently:A tag can be permanently removed by removing it
from the used or unused tags lists. Whenever thjgpéns for a used tag, the system
will automatically remove all the references totttagy from the learning resources.

6) Viewing a resource:Both teachers and students will be able to navitiegeesources
using the concept tags (Fig- ure 2). This viewardy helps the student to focus on a
particular concept, but also helps to understaedotrerall structure of the course. A
user will be able to view a resource by clickingtba resource. All defined concepts
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will remain in the system for use in subsequentigences of the course.

) Cherm110: Edit and Associate Concep.., |

Intreductory Chemistry You 2r= logged in as lay Halland Uizer (Lagnin

imoodiejay » Chem110 » Editand Associate Concept Tags

Edit and Associate Concept Tags

Item Type Tags applied Add tags | A2 |
General news forum organicht. cesctions
Electrochemical Reactions lesson lesson reactionsl”
Virsekly quiz 1 quiz owgsn-c:‘:
Lab | resouree  moecuia organic, reactions!®
tab2 resource arganiz, molecular
Lecture 1 notes resource
resoirce
Lectur TESOUIE respnse
Lecture 3 nates resouree e I

Used tags - moleculzr™, organic™ reactions?

Unused tags - dna” requilations wEspcnsel’-

Figure 1: Tagging a resource with concepts
2.1.1 Pilot study on the usefulness of concept tags

A preliminary think-aloud study was conducted tlexe the usefulness of concept
tagging. Five University of Canterbury and Lincamiversity academics from different

backgrounds participated in the study. Tasks erpegtere creating new tags for an
existing resource, uploading and tagging a resoanceimporting tags from a Moo- dle

glossary and filling in a questionnaire. All paip@&nts except one clearly indicated that
they would recommend concept-tagging. Three ppeids indicated that they would use
this extension in their courses while the other teimained neutral. A detailed description
of the study is presented in (EImadani et al., 2012

2.2 Student modelling each student's knowledge

A student model contains detailed information abitwat current knowledge level of a
student. This can be used to provide the studetht avrecord of their progress related to
concepts, as well as guide students towards miatdréa will help improve their
knowledge (Anderson et al., 1995; Mitrovic et 2004)

) themi1i: Navigate by Concept Tags

IHIrOdUCtﬂry Chemisﬂy Youareloaged n as Jer Hallznd User (Logou
moodlefay » Chem10 » Nawigats by Concept Tags

Navigate by Concept Tags

Concept Items Tagged with Concept
da
moleculzr Lab1
organic General news, Weekly gz 1, Lab 1
reactions General news, Electrochemical Reactions lesson, Lab 1

[natag] Lab 2 Lecture 1 notes, Lecture 2 notes, Lecture 3 addendum, Lecture 3 notes

Figure 2: Navigating resources using concepts
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Model Structure: The proposed student model will be broken down cdncepts
(using the concept tags). For each concept, thdestumodel will record how much the
student has covered of that concept (i.e. how nodtlye course resources associated with
that concept have been seen), as well as how nheclstudent still has to cover. The
‘covered' area is divided further into correct amzbrrect knowledge. The details of the
student model will depend on the granularity of tmacepts as chosen by the teacher
(when creating concept tags).

Creation: A student model will be created by processingawaiinputs. Candidates
for use in creation of the student model includgvaes such as quizzesgessonsand
forums. Resources that are graded map naturafijutadent knowledge - for example, if a
student sits an online quiz about fractions, anegyithe correct answers to ques- tions
related to the concepts of "fraction addition” &frdction division”, then we can adjust
these concepts posi- tively within our model, inpdythat the student now knows more
about these concepts. Resources that are not gaaeledore difficult to map onto student
knowledge and will require further exploration.

2.3 Open student models (visualisation) for studsfifection

Open student modelling has been shown to be bealeficstudent learning (Bull et al.,
2007; Gakhal et al., 2008; Lazarini et al., 200¢hdtagni et al., 2007; Van Labeke et al.,
2007; Zapata-Rivera et al., 2007; Mathews et @122 Mitrovic et al., 2007) as it
provides an opportunity for each student to refl@ettheir own progress. One way to
visualize the student model we propose is showiigare 3. This visualisation shows a
set of skill meters for each concept, each disptayhe correct, incorrect, and not covered
material as a summary. These me- ters can be eapatodshow a summary of the
activities that the student has participated injctvhare tagged with these concepts.
Normally open student models in intelligent tutgrisystems (ITS) indicate a student's
progress in a specific instructional task (Duaralet2010), the task that is focus of the
ITS. However, this student model can be used inthallcourses that a student currently
enrolled for. We are also exploring the possibitfyhaving a visualisation of the overall
student knowledge, indicating a learner's progreai courses they are currently enrolled.

2.4 Customised recommendations to guide students

Using information from the student model and knalgke about the tagged resources, a
recommendation algorithm will be developed to gutiedents to resources or activities
that encourage active learning. Recommendations steygest different actions for
different students. One aspect of tteeommendation algorithrwill explore the con-
cepts a student is having the most difficulty watttording to their model, and point them
to resources that have been tagged with these ptmcénother aspect of the
recommendation algorithm might encourage studerit® \@re competent in certain
concepts to participate more in the related disongsrums.
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These recommendations for each student will appeatheir course front page
within Moodle in a similar method to news itemsthwihe latest at the top. An example of
how the recommendations will be displayed is shokig- ure 4. Although the
recommendation algorithm could have a large nunsbeecommendations, only a few
will be chosen to be displayed, so not to overlogach student. Selection of
recommendations to be displayed would be explofée. full list of recommendations
would be accessible by each student from the pligiab page within the system.

Cr 2

UNIVERSITY OF
CANTERBURY

14 Wi Wi s sk

Leam » MISCO3 » Student Model [%7] Saarch forums
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l r F 1 2 I
“RegularRelationsnip (NI |

« |dentifying Relationship [ |
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Micraz_| oA
Derm I3

Figure 3: An example student model visualisation

2.5 Evaluation

The primary goal of the planned evaluations is soedain the extent to which the

opportunities provided by the proposed extensiofatdlitate self-directed learning are

utilised by students and whether the students fabhedadded opportunities beneficial.

Secondary goals include assessing the individuat egperience, as it would have an
effect on other factors that are important to tbetinued use of the system (for example,
motivation). To achieve these goals, two types\@fleations are planned; (i) objective

evaluations based on the data collected from thegy (such as usage statistics) and (ii)
subjective evaluation based on questionnaires rtedview responses from both teachers
and students.

We recommend:

s Reading the While-Loop
Lecture Nokes

» Taking the Iteration Quiz

» Reading this farum post
on Variable Scope
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Figure 4: Example recommendations box

As we believe conducting the evaluation in an anotic leaning environment is
beneficial in gaining valuable insights into howadbers and students actually use the
proposed system, the study will take place in & ckssroom environment with real
students, teachers, and courses. Due to ethicbmeawe cannot separate one class into
control and experimental groups. Therefore, we dogéther data over two separate
occurrences of the same course, ensuring thatetighér, course material, and overall
methodology of teaching remain the same over tleedecurrences. The first occurrence
of the course would be the control group and tre®rsg occurrence, the ex- perimental
group. Data from both occurrences would then baegatl and analysed. To understand
students' behaviour in using the proposed compseneset will collect usage data for each
of the main components. For example, we can el student model by how many
times they access the model, how much time theydspespecting the model, which parts
of the model students access, and explore pattdrhe- haviour related to viewing the
student model. We plan to gather similar typesathdor usage of the recommenda- tions.
We will gather subjective data from students andchers using interviews and
questionnaires. This step will help us to gaugeettiension'’s ease of use, enjoyment of use,
support for engagement and reflection, etc.

3. Conclusions and future work

This paper discusses a project in which we plaexfdore the effectiveness of facilitating
self-directed learning skills such as self-assessrand reflection within the context of
Moodle, one of the most widely used leanring manaage systems. We intend to extend
Moodle by (i) providing a way for resources andiaités to be related to domain
concepts by concept tagging (ii) developing a sttdeodel of their knowledge based on
their behaviour in Moodle according to the domaionaepts (concept tags) (iii)
facilitating reflection and self-assessment by epemg the student model and (iv)
automatically providing customised recommendati(adions that can be done within
Moodle). As the first step, we have implemented cem tagging for Moodle. A
preliminary study conduct- ed to investigate tHeafveness of concept tagging indicated
that the participating teachers thought it wasefulsdea and expressed their willingness
to use it in their courses. This project has alt@eted a lot of interest from e- learning
support groups in three tertiary institutions inWNgealand. We now plan to make the
concept tagging available for summer courses avessity of Canterbury to investigate
how it will be used in different courses. Teachet® will teach these summer courses
will be interviewed to understand their subjectimgressions of concept tagging. Data
collected by Moodle will also be analysed to untierd how students have used concept
tagging. After making the necessary refinementsstident model will be implemented
and the evaluations men- tioned in section 2.5 léliconducted. Facilitating self-directed
learning in Moodle, a widely used learning envinmeent will pave the way for next
generation learning management systems. Our prdpodension will have the potential
to support millions of users in the global Moodtsranunity to become effective life-long
learners with strong self-directed learning skills.
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