Metacognition and Open Learner Models

Susan Bull' and Judy Kay?

! Electronic, Electrical and Computer Engineering, University of Birmingham, U.K.

% School of Information Technologies, University of Sydney, Australia.
s.bull@bham.ac.uk, judy@it.usyd.edu.au

Abstract. This paper considers some of the similarities between the goals of
supporting and encouraging metacognition in intelligent tutoring systems and
learning in general, and the benefits of opening the learner model to the learner
and to the teacher. We identify the purposes for an open learner model and pro-
vide examples of two important classes of open learner models: those within a
particular teaching system and those that are first-class citizens with value in-
dependently of a teaching system. We conclude with a discussion of the links
between metacognition and the many purposes of making a learner model open.

1 Introduction

Metacognition, while having been defined in many ways, with differing emphases and
labels, is generally considered to involve higher-order thinking about cognition, relat-
ing to knowledge about cognition and regulation or monitoring of cognition (or con-
trol over learning processes) (see e.g. [1],[2],[3]). Much of the work refers back to
Flavell's introduction of "metacognition and cognitive monitoring", presented through
discussion of metacognitive knowledge (comprising knowledge of person, task and
strategy variables), and metacognitive experiences [4]. The importance of enhancing
metacognitive awareness in learners has often been argued (e.g. [2],[5]), including the
use of computer-based metacognitive support such as for training general learning
ability [6]; tutoring help-seeking strategies [7]; developing self-awareness through
learning by teaching [8]; a reflection assistant for problem-solving [9]; and encourag-
ing learners to develop greater awareness of cognitive and metacognitive learning
strategies [10].

Although metacognition is often described as requiring conscious processing and
application, it has also been suggested that some lower levels of consciousness in
processing may still be metacognitive, for example through habitual regulatory behav-
iour [3]. It is this latter view that we adpot in this paper: we acknowledge both the
benefits of explicit metacognitive instruction or support, and the potential to support
metacognitive activity in a less explicit manner. We discuss these issues with refer-
ence to open learner models.

Open learner models (OLM) are learner models that are accessible, or 'open' to the
learner they represent (see [11],[12] for recent overviews of open learner modelling).
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There are a variety of reasons that a learner model might be open to the user, key pur-
poses include metacognitive concerns such as: promoting reflection by externalising
representations of the learner's knowledge; encouraging self- and formative assess-
ment; facilitating collaborative interaction; and supporting planning and monitoring of
learning. In the following section we explore metacognition in relation to two types of
open learner model: those embedded in a tutoring system, and those used independ-
ently of the larger tutoring environment.

2 Metacognition in Open Learner Modelling

The SMILI® (Student Models that Invite the Learner In) Open Learner Modelling
Framework provides a method of supporting the definition or description, and analy-
sis of OLMs, which can lead to easier comparison between systems using OLMs. It
covers various purposes for opening the model, summarised in the framework as:
improving learner model accuracy by allowing the learner to make contributions to
their learner model; promoting learner reflection through confronting students with
representations of their understanding; facilitating planning and/or monitoring of
learning; facilitating collaboration or competition amongst learners; supporting navi-
gation; the right of access to information stored about oneself; learner control over
their learning; trust in the learner model content; and assessment [11]. Issues relevant
to metacognition in open learner modelling may relate to many of the above. In this
paper we focus in particular on the following: learner reflection on their knowledge;
formative assessment; self-monitoring and planning; learner control over, and respon-
sibility for their learning.

Most OLMs are embedded in an intelligent tutoring system (ITS), and so designing
externalisation of the learner model requires decisions about integrating viewing of
the model into the larger interaction. We provide examples of OLMs in ITSs in Sec-
tion 2.1, with a focus on how the OLMs aim to support metacognition.

Independent OLMs are learner models in isolation of a full ITS [13]. Learner mod-
elling occurs in the usual manner (e.g. from questioning, tasks, help or hints re-
quested), but the purpose of the independent OLM is to help learners to recognise any
problematic issues themselves, through inspection of their learner model, and then
independently carry out appropriate work to overcome difficulties identified. This
approach has links with the goals of enhancing metacognitive behaviours, with a fo-
cus on encouraging learner independence. We consider independent OLMs in Section
2.2.

2.1 Supporting Metacognition with Open Learner Models in Intelligent Tutoring
Systems

Learner models are the core drivers of personalisation in an intelligent tutoring sys-
tem. They may well be the defining component of an ITS, since there is such diversity
in the other elements that may be needed for any particular tutoring system. Learner



models can take many forms, depending particularly on the system's knowledge rep-
resentation and reasoning approach for the domain knowledge and the teaching exper-
tise. The dominant form of learner model is substantially based on an overlay of the
domain expertise and this means that the ease with which a model may be made avail-
able and understandable to a learner depends upon the representation of the domain.
When that domain expertise is large or complex, it may be very difficult to make it
usefully open to the learner. A natural approach to this problem is to define a part of
the learner model that summarises the key elements that are meaningful and helpful
for a learner. One excellent example of this is in the SQL-tutor [14], a constraint-
based tutor which makes use of a large number of constraints. A summary of the as-
pects that make sense from a student's perspective is illlustrated in Figure 1. A com-
prehensive evaluation of this approach for two tutors showed significant learning
benefits, especially for weaker students; and positive attitudes to this high level pro-
gress indicator [15]. Notably, the open learner model assisted students in making bet-
ter choices about problems they should tackle, a metacognitive skill for managing
their learning. This form of open learner model has also been used in cognitive tutors
[16].
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Fig. 1. Skill meters of the SQL-Tutor [15]

A similar role for a learner model, as a starting point for the student to decide what
to learn next, is found in QuizGuide [17] (illustrated in Figure 2 by the targets and
arrows). Although this is for the same broad domain, the underlying system represen-
tation is quite different, being based on a coding of each available task with the con-
cepts or learning objectives. In both cases, the key issue is that the information made
available to learners facilitates their ability to determine how well they are progress-
ing in different aspects of the domain, providing a support for reflection. From this,
the OLM facilitates learners' control of their learning as it helps them decide what to
learn and how to plan their learning, important metacognitive skills. Indeed, these
interfaces also help learners monitor their progress, because they can monitor the ef-
fectiveness of their plan, in terms of the changes in the open learner model.
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Fig. 2. Arrows in targets in QuizGuide [17]

A rather different approach to open learner modelling is illustrated in Simprac
[18],[19], a tutor for management of chronic illness (Figure 3). Top left is one of the
consultation interfaces, this example enabling the learner to examine parts of the
simulated patient. The middle right screen shows the learner each of their actions in
the last consultation, and they assess the importance of each question they asked the
patient as well as each aspect of the examination and tests ordered. The lower histo-
gram shows the learner's performance in terms of the issues they explored compared
against their cohort.

One of the challenges of this domain is that learners can easily become entrenched
in one perspective of the problem and its management: in spite of evidence that a
management plan is ineffective, doctors may fail to recognise that this is the case.
Accordingly, this whole tutor was created with a reflective layer, calling on the
learner to reflect on all elements of the series of simulated consultations with patients.
Following Schoén [20], the tutor supports reflection in-action, on-action and on-
reflection, all metacognitive actions. For the core goals of supporting metacognition,
an important aspect of the design of the OLM is that it shows learners their own per-
formance in relative terms at two levels. First, it shows their performance compared
with the expectations of the author of the tutor, an approach that can ensure that the
tutor fits in with the teaching approach of a course and programme. Second, it shows
their performance compared with a relevant, matched group of learners. In Simprac,
there are three groups: medical students, general practitioners and experts in the par-
ticular domain of the tutorial. This tutor deals with a very different class of task from
the SQL of the systems above: notably, there is some disagreement between experts
about the best practice. It may be unrealistic and discouraging to show a medical stu-
dent their performance against an expert, especially as an expert may be able to use
quite different strategies from those that are best for a medical student. There are open
questions about how to design and present a learner model that can best support re-
flection and particularly how to do it in ways that facilitate learning of the domain and



of metacognitive skills. However, one important issue involves ensuring that the
learner can compare their own progress and performance against meaningful stan-
dards that fit into any broader learning context.
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Fig. 3. Simprac OLM [18],[19]

While the above examples make available a quite small model, there may be cases
where there is value in enabling a learner to gain an overview of a large model. This
issue has been explored by in SIV [21]. The SIV visualisation enables a learner to see
their progress over the hundreds of elements in a course in user interface design. The
left part of the screen in Figure 4 shows the learner's knowledge of concepts by the
size, colour and positioning of the concept labels. The ontology underlying SIV was
critical for enabling learners to move up and down granularity levels and it also en-
ables learners to focus sets of related concepts within the domain. Students used this
to plan their study for final examinations, with the OLM showing areas where they
had weakness. Notably, the evidence available for this OLM came from sources of
varying reliability (shown to the user as illustrated in the right of the screen in Figure
4); and different learners interpreted that evidence differently, some valuing one
source highly while other students did not. This raises the question of providing
learners with control over the interpretation of evidence that informs their learner
model: without this, the individual learner will find the OLM less useful. This raises
some additional issues for metacognition and learner control, particularly whether the
learner is entitled to decide how to value the different sources of learner modelling
evidence.
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Fig. 4. The SIV overview [21]

SIV also provides a summary view of learning progress of the class, which was
invaluable for the teacher. To this point, we have focused on metacognition in relation
to the learner but any ITS or LMS or similar tool that is used in the context of a
course, with lectures, labs and other activities, has the potential to support metacogni-
tive skills of the teacher. A suitable OLM can enable the teacher to assess the effec-
tiveness of their own teaching or a particular innovation: the OLM can show the pro-
gress of the class, and potentially this class compared with other relevant cohorts.
Essentially, the teacher is a learner who is continuously learning how to teach. This
metacognitive role for the OLM has broad significance. It has been shown to be effec-
tive in the context of a Logic Tutor [22]; and has been explored in the context of a
widely used LMS: CourseVis showed a high level representation of a class activity on
the LMS [23]. While the classroom teacher has a different relationship to an ITS than
that of a student, there is potential for important learning gains if the teacher's meta-
cognition is scaffolded by an OLM.

2.2 Independent Open Learner Models to Facilitate Metacognitive Activity

Unlike the examples in the previous section, we here consider OLMs that are de-
signed for use independently of individualised teaching or guidance as is typically
provided by an ITS. Such independent OLMs usually have, as their primary aim, the
promotion of metacognitive activities such as self-assessment, self-monitoring, reflec-
tion and planning (as in some of the above examples), but within an overall context of
encouraging autonomous or independent learning outside the system. Students use the
OLMs to help them identify their knowledge and difficulties, and plan where they
need to invest effort to overcome any problems. The responsibility for determining
and undertaking appropriate activities lies with the learner.

Two independent OLMs displaying learner models at different levels of de-
tail/structure, have demonstrated the possibility to support students alongside lecture



courses - i.e. in real-use settings [13]. Figure 5 illustrates the simple skill meter and a
similar graphical overview of knowledge level in OLMlets [24], and the structure of
map and tree views of the Flexi-OLM learner model [25]. In each case, colour is used
to represent the level of knowledge of a topic or concept, and short text statements of
misconceptions can be viewed, designed to prompt learners into investigating their
specific problems. For example, from OLMIets used in an Interactive Learning Envi-
ronments course: "You may believe that whether students like a system is more im-
portant than whether they learn from it"; "You may believe that a system does not
have to understand the learner model". From an introductory mathematics course:
"You may believe that denominators are added when adding fractions"; "You may
believe that, when adding matrices, the individual terms within a matrix are added
together".
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Fig. 5. Independent OLMs with simple displays (top: OLMlets [24]); and structured displays
(bottom: Flexi-OLM [25])

OLMlets was designed specifically to promote formative assessment and learner
autonomy for independent use alongside a range of courses [24], where learners an-
swer questions relating to the key concepts of a course, and view a simple overview
of their knowledge levels and statements of their misconceptions (top of Figure 5), as
a starting point for their independent work. The simplicity of the model presentation
reflects the simplicity of the underlying learner model, as it is intended for easy intro-
duction by instructors, into a variety of courses. Deployment of OLMlets throughout
several university electronic, electrical and computer engineering modules showed
that students will use an OLM such as this to support their learning, and are able to do
so in a manner that suits their learning preferences; and the structured tree and map
views of Flexi-OLM (bottom of Figure 5), were also used by many students taking



the C programming module for which it was designed [13]. As no additional tutoring
or metacognitive support was provided in either case, any usage of the OLMs sug-
gests that learners were gaining some benefit simply from the availability of an inde-
pendent OLM. Thus, although we do not have specific information about how stu-
dents were using these OLMs (e.g. to recognise their knowledge state, to plan their
learning, to reflect on their difficulties?), the fact that they were using them suggests
that some kind of metacognitive activity was taking place, that students perceived as
beneficial.

Perhaps the clearest example of an independent OLM to prompt metacognition is
the Notice OLM [26]. Notice is based on the second language acquisition literature on
awareness and 'noticing' language features in language learning [27],[28], and 'notic-
ing the gap' between one's own language rules and the (correct) target language forms
[29]: issues that have much in common with the general metacognition literature. No-
tice uses salience/highlighting techniques (recommended for computer-assisted lan-
guage learning (e.g. [30]), to draw the learner's attention to grammatical elements.
Figure 6 shows the 'comparison view'": coloured highlighting in the learner model
(left), indicates the correctness of the student's use of irregular plural nouns based on
the learner model representations, next to native speaker or expert use (the system
model: right). This is one method of encouraging learners to 'notice the gap' between
their language and the language to which they have been exposed [29], as mentioned
above. The authors give the example of 'loaves": using the highlighting technique
shown in Figure 6, a learner's awareness may be raised to the fact that their own plu-
ral formation rule (e.g. the overgeneralisation that plural nouns are formed by adding
's' to the singular noun ('loafs"), is incorrect. They may further note that 'f' is replaced
by 'ves', leading them to an awareness of the correct grammar rule: i.e. to form the
plural of a singular countable noun ending in 'f, (usually) 'f' changes to 'v', and 'es' is
added [26]. Such noticing of a language rule can help the integration of rules into the
learner's own developing language system.

The Learner Model The System Model
Plural Nouns Plural Houns
Fl Nouns ending in “f" or “fa” Your knowledge is Insufficient douns ending in “f" or “fa”
Examplo: My mathar cuts the cake into two (haf) BENGEJnA gives them 16 us Example: My mether cuts the cake into two habves and gwes them 1o ug.
Example: My fiend has bought & new set of (knile) [ERREE) Example: My friend has bought a new set of knives.
TryiThey always hawn twa (Joal) loaf far breakfast Tey: Thy sbways hive two loaves for broakfast
IFE Meuns having special form Your lmowledge is Founs having special form
Ewample: Vigetarian people do not eat (gwine Saine Example: Vogetanan pecphe do not sat swine
Exampla: Thers were sevan (sheep) BRBBRIgrazing in the green fisld Example: There were seven sheap gracirg in the green hebd
Try: My child wars plaging with two (deer) dueres/duers in the fld Try: My chid was playing with twa dear i the field

Fig. 6. The Notice OLM for language learning [26]

Notice was found able to facilitate immediate noticing of language elements (ir-
regular plural nouns and irregular simple past verbs), much of which was retained in a
delayed post-test one week after the experimental session (where no teaching of the
target features had taken place in the meantime) [26]. While we do not know whether



learners remembered the forms based on their interaction with the OLM, or whether
they subsequently actively tried to notice or find out about the forms (as is one of the
key aims of an independent OLM), it does appear that this kind of approach can be
useful to prompt noticing in language learning. It will be interesting to explore the
extent to which this may also apply in other subjects.

Negotiated learner models are interactive learner models that allow the student to
negotiate the learner model contents with the system [31],[32],[33]. If the student
disagrees with any of the system-inferred learner model data, they can challenge the
system in an attempt to change the model, with each party required to justify their
beliefs about the student's knowledge, through discussion. For example, the system
may offer the learner the opportunity to compromise (i.e. agree on an intermediate
representation of knowledge, if the system's and student's confidence in the learner's
knowledge are sufficiently close to allow a compromise to be a reasonable action); the
student may provide the information that they have forgotten certain concepts since
their last interaction, indicating that the learner model has 'slipped backwards'; or that
their understanding has increased due to a lecture or from reading undertaken between
sessions with the system; the system may require the student to convince it to change
its model by taking a short test to demonstrate their knowledge (or lack of knowl-
edge); etc. The top of Figure 7 shows an excerpt of the display of learner confidence
in their knowledge placed alongside the system's confidence in their knowledge, in
order to highlight any differences to the learner; below is an excerpt from a student
attempt to challenge the learner model in menu-based model negotiation in Mr
Collins [31]. Such negotiation of the learner model is designed (i) to help improve the
accuracy of the model by allowing the student to contribute information for consid-
eration in the modelling process; and (ii) through the process of discussion of the
learner's knowledge, to prompt learners to reflect on their understanding and develop
a greater awareness of their learning needs. This also places some of the responsibility
for the learning interaction, with the learner.

The pronoun is: YOUR CONFIDENCE SYSTEM COHFIDENCE
Pre-verbal in negatives Mo os compra unsure ey sure
Post-verbal in positive main clauses  Comgva-os almost sure UNSUre

system:  The system's confidence in your dse of the rule for postive main clauses iz currently: unsure.
Wit do vou believe the system's confidence should be?
= wery sure * aglmost sure = YerY LUNsure = (cancel)
student fseiects) very sare.
system: Your choice of wery sure' is different from the system's assessment. Yhat do you wish to do?
* accept system's = system justify = ey = accept = justify
decision itzelf student model compromise myself
student selects):  system justify itself
system:  You are trying to change the system's confidence from 'unsure' to wery sure'. This confidence
walue iz too high. Your 1ast five attempts to place the pronoun in postive main clause statements were:
=2 Manuel s mostrou no mapa. O Manuel mostrou-a no mapa.  *2 hometn o comeu rapidamente.
*0 Manuel mostrou a no mapa. O homem comeu-o rapidamente.
You have probable transter from Spanish for pronoun placement twice.

Fig. 7. Negotiating the learner model in Mr Collins [31]
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Fig. 8. Negotiating the learner model in CALMsystem [33]

In CALMsystem [33], the learner's level of knowledge of topics is displayed for
comparison to the system's inferences about their knowledge (left of Figure 8). How-
ever, the model negotiation process is more flexible than in Mr Collins, using natural
language in discussion with a chatbot (right of Figure 8). Statements such as the fol-
lowing to the chatbot (by 10-11 year olds), are indicative of self-monitoring: "but I
need more work on it"; "I am getting better"; "I have changed my mind about my be-
liefs"; "can i change a belief [in the model] about separating solids and liquids
please". A study over two sessions with children aged 10-11 in a science class, dem-
onstrated significant improvements in self-assessment accuracy both in an inspect-
able-only condition (left of Figure 8) and a full negotiated learner modelling approach
(both parts of Figure 8); and with significant improvements in the negotiated condi-
tion over the inspectable condition [33]. It appears, therefore, that use of a simple
inspectable model for this age group can help learners, but the process of discussion
of their knowledge can bring further benefits, and so could be recommended where
such an approach would integrate well with the aims and interactions with a system.

As with Simprac [18],[19] in the previous ITS Section, and Notice [26] in this in-
dependent OLMs Section, OLMlets allows students to compare their knowledge
against a standard. Here instructors input the expected level of knowledge for each
stage of the course (defined by week, day or lecture number, as appropriate), and stu-
dents can view their skill meters (or other representations) alongside the expected
knowledge for the current stage of the course, to support their self evaluations and
planning in the context of present expectations [24]. OLMlets also allows students to
release their model data to their instructors, thus offering the benefits to teachers sug-
gested above, in their use of independent OLMs; and has been shown able to promote
spontaneous (face-to-face) peer discussion and help-seeking amongst students when
they choose to release their learner models to each other [34]. This is therefore an-
other common goal of metacognition researchers and open learner modelling re-
searchers. Furthermore, an OLM designed to help parents help their children with



fractions, was found also to highlight to parents, misconceptions that they themselves
held about calculating fractions [35].

This section suggests that independent OLMs can in themselves enhance meta-
cognitive behaviours related to the identification of knowledge, regulation of learning
or planning of learning activities; and they can be used to prompt actions to facilitate
learner independence.

2.3 Long-Term Open Learner Models

The examples above have all been associated with a rather limited context. In the life
of the learner, we might build a quite comprehensive learner model that draws on the
full range of evidence about the learner's progress. This learner model could then sup-
port reflection on long term learning, such as reading progress over the whole of pri-
mary school education or mathematics progress through the whole of school. A key
value of such a model would be as an OLM for reflection by learners, perhaps in con-
junction with their teachers and parents, to monitor progress, identify serious, long
term problems and to plan learning.

3 Discussion: Links between Research Directions in Metacognition
and Open Learner Modelling

We have described a range of approaches to open learning modelling, in terms of the
relationship to an ITS and some of the forms that OLMs have taken. We have also
identified several issues that are important for an OLM to provide effective support
for metacognitive activities of reflection, self-monitoring, as well as planning and
control of learning processes. If metacognitive skills were explicitly modelled by an
ITS, an interactive OLM for these, too, could be the basis for a metacognitive activity
and could provide an additional source of evidence about these skills in the learner's
self-perceptions. An interactive OLM, which allows the learner to provide evidence
about their knowledge directly to the OLM, is in line with a philosophy that encour-
ages the learner to take control over and responsibility for their learning.

This workshop on metacognition identifies several themes, most of which can also
be directly linked to OLMs. The first relates to capturing, recording, or extracting
metacognitive aspects of students' learning processes. The log of student actions and
interactions with their OLM could provide a key source of evidence about metacogni-
tion. The second theme is interpreting and assessing metacognitive behavior, which
is precisely what we do when discussing an OLM with students, just as a classroom
teacher might. Designing tasks for metacognitive assessment is a theme that is very
naturally linked to OLMs. For example, a student can be asked to rate their own ex-
pertise and then be provided the system's corresponding assessment in the OLM. The
theme, evaluating the effect of metacognitive feedback and interventions, poses a
rather interesting new interface challenge for OLMs since it seems likely that a
learner (and their human supporters, such as parents and teachers) may need new



forms of interface that make it easy to see changes in the learner model in terms of
such interventions. The next theme, designing tasks for metacognitive assessment, is
completely congruous with OLM since the learner's interaction with their OLM is
often just such a task. Some of the themes involve a combination of new approaches
to building learner models, with the possibility that they also may bring new interface
challenges. This is the case for: measuring metacognition over time or in changing
contexts and is also true of the themes, qualitative vs. quantitative methods to meas-
ure metacognitive behavior, modelling metacognition, assessing metacognition in
educational technologies compared to the classroom or the lab.

There is considerable potential for exploiting research on metacognition to inform
work on OLMs as well as in the improved understanding of the ways that OLMs can
support metacognitive processes and help develop metacognitive skills. We have dis-
tinguished two contexts for OLMs. When they are within an ITS, there is potential for
careful design of the ITS and OLM, in terms of the interface and the underlying learn-
ing experiences so that there are immediate links between learning activities and the
OLM. We have much to learn about the best ways to do this and how it may interact
with many aspects, such as trust, gaming, exploration and toying with the ITS. We
have also indicated some of the different possibilities and issues for a learner model
that exists outside a particular ITS and the ways that its OLM interfaces might support
and encourage metacognitive activities. In both of these roles, OLMs can serve sev-
eral purposes, most being strongly linked to metacognitive activities of reflection,
monitoring progress, planning both in the short and long term, and aiding the learner
in taking responsibility and control of their own learning and progress.

Acknowledgements and Further Information

We thank Peter Brusilovsky, Douglas Chesher, Alice Kerly, Andrew Mabbott, Tanja
Mitrovic and Gheida Shahrour for their screen shots and contributions to this paper.

The Learner Modelling for Reflection (LeMoRe) group is interested in all aspects
of learner modelling designed to promote or model learner reflection; a major interest
being open learner models. See http://www.eee.bham.ac.uk/bull/lemore.

References

1. Georghiades, P. From the General to the Situated: Three Decades of Metacognition, /n-
ternational Journal of Science Education 26(3) (2004), 365-383.

2.  Schraw, G. Promoting General Metacognitive Awareness, Instructional Science 26
(1998), 113-125.

3. Veenman, M.V.J., Van Hout-Wolters, B.H.A.M. & Afferbach, P. Metacognition and
Learning: Conceptual and Methodological Considerations, Metacognition and Learning
1(1) (2006), 3-14.

4. Flavell, JH. Metacognition and Cognitive Monitoring: A New Area of Cognitive-
Developmental Enquiry, American Psychologist 34(10) (1979), 906-911.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Schoenfeld, A.H. What's All the Fuss about Metacognition?, in A.H. Schoenfeld (ed),
Cognitive Science and Mathematics Education, Lawrence Erlbaum Associates, Hillsdale,
NJ (1987), 189-215.

Derry, S. & Murphy, D.A. Designing Systems that Train Learning Ability: From Theory
to Practice, Review of Educational Research 56(1) (1986), 1-39.

Roll, I., Aleven, V., McLaren, B.M. & Koedinger, K. Designing for Metacognition - Ap-
plying Cognitive Tutor Principles to the Tutoring of Help Seeking, Metacognition and
Learning 2 (2007), 125-140.

Wagster, J., Tan, J., Biswas, G. & Schwartz, D. How Metacognitive Feedback Affects
Behavior in Learning and Transfer, Workshop on Metacognition and Self-Regulated
Learning, International Conference on Artificial Intelligence in Education (2007).

Gama, C. Metacognition in Interactive Learning Environments: The Reflection Assistant
Model, in J.C. Lester, R.M. Vicari & F. Paraguacu (eds), Intelligent Tutoring Systems: 7"
International Conference, Springer-Verlag, Berlin Heidelberg, (2004) 668-677.

Bull, S. Promoting Effective Learning Strategy Use in CALL, Computer Assisted Lan-
guage Learning Journal 10(1) (1997), 3-39.

Bull, S. & Kay, J. Student Models that Invite the Learner In: The SMILI®© Open Learner
Modelling Framework, International Journal of Artificial Intelligence in Education 17(2)
(2007), 89-120.

Dimitrova, V., McCalla, G. & Bull, S. Open Learner Models: Future Research Directions,
International Journal of Artificial Intelligence in Education 17(3) (2007), 217-226.

Bull, S., Mabbott, A., Gardner, P., Jackson, T., Lancaster, M.J., Quigley, S. & Childs,
P.A. Supporting Interaction Preferences and Recognition of Misconceptions with Inde-
pendent Open Learner Models, Adaptive Hypermedia 2008, Springer-Verlag, Berlin Hei-
delberg, (in press).

Mitrovic, A. & Martin, B. Evaluating the Effects of Open Student Models on Learning, in
P. de Bra, P. Brusilovsky & R. Conejo (eds), Proceedings of 2nd International Confer-
ence on Adaptive Hypermedia and Adaptive Web-based Systems, Springer-Verlag, Berlin
Heidelberg, (2002), 296-305.

Mitrovic, A. & Martin, B. Evaluating the Effect of Open Student Models on Self-
Assessment International Journal of Artificial Intelligence in Education 17(2) (2007),
121-144.

Corbett, A. & Anderson, J. Knowledge Tracing: Modeling the Acquisition of Procedural
Knowledge, User Modeling and User-Adapted Interaction 4(4) (1994), 253-278.
Brusilovsky, P. & Sosnovsky, S. Engaging Students to Work with Self-Assessment Ques-
tions: A study of two approaches, Proceedings of 10th Annual Conference on Innovation
and Technology in Computer Science Education, ACM Press (2005), 251-255.

Chesher, D. Exploring the use of web-based virtual patient to support learning through
reflection, PhD Thesis, University of Sydney (2005).

Chesher, D., Kay, J and King, N.J. SIMPRAC: Supporting reflective learning within a
new computer-based virtual patient simulator. Online Proceedings of the AIED (Artificial
Intelligence in Education) 2005 Workshop on Learner Modelling for Reflection, to Sup-
port Learner Control, Metacognition and Improved Communication between Teachers
and Learners (LeMoRe05) (2005), 72-80.

Schon DA. Educating the Reflective Practitioner, Toward a New Design for Teaching
and Learning in the Professions, Jossey-Bass, San Francisco (1987).

Kay, J., Lum, A. Exploiting Readily Available Web Data for Scrutable Student Models,
12th International Conference on Artificial Intelligence in Education, 10S Press, Amster-
dam (2005), 338-345.

Merceron, A. & Yacef, K. A Web-Based Tutoring Tool with Mining Facilities to Im-
prove Learning and Teaching, in F. Verdejo & U. Hoppe (eds), Proceedings of 11th In-



23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

ternational Conference on Artificial Intelligence in Education (AIED03), 10S Press, Am-
sterdam (2003), 201-208

Mazza, R. & Dimitrova, V. Visualising Student Tracking Data to Support Instructors in
Web-Based Distance Education, 13th International World Wide Web Conference - Alter-
nate Educational Track (2004), 154-161.

Bull, S., Quigley, S. & Mabbott, A. Computer-Based Formative Assessment to Promote
Reflection and Learner Autonomy, Engineering Education: Journal of the Higher Educa-
tion Academy Subject Centre 1(1), (2006) 8-18.

Mabbott, A. & Bull, S. Student Preferences for Editing, Persuading and Negotiating the
Open Learner Model, Intelligent Tutoring Systems, Springer-Verlag, Berlin Heidelberg
(2006), 481-490.

Shahrour, G. & Bull, S. Does '"Notice' Prompt Noticing? Raising Awareness in Language
Learning with an Open Learner Model, Adaptive Hypermedia 2008, Springer-Verlag,
Berlin Heidelberg, (in press).

Rutherford, W.E. & Sharwood Smith, M. Consciousness-Raising and Universal Gram-
mar, Applied Linguistics 6(3), (1985) 274-282.

Schmidt, R. The Role of Consciousness in Second Language Learning, Applied Linguis-
tics 11(2), (1990) 129-158.

Schmidt, R. & Frota, S. Developing Basic Conversational Ability in a Second Language,
a Case Study of an Adult Learner of Portuguese, in R. Day (ed), Talking to Learn: Con-
versation in Second Language Acquisition, Rowley MA, Newbury House, (1986) 237-
326.

Chapelle, C.A. Multimedia CALL: Lessons to be Learned from Research on Instructed
SLA, Language Learning and Technology 2(1), 22-34 (1998).

Bull, S. & Pain, H. "Did I say what I think I said, and do you agree with me?": Inspecting
and Questioning the Student Model, in J. Greer (ed), Artificial Intelligence in Education
1995, Association for the Advancement of Computing in Education, Charlottesville VA
(1995), 501-508.

Dimitrova, V. STyLE-OLM: Interactive Open Learner Modelling, International Journal
of Artificial Intelligence in Education 13, (2003).

Kerly, A. & Bull, S. Children's Interactions with Inspectable and Negotiated Learner
Models, Intelligent Tutoring Systems 2008, Springer-Verlag, Berlin Heidelberg (in press).
Bull, S. & Britland, M. Group Interaction Prompted by a Simple Assessed Open Learner
Model that can be Optionally Released to Peers, in P. Brusilovsky, K. Papanikolaou & M.
Grigoriadou (eds), Proceedings of Workshop on Personalisation in E-Learning Environ-
ments at Individual and Group Level (PING), User Modeling (2007).

Lee, S.J.H. & Bull, S. An Open Learner Model to Help Parents Help their Children,
Technology, Instruction, Cognition and Learning 6(1) (2008), 29-51.



	2.1 Supporting Metacognition with Open Learner Models in Intelligent Tutoring Systems
	2.2 Independent Open Learner Models to Facilitate Metacognitive Activity
	2.3 Long-Term Open Learner Models

