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Abstract:

The diagnosis problem-solving task can be complex in many professions foitvigic
central, for example medical diagnosis, farm-management consultancy, etds This
because often the expert must solve problems and make decisions inxcomple
situations and while under time pressures. The complex nature of the problem
situations and the novices’ lack of advanced metacognitive skills als® itngifficult

for novices to gain expertise and successfully solve problemsiiri¢has. From the
literature it can be concluded that strong metacognitive skills leadntemproved
performance and greater ability to solve problems in complex and tiitiealc
settings. We propose metacognitive training using a computer-based teaclémny sys
for novice university graduates who will work in complex diagnosis domains.

1 Introduction

Diagnosis is central to many important professions for exanpéelical diagnosis, plant
pathology, vet science, and farm-management consultancy. It anplex task in these
professions firstly because: often the expert needs to solve pmsolaled make decisions
under time pressures, and secondly because there are various fpaesent in these settings
which can make the problem situations complex and therefore difficshlve. Three main
factors contribute to this complexity, the problem situations afermation rich, knowledge
intensive, and time critical [1]. It is difficult for novices t@in expertise in the types of
professions considered in this research because these fact@sdagh cognitive load [2].
Furthermore, novices lack the required advanced metacognitive &kitieal with these
factors and to master the techniques used to deal with therthdser reasons, the novice to
expert transition is very time consuming in these domains. Forg&am farm-management
consultancy it typically takes about 10 years for a novice famswdtant to exhibit expert
performance [2]. This research will consider the category g@ndisis domains that are less
understood in terms of completeness and certainty (e.g. medicalosiis)g than other
diagnosis domains (e.g. device fault diagnosis).

Experts require advanced thinking skills to support them when dealihgthat types of
problems presented in the category of diagnosis domains this researoncerned with.
They use advanced metacognitive skills when problem-solving andiotecisaking in

complex domains. Metacognitive skills are important for sucokss#ifignosis in these
professions. From the literature, it can be concluded that stroterwogeitive skills have
positive impacts on life-long learning [3], knowledge transfer [B{ problem-solving [3, 4,
5, 6, 7, 8], thus leading to improved performance and a greater abiktylte problems in
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complex and time critical settings. According to [6], metaddgmimonitoring is one of the
three essential skills that distinguish an expert problem-solver from a novice.

University graduates are not provided with extensive expliciaooghnitive training during
their university degrees. The literature stresses thatdesaghould be explicitly trained to
perform metacognition, for example [6], and there is evidencehisatiietacognitive training
is effective for significantly improving problem-solving performance7]69, 10]. Attempts to
provide metacognitive support in computer-based tools have been made rietg oh
domains, and there are numerous successful examples especiatigtifi@matics problem-
solving for example [11] and [12]. These results are encouragiythe need for further
research has been clearly expressed in the literature fmpdx [3], [8], and [13].
Furthermore, in the literature it is apparent that diagnosisibiaenjoyed much research in
the area of metacognitive training using computer-based systEiting this gap for
diagnosis (in domains that are less understood) can help fastdtmackovice to expert
transition in a number of domains. The targeted learners are unjvgraduates or near
graduates (in the category of diagnosis domains this reseadndgrned with). These
students have completed university programmes that provided them agticgrknowledge
for example by solving real-world problems in their field, etowdver, they have not yet
acquired years of practical experience in their fields. Af@mparing the feasibility and
potential effectiveness of a computer-based solution for this prokigmother possible (non
computer-based) solutions, a computer-based solution was found to be theurtaide
approach.

The aim of this research is to design a complete educationguterrbased metacognitive
training component that will be part of a complete computer-basetiiteg) system, and to
prototype and test a subset of the approaches and techniques appliedomisiete design.

This software component is intended for use with a problem-based dspeaific computer-

based teaching system that supports learning for a domain inategory of diagnosis
domains that is considered in this research. The authors firstdint® develop a

metacognitive training prototype that can be integrated wittargdsalone domain specific
system. The next step would be to develop a prototype that can batedegith a web-

based domain specific system.

This paper first introduces the diagnosis problem-solving task. Tl amethe diagnosis
process that require metacognitive support are then identifiedhanddtacognitive support
provided by educational computer-based systems in the literatuia ariting educational
computer-based systems is discussed. This is followed by a highdescription of the
authors proposed solution, an outline of the metacognitive activitegswill be supported
during the diagnosis process, and the high level architecture of the proposed solution.

2 Theissuesin the diagnosisdomain

2.1 What is diagnosis?

Diagnosis is one of various problem-solving tasks used in knowledgesimé domains. A
complete set of problem solving tasks that can be used in knowle@gsive domains has
been identified by [14]. The problem-solving tasks in the hieraranybe divided into sub-
tasks of analytic tasks and sub-tasks of synthetic tasks. thnédgks (e.g. classification,
assessment, prediction, etc) operate on objects/artefacts xisatbet are usually not
completely understood, while synthetic tasks (e.g. design, assignswreduling, etc)
operate on objects/artefacts that do not yet exist. Diagnosis is one of the aaskg.
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Diagnosis has been defined by [15] as “the task of identifihiegcause of a fault that is
manifested by some observed behaviour”. The fault could be a madiunati disease.
Diagnosis consists of the following three sub-tasks:

» Firstly, symptom detection is used, which involves checking wheilgecomplaints
are actually symptoms by comparing observations with expacsatio see if there is a
difference.

* The second sub-task is hypothesis generation which involves buildingsap &t
possible diagnoses based on the initial and additional observations.

* Finally, hypothesis discrimination is used, where hypothesis irerleemoved from
the hypothesis set after testing each hypothesis using additional observations.

2.2 The diagnhosis process

A simplified diagram of the diagnosis process called the ST-Medsl first developed by
[16] for clinical diagnosis in medicine; it is shown on the rigdesof Figure 2. This research
will focus on the outer loop only because it is not concerned with imaugince it is not of
great relevance to novices). First the evidence which is es#ben or provided by the
client/patient is used to form a set of hypotheseatajuction Then the decision maker might
prioritise the hypotheses in the hypotheses set. Next, he/dhmaki deductionsto create
expectations using his/her domain knowledge and test their hypotbedesck that the test
results match with the expected results. The expert can either run theiesiw/ or use further
observations to check the correctness of the hypothesis. Deductitverégore used to
strengthen or reject the hypothesis in the hypotheses set.hMpotheses may also be
generated from test results and new observations. This promassues until the decision
maker has enough evidence to confirm a hypothesis. If this siegplgrocess is further
abstracted from, it appears that the decision maker is carpghgwumerous loops of a
hypothesise and test cycle. Many other processes are happenimgdiagnosis which have
been abstracted out of the ST-Model.

2.3 The difficulties of the diagnosis process in several complex domains

There are a number of areas in the diagnosis process that rewiaeognitive support.

These difficulties apply to a variety of diagnosis domains fomgta farm-management
consultancy, medical diagnosis, and vet science. These are alsplex of the types of

domains this research is concerned with. The difficulties involvedliagnosis and a

comprehensive set of techniques used by experts to deal with tlvenbdwn identified by

[17]. The main difficulties are: obtaining full co-operation and infation, the large number
of cues and time pressures, and the integration of available dhtalamain knowledge.

Only a subset of the techniques used to deal with the firsiseues will be supported. These
are discussed below.

It is important to obtain the required accurate information fronclieat/patient. In order to
get the right information, it is often important to ask the riginestions at the right time. A
large proportion of the information is obtained from what is seenandhend therefore may
be inaccurate. Verification or triangulation can be applied if sacgs Verification can be
performed by asking the client to confirm or refute a particialer. Triangulation requires
redundant cues to check the correctness of information.

Data overload and time pressures can cause a burden on workingym@&imer can be
problematic when a large amount of information is required byd#wsion maker. The
decision maker weights and prioritises important information basedsdmehiperception of
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the situation. The remaining information is tagged for easyeveldrin case the decision
maker later realises they need it. Framing is known as case reasoning in Artificial

Intelligence. It occurs when familiar features are usedctess similar situations from
memory. There is a risk of making premature conclusions espeeiién exposed to
exceeding time pressures. This is called misframing. To avad tthe expert must ensure
he/she has collected enough information and that the diagnosisekglgins a sensible
number of observations.

3 Computer-based metacognitive training

3.1 What is metacognition?

Metacognitive thinking occurs when you think about your cognitive ldaeking. The term
metacognition refers to thinking about:

* how you will perform a task or how you are performing a task, and

» the knowledge that you have to perform it, then
monitoring and regulating those thinking processes and that knowledigeyahiperform the
task [7]. This description shows that metacognition has two mairp@oents which are
knowledge about cognition and regulation of cognition. Knowledge about cognition is
referred to as metacognitive awareness, while regulatioogifition is referred to as self-
management or self-regulation. The metacognitive process igratess in Figure 1.
Metacognitive thinking can be applied when learning something, perforamregtivity, or
solving a problem. Examples of metacognitive activities are plgnmonitoring, regulation,
reflection, and self-assessment.

observation action

observation action

Figure 1. The metacognitive process [18, p. 2]

To clarify the distinction between metacognition and cognitiois, utseful to remember that

metacognitive strategies are usedetwsurethe achievement of a goal (by controlling the
cognitive level thinking). In contrast, the cognitive strate@eeg. calculating, reasoning, etc)
help the learneachievea goal.

3.2 Supporting metacognitive development

A variety of ways to support metacognition are covered in tieeature and applied in
existing computer-based systems. There are implicit and exmhys of supporting
metacognition. Implicit metacognitive support does not make the dufgpanetacognition
apparent, andencourages(but does not induce) the learner to practise metacognition.
Examples of learning paradigms that support this include explof@isogvery learning,
constructivism, and collaborative learning. Examples of techniquésstipgort it include
cognitive scaffolding and simulations. Explicit metacognitive suppakes the support for
metacognition apparent, andducesthe learner to practise metacognition, examples of
techniques that can support this include metacognitive prompts/questiondispiadiing
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graphs of the learner’'s metacognitive performance. The likeliHtattdat learner will practise
metacognitive thinking when implicit support is used depends on theeleand the quality
of experience or use of learning paradigms. Learners with ldacognitive awareness might
not exercise their metacognitive skills if implicit supportiged because they are not forced
to do so [3, 19]. Therefore, implicit metacognitive support might not be as effestesgpbcit
metacognitive support for this category of learners. Researshalsa shown that low
achievers benefit more than high achievers from explicit rogtative support [20, 21].
However, implicit metacognitive support still presents many benéind some advantages
over explicit support) for supporting the development of metacognitioticydarly for
learners with an average or high level of metacognitive awareness.

Many methods have been used in education and experimental studiegpgorts
metacognitive development. A comprehensive description of these is provided in [8].

3.3 The suitability of a computer-based solution

Graduates who are beginners are likely to have a greater tlivefsmetacognitive skill
levels compared to their cognitive skill levels. A computer-basstésyhas the potential to
provide an effective and feasible solution. Although a computer-lwamsedonent/system has
some drawbacks over other possible solutions, it also has many absathiat make it a
more effective and feasible method. The other possible methods inclpag@es-based
learning approach (e.g. a book), teacher aided learning, or a personal human tutor.

A comprehensive discussion about using computer-based learning envirotnonsuapgport
metacognitive development in conceptually rich domains is provided by [22] also
provide a discussion about how self-regulated learning (SRL) casupported by a
computer-based learning environment. Attempts to provide metacognippors in
computer-based tools have been made in a variety of domains inclumbfapye [24],
medicine [25], maths [11, 26, 27], biology [28], thermodynamics [29], inquiry stupp@];
programming [31], etdMany of these systems have proven successful particularly those
mathematics problem-solving. These results are encouraging, handcheed for further
research in this area has been clearly expressed in ¢natdie for example [3, 8, 13].
However, systems that provide extensive metacognitive support are veanichtbere is still
room for improvement to make the metacognitive support they provide extensive. Many
approaches and techniques that are currently employed in compséer-$ystems to support
metacognition can be improved to enhance the learning experiencédedter support
metacognitive development. New approaches and techniques cdre alssigned to support
metacognitive skills that are currently being neglecteddmputer-based teaching systems.
It is also apparent in the literature that diagnosis has noyeshjmuch research in this area.
There are computer-based systems for diagnosis that provide sdawognéive support,
however none of these provide extensive metacognitive support for novicestordethis
research would provide a novel research contribution.

3.4 Supporting metacognitive development using computer-based systems

A large number of methods are used in interactive learning envirdantie provide
metacognitive training. A comprehensive description of these is provided agdgB2].

A set of learning paradigms which offer various benefits fetazognitive skill development

have been explored in this research. These include exploratory/discteesnying,
constructionism, collaborative learning, and problem-based learning.
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The following set of instructional approaches which have the patefar supporting
metacognitive development in learners has been explored in thesales€he application of
each technique to cognition, problem-solving, and metacognition was aeaslerause all
of these dimensions offer benefits for metacognitive development.

Scaffolding is providing just enough support to allow the learner tinpertasks on their
own [33]. This can be a very effective way of providing individualigepport. By definition,
scaffolding should be faded by the instructor. However, scaffolds veaictbe faded by the
learner were also considered in this research for example, optawial available to the
learner which can facilitate problem-solving.

If advanced scaffolding using either a learner model or humaatiprovided, other methods
can be used to try to provide an adaptive/individualized experience for the |earaearhple
guided exploration, intelligent/interactive agents, and adaptive feedback.

Other techniques were also considered which are not used farldiceeffor adaptive support
however still support the learning experience, for example:

* Problem-solving reification allows aspects of the problem-solving essodlike
abstract concepts or actions) which are implicit or unexpressedgdprbblem-
solving to become explicit [8]. This facilitates the understandihghe problem-
solving process. For example, worksheet problems can be used to makdeHging
problem structure of algebra word problems visible [32].

» Graphical problem transformations support the construction of a graphical
representation of the problem. For example, The Geometry Tuto{@#ANGLE
[35] provide a high level representation of a problem-solution/problem space.

* Metacognitive prompts and questions are often used to encouragertiee teaeflect
on his/her learning experience [8, 19]. For example, while thedeasnsolving a
problem, he/she can be asked whether they think their problem-solvicgsgro
requires improvement.

4 A computer-based metacognitive training component for
diagnosis

4.1 Metacognitive support points for the diagnosis process

This research project aims to enhance some existing approachéschniques (and design
new ones) that can be used by computer-based systems to supporbgmisac
development. The next major step of this research is to propose ateoingsed teaching
component for diagnosis that can provide extensive metacognitive suppmbty test some
of the new/enhanced approaches or techniques applied in this proposed compawnent
initial objectives to support the accomplishment of this aim invdirding out which
metacognitive skills are currently being neglected, and wihereurrent systems are lacking
in terms of providing extensive metacognitive support. The goal opthjsct is to devise a
computer-based teaching component that provides an effective aotenéfflearning
experience for the learner in terms of developing his/heraogtetive skills. The support
will focus on developing the metacognitive skills required for diagn@sbblem-solving (in
the category of diagnosis domains this research is concerngd Wlie intention is also to
provide the learner with an “all-rounded” experience in terms ofldewvg a broad range of
the metacognitive skills they need.
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The proposed computer-based component should cater for a variety ofiveogmd
metacognitive abilities and provide an effective and enjoyableriexige. The simulation of a
realistic problem-solving environment (with realistic conditions andtcaings) can help the
learner exercise the various skills they will require folvieg real world problems in their
feild. The authors plan to design a generic computer-based comportewillthee suitable
for:
e Supporting a variety of diagnosis domains (in the category of dorasnsesearch is
considering), and
e Integration with a variety of computer-based learning environments téka a
problem-based learning approach and provide cognitive support (for ggoicabf
diagnosis domains this research is considering).

The metacognitive activities proposed by the authors for the diagpasiess are shown in
Figure 2. They focus on supporting a subset of the key areas in gmslgE process that
were identified as requiring metacognitive support in complex ndsig domains. In
summary, they are concerned with deciding on the likelihood of tineent diagnosis,
information weighting and verification, and checking whether enoughniafiton has been
collected. The proposed solution also supports pre and post reflection, planamgpring,
and self-assessment as these skills are crucial when problengsin complex settings.
Their focus is as follows:
» Pre-reflection — Previous cases he/she has come accross that had winutans
» Post-reflection — The correctness of his/her of initial abductiwh final diagnosis,
and how he/she could have improved them
e Planning — The constraints and how he/she will deal with them
e Monitoring — How well he/she is performing and what he/she needs tn order to
correctly modify his/her behaviour e.g. speed alteration, change of ssateig
e Self-assessment — How sure he/she is of his/her initipbthgsis set and final
diagnosis

Post-reflection, planning,
self-assessment, and

Structuring
I diagnostic space
reflection (4): information | ~~~<
completeness

Diagnostic hypothesis
Pre-reflection r---. .
*I Abduction

Deduction

7~ Clinical evidences
to be explained

Reflection (1): Induction

diagnosis likelihood

Abstraction

Observed /Expected
_/~ data

Request
new data

Reflection (2): information
verification and reflection
(3): information ratings

Figure 2. Proposed metacognitive activities for the diagnosis process annotating [16, p. 121]
ST-Model
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4.2 High level system architecture

A high level architecture of the proposed intelligent tutoring systas been defined by the
authors; it is shown in Figure 3. Most of the modules and repositogebe same as those of
a typical ITS, however a metacognitive student modeler module hasatided as well as a
metacognitive knowledge repository and a metacognitive student magsitory. The
authors hope to test out the metacognitive support provided in the nmetaxeognowledge
repository, the metacognitive student modeler module, the pedagogichllen and the
interface module. The authors intention is to design and develop acogemetacognitive
training component that can be used as part of an existing probssd-damain specific

computer-based teaching system (for the category of diagnos@irdoconsidered in this
research).

Legend

Module [:]
Repository S

Input/output ——p

E—
Domain module
knowled

y

Cogn Pedagogical -
student module Pedagogical
modeller 'y
v —
Interface
knowledge

Figure 3. The high level system architecture

Metacognitive
knowledge

Metacognitive
student
modeller

Metacognitive
student models

Cognitive
student models

5 Conclusion and futuredirections

Diagnosis is central to many complex professions. Metacogiirauw@ng can help fast-track
the long novice to expert transition in the category of diagnosisakisnthat are less
understood in terms of completeness and certainty. There is a ereadcbmputer-based
system that provides metacognitive training for novice graduatdeese types of diagnosis
domains. This system would provide a novel research contribution. The asdi€lifficulties
faced by novice graduates in the types of complex domains considdtas research have
been determined. A literature review for metacognitive supporompater-based teaching
systems has also been carried out. This was followed by theodmesit of an initial
framework for a metacognitive training component for the cayegbrcomplex diagnosis
domains considered in this research. The proposed component targets a ofupaies in
the diagnosis process that require metacognitive support in compieido It also supports
a set of metacognitive skills that are crucial when proldeiming in complex settings. The
metacognitive training component proposed, is a generic componegathbe used with a
problem-based domain specific computer-based system that suppajtestsain the
category of domains this research is concerned with.

The next step of this research will be to devise new methodseahdiques (and improve
existing ones) that can be used in the proposed metacognitivendgraiomponent. The
authors plan to then develop and test a prototype that applies aculbhgste approaches for
particular complex diagnosis domains. This will enable the evafuaf some of the ideas
proposed in this research.
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