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Executive summary

LTfLL work package 4 focuses on two independent but connected issues:

1 Determinng the learner's position with regard to learning materials to provide the learner
with the 'best’ suitable material to achieve their learning goals (WP4.1).

1 Determining the conceptual development of a learner related to a particular expertise
area, to povide them with formative feedback (WP4.2).

Work package 4.1: Positioning

The WP4.1 scenario is associated with the 'building collaborative knowing' part of the Stahl
cycle that integrates the LTfLL proje&rown and Duguid (2001) arge that communigs of
practice deelop knowledge and share tlaowledge within the community's participants
according to local communication patteri® develop the positioning system, we will
identify natural language expressions characterising the use of langutége specific
communities of practice, using knowledge poor and knowledge rich appsoadneSA,
ontdogy supported sentiment analysisOur work in the first phase of the project is
described below.

Knowledge pooapproach

Method: The knowledgepoor approachestricts itself to analysing only learners' texts and
modelling only experts' textdVe use teleniques of text categorizatieng. LSA with a
traditional bagof-words model and a novel bad-phrases model, where the phrases are
extractedusing suffix arrays as in Yamamoto and Church (20@hyases are weighted
according to their probability of occurring predominately in high quality expert texts
(representative of an expert community of practice) or low qualityexpert texts.

Results: For comparing and finding prototypical expert texts, phimsed LSA results
generally provide improvement over the traditional baig&ords LSA results. The phrase
weighting approach has been successfully used to extract synonymous pairs (e.g. "drug
charts" vs "prescription charts") differing only in standards of usage in communities of
practice.

Conclusions and future work: The results so far have been positive for the data we have
used. Therefore, we would like to generalise by using texts geéeeravithin different
communities of practice. As the new texts will present different linguistic features, we plan to
test alternative configurations (higher degree of distinctiveness, etc) for the phrase weighting
and extraction. Using larger training dagets will allow us to afford the analysis of more
distinctive phrases without facing unmanageable levels of sparseness. More distinctive
phrases will allow an improvement in the characterisation of language usage, which will help
both with the qualitatie and quantitative feedback to the user.

Knowledgerich approach:

According to Wenger (20Q,Lcommunitie of practice produce and shareowledge artifacts
that need effective management. Within our knowledge rich approach, the management of
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those artifacts is achieved collaboratively and requires reference models for comparison e.g.
ontologies.Our work in the first phase of the project is as follows:

Method: Knowledge rich methods rely on analysis of the text by using knowledge sources
outsice the text(e.g.linguistic and domain ontologieexicon, dictionaries, grammars, etc.)

for reasoning about the semanti@sg. similarity in text meaning) and supportsentiment
analysis (Moilanen and Pulman, 2007; Liu, 2008 annotation grammas developed to

mark concepts in the text. Ambiguities are resolved by means of discourse segmentation and
lexical chain analysis, and the author's attitude toward the concept is determined through
sentiment analysis. The information obtained throughpfoesessing chain is included in the
vector space model of the knowledge poor approach in proper balance to obtain optimal text
classification used for positioning.

Results:The CLaRK system (Simov et al.,, 2001) has been adapted to accommodate the
processig chain including an annotation grammar, discourse segmentation, lexical chain
analysis and sentiment analyshs the process of developing the lexical semantic resources

is data oriented and we need to have already available the data sets to be thged in
validation available to be able to built such resources. We have already completed the
analysis of data requirements for validat of WP 4.1 scenarios and the data set is being
built.

Conclusions and further work: We will evaluate ouknowledge rth approach for
positioning by creatingnanually agold standard corpus and then test our approach by means
of precision and recall metricdn addition we will compare this approach with the LSA
based approach with the aimfiod an optimal combination dfoth in order to satisfy task
goals.

Work package 4.2: Conceptual development

In WP4.2we build on the work of Stahl (2006) to provide a tool to support the development
of the individual learner, providing a component of an individual's refletianing cycle
andcorresponding to the 'building personal kmagvin the Stahl cycle

Method: In the first phasewe compared the outputs from a number of concept mapping
tools providing a means of determining how learners relate basic cqrtoegtsblish which

could meet the requirements identified in the WP4.2 scenaféoinvestigated the utility of
reference models against whiglarner texts can be compared, as a basis for feedback.

Results: Although Leximancer and Pathfindevere selectedor initial experiments their
functionality and flexibility was insufficient for the requirements of the project. We will
therefore develop a custom tool based on LSA as a basis for the WP4.2 ddsiigpthese
concept mapping tools, a clear distinctioould be made between the ability to integrate
concepts demonstrated by individual learners with that of reference maleramkypes of
reference models were investigatad'predefined reference model" based on materials from

the curriculum and an "emging reference model”, drawn from the concepts and inter
relations between them generated by a peer learning grbemreddined reference model

was too complex for comparison with a novice learner and may not be suited to early stages
in a curriculum.The emerging reference model was a better indicator of the appropriate level
of abstraction and relationship between concepts attainable by individual learners
Conclusions and further work: We conclude thathe emergingeference model, based on

the rehtionships between concepts, generated by peer groups of learners, may be more useful
to the novice learner as it approximates to his/her Zone of Proximal Developriremire
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studies willinvestigate the effectiveness of comparisons of thedpfimed ad emerging
reference model$or different groups of learners. Stakeholder feedback will inftmm
development of theustom LSAbasedservice to provide formative feedback

LTfLL -2008 -212578 5
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1. Introduction

1.1 Purpose of document

In this report we claim thdearrer positioning and diagnosis of conceptual developroant

be addressed by applying the latest advances in the research domain of Natural Language
Processing (NLP), and particularly Latent Semantic Analysis (LSA). To this end, this report
attempts to answehe following questions:

1 Which educational theories are relevant to develop a solution to tackle these problems?
1 How will these theories relate to the proposellitions for these problems?

1 What are the solutions that will be developed?

1 What technadgies and methods will be used or developed to implement the solutions?

1.2 Project goals

The Language Technologies for Lifelong Learning (LTfLL) project is concerned with adult
learning in the context of the new language processing technologies$ tredoollaboration
facilities offered by the Web2.Adult learners usually bring with them significant prior
experience and will show a degree of autonomy in their learning (Knowles, 1975). Although
this was emphasised in adult learning theory, subségesearch has shown that it is
relatively inefficient and ineffective for adult learners to be wholly-dected (Dornan and
David, 2000). Their motivation is increased by external sources of support such as feedback,
peer comparison, and mentorirgggeantet al., 2006). The success of the new paradigm of
ComputerSupported Collaborative Learning (CSCL, see Stahl, 2006), as exemplified by
Web2.0 tools and soctaultural learning theories (Vygotsky, 1978), adds a collaborative,
social dimension to césical, autonomous learning.

LTfLL focuses on adult learning taking place in the work place, in vocational studies and in
Higher Education programs. The aim of LTfLL is to create services that enhance individual
and collaborative development of compete in educational and organizational settings. The
intention is to use language technologies extensively, so that adult learners can be supported
effectively and efficiently.

Learner support can place a heavy load on staff time and resources. Stakamaligids has

identified four types of activity that are responsible for this burden: assessment of student
contributions, answering students6 questions:s
and assessing t he progr es s lenoet al.,s2008y €het s 6 S
development of services in work package 4 addresses these issues.

1.3 Tasks ofwork package4 and their relation to otherwork packages

Work package 4 (WP4) is dedicated to developing the means of positioning the learner,
through monitoring and assessing study progrétssparticular aim is to support lifelong
learners as individuals:
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1 by assessing what they know in order to recommend appropriate subsequent learning
materials (task WP4.1)

1 by helping learners recognize themderstanding of a particular topic, so that they can
develop further as independent learners (task WP4.2).

Work package 4 uses the scenarios developed in WP3 in association with validation activities
(WP7) to guide the design of its servicé§orking with WP2, the services will be embedded

in the LTfLL Personal Learning Environment and where appropriate, will interoperate with
services in other work packageshe outputs from WP4 will comprise positioning services
based on knowledgeoor and knowlegle-rich approaches, in association with user interfaces
delivering the required functionality to learners, tutors and other stakeholdleraell as
establishing how language technologies can best be used to provide the underpinning
positioning and concépal development services, an important challenge (given the
complexity of data output from the underlying services) will be to establish effective ways to
deliver useful information to end users.

As stated in the LTfLL Description of Work, Medicirend Information Technology have
been chosen to explore the ideas and services to be developed. Both domains include learning
in formal and informal settings and learning, which may lead to certificatioW/P4, the
undergraduate Medicine programme prosidegood model for setfirected learning in the
work place as well as for more traditional learning in Higher Educatitedicine is also of
interest for its multdisciplinary nature. Practitioners are expected to adopt a holistic
approach integratingan understanding of disease processes with communications
skills, psychology, sociology and the ethical implications of healthcare, underpinned by an
understanding of how to learin contrast, our commercial parther BMEDIA provides

short courses in lefmation Technology to unemployed adults, where the emphasis is on
assessment of knowledgad skills

WP4 is concerned with textual evidence of learning, which is an important medium for
communicating knowledge in education and through electronic aneédlthough some
learners use other media to represent their learning, older and more recertukocib
perspectives see language as a key mediator of learning (Vygotsky, 1978, Wertsch, 1991).
According to sociecultural conceptualizations, constructioof knowledge through
dialectical, dialogical and social processes results in a large reservoir of tacit knowledge (See
Figure 1). In addition, the social cultural interactions have effect not only in shared, tacit
knowledge but also in linguistic patterof usage (speech genres; Bakhtin, 1986)alysis

of text is therefore a valid means of achieving the aims of this work package.

1.4 Positioning and language technologies (WP4.1)

The purpose of WP4.1 is to provide the underpinning technologyhéoptoject to support
positioning using language technologi®¥P4.1 has worked in collaboration with WP3 to
provide a real life scenario, which will be implemented and will demonstrate the use of
advanced positioning technologies in real life situations.

Learners, coming from a variety of backgrounds, have different learning goals and different
prior knowledge. Learners' knowledge gained from previous experiences of learning can be
of a formal nature (certified exams, -certificates, etc.), in which cstsadard
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admission/exemption procedures may apply, or-foomal learning where such standard
procedures are not available. Positioning in such contexts refers to the identification of a
learner's existing knowledge and to the comparison with knowledgingxwithin relevant
Communities of Practice (Wenger, 1998). In order to provide relevarbased knowledge
resources to learners, enabling them to best direct their learning efforts, we will explore
whether language technologies can be used to reeocho learners the most appropriate
textbased knowledge resources in relation to their current position.

A key research problem in order to operationalise the scenario is to establish the best ways in
which to optimise the use of language techno®gpeachieve meaningful information for the
stakeholders, e.g. learner, tutowWe will study samples of real life texts in the medical and

IT domains in order to establish answers to the following questions:

1 To what extent can Language Technolegeovide a mechanism to analyse and compare
evidence of previously acquired knowledge tantifiesthe learner's position in a given
domain?

1 To what extent can these language use patterns be used as formative feedback for the
learners?

This analys does not presuppose that language technologies can be used to examine a text
and directly determining from that text what the author knows and does not Rsois.
discussed irpection 5 the determination of learning knowledge is indirect in the statat

uses evidence based on phrases, terminology and general language use patterns.

This analysis does not presuppose that language technologies can be used as an alternative to
tutor advise but rather as a support to it. That is of particulaestterhen these patterns are
unconsciously used and would not otherwise be noticed by the tutor without the help of
language technologies.

Our proposed solution is to start with a knowledge poor approach using LSA combined with
a novel bagphrase appradn to compare learner texts with expert texts. Learners will receive
guantitative feedback indicating the distance between these texts. In addtion, learners will
receive qualitative feedback indicating the fit of their language usage in relation to languag
used within relevant communities of practice. As second step, we will incorporate a
knowledge rich based analysis to provide similar feedback.

1.5 Conceptual development of the learner (WP4.2)

The purpose of WP4.2 is to provide the underpinninghriielogy for determining the
conceptual development of the learner as the basis for providing feedback to individuals and
facilitators, e.g. tutors WP4.2 has worked in collaboration with WP3 to provide a real life
scenario in the Medicine domainThe senario will form the basis for a conceptual
development service which will be tested in real life situations in order to provide iterative
improvements to the conceptual development engine and associated functionality, e.g.
visualisations and reports.

Formative feedback aims to communicate information that will engender accurate, targeted

conceptualizations of a particular topic for
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of it (Shute, 2008). Learners, therefore, need to monitor their pragréssir understanding

of a specific area or problem, so that they recognize the limitations of their current level of
expertise. Both these limitations and the degree of progress made will determine the level and
type of formative feedback they need. Momr i ng and recogni zing
expertise has to take into account their knowledge, the level of cognitive processing required
by the task, and the associated instructional strategy used (Ertmer & Newby, 1993; Jonassen
et al., 1993b).

The key research problems are to establish the best ways to determine conceptual
development and the most effective means of communicating the results to the stakeholder,
e.g. learner, tutorWe will work closely with stakeholder groups to determine the answe

the second problem, through validation of WP4.2, in collaboration with \\ORi. overall
guestions are:

1 To what extent can Language Technologies provide a basis of formative fesehaoi
for individual learners, which takes into account thmnceptualization of a topic?

1 How does this approach with compare other methods and tools that can provide such
formative feedback?

1 Can it be used to best advantage if it is in combined with them?

Our proposed solution i® build an LSAbased servie that provides a comparison of the
LSA analysis of learner texts with reference models, to provide meaningful aggregated
information to stakeholders (learners, tutors).

1.6 Relationship between WP4.1 and WP4.2

In summary, both WP4 tasks rely onamrhation extracted from text3hey differ in that

WP4.2 extracts concepke clusters from the texts, whereas WP4.1 relies upon surface level
phrases and patterns of wusage. Wor kpackage
concepts are knowleddike units extracted from the textssor WP4.1 there is also
knowledge rich subtaskSection 5.3 relying upon concepts buwithin this subtask the
concepts are determined externally by use of ontologlass, the knowledge rich subtask of
WP4.1 provids a bridge between the knowledge poor subtask and WP4.2, as they are both
using notions of Aconceptso, which will be

The two tasks also share a challenge in working out how best to aggregate higplkgxcom
underlying data in ways meaningful to end users to meet their business meaedsuill be
addressed through validations of the user interface and associated reports with end users, to
enable fine tuning of the outputs to endhis will be achievedn collaboration with WP7

and according to the results obtained, enhancements to the scenarios may be indicated in
collaboration with WP3.

1.7 Overview of this report

This document is based on work taking place up to December 2008 (‘firg’)phpdiss
remedial work required by European Commission reviewésater work will be reported in

deliverable D4.2, due in Month 20This document should be read in association with the
LTfLL -2008 -212578 9
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separate deliverablé L Tf LL consorti umds Tagudtionalarepbrt” t o
(September 2009), which exploré® integration of WP4 services with those of WPs 5 & 6.

Section 2of this reportdiscusses the theoretical background to adult learning and how our
work relates to these theories.

Section 3descrbes the educational domains in which the work of WP4 is situated.
Section 4describes the texts from these domains that are available for analysis.

Section 5describes the knowledge poor and knowledge rich positioning services, the work
during thefirst phase, the conclusions drawn and the proposed next steps.

Section 6describes the service for diagnosis of conceptual development, the work during the
first phase, the conclusions drawn and the proposed next steps.

Section 7summarises progredo date and draws overall conclusions.

LTfLL -2008 -212578 10
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2. Theoretical background

2.1 Introduction

We will now set thiswork packagdn the context of relevant developments in educational
theory, perceptions of how knowledge and understanding are acquired dedrrodr
developmentAdult learning in a work place environment is recognized as a social activity,
so we will discuss learner development from this perspective. We will then consider how this
relates to the development of the individual learner and distuapplication to Medicine.

2.2 Theoretical basis of learning

It is extremely important to statdearlythe theoretical perspectives of learning considered in

LTfLL, their limitations and the possibility of integrag them, in order to assuo®heaence

among all the worpackages in the projecEpistemological questions about education

t heory are concerned with the relationship
and the extent to which | ear ni cogstructechtrtitbst ns O r
Learning theories that are concerned with learning as absolute truth that can be understood
through an o6éobjective dé&tbaé&himaemt2d0 0&1) e ach arnes
reali smbéb, characterisieistnotoatdépesitavibsbassts
of beliefs is focused not on knowledge as an absolute external reality, but on its construction

by the knower, individually and as a member of a social community.

There has been a progressive shift towardsore constructivist epistemology of education in
recent yearsFurthermore, Wertsch (1991), continuing Vygotsky's cultbrstoricalideas
(Vygotsky, 1978), has discussed the need for soaftural perspectives on learning in
addition to traditional pshology, on the grounds that the latter tended to study the
individual A in vacuoo. Morever, Wertsch (1¢
extended by Bakhtin's dialogism (1981). Bakhtin even considersewaty text, not just
conversationsare dialogs in whichmultiple voices interact. This idea is very important
because it can provide a theoretical foundation for social knowledge constriitibauil

Bakhtin (1981, 1986) considers that dialogism is not limited to conversation buathes ia
general phenomenon that occurs even in written "utterances". Always there are several voices
that interact, for example, the writer, the potential reader, the echoes of the voices present in
each word. Moreover, from this multivocality perspectiexts become meaning generation
mechanisms, facilitating understanding and creative thought, as Lotman stated (Wertsch,
1991; Dysthe, 1996). A consequence is that in education, "the interaction ahdvalitten
discourse increased dialogicality and tiwdicesness and therfore provided more chances for
students to learn than did talking or writing alone" (Dysthe, 1996). The dialogic and
multivoicesness features of any utterance, even written, may be unifying factors for the
integration of the modules ithe languageentered LTfLL project. Therefore, an integrated
framework is provided for analysing all the textual learning activities as searching
documents, reading, writing summaries or forum posts and chatting

For LTfLL, the two dominant theoreil perspectives are cognitive and sociakojnitive
orientation focuses on perception, memory and meaning; it assumes the memory is an active
processor of information, and knowledge, as a commodity plays an important role in learning.

LTfLL -2008 -212578 11
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Lompeeee Ve

A social orientatbn assumes that learning is a social activity, which occurs in interaction

with others. It takes account of both the learner and the environment, where learners are not
just products of their experiences, but4aaive producers of the environment in whitiey

operate. Soctaultural learning theory, of particular relevance to the workplace learning
environment of this project, originated in the work of the Russian scholar Vygotsky and had

its roots firmly in Marxist notions of collaboration (Wertsch, 1R9Its emphasis is on

learning as an essentially collaborative activity, where not just the processes but also the
products of |l earning reside in Odactivity s
Wenger, 1991). Socioultural theorists are concethe wi t h | earner s6 soci
communal activity and the identities, language, and cultural artefacts of the social groups in
which they learn.

2.3 Knowledge creation theories

Knowledge creation theories focus on how individuals and groupsagekebwledge that is

new to them. They stress that knowledge is not transmitted untouched and unchanged from
one T knowledgeablei person to another person who is unknowily.contrast, they
emphasize that knowledge is constructed in a dialectical aiml poacess, and that not only
explicitly stated knowledge and information is a source or result of this process but that there
is also a much bigger reservoir of tacit knowledggrel).

Beyond textbook learning:
learning-about ====> learning-to-be
Learning about W &) e

— ~

L&rningtobc/./ \q\\‘

dimensions of knowledge
(Michael Polanyi)

Figure 1: Explicit and implicit knowledge (Brown & Adler 2008)

Contemporary trends in educational and organizational contexts share this view of how
knowledge is created. As described in the integrated report, in the area of collaborative
learning, Stahl (@06), following a social epistemological perspective (Brown & Duguid,
1991; Lave & Wenger, 1991) models the learning process as a mutual construction of
individual and social knowledge building.

LTfLL -2008 -212578 12
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Figure 2 shows Stahl's cycles of knowledge building. diagram depicts the interaction
between the cycles of personal and collaborative knowing building. The lower left corner
shows the cycle of personal understanding, which can start with a tacihgeestanding
influenced by personal knowing. The right paf the diagram depicts how the social process

of i nteraction wi t h peopl e and wi t h our
understanding. Although in the diagram personal understanding and social knowledge
building are separated, it is only a mattd representation, they can only be separated
artificially. Our motivation for introducing the Stahl cycle is that it fits both WP4.1 and
WP4.2 approaches. Moreover, as it was described in the integrated report, WP5 and WP6
also fit this model.

Yy

cognitive cultural — collaborative
artifacts : , artifacts . knowing
mternalize externalize
use in negotiate
learn activity perspectives
shared
ot .<0 understanding
personal . A %
knowing mediate & huilding = :
e » . clarify
» collaborativey ; ”
2 meanings
suma, % knowing  [SHuationo - .
\g 'S * activity .
. * ¢ : discourse &
miregrarey @ T Py ‘. amn * . .
into : building 2 mteraction
2 s personal =
back- g 5 = p
nowing , interpret
groundg e A o iscuss
'T1 0 alternative
tacit  pre- focus of public other people's
understanding attention = utterance utterances
NnaKe
problematic explicit

Figure 2: Cycles of knowledge building (Stahl 2006)

Cycle of personal understanding As indicated inFigure 2, learning may begin with tacit
pre-understanding, which may change if we clarify the impioces of that understanding and
resolve conflicts in our perceptions or fill gaps by reinterpreting the basis for our
knowledged in order to arrive at a new understandifignis typically involves some
feedback: from our experience with artefacts sucbuagools and symbolic representations.

It is noteworthy that this parallels the cor
Kel |l yods Personal Construct Theory (Kel Il vy,
constantly testing and retestings lexperiences of the environment in order to construct a
view of himself as an individual. This is discussed further in relation to the development of
learner identity in medicine. This new comprehension is embedded to become our new tacit
understandingrad to provide the starting point for and further learning. If we cannot resolve
the problematic character of our personal understanding alone, then we might need to enter
into an explicitly social process and create new meanings collaboratively. To e so,
typically articulate our initial belief in words and express ourselves in public statements,
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entering into the cycle of social knowledge building. Conversely, our problems may arise
thorough social interaction and need to be solved by the individual.

Cycle of social knowledge building.(Building collaborative knowing) In this cycle the
interchange of arguments from different perspectives, may converge on a shared
understanding if differences in interpretation and terminology are clarified through
negptiation, thereby culminating in an accepted knowledge. This process can therefore be
viewed as a continuum between personal understanding and generally accepted knowledge.

The knowledge poor subtask of WP4.1, with its focus on surface languageresergpd

mostly by the right hand side of the cycle since language is the mean of social
communication. It is understood here that experts in a given field develop a speech genre
(Bakhtin, 1986), which includes terminology and phrasal usage. Thus, arsedeggee of
expertise can be indirectly measured by textual distance to expert usage. Moreover, feedback
concerning phrases and usage can facilitate communication, and ease the learner's integration
into the community of practice, leading in turn to irased social learning.

WP4.2 is represented in both cycles. In the left hand side of the cycle, it provides a cognitive
artifact (i .e.., i ndi vidual vi sualization of
understand and resolve conflicts dlirfg in gaps of their knowledge. If this is not possible,

learners enter into the cycle of social knowledge building. In this cycle, WP4.2 provides a
6cul tural artifactdé (i.e. an amal gamated vVvi s
seen lhe joint understanding of that group (at that moment in time) that can help to foster
shared understandinghis is of particular importance to WP 4.2 as a egiee point for an

individual learnercan be the concepts and the relations between those totitapa group

of people (e.g. peers, participants;workers, etc.) used most often.

It is important to note that from a cognitive viewpoint, the Stahl's diagram does not represent
the skills and sulprocesses required for learner development in dbigext, for example
personal skills, like summarizing discussion, understanding, texts, critical thinking and
logical structuring of arguments; social interaction skills such astalking, repair of
misunderstandings, rhetorical persuasion and inteeaarguing. Of particular significance,

this also includes activities for providing feedback in both cycles, to support personal
understanding and social knowledge building.

The interplay between the individual and group learning has also been eédxyjiNonaka,
Toyama, and Konno (2000) who identify four connected and interacting processes of
knowl edge conversi-pracessit oget her the ASECI O

1 Socialization - the permeation of tacit knowledge through and between groups through
shared experiences

1 Externalization T the articulation of implicit knowledge through distinguishing
phenomena and episodes. Conceptualization and mental modelling are the basis for two
processes: combination and internalization (see below)

1 Combination i where explicit knowddge is critically analysed and combined with other
explicit knowledge or restructured into more complex new knowledge

1 Internalization : the process in which new explicit knowledge is embodied, connected to
new contexts and made useful and productive; ithglicit knowledge that is then
accumulated can start a new SE§tle Figure3d)
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Lompeees Ve

This can take place at different levels of sophistication, depending on how people create and
employ a context for implicit and explicit commauation, the quality of the input in the
process, etc.

p Tacit Tacit

Socialization Externalization
Empathizing Articulating

Tacit

Internalization Combination
Embodying Connecting

L wydxy  wondx3 CJ

r Tacit

Explicit Explicit
Figure 3: SECI spiral and subprocesses (Nonaka, Toyama & Konno 2000)

Many educational practices start by providing students with explicit knowledge, and only
after ths has reached what is considered a critical mass, are they allowed to acquire implicit,
experiential, applied knowledg&rtmer and Newby (1993) and Jonassen et al. (1993b),
however, do not advocate to a single theory of learning, but emphasize thadtthetional
strategy and the content addressed depend on the level of the I€Enegrslaim, therefore,

that behavioural strategies can facilitate mastery of the content of a profession (knowing
what); cognitive strategies are useful for proceduralwkedge (knowing how); and
constructivist strategies are appropriated to dealing widtefihed problems as summarized

in Figure4

IgNOTance s—  EXpertise
Learning Phases

Introductory —>  Advanced —> Expert

Learners have very Learners have some Learners have
little directly priorinowienge and extensive experience
transferable prior need more advanced that can be transferred
knowledge about a skill knowledge to solve from pre\nous phases
content area complex and domain of learning and require
specific problems little guidance

Traditional IS Models =———) Constructivist Models
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Figure 4: The Continuum of Knowledge Acquisition Model (Jonassen et 311993b)

Ertmer and Newby (1993) believe that instruc
task knowledge and the level of cognitive processing required by the task. From our point of
view, this implies as well that while monitoring and pdig formative feedbackSection

6), the level of expertise of the learner should be considered.

2.4 Theories which model the gaining of expertise and their relevance to professional
development

Theories which explain angredict how learners develagxpertise in a specific domain
involve growth paths, an understinding of the essence of expertise, strategies used by learners
and teachers/tutors ("instruction strategies) and physical and/or cognitive changes that occur
during this development. One appch is described by Ericsson (1996, 2004) in the theory of
Deliberate Practice (DP), in which the key concept is that practice in a particular field must
be informed by a good analysis of the present state of mastery, which targeted at the
improvement ofspecific points, with the help of wethosen teachers, models, and other
support persons. Ericsson also showed that different stages of development require different
teaching strategies and that the best predictor of the final level of expertise reashiée: w
accumulated time spent in deliberate practice. The key criterion for defining expertise is
superior performance. This is theoretical approach is extended to professional domains
(Ericsson, 2004). Others(Mieg 2009, Sternberg and Frensch, 1992), drpwwlude the
function of experts within their community of practice in their definition, termed the
"attributional definition". In contrast, the Model of Domain Learning, MDL (Alexander,
2003), describes development of expertise in three increasirdygreed levels (stages):
Acclimation, Competency, and Proficiency. Within these stages, three interrelated
dimensions are proposed that change with level of expertise: (i) dokmawledge that
undergoes both quantitative and qualitative changes, (iitepstrategies that are related to
depth of knowledge of a domain, and (iii) interest that varies along axes of generality, and
contextdependence.

Models for acquiring professional expertise are positioned in between the MDL and DP
theories but a& also significantly different from them in some key aspects (Boshuizen and
Schmidt 2008) . They focus on the | earnerso
learning environments, both in an academic and workplace situation. They consider
requirementsfor acquiring competences, integrating knowledge, skill and developing
professional attitudes. This is further discussed in relation to Medicine. DP may not be
completely applicable in these situations, even if good or excellent performance can be
discriminated from those which are mediocre, it can be difficult to reach a consistent elite
level, due to the breadth of the domain (different but interrelated specialities in medicine), or
continuous changes in the environment or in the subject of the profésgganinvestment,
meteorology). In studies of professional expertise developntaetdefinition of expertise

levels is less strict, and experience and reputation are used as proxies. Although the models
are tightly linked to the professions, they abéeao make general predictions and, like MDL

and DP, focus on knowledge structure and instruction stratdgiesfurther emphasises the

inter relationship between theasis of expertise developmemtd the understanding of
knowledge building and acquiigin, discussed previously
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Expertise theories, more or less adhere to the definition that experts do a better job than non
experts (or that professionals do a better job tharpnofessionals)Some of them also state

that experts are able to moveithfeeld further, by being well acquainted with key issues and
being actively engaged in problem solving (Alexander 2003) Although Ericsson (1999) also
states that high expertise and innovation are intricately related, prolonged time practising in a
profesion may not equip the professional to cope with a changing environment, and the
individual may be prone to poor practice and silsolescence (Weggeman, 2000; Thijssen

& Van der Heijden, 2003), Expertise shouldherefore also include flexibility and
enployability (Van der Heijden, 2000) and exhibit routine and adaptive expertise (Hatano &
Inagaki, 1986) and emphasizes the need for training for transfer at every level of learning
(Nokes & Ohlssen, 2003; Salomon & Perkins, 1989). This is an essentiabentpof
lifelong learning and isnimportant basis for WP 4.1.

2.5 Knowledge restructuring

In MDL (Alexander, 2003) the process of gaining proficiency involves an extension of
knowledge and connecting between concepts. This process of knowledgetuesiy has

been intensively investigated in medical education and is especially important to re
evaluating how basic sciences knowledge is introduced and used. Thus, knowledge
encapsulation, namely forming macro concepts (encapsulations) that subsumeelitad
concepts under clinically relevant headings (e.g. in terms of diagnosis, patient management or
treatment), plays a prominent role (Schmidt et al., 1990). Biomedical knowledge provides
structure to isolated clinical case concepts (Woods, 2007; Webds, 2005). Woods et al.
(2007) demonstrated that learning causal explanations for features of clinical conditions
resulted in ability to make a quicker and more accurate diagnosis in complex situations.
lliness script formation (Schmidt et al., 1998)another knowledge restructuring process
reviewed in detail byCharlin et al, 2007.This process takes place under the influence of
practical application of knowledge and is summarizedable 1. Even in early stages of
learring, application of knowledge is linked to the conditions in which this knowledge is
acquired. This no@analytic aspect of knowledge application is rapid and not under conscious
control. Depending on the context of learning and later application the seffact be
advantageous or disadvantages (see Norman et al., 2006, {1 B4#br an overview).
Enablinglearnes to understand how they are restructurithgir knowledge, in a manner that

is appropriate both to their level of expertise and to the scaméxtof their learning, is an
essential feature of the services tairk packagel aims to provide

Table 1: Knowledge restructuring, clinical reasoning and levels of expertise (Boshuizen & Schmidt, 2008;
reprinted with permi ssion from Elsevier)

Expertise Knowledge Knowledge Clinical Control Demand | Clinical
level acquisition reasoning | required | on reasoning
representation | and in clinical | cognitive | in action
(re)structuring reasoning | capacity
Novice Networks Knowledge Long chains | Active High Difficulty to
accretion and of detailed monitoring combine
validation reasoning of each data
steps reasoning collection
through pre | step and
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Expertise Knowledge Knowledge Clinical Control Demand | Clinical
level acquisition reasoning | required | on reasoning
representation | and in clinical | cognitive | in action
(re)structuring reasoning | capacity
encapsulated evaluation
networks and clinical
reasoning
Intermediate | Networks Encasulation Reasoning | Active Medium é
through monitoring
encapsulateq of each
network reasoning
step
Expert lliness scripts lliness script lliness script| Monitoring | Low Adjust data
formation activation of the level collection to
and of script time
instantiation | instantiation available
and to
verification/
falsification
level of
hypotheses

2.6 Professional learning
In the context of professional learning and development, Schon (1987) approached
application of knowledge to professional probgand situations from the perspective of the
practices in which learners were trained and in which they work. A key elenrefiection

in-action,

wh i

c h

resul
involves recognizingme x pect ed

ts

from moni
phenomena,

tor i

ng

oneds
and-infalc ¢ i

i.e. the active use of knowledge and understanding. Refleickdaction can provoke
guestioning of iraction knowledge and may lead to a revised understanding and experiments

with problemsd v i ng

strategi es,

et c.

A-kctiom aspegtifor Sc h °© n

granted, practices and professions have different time structures, which may constrain the
possibilities for reflectionn-action (Eraut, 1994), for example flying an aircraftoperating

on a patient. Eraut suggests hgpeed practices require instant recognition and response, and
routinised, unreflective action at the time but would require subsequent reflection post action,
for example in the medical audit process. Low gpgmctices allow deliberative analysis and
decisions, with actions following a period of deliberation. The mode of cognition in
intermediate situations would consist of rapid interpretation and decisions, and action
monitored by reflection. Working in lowpeed workplaces can go hand in hand with
learning. Medium and highpeed work requires both preparation of learners, to help them
become aware of what can be expected, and refleattenthe-fact. The ability of a learner

to understand his/her learnipgocess and to respond to feedback provided by peers, tutors or
expertsis therefore essential to reflective practice
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18

oaDse



f_ D4.1 Positioning Design

2.7 Learning processes

The learning processes taking place in education either in formal eiomoal learning

contexts, both undergduate and post graduate, are the same as those described for expertise
development: knowledge accretion, restructuring and script development. Which of them
presents most difficulty to students depends on the domain involved. Knowledge of these
difficulties is part of Pedagogical Domain Knowledge , PDK (Shulman, 1986). Those in
mathematics are different from those encountered in medicine or law. Conceptual change and
the resistance to it is a problem shared by many domains (Voshiadou & Ortony, 1989).
Approaches have been formulated which may help learners reach a change in their
understanding of key concepts (Chinn & Brewer 1993), for example integrating several
different perspectives of a specific problem (Spiro et al., 1992) or the development ot specifi
problemsolving scripts (van Merriénboer et al., 2002). The teacher/tutor may be regarded as
encapsul ating PDK. They develop their appr «
interaction with them within their domain of study and use this knowlddgadapt
instruction. A good teacher adapts instruct:.i
Devel opment (Vygot sky, 1978) and can be <co
Hat t i es 0 -andlySifobthe effeetiveaess of teaching sgyas showed that the most

powerful strategies are:

1 Provide feed forward and feedback information that tells students how they are doing,
where they are going, how they are going and whereto next; help and stimulate learning
from feedback.

Provide real ballenges and communicate learning intentions and success criteria.

Provide opportunities for modelling, both life (by expert and coping peers) and in the
form of worked examples.

= =
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3. Educational domains included in WP4

3.1 Medicine as a model

Modern medicine requires clinicians to be independent life long learners, with a clear view of

the limits of their expertise and competenci€se continuing advancement of research in
medical and human sciences necessitates constant adaptation and évsarctice in the

wor kpl ace to ensure patientsdo care and trea
sustain lifelong learning by doctors is best achieved by aiselvareness of how the
individual learns. Instilling the characteristics andhaviours of independent lifelong
learning in doctors is therefore major goal of modern medical education. Learning in the
clinical workplace is typified by interactions and exchanges with fellow learners, senior
clinicians, other healthcare profession@tsirses, pharmacists etc.) and, most importantly
patients. They exemplify models of Communities of Practice (Lave and Wenger, 991).
undergraduate medical education, approaches to learning are used which aim to accustom
students to this environment, fexample Problem Basd Lear ni ng ( B0 Nei | |
Bleakley and Bligh (2008) describe modern medical education as patient focussed,
identifying the learning of a young trainee doctor as a clear example of situated learning,

focussing on information gaied fr om patients by the | earne
these interactions represent learning experiences, on which the learner reflects and from
which they construct their own knowl edge, S i

we have disgssed previously. The introduction of the learner at a junior level into this
environment also raised issues of their personal and professional development, even at an
undergraduate levelTheir perceptions of self identity as a learner, which we discussed
previously i n r e hahctonstuct theooy (Kely, BBy aes sigrpfieants o
influences on the importance that students attach to lifelong learning and reflective learning
(Lown et al 2009).

3.2 Pedagogic domain: Reflective and critical lerning in medicinei role of portfolio

The ability to think critically is key to enabling an individual to understand limitations of
knowledge, competencies, skills, attitudes and behaviour throughout medicine but especially
for medical students and newtpalified doctors. We have already discussed the basis for

t his i n Schono sinactioreand thie remgdiremerd fol pest action meflection.

An example is shown iRigureb.
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Mewdy gualified doctor Doctor's uncerstanding Reflection

SEES 3 OO 8 Caae of tregvent for this Doctor raflects on reesors for this

nesopEgeE Cancer dissese is dhallenged He'sne regliss et hef'sheneeds to seea
wider vanety of these cees, to
understand | de the affects of tregrrent
on the patient and how they cope

™~

Doctor consalidates
undersytancing and tests it next l
e hefshe sees g gmilar patient

Action Plan
Doctor aanges to obsarve an ot
gmgmiﬁgw patient= dinic and to sy ater award
L ekl round to &k to the paients. Ha'she tskes

. careful nobes of trestrrent, aside effeds,
serior corsUltant changes to pali ent’s life style and further
rmed cadon o cope with 5 oe dffeds

Figure 5: Example of reflection post action in Medicine

The awareness of such limitation is an essential prerequisite for obtaining feedback from
tutors, seniors with expertise and acting upon it to formulate a learning plan for future
development and is an imgant basis for WP4.

The evidence for that reflective learning has been implemented is now routinely maintained

i n | earner 6s portfolios. These are widely
teaching, psychotherapy and counselling, law, engmgare all examples of careers which
require mandatory (e)portfolios. The content of such portfolios are defined by the appropriate
regulatory bodies for each profession and are required for scrutiny and evidence during
regular professional appraisalts tole has therefore developed from its earlier function as an
indicator of an individual s | earning and a
contains clearly demonstrates the knowledge and competences required to progress within
professionsThe currentview of portfolios (both electronic and otherwise) has changed since

the DoW was written, and can no longer be regarded as a collection of essay type texts
generated bythe learner, but are more flexible and varialmecontent to accomodatthe
requirments of modern professional learniing and developnigEmis, the Centre for
Recording Achievement hftp://www.recordingachievement.oyg/states that eportfolios

should include criteria/stalards/outcomes for learners.q. assessment); enable learners
tocreate and store plans which can be shared with othdm/mentor/coach, possibly
peers), which can be raccessedand provide @aneans of recording experiences and
achievements as thewppen, which can be selected if they are relevant for a review by a
senior.Learning plans and their -a@ssessment are relevant to the reflecti@arning cycle
discussed above.

In the UK, all university students are expected to maintain a recotigenfpersonal and
professional development, but also for medical students, the GMC stipulates that personal
and professional development ePortfolios are an essential component of the undergraduate
curriculum. They contain

1 Evidence of engagement intagties that promote professional development (i.e. that is
signed by the appropriate authorities, is dated and is verifiable)
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1 Evidence that the student is acquiring key clinical skills and the level of competency
reached in those skills

1 Ciritical seff mal ysi s of the studentodés own strengt
building on the former and addressing the latter

1 Evidence that the student is responding to the feedback given to him/her by those
assessing development in skills and clinical practic

1 Demonstration of how the individual student is developing their own learning strategies
and clear indications that they can formulate their own learning plans, especially at key
stages in the curriculum

1 Evidence that they are developing an understandindisease processes, which they
apply to their clinical learning situations

1 Clear indications that students understand and develop competencies in key features of
modern medical practice e.g, team working, communications, governance of medical
practiceand evidence based medicine

1 Ciritical thinking and reflective learning, which underpins many of the above features of
the ePortfolio.

Il n summary, the fAideal o ePortfolio for the 1
supports t hnepersonauathc professonal aevelopmdintiemonstrates his/her
development as a learner, both in terms of understanding and acquisition of skills and
competencies, based on ever improving critical and reflective thinking and learning, thereby
preparing e student for their life as a medical practitioner. In workpackage 4, the proposed
automatic analysis (i.e. knowledge poor and knowledge rich based approaches), technology
has the capability to inform and guade stu
ePortfolio. The provisionof feedback, supported by the services develop&iRd.2, and the
learner'sesponseto this, would form important components of such portfol@©snversely,

some ofthe text material included in eRfolios, for example pdcipation on reflective

online discussiongan be used as material for analysis with LE&ee Section.2.2below).

3.3 The role of ePortfolios in Computer Science education

One objective of the project is to apply the techniques and services, wdiehl develop, to

more than one domain and language. We decided to choose computer science as the second
domain for the following reasons: a) as one outcome of the LT4EL project
(www.let.uu.nl/It4el/), we have access to a large number or learning ®fject the domain

of computer science and in various languages; in addition we have access to lexica which
have been derived from these learning objects and to an ontology connecting all the terms
through languagéndependent concepts; b) some of the madrmave experience in teaching
computer science.

The situation with ePortfolios for this domain is far from ideal. In contrast to e.g. medicine,
the use of ePortfolios is not an established practice in science and engineering (cf.
Bhattacharyaet al, 2006). Within the consortium there are no partners actively using
ePortfolios in Computer Science as part of their teaching. We will therefore generate
eportfolio materials. In any case we are convinced that the practice of using ePortfolios will
become mar widespread, and therefore we see an increasing number of users of our service,
which uses ePortfolios in order to position learners and monitoring their conceptual
development.
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4. Texts available for analysis

4.1 Introduction

Learner text thahave been made available by the University of Manchefstetesting the
tools and services that are being developite learner population is the undergraduate
students of the University of Manchester Medical Scheot.WP4.1text material generated

in the curriculum by online discussion will be used, whereas for W4.2, conceptual
developmentavariety of text material will be used includifearningdiaries (blogs) created

by individual learners specifically relating to problem based learning aase<linical
problems encounted in the work place environment and transcripts of "think aloud"
protocol, describedh section 6.51.1

4.2 Text material generated in Manchester University medical curriculum

4.2.1 Theoretical Basis of Online Discasions

For undergraduate students in the University of Manchester Medical School, development

of independentearning strategies and self directed study are necessary for progress in the
curriculum, in which problembased learning is an essential compondiis is also

reflected by the use of online learning, whishbecoming more important in undergraduate

medical education. It involves the learner as an individual but also can re recreate some
aspects of Communities of Practice by using structuredipgtiscussions, to promote
reflective learning and critical thinking. The contribution of individual group members to

these discussions are therefore evidence of their interactions with others group members and

of their own cognitive development (Braidmainal., 2008) The asynchronous nature of these
discussions, allows time for reflection on workplace experiences, so that participsptsid

reflectively and critically in the context of their own experiences (Newman et al., 1997).
Learner and group delopment in these situations is explained by a Community of Inquiry

mo d e | (Garrison et al ., 2000) , based on We
reminiscent of Stahl déds model , di scussed pre
groups as rdédctive learners through interplay between cognitive development, social
interaction and influence of tutor/facilitator

4.2.2 Online Discussions in the University of Manchester Medical School

Asynchronous online discussions were introduced into sréarand 4 of the medical
curriculum, when students are in a clinical workplace learning environment, with the purpose
of enabling them to discusssues concerned with personal and professional development.
Large student numbers and their geographic dsspherequired the introduction of
electronically based discussion fora.. Students work in peer facilitated groups to discuss
specific contemporary issues throughout the curriculum, with a nominated student taking on a
facilitator role. There are 63 discums groups in each of years 3 and 4, consisting of 8
students, including the student facilitator. All groups discuss the same topic, which chages
each semesteiEach text flow usually consists of at least 80 postings. Although some of
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these are of jusone or two lines, mostly they consist of at least 10 lines of text. All
discussion groups participate i.e. the entire student population of Year 3 (452 students)
participated and each discussion topic stimulates over 2,000 postings. Participatioe in thes
discussions is an essential componenthaf students' eportfolio

These discussion fora provide ideal datasets for LSA, both for comparative analysis and for
corpus based analysis. For learner positioning, this provides some interesting possibilitie
across the groups, to suggest concepts that other student groups may explore, for example. It
may also be possible to determine the progress of individuals within a particular group. An
example is provided by discussions on the safe prescribing of meslicThis topic was
initiated by suggestions to the students of the type of knowddmged material on which to

base their discussions, including some detailed compendia of drugs and treatment e.g. the
British National Formulary. This may provide a sowwpus on which student discussions

can be analysed and feedback provided to ensure good coverage of the subject area.

4.2.3 Data sets for LSA based positioning

The specific textdound most suitableas data sets for LSA were the online discussions
related to thesafeprescribing of medicinesTheseare basedon a series of clearly defined
learning objectives, which formed the basisiafmain topic areas, which could be used for
text analysis:

The role of medical students in patient safety

The rde of the ward pharmacist in preventing serious medication errors

The critical points in medicines management where serious errors can occur

The swiss cheese model of accident causation

The minimum core knowledge, skills and attitudes required to jressafely

The legal consequences of negligent or reckless prescribing / administration of drugs.

=4 =4 =4 -4 -8 -9

Individual students' contributions have been selectively sampled based on a set of criteria that
will provide a good quantity of content. Each contributisnpresented in a format that
includes the student identifier, the topic area that is covered and a grade (i.e. Excellent, Good,
Fair, Poor) indicating the effectiveness with which the student has covered the domain topic.

424Data gener &t ead oluyd of tamian ysi s of PBL cases

As discussedbefore, there is a major need to provide structured formative feedback to the
students as individualsof their conceptual development, resulting from their learning in
their PBL sessions. An appropriate mean§ achi eving this is to
analysis of a recent PBL case and its relevance to the clinical condition concerned. The
transcribed text output is suitable for language analysis that will allow a grading on which
feedback to the studentin be basedlhis is refered to as a "think aloud" protocolThe
feedback will focus on their understanding of the subject area and their ability to relate it to
the clinical problem originally posedhis method of text generation is especially appaber

to the medical domain as clinicians routinely provide verbal reports of clinical problems to
colleagues, which often include a range of healthcare professionals.
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5. Positioning the learner (Task 4.1)

5.1 Introduction

As life long learnershave neither common learning goals nor common educational
backgrounds, as it is the case in traditional learning settings, life long learning educational
providers need to rely on available written materials produced by individual learners to
identify thaer degree of expertise within areas of knowledge that are relevant to study
programs that are offered. Lifelong learners seeking to further develop their competences will
consider the different educational programs that best fit their needs. Accredibation
Recognition of Prior Learning (APL/RPL) provides a procedural solution for identifying the
prior knowledge of learners in formand informal education (Mefreld et al., 2000). This
procedure is time esuming and maybe aacurate therefore a (sesgiutomatic procedure

that addresses either or both of these two problems is worth considering. In this case,
evidence of prior knowledge is provided by the learner in the form of texts, which need to be
compared to public or domain knowledge. In this sectvom describe knowledgeoor and
knowledgerich approaches to analysing learner texts. The WP4 description of work
describes LSA and related methods (e.g. probabilistic LSA) that use text as the only source of
knowledge as knowledge poor methods. Additilgna describes the use of ontologies and
lexical knowledge resources for the analysis of texts as knowledge rich methods. Knowledge
poor based approaches can be considered as a base line for the knowledge rich approaches.

5.2 Knowledge poor basegbositioning

In this section, we introduce our knowledge poor approach to positioning. The approach that
we will present is based on comparing words and phrases extracted from a learner's text(s)
with terms and phrases extracted from model, expert texexlap of these usage patterns

will then be interpreted to mean that the learner has mastered parts of the expert domain. We
will argue that this seemingly indirect approach is, in fact, reasonable. The more direct
approach would be to analyze the leamégxts to determine what the learner knows and
does not know.But this direct approach presupposes a degree of natural language
understanding which is not available with current language technologies, and probably never
will be available Therefore, an idirect approach to assessing acquired knowledge is the only
path available. We will argue that, since knowledge is, to a large extent, acquired socially,
becoming an expert in a domain involves socializing with members of a community of
practice, which inturn involves adoption of the speech genre of this CoP. Thus if a learner
uses terms and phrases typical of this CoP, it is evidence that the learner may have socialized
with the CoP, and has thus, most probably, also acquired some of the expertiséadt.the

This line of reasoning is quite indirect, and clearly requires validation. We believe, however,
that this is the only reasonable way to make sense of a knowledge poordmmsedch to
positioning.

An added benefit of the approach is thanhitolves identification of words and phrases that

are typical and atypical of a CoP. These phrases can be used to provide qualitative feedback
to the user of the knowledge poor positioning service. If a learner uses phrases which are
atypical of the CoP,he user can be informed of this inappropriate usage and more
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appropriate, synonymous phrases can be suggedétéide user then adopts these more
appropriate phrases into his or her linguistic usage, this will lead to facilitated communication
with memberof the CoP, which will, in turn, lead to increased social learning.

5.2.1 Integration of the positioning scenario within the LTfLL service platform

Although currentscenarions for the positioning service implementatéoa relevant only to

the Information Technology domairthe basic principles of our services to be validabgd
WUW and Bitmedia remains the same. Thus, this document focusses on the Medical domain.
Services providing support in determining the learner's dedregpertise or pason by
means of LSA in the IT domain will be are being implemented by WUW. The
implementation of those scenarios is being guided by the philosophy of the relevant 4.1
scenarios written by Bitmedia and UTU. Bitmedia is a stake holder in the validattbe of
mentioned service and is currently working with UTU and WUW in developing the data sets
requiered for that end (annotation of texts and training matanaise IT domain)A second
service for positioning the learner will be implemented in a latagesusing the knowlgg

rich approach.

5.2.2 Desiderata for (semi)automatic positioning

We are interested in applying the techniques of text oategion for the purpose of
positioning life long learners. Quite simply, we can rate learner teikéty ko be short and
generated in informal educational settings, by using a veptmre comparison to geld
standard, expert texts. Then if the similarity is high enough, the learner will proficiency out of
the course. This approach is straightforward, ibuit's naive version, it is unlikely to be
successful. The problems concern accuracy, suitability and justification of the categorization.
Accuracy is clearly important. False positives can result in learner frustration in courses
beyond his or her leveand similarly false negatives can result in learner boredom.
Suitability refers to model texts against which the learner texts are compared. If these are not
suitable (or prototypical) models of expert language usage in the domain, then the positioning
will not be valid. Thirdly, justification refers to the reasoning given by the service for the
positioning decision. It is well known that decisions of expert systems are more accepted
when the system gives reasons for its decisidlighree of these igges must be addressed

by our system.

5.23 LSA based positioning

5.2.3.1 General introduction

In recent years, Latent Semantic Analysis (LSA; Landauer and Dumais, 1997) has been
proposed as a suitable language technology for the automatic pagitafnlearners (Van
Bruggen et al. 2004). Although, LSA has been successfully used in the context of language
technologies enhanced learning (e.g. automatic assessment of student essays), learner
positioning presents new challenges that expose the liomtatf such an approach. In
particular, learners produce text repositories containing few samples of text, many of them of
small size and using language that is rich in non domsétific expressions e.g. email
messages, chat conversations, forum onliseugsions, blog postings, etc. In addition, those
texts are generated in contexts where learners feel encouraged to hide their poor usage of
language by articulating redundant expressions and making extensive use keywords. In
addition, LSA is also limitedn that is not capable of recognizing directionality in causal
relationships. Burek et al. (2007) presents a solution to this problem by means of a triple
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based LSA that calculates a set of similarity measures between the semantically related
constituentof the sentence structure (i.e. subject, verb and object).

5.23.2 Accuracy

The categorization obviously must be accurate. A false positive, indicating learner
proficiency in a particular domain, could be dangerous as it could lead to work place
incompetence. A false negative, on the other hand, could lead to boredom, as the learner is
forced to take courses on topics that he or she has already mastered. The problem of accuracy
is compounded by the fact that texts (selected from text collections areshivrt. To deal

with this problem, our approach attempts to lose as little information from the text as
possible. Traditional approaches to categorization lose information by case normalization,
stemming and ignoring word order. The idea of the traditi@pproach is to deal with the

data sparseness problem by collapsing textual features into equivalence classes, losing
information in the process.

In our approach, we attempt to balance the problem of data sparseness with the goal of not
losing informaion. This balance is obtained in two ways. First, we use LSA as a technique
for dimensionality reduction. It is well known that LSA can be used to discover weighted
clusters of words, which are loosely understood to be "concepts”. Since these clasters ca
contain derivationally related terms, the need for stemming (and also case normalization) is
reduced. Second, our more innovative contribution is to flexibly tggams of different size
(phrases) and the above mentioned relational triples as oppos#ittly unigrams in the
traditional bagof-words model.Our approach to extracting suchgrams is to usean
extension of the suffix array approach of (Yamamoto and Church, 2001).

5.2.3.3 Suitability

Suppose that learner texts could be accuratebsified as similar or not similar to the gold
standard text (or set of text3)hen the question arises as to whether or not the gold standard
text is a suitable prototype for a good learner text. One approach to choosing a gold standard
text would be to se a published journal article in the field. But such a text is unlikely to be
similar to learner texts either in tone or in content. It is well known that effective teachers use
scaffolding to present material within the zone of proximal developmeng dédinner.

So perhaps a better gold standard would be a text written by an expert e.g. textbook, blog
entry, etc. or other learning material, written at the level of the student. This is certainly an
improvement, but on the other hand, it is still emtbhnreasonable to expect learners' texts to
closely match the tone of a textbook, unless of course the learners are copying from the text.
In fact, the texts that we have consist of online discussions of medical students on several
topics related to saferescribing. These texts have been categorized as to subtopic and graded
for quality (excellent, good, fair, poor) by annotators at the University of Manchester. The
texts contain serious conversations, with very littletoffic wandering. But the tone tife

texts is chatty, and not at all similar to textbook writing. So rather than to use an external gold

standar d, we have opted for an internal gol
simply one that was rateduas nivex adll | dretxac eb y
equally good as prototypes. Clearly, for any texthe remaining texts can be ranked in order

of similarity tot. Ifti s a good prototype, then this ranki
as most similarttandipoor 0 should be | east similar. S«

those texts that induce the best ranking. For purposes of comparing such rankings, we have
experimented with the nonparametric permutation test.
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5.2.3.4 Justification

As stated abovyet is well known that users are more inclined to trust an expert system when
the system can give some reasons for its judgement. Our system is designed to give both
guantitative and qualitative feedback. The quantitative information indicates simply a
distance measure of the learner text from the expert text. The qualitative information, on the
other hand, uses the phrases that are extracted using the suffix array algorithms. These
phrases are weighted according to the probability of occuring predorgimas:{pert or non

expert texts. When the learner uses-egpert terminology, this can be reported to the learner

as useful qualitative feedback. When the learner sees that the system is able to perceive
subtle, perhaps unconscious, patterns of languaggey this will help to increase the
learner's confidence in the quantitative judgement of the system.

The use of phrases, however, presupposes a fairly large body of training texts to overcome
the data sparseness problér phrase weighting approash) however, flexible in the sense

that if no distinctive pattern of use is detected for longer phrases, then the system will fall
back to shorter phrases or single words.

5.2.4 Our progress to date

5.24.1 Phrases

Traditionally, text categorizain by means of LSA has relied on a {mdgvords model.lt

seems, in some sense, obvious that a model based on phrases should be better. But it turns out
that this is not necessarily the case. Recently, Bekkerman and Allan (2004) reviewed the
literature ontext categorization and found no general improvement when unigram models
were replaced with bigram models. The problem is that using bigrams contributes heavily to
the data sparseness problem. Bekkerman and Allan have, however, compared two rather
extremepositions. Our idea is to extract phrases of any length from the the training corpus, as
long as the phrases are distinctive (occurring predominately in particular categories of
documents). It may well be that the most distinctive phrases are generaleplof length

one (concurring with the bagf-words model), but if there are phrases of other lengths that

are more distinctive, then there seems to be no reason not to use these phrases. To give an
idea of the approach, consider the word "side". Imtldical discussions in our corpus, this
word al most al ways occurs as part of the phr
in a unique context or as part of another phrase, such as "flip side". In this case, the distinctive
phrase is appantly "side effect”, and the other occurrences are just noise. These noise
phrases are not only unhelpful for text categorization, they are are also unhelpful for
generating explanations that would be useful for learners and examiners. The example above
raises some interesting counting issues. But first we need to specify more precisely what it
means for a phrase to be distinctive.

5.24.11 Distinctiveness

In general, phrases that are evenly distributed across document categories are not very
distinctive, whereas phrases that tend to cluster in one particular category are distinctive. This
general principle must be applied carefully, however, since with small numbers, clustering
may occur due to chanc&.common measure of distinctiveness used faghteng in vector

space models is-téif (term frequency multiplied by inverse document frequency) discussed

by Salton (1988). It is unclear, however, that this is the best measure for picking out which
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phrases to consider and which phrases to ignore rablematic, for example, that idf
simply prefers terms that cluster in a small number of documents, regardless of the

classifications. Given the ordinal classific
Afairo and Apooerd, WwWeraegamptejntearéestms t h;
and Apo&poatedxssinctive term should be one t
and Agoodo texts or predominately in dAfairo

bullet point, with occurrence vector [31,5,0,01]. The interpretation is that there are 31
occurrences in "excellent" documents, 5 occurrences in "good" documents and no occurrences
in either of the poorer texts, this term appears be gtynctive of better texts. But if we

count instead the number of different documents the bullet point occurs [4,1,0,0], we see a
very different picture. The bullet point does occur in higher rated texts, but it is very bursty
and is therefore not verysaful for categorization. There are various approaches in the
literature for dealing with burstiness. Since this is not our primary concern here, we deal with
the problem by counting the number of texts containing a term rather than the total number of
ocaurrences of the term. Thus, for the bullet point, we use the vector [4,1,0,0].

To rate a term such as the bullet point, we need some measure of goodness for the vector
[4,1,0,0]. There is clearly no objective measure that can be used here. As eeésdgable

scor e, we simply assign 1 point for every i
and 0.2 points for every #Afairo text. So, t|
to be a good score, but what is the probability thearelomly chosen term appearing in 5

texts would have a higher or equally high score? We can answer this question by using a
simulation. Random vectors are generated according to the known proportion of
Aexcehbeodd, Afair o anrdhighsare sudh as £8xthesidea iSth e n
count the proportion of randomly generated vectors have an equally high or higher score.
And for a low score, the opposite idea is to count the proportion of randomly generated
scores that are equal or lower.

5.2.4.1.2 Phrase extraction

In principle, the distinctness measure given above can be used with phrases of any length. If
longer phrases can be found that more distinct than single words, then there is no reason

not to use the longer phrase. The probienhat the simulatioivased distinctness test is very
expensive, and it is certainly not possible to run this test-gpams of every length in a text.

The solution to this problem comes from Yamamoto and Church (2001), who show suffix
arrays can be esl to put the large number ofgnams into a much smaller number of
equivalence classes. Using suffix arrays, it is very easy to pick out just the phrases that are
repeated times for somen, and it iI's very easy to extend
jumboo repeatedly occurs together as a phras
itself. Yamamoto and Church's suffix array program will put these two phrases into an
equivalence class, so that that statistics can be calculated for the clasbas eather than
individually for all the members of the class. Since the time of Yamamoto and Church's
paper, suffix arrays have been an active area of research, primarily in bioinformatics. One of

the weaknesses of the suffix array approach used by Yataand Church is that extensions

to the | eft are difficult to discover. So i
al ways combines to the |l eft to form the phr.
is that suffixes are extensions dirpses to the right, so it is hard to look to the left. This
problem was solved, however, by Abouelhoda et al. (2004), who added a BiWwbeeder

transform table to their extended suffix array data structure, giving this this data structure
properties ofsuffix trees. One weakness of Abouelhoda et al.'s approach, however, is that it
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does not adapt well to large alphabets. This is, of course, a serious weakness for use in text
processing, where one wants at least to work with some subset of Unicode, woesento

treat each tokenized word as an alphabet symbol. Fortunately, the restriction to small
alphabet size has recently been eliminated in the approach of Kim et al. (2008), who deal
with the large alphabet by using binary trees, which are lineaclydex using the child table

of Abouelhoda et al. along with a longest common prefix table (Icp).

Using extended suffix arrays makes it possible to count different kinds of occurrences of
phrases in different ways. To begin with, we are only intereéstezbunting phrases that
repeatl n t he text S = fito be or not t,@iskaddo, t he
to be a repeat since the same sequence of tokens occurs a{Z3[56F difference is that
Abouelhodaet al apply the terms to a pair of occurrences, whereas we apply the terms to a
single occurrence. An occurrence of a phrase SJi,j] is left maximal is left maximal if the
longer phrase Sfl,j] is not a repeatThus, for example, the phrase to at S[14]left
maximal since the phrase at S[0,1]is not a ref@aSimilarly, an occurrence of a phrase at

S[i,j] is right maximal if S[i,j+1] is not a repeat. If an occurrence of a phrase is both left and
right maximal, then the ocawnce is said to be maximal. Note that the occurrence of the
phrase or not at S[3,4] is maximal, though it is not a repeat. Sinceepeats are rarely of
interest, we generally assume that we are talking about repeats unless otherwise stated. A
phrase islso said to be maximal in a text if there exists a maximal occurrence of the phrase

in the text. For example, in the text Aminin
Aind i s maxi mal since there ar e.Buoidhg ionger | occ
phrase fAingo is also maxi mal since it occu

occurrence of fi-maxima bccuBdnce 6f,a n@xjmal iptsasea A magimal
repeated phrase that is not a subsequence of a longer magjreated phrase is said to be
supermaximal . Thus the phrase Aingo is super

Generally, we are only interested in counting occurrences of maximal phrases since a phrase
that never occurs maximally is unlikely to be of interest. Buatvikind of occurrences should

we count? Should we count all occurrences, or only the left maximal, right maximal or
maximal occurrences? The answer is that we don't need to decide ahead of time. We can
simply test each of these four cases for distinctreess,chose the most distinct case. Take,

for example the word nAsi deo, which i s a max
instances of this phrase? Or should we perhaps restrict the count to right maximal
occurrences so as to avoid counting thosgances that are extended to the right to create the

| onger phrase fAside effecto? Or maybe | eft
Aflip sidedo? Or perhaps we should restrict i
Since it is nogenerally possible to predict which is best, the reasonable approach is to try all
possibilities to see what works best.

One counterintuitive feature of our approach is that it also makes sense to-gpantsO A

left maximal occurrence of a@ram,for example, must have a hapax legomena to its left,
and a maximal occurrence of aglam must have hapax legomena on both sides. These
sequences of two hapax legomena may well be distinctive, since they often are an indication
of a named entity or a foign phrases. Counting all occurrences of the empty sequence is, of
course, equivalent to counting the text length, which may well also be a distinctive feature.
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5.24.2 Experimental setting for LSA based positioning

The experiments described in this smttdemonstrate the use of language technologies
involved in the implementation of the LSA based approach for positioning. The experiments
compare training set results obtained with the traditional bag of words LSA configuration
against the alternative cguration that uses maximal phrases as the unit of analysis. The
alternative LSA configuration starts with a vector space model that (instead of using words
counts) uses counts of distinctive phrases that occur at least once as a maximal phrase within
thetext collection under analysis.

52.4.21 Data

Our ongoing work in word coccurrence models for learner positioning extends the existent
LSA based approaches and is aimed at analysing and then scoring texts posted on an online
medical student discussi forum, where University of Manchester students discuss issues
related to one of 6 subtopics of the general topic of safe prescribing. We built a training set
consisting in 504 postings that were annotated by experts with four grades (i.e. 109 poor, 200
fair, 142 good, 50 excellent) and one of six topics (i.e. 42 of topic 'a', 50 of 'b’, 130 of 'c’, 22
of 'd' , 247 of 'e' and 13 of 'f'). Each grade is based on the individual posting's textual
contribution to a series of expected learning outcoméshly scored postings can then be

used as evidence of learner proficiency in the corresponding topic.

5.2.4.2.2 Building the bag of words and phrase based vector spaces

As already explained, to identify and extract the maximal phrases we analyse suffx arra
using an extended version of the Yamamoto and Church algorithm to generatgaats

from a text and avoiding the combinatorial explosion by grouping thegeams into
equivalence classes. Each phrase was counted in one of 4 ways: all instances, left
maximal,right-maximal and maximal. To avoid an unmanageable level of sparseness we
include in the analysis all instances of all phrases that occurs at least one time as
maximal.Phrases are sorted by their scores absolute values. We then built a 12588 i

504 chat texts matrix that contains the frequency of occurrence of each phrase in each texts.
We then weighted the matrix using thedf weighting scheme. We then generate three LSA
semantics spaces by reducing the SVD resulting matrix singalaes to 50, 100, and 200
respectively. In addition we created another set of 3 bag of words based LSA vector spaces
using the same weighting scheme and respective number singular values. In this case using a
6320 tokens to 504 chat texts matiihie numier of token used is the results of choosing the
tokens that occurs at least two times within the chat texts collection.

5.2.4.2.3 K Nearest Neighbour based classification

The k Nearest Neighbours algorithm (kNN; Cover and Hart, 1967) is a learniogtraty

that classifies texts on the basis of a measure of distance (e.g. cosine) between them. The
algorithm classifies each text by looking at k of its nearest neighbours and then assigning it to
the most common category represented by those neighbbuns.class is associated to a
majority of neighbours, the text is assigned to the category represented by texts with higher
cosine similarity. We arbitrarily used a low k value (i.e. k=5) as we expect that noise from the
semantic space will be reduced bgans of LSA. A common criticism of kNN is that, since

it doesn't make any generalizations from the data, it is prone to overfill@gssume that

this criticism should not apply completely to vector spaces generated by means of LSA as the
SVD dimensionaleduction smoothes and therefore reduces the effect of over fitting that is
usually present in KNN based classification.
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5.2.4.24 Training set KNN results

Experimental results shown Figure 6demonstrate that for some topics and grades using
maximal phrases as units of analysis can improve the performance of TI®AXx axis
corresponds with the different LSA andNN configurations implemented for training
purposes e.g. D50 indicates that 50 LSA dimensions where used, w or p indicates if phrases
or words where used and the last value corresponds to the number of neighbours used in the
kNN algorithm. They axis indicates the fraction of correctly classified documents for each of
the classes (grades or topics). In fact, the best results for twofolthgrades (e.g. excellent

and poor) were yielded by vector spaces build from phrases. Different results are produced by
kNN classification for topics where spaces built from bags of words produced the best results
clearly for at least four of the sixpics representative of their class.
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Figure 6: Training set results for kNN topics and grades categorisation

For particular grades and topics, the phrase based LSA (i.e. using vector spaces built from
phrases occurringt least one time as maximal) appears to improve over LSA results that
have been obtained with the traditional bags of words approach. These results are
encouraging and therefore we plan to test alternative semantic space configurations in
particular usingnore distinctive phrases (e.g. all maximal, left maximal and right maximal).
We expect that as we collect a larger text sample to build the training set, we will be able to
afford the use of those phrases without facing unmanageable levels of sparsairassital

to results already obtained.

LTfLL -2008 -212578 32



f_ D4.1 Positioning Design

5.2.5 Conclusion

Our results at this point are rather tentatiVeey seem to show that the bafgphrases
approach may work better than the {mdgvords approach. But there are still many
parameters that cabe experimented with. Therefore more definitive results may be
forthcoming. In particular, different approaches for measuring the distinctivness need to be
further investigated, both for accurate text classificatao for qualitative feedback for the
user. Moreover both the quantitative and qualitative feedback need to be carefully validated
to confirm that this is an effective service for practical use.

5.3 Knowledge rich approaches for positioning the learner

The learners within some communibf practice can position themselves with the help of
various knowledgeich resources, viewed as target competence providleese resources

might be shared among community members and/or recommended by a community member,
or even developed by them. Fexample, it might be a domain ontology, a terminology

|l exi con, curriculum and | earnerb6s profil e,
stated in (Wenger 2001:39): ACommunities of
other knowledge artifast which can be put in electronic form, and which they need to
manage effectively. o

Concerning the Stahl cycle, this subtask can be placed predominantly in the space of
cognitive artifacts (upper left part of the table), because it uses knowledgesacinces and
methods to do the positioning. Thus, on the one hand, it complements knowledge poor
subtask, which is more collaboratively oriented. On the other hand, it can be viewed as a
transition to WP4.2, because it uses some kind of reference modmnmarison. In our

case, this is a domain ontology which is adpated to the needs of our particular stakeholders.
As Bowker and Star (1999) have shown, ontologies are not absolute but are rather dependent
on the world view of particular comnunities. As swetrld views change, ontologies need to
adapt. One currently popular approach for achieving a continuously adapting ontologies is to
use folksonomies, as is being investigated in WP6.2. But since folksonomies are
democratically determined by users of maiifferent backgrounds and education levels, they

are less appropriate for the positionitagk.

In order to avoid terminological misunderstandings among tasks, we will give a definition for
the term O0concept b8isasvollows: fomalizaton of a ctass iofrolgects, a s k .
specifying relations with other objects and their properties. The concepts are defined in a
formal ontology. Additionally, the ontology contains definitions of relations and some
instances.

The term general ontology niigmean either 1. upper ontology, or 2. linguistic ontology, or
3. how to handle prototype conceptualizations in various environments (groups, cultures,
etc.).Thus, in order to achieve completeness, our answers cover these three possibilities:

1. Upper atology is the upper part of any ontology. The relation is that the domain
ontology inherits information from this upper part. The upper part also supports the
reasoning and consistency of the domain ontology.

2. Linguistic ontology is any lexicon, organttewith respect to some taxonomical

structure. These types (e.g. wordnets) are considered as thesauri by (Guarino 2000).
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Their relation to the light ontologies, at which we aim, are as follows: they provide
the lexicalizations of the concepts, presentethenontology. Also, they support the
connection between the domain ontology and the upper one, i.e. they cover a very
important parti the middle one. This part is a bit more abstract that the domain
concepts, but less abstract than the upper ones. Iwayisit is more convenient to

work with, when connecting lexica to ontology, and when extending ontologies.

3. Prototype conceptualizations can vary among various groups of interests, age,
nationality, etc. However, we aim at covering the most importanteguis in a certain
domain. Partly, we handle the interpretation problem with the lexicons, mapped to the
ontology. Via a filtering mechanism, the stakeholder can choose whether to use the
expert terminology, or the more common lexicalisations.

Knowledge rich approaches are considered in two ways: (1) a separate module for learner
positioning; and (2) a module which provides information for the db&8ed methods to use
concepts instead of terms for positioning. Knowledgk approaches provide a moabust

way for explication of learner and curriculum competence, because concepts within
ontologies integrate all the term lexicalisations in some domain. Thus, this method is
supplementary to LSA, which recognizes mentioning of concepts in texts thaitarethe
ontology. In our work on the positioning of the learner we rely on the ideas reported in (Kalz
et al., 2007). They discuss the notion of learning networks, considered within the task as a
community of practiceAccording to this notion, the leanr 0 s competence
automatically compared to a set of concept evidences of the target competence. Our goal is to
achieve an ontologpased positioning where the learner competence is represented by a
learner competence ontology and a curriculum competeontology. However, reliable
competence ontologies are still missing. Thus, in our work we will rely on domain ontologies

which reflect the knowledge part of the | ear
| earner 0s pr of i | eripticmnofl thet relevantt carsictulwma Will be ean
approxi mation of |l earner6s competence and ¢

and/or curriculum might be provided and/or recommended by an expert within the
community of practiceLearnerprofiles (CVs,interests, suggestions, opinions, comments)
are shared within the communitfhus, the expert(s) (designated as such within the group)
might help the others with the annotation of profiles and comparison with the curriculum via
an ontology. This help migtbe of different types: the expert has enough expertise to do it
himself, or he can contact the appropriate people outside to do that for the community. The
curriculum might also be developed by the community. In order to introduce some first steps
intheeval uati on of the | earnerds knowl edge de
knowledge represented within the profile. This evaluation will be done via the techniques of
the sentiment analysis. After analysing the curriculum description and thes pvedilwill use
several approaches to compare the extracted conceptual information. In the rest of this
section, we discuss the envisaged analyses in the process of profile analysis.

Knowledge rich methods rely on analysis of the text by using knowlemgees outside of

the text, such as lexicons, ontologies, grammars. For this reason, this task is placed in the
cognitive part within the Stahl learning model. In the case of profile analysis, the result from
it is used as an evidence of the learner coempet and knowledge in the domain. Within the
framework of work package 4 we consider several types of text analysis (also their
applications to learning tasks, and more specifically the positioning of learner with respect to
a curriculum description). Thestext analyses include: (1) ontoleggsed semantic
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annotation, (2) discourse segmentation, (3) lexical chains approach to disambiguation of
concept annotation and (4) sentiment analysis for evaluation of the concept usage in the text.
These facilities a envisaged to serve communities of practices in a specific domain of
interest. The combination of the above mentioned analyses has to explicate the conceptual
content of the profile which is to be used for positioning of the learner. The ontmédcgyl
semantic annotation relates the text of a profile to the conceptual information in the ontology.
The discourse segmentation facilitates the creation of lexical chains and the sentiment
analysis. The lexical chains identification supports the disambiguafidheoambiguous

terms and phrases within the text. The sentiment analysis determines the attitude of the
learner to the concepts explicated within the profile. At the end, the result of the whole set of
analyses presents a classification of the concegessia the text as known and unknown.

This classification will be used for the comparison to a conceptual representation of a
curriculum via an ontology. Here are some recent references to relevant works. Galley and
McKeown (2003) present the idea of tlexital chains, which trace the cohesion within the
texts. The automatic establishment of lexical chains is outlined in Mihalcea (2007). Wolf and
Gibson (2006) propose 11 coherence relations, which successfully segment the discourse
within the texts. Accoridig to Schauer (2000), 15 to 20 percent of coherence relations are
signalled by some kind of conjunction but not all of them are unambiguous.

The various levels of sentiment analysis scope are described in Moilanen and Pulman (2007)
and Liu (2008), amongthers. It is often emphasized that adding knowledge rich features
improves the results in sentiment analysis. For exampléoilanen and Pulman (2007),
Kennedy and Inkpen (2006), Kim and Hovy (2006).

As mentioned above, knowledge rich approaches arallysconnected with the availability

and the usage of knowledge rich data bases, such as ontologies and |&tieomstologies

reflect the conceptualizations in some domain of interest. For example, the DAML ontology
library, SWOOGLE, or the LT4eL ontoyy. These ontologies have to be connected to an

upper ontology in order to cover in better way the general knowledge. For example, DOLCE,
SUMO, SIMPLE. The most famous knowledge rich lexicons are thealked wordnets

(WordNet, EuroWordNet, BalkaNet, SRLE). Such resources are exploited for semantic
annotation of documents and/or for semantic retrieval. For better semantic annotation and its
usage in positioning of the learning task, we consider discourse segmentation and sentiment
analysis methods aslegant. Once available, the resources might be changed with respect to
communityds needs by the community itseltf C
mi ght be done within the community,iusilgi ng on
otherpopl edbs opinion outside community.

Within the LT4eL project, an ontologp-text relation was defined (Simov and Osenova
2007; Simov and Osenova, 2008Je briefly present this relation here. We assume that the
ontology is the repository of the lexicakaming of the language. Thus, we have started with

a concept in the ontology and we searched for lexical items arndexioal phrases that
convey the content of the concept. There are two possible problems here: (1) there is no
lexical item for some of # concepts in the ontology, and (2) there are lexical items in the
language without a concept representing the meaning of the lexical item in the ontology. The
first problem is overcome by allowing in the lexicon also-fedcal (fully compositional)
phrases to be represented. The second problem is solved by extension of the ontology. The
lexical items are then mapped to grammars. We call them concept annotation grammars.
These grammars relate the lexicon to the text. Such a mapping is necessary, axitany |
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items and phrases from the lexicons allow for multiple realizations in the text. Thus, they
require some additional linguistic knowledge in order to disambiguate between different
meanings of some lexical item or phraSigure7 depicts the elements of the model.

Ontology Lexicalized

“‘ | | 'lf'rms | |
o || |k

Free Phrases

© ; * 4 .":

Shaite
T

i" f'
Grammars t x }

S
Domain Text ﬁ ﬁ

Figure 7: Ontologyi To-Text relation to be exploited in the knowledge rich approach to learner
positioning

We have been using the relations between the different elements faskheftontology

based search. The connection from ontology via lexicon to grammars is relied upon for the
concept annotation of the text. In this way we have established a connection between the
ontology and the texts. The relation between the lexicon thadontology is used for
definition of user queries with respect to the appropriate segments within the documents.

Another direction of the knowledge rich methods is discourse analysis. As a benchmark, the
work of Wolf and Gibson (2006) can be consideré&de authors present 10 coherence
relations. The advantage of their work is that they succeed in collapsing the large number of
possible relations into a small set of operational relations.

Sentiment (opinion) analysis can be specified broadly as a dfirahalysis that aims to
determine automatically the attitude (sentiment, tone, polarity) of a speaker/writer with
respect to a certain topic. Usually this kind of analysis is opposed to the standdvalstatt
analysis and at the same time it is rendeaedca classification task. It is commonplace to
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evaluate the sentiment of an opinion on a-txabue scale: negative or positive. When free of
subjectivity, the text is regarded as neutral.

Much work is done for detecting negative or posifivdgment but sentiment analysis is not

only about the more general polarity of an opinion, it is also about identifying the opinion
holder, the object (the topic) that have been evaluated, the type of propositional attitude
expressed (beligf think, believe, assumemotioni hate, adore, etc.), and the strength of the
polarity. Of coulse, more features can be added.

The type of texts subject to this kind of information retrieval are numerous, just to give some
examples: customer reviews on all kinds of productands, reviews on cultural events,
opinion polls.Here are some freely downloadable corpora with different dospsenific

texts: (1) MPQA Opinion Corpus, containing 535 news articles collected during the 2002
NRRC Workshop on MultPerspective Question Awsring (Wiebe, 2002); (2) polarity
dataset, containing 1000 positive and 1000 negative movie reviews (Pang and Lee, 2004).

Sentiment analysis is concerned with two levels of granularity: sentence and document level,
the second estimated as too coarserfost applications (Liu, 2008). According to Moilanen

and Pulman (2007) though, while sentiment classifiers work well with a large input (e.g. a
750-word movie review), the results for sentential and subsentientialiuniéises or noun
phrases, are ndatisfying. Taking into account linguistic features, such as valence shifters
(for example negation) intensifiers, gradable adjectives, patterns, semantic role labelling and
syntactic structure, adding a level of compositionality do improve the analysésniis of
accuracy (Moilanen and Pulman, 2007; Kennedy and Inkpen, 2006; Kim and Hovy, 2006,
amongst others).

The prevailing majority of techniques use some form of machine learning, supervised and
semisupervised.The most common and basic approach émtiment classification is
keywordbased, starting from a list of sentiment indicators or clues prepared manually, semi
automatically (relying on WordNet of FrameNet) or acquired by madkaming (Rimon,
2005). Other types of elements used in diffesdgorithms are: Semantic Orientation (SO)
Pointwise Mutual Information (PMI), support vector machines, maximum entropy, naive
Bayes, latent semantic analysis (LSA) and so on (for a detailed overview see Liu, 2008).

In this knowledge rich approach fadrner positioning we will rely on the reported works.

We will integrate the above technologies into a common processing module in order to
explicate the conceptual content of the profile and the curriculum description. The explication
of the conceptual edent will be done via annotation of the text part of the profile and the
curriculum description. This annotation could be used as input for different tasks. Firstly, the
concept annotation will be used to find the position of the learner with respebe to t
curriculum and to select appropriate learning materials to cover the gaps discovered by the
method (see below for more details). Secondly, the concept annotation within the text could
be used as an input for LSA methods. Concepts could substituterttevghin the vector
space.

To evaluate the performance of this knowledge rich approach for positioning we plan to use

comparable data sets and validation method as the ones proposed for the LSA based
approach.

LTfLL -2008 -212578 37



f_ D4.1 Positioning Design

5.3.1 Extending knowledge rich approah tools

As mentioned above, additionally to LSA based functionalities, the service will provide
knowledge rich profile positioning functionalitieBor that purpose we plan to extend the
CLaRK system (Simowet al, 2001) originally implemented with thena of minimizing
human wor Kk during t he process of corpor a
functionalities for calling external programs when they are necessary for some specific task.
CLaRK is implemented in Java and the necessary functional icgenil be provided.

The knowledge rich methods which are envisaged to be implemented by the profile analysis
and positioning service are as follows: (1) semantic annotation of the profile, (2) lexical
chains approach to disambiguation of concept anoat#8) discourse annotation of these

texts; and (4) sentiment analysis of the discourse segments as well as the mentioned concepts

with respect to the | evel Bieyawil bel consbmedaenrads ¢ o |
common procedure. The result of theolwledge rich analysis of an profile will be a concept
evidence of the | earnerds competence expres:
evidence of the | earnerds competence wil/l b €
profile with links back to the text of the profile. In this way the concept evidence of the

|l earner6s competence can be automatically ¢
target competence (learning network in the terms of Kak.2007). Those will be seleate

t hat are not covered by the current | earner

evidences we will use the standard vector metrics from Information Retrieval community.

The links to the profile will support the assessors of the student campetie find out the
reason for the inclusion of a concept descr
competence. The content analysis which is meant to be implemented for this task will allow

us to use the methodology for positioning of learpeesented in Kalet al. (2007). Concept
descriptions used for the semantic annotation and for the representation of concept evidences
are taken from the domain ontology. Recall that here we consider only an approximation of

t he | ear ner 6 s onctle ogneeptefom a domansoatalogy and their usage in

the profile. Much more work will be necessary in order to support a full representation of the

|l earnerbd6s competence. The same applies to t|
description.

The semantic annotation and the discourse annotation will be used also in work package 6
(WP6).The difference will be in the domain of application and the specific type of text which
will be analysed her, namely the profile document

5.3.1.1 Semantc annotation

In order to use the LT4eL model for the analysis of the profile we will implement the
ontologyto-text relation for the new domain (medicine) with a new vocabulfg. will

extend the previous implementation with new disambiguation functignahich will be

based on lexical chains (Galley and McKeown, 2003), using semantic annotation of general
words in the text (in addition to the domain specific terms) and discourse annotation. For the
semantic annotation of the general words we will useo@ordNet (Gangengt al.,2003),

which is already aligned to the same upper ontology which will be used in the construction of
the domain ontology. The output of this new functionality will be a semantically annotated
text of the profile.Each domain ten will be annotated with a concept from the domain
ontology and each general word will be annotated with concepts from the upper ontology.
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5.3.1.2 Discourse annotation

Similarly to the task within WP6, our main goals in developing an additional lafyer
discourse segmentation and relations annotation are: (1) to investigate the possibility for
refining concept recognition and sense disambiguation for targeted words (lexical terms) via
coherence relations (discourse relations, rhetorical relations)umal®) the discourse
annotation wil/ be used for the sentiment an
the concepts mentioned within the profiléne input for this functionality will be the results

from the previous functionality. The disurse annotation process consists of several steps,

which may be iterated.

1. Creation of coherence relations taxonomy. We will start with the set of relations and the
coding scheme defined by Wolf and Gibson (2006). Their taxonomy is based on the Hob
list (Hobbs, 1985), and is more coagained than others that include up to 400 types of
relations. This fact makes it really applicable for our task. It consists of eleven types of
coherence relations:

Temporal sequenceWhen one discourse segmelescribes an event that takes place
before another event, expressed in another discourse segment.

Causeeffect When one discourse segment describes the cause, and andileer
effect for a given event.

Condition: When one discourse segment dixsxs a possible event that will occur
only if another event, described in another discourse segment, also occurs.

Elaboration: When one discourse segment elaborates, i.e. gives more detailed
information about another discourse segment.

Example: When a discourse segment provides examples for another discourse
segment.

Similarity : When the event, expressed in one discourse segment, is similar to an
event, expressed in another discourse segment.

Contrast: When the event, expressed in one disse segment, contrasts an event,
expressed in another discourse segment.

Generalization: When one discourse segment states a generalization for the content
of another discourse segment.

Violated expectation When there is an absence of a causaltiosm between two
discourse segments.

Attribution : When one discourse segment states the source for the content of another
discourse segment. It is usually used in constructions, sudhcasetn s ai d t hat é

Samesegment Samesegment is a structurdipe of relation, because it holds

between disconnected parts of one discourse segment (subject NP separated from its

predicate). Sameegment, similarity and contrast relations are symmetrical while the
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rest are asymmetrical (directed), that isne of he segments is more important (the
nucleus) than the other (satellite).

According to the coding scheme the three general steps of the annotation process are: (1) the
output of the sentenesplitter is segmented further into clauses and then, if needed,
annotators insert intrasentential boundaries for smaller discourse segments; (2) the discourse
segments are grouped thematically and (3) the coherence relations between the segments are
indicated. After the annotation process is finished, the taxonomybmdyrther adjusted to
improve the descriptive adequacy for the texts in the Computer Science domain.

2. Manual annotation of portfolios as a gold standard for the creation of automatic procedure
for discourse segmentation.

3. The analysis of thebtained discourse structures will provide information that could be
used for (1) the development of constraints over the semantic annotation grammar, (2)
supporting anaphora resolution, and (3) support of sentiment analysis. In addition, we
consider the gssibility of creating a rukdased grammar for recognizing the coherence
relations that are unambiguously linguistically marked.

In order to improve the concept annotation, we will test different knowibdged
techniques that are common for word sedisambiguation. Our main goal is the enrichment

of the concept annotation grammar in order to map the relations between text chunks,
recognized as carriers of the concepts, with relations present in the domain ontelgy: is
partof, etc. In the futuralifferent algorithms for automatic establishment of lexical chains
(with nouns) may be tested (for an overview see Mihalcea, 2007). Lexical chains and
rhetorical relations, the two types of discourse information, contributing to the text
coherence, will b used for improving the concept annotation. For example, a discourse
segment, nucleus in an elaboration relation, will most probably contain a term, connected via
hypernymy relations with lexical units that belong to the satellite segment.

The discourseannotation will be adapted to the format of the profilae idea is that
elements of the profile will require some specific kind of language. In such cases the
discourse structure might depend on the peculiarities of the corresponditagnguageThe

output of this functionality will be a segmentation of the text of the profile in discourse
elements and annotation of the relations between them.

5.3.2 Sentiment analysis

The input for this functionality will be the results from the previous aboverites
functionalitesl n or der to construct a concept evi de;
need to extract the concepts which are mentioned within the profile. Then, on the base of the
ontological reasoning, the implied concepts will be ad8ed.r e x amp|l e, I f the
in IT domain says that he/she has some expertise in XSLT, this automatically means: on more
general level, that he/she has also knowledge of XML and some programming language, and,

on more specific level, that he/shencase XML-based language for the transformation of

XML documents i nto-rctaldearb!| XML dorc ufimewmman We a
what context each of the concepts in the profile was mentioned by the learner. For example,
behind the discourse relatiocalledcontrastthe learner stated two opposite facts: it is useful

to know how to transform documents, but a next step is requitedlearn also XStFO

language in order to handle formatting objects. From this short context a conclusion can be
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drawnhat the | earnerds position with respect
partly completed.Thus, comparing conceptual information and discourse relations, each
mentioning of a concept wil/ be eval,andt ed b

0 u n k 4. We @vill use the methods developed in the areas of sentiment and opinion
analysis. As it was already mentioned, a-geéined requirement list of necessary concepts
with definitions will be used in orddo estimate the degree of competence, delivered by the
learner in the profile. There will be three types of evaluation: coverage, degree of detail and
relevance. The coverage will be estimated over the number of the mentioned relevant
concepts that matdhe predefined list. The degree of detail will be evaluated over the depth
of the conceptual spacAnd the relevance will be estimated via the ontological relations
from a given concept to the othercocurring concepts within the discourse segment.

533Construction of a concept evidence of the

As it was mentioned above, a concept evide
concept descriptions extracted from the profiter the moment we divide this set the
following subsets: (1) known concepts; (2) partially known concepts; (3) unknown concepts;
and (4) concepts with contradictory usages. The first subset will contain all the concepts
which are evaluated as known in the profile. The second subsebwidlin concepts that are
mentioned in the profile, but for which there is not enough evidence about the level of
knowledge of the learner with respect to them. The third subset will contain concepts that
definitely are mentioned as unknown by the learfretthe last subset we will include the
concepts for which there are positive and negative evidences about the knowledge of the
learner. In addition to the extracted concepts we will extract links to the occurrences of the
concepts in the text. Within thmmmunity of practice, the curriculum part has to be defined
against which the positioning to be done. For example, the curriculum might take XSL as a
whole set of languages, in which each language (XSLT, XPath andFR$Llhas to be
learned. On the otheahd, only XPath might be taken as a learning goal.

The output of this functionality will be used further to compare the concept evidence of the
|l earnerds competence wi Thé comparsonsvallnuseuanvedoy o f

representation of conpet evi dence of the | earnerés compe
target competence. The vector for target competence will be fixed within the learner network.
The vector for | earneré6s competence wil/l be

sets of concepts.

The evaluation of the method will be done on two levels. First, for each of the processing
steps, we will create manually gold standard corpus on which to test the corresponding
technology using the usual precision and recall metreso®l, we will test the method with
respect to the performance of the L-8Ased methodThe aim is not for the methods to
compete, but to find the best ways to combine them in order to satisfy task goals.

We have described the knowledge rich method pabfg as a complement to LSA, rather

than an alternativeWe envisage also integration of the two methods. First, in the
construction of a vector space instead of terms from the text the concepts from the conceptual
annotation could be used. In this wagpeccan abstract over the textual representation of the
concepts. For example, very often in text a sigqoeicept term can be used to denote a sub
concepiisyst emod instead of Acomputer systemo. /
select which concep to be included in the vector space. It is also possible to combine the

two methods via integrating their results.
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6. Diagnosing conceptual development (task 4.2)

6.1 Outputs of WP4.2

WP4.2's contribution to the integrated environment willave elaborated scenario series
developed in association with WP3, asdrvices corresponding to the scenarithese
services are described in modetailbelow and briefly comprise services for diagnosing
conceptual development and functionality for aggteg the raw data output into formats
meaningful to the end user.

6.1.1 The WP4.2 solution scenario, providing formative feedback

We have elaborated a solution scenario (see deliverable D3.2) that depicts the functional
design of a service aiming to prde (semi)automated formative feedback with the help of
Language Technologies. Using the service, learners could compare evidence of their
knowledge (e.g. text inputs such as essays, blogs, "think alouds" etc.) with reference models

in order to identify pssible differences and obtain recommendations of suggested actions to
address the differences. Learners can submit new evidence of their knowledge and receive
formative feedback as often as they waktoreover, learners can monitor their own learning
process as the service provides also compari
previously submitted.

For tutors, the service will provide a means to monitor the current progress of learners on a
topic, to allow them to take proactive actions to imgrovl ear ner sd concept uc:
topic. This might lower tutor workload. The design considers that the service can be used in

both formal and informal learning settings. Depending how the use of the service is
implemented in the learning context, lears can assume both tutor and learner roles (for

more detail, see WP4.2 Solution Scenario included in D.3.2).

The scenario will be implemented as a set of web services providing (1) learner evidence
collection facilities (data gathering), (2) data exiat and condensation / aggregation
functionality and (3) facilities to compare concepts with the reference models and present the
results to the user.

6.2 Research problems
In undertaking this work, the following research problems arise:

do potentiakend users find the scenario realistic?

can we adapt existing concept mapping tools to meet the requirements of the scenario?
with what reference models should the learner's conceptual development be compared?
how should the raw data from the service lyggragated to present meaningful
information to the learner and tutor, to inform their future actions?

1 what tuning of the language technology services is required to optimise the delivery of
meaningful information?

= =4 =4 -9

In the first phase of our work, we unteyk a conceptual validation of the showcase scenario
(reported in deliverable D7.2), which showed that learners and tutors do find the scenario
realistic, subject to a number of enhancements and clarificatlomgs identified that "the
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ability for students and tutors to compare concept maps is an -giedeioped area in the
showcase scenario that was perceived as having the potential to add substantial value to the
service.This feature of the service needs to be developed further to provide a ctaee pf

the comparisons that students and tutors will be able to make between concept maps".

This deliverable reports our work with respect to the second and third problenaidress
the second problem, we have compared a number of concept mapgsigTio® work is
reported inSection 6.4

With regard to the third problem, we investigate three types of reference model, against
which to compare learner dat&he work is reported iBection 6.5

In later phases, we will address the underlying languaghnology questions, in cycles of
software development and validation with end usémsview of the importance of the user
interface being meaningful, more frequent validations with end users (learners, tutors) are
indicated.

6.3 Introduction to studies

In ourdiscussion of the theoretical basis of learning, we have indicated the importance of the
inter relationship between the individual learner and communities of practice and the
interaction between building "personal knowing" and "collabee knowing". We have also
indicated that in order for learners to develop expertise in their specific domain, it is essential
that they recognise the limitations of their understanding and conceptgbmeent and
develop appropriatee&rning plans, as demsmated in reflective learning cyclesThe
theoretical basis for understanding depment of expertise in professional domains
identifies knowlelge creation and restructuring as essential components of this process. The
Stahl model and the notions of Comnities of Pactice indicate that learning from peéiss

a key role in enabling individual learners to reach a shared undergtaidpecific aspects

of theirdomain. The use of Problem Based L&agn which we indicate is used in
medicaleducationto model aspects of Communities of Practice, is an exampfean
educational approach in which peers reach assarwsus view of a specific issue, topic or
concept.

In order to provide individual learnexgith the guidance and "instruch" to enable their
dewelopment of epertise, we require reference models. Within this educational context, we
have defined three types, against which learners can compare their understanding of a
specific topic.These are:

91 Archetypical referencenodel: based on expert arsfateof the art information (e.g.
scientific literature).

T Predefined reference mo d el (or 0Theoretica
information based on the curriculum (e.g. course material, tutor notes, relevant reading
materials, etc.).

1 Emeging group model: considers the concepts and the relations between those concepts
that a group of people (e.g. peers, participantsyadkers, etc.) used most often.

We have concentrated on the jolefined and emerging approaches to identify or
approximate the conceptual development of learners to underpin the role of Language

Technology tools.Next, we explain how existing applications and tools, namely Leximancer
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(Smith & Humphreys, 2006) and Pathfinder (Schvaneveldt, 1990), have been used in two
different preliminary explorations as proof of concept of the suitability of these approaches.

I n order to assess the individual 6s knowl ed ¢
proposed a structural approach to determine how the individual oegattie concepts of

such a domain. This approach involves three steps: knowledge elicitation, knowledge
representation, and evaluation of the representation.

Knowledge elicitatont ec hni ques measure the | earnerods
among aset of concepts (Jonassen et al., 1993a). Methods that support this activity include
card sorting, concept maps, think aloud, or essay questions.

Knowledge representationreflects the underlying organization of the elicited knowledge
(Goldsmith et al., 1991). Advanced statistical methods (e.g. cluster analysis, tree
constructions, dimensional representations, pathfinder nets) are used to identify the structural
framework underlying the set of domain concepts.

Evaluation of the representationrelatveb s ome standard (e.g. expe
concepts in the domain) uses one of the following approaches (Goldsmith et al., 1991):
gualitative assessment of derived representations; quantifying the similarities between a
student representation andierived structure of the content of the domain; or comparing the
cognitive structures of experts and novices.

6.4 Comparison of existing concept mapping tools which tools to use?

A decision was made to start the exploration with the cognitive mapodhewvhich is one of

the most common methods for representing cognitive structures, as a mean to elicit and
represent learner knowledgehe decision was taken on the basis of the appropriateness of
concept maps for repr es & subjechmgatter gracture @ando® r e p
research evidence that demonstrates the concept map method is well suited for eliciting
knowledge (Nesbit and Adesope, 2006), and is a better method for evaluating meaningful
learning of learners of different ages thanssieal assessment methods such as tests and
essays (Jonasse al, 1997; Novak, 1998). It is important to point out, however, that the
creation of concept maps is a complex and time consuming task that requires training and
practice to understand how thelevant concepts should be identified and how to make the
relation between them.

There are already a number of tools for automatic construction and support of the
construction of concept maps: Knowledge Network and Orientation (KNOT, PFNET)
(Clarianaet al., 2006); Surface, Matching and Deep Structure (SMD) (Ifenhaler and Seel,
2005); Model Inspection Trace of Concepts and Relations (MITOCAR) (PDoaymer,

2006 ); Dynamic Evaluation of Enhanced Problem Solving (DEEP) (Spector and Koszalka,
2004); jMap(Jeong, 2008), and ProDaX (Oberholeeal, 2008).Table2 depicts these tools

in terms of the data collection they use, the analysis they perform, the data conversion they
use and the comparison they perform.
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Tool Data Collection Analysis Data Comparison(s)
Conversion
KNOT Concept Quantitative Analysis |Pathfinder  [Direct comparison of
pairs/Proposition| Networks networks with some
statistical results.
Concept map or |Quanttatived analysis|Structural Unlimited compariso
natural languagejis calculated using |decompositior]

SMD tools. into 3

categories
(manual and
semk
automatic)

MITOCAR Natural languageQuantitativé analysis|Structural Paired comparisons
included multiple composition [for semantic and
calculations using toolinto 1 categorystructural

(automatic)
model distance
measure

DEEP Annotated causaQuantitative/qualitativ{Structure Unlimited

maps 0 analysis is done |decompositioricomparisons, showir
into 3 details relative to
mostly by hand categoies concepts
(automatic)
iMap Concept maps, [Quantitative analysis [Structural Superimposes maps
causal maps, or |analysis is calculated decompositionindividual (n=1) and
belief networks |using tools into link group of learners (n
strengths 2+) over a specified
betweercausatarget map
factors and
evidentiary
strength
ProDaX |Association DataNon-Metric Concept MapgComparison of maps
CrossTables,  Multidimensioral based on Procrusteg
Two-Way Two  [Scaling/Cluster Transformation/Loss
Mode Data, Analysis oriented Meta Map
Coordinates, (LOMM)
Scales

Table 2: Overview of concept mapping tools (adapted from Shute et al., submitted)

These tools have s@ncommon characteristics: (a) they are concerned with conceptual
development of learners; (b) they can (sgautomatically construct concept maps from a
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text; (c) they use a sort of distance matrices; (e) they propose a quantitative analysis of the
maps;and (d) most of them pretend to support high levels of learning, namely critical
thinking and problem solving.

Amongst their differences we have found that, even though they all use some sort of
Language Technology analysis, not all of them refer toptieidy. The SMD and jMap can

use as an input not only text but also concept maps. These tools also differ in the scoring
schemas they use to perform the quantitative analysis: DEEP uses a number of nodes and
links; SMD uses propositions or a number @ timks of the shortest path between the most
distant nodes.

Most of the referred concept mapping tools provide opportunities to identify the conceptual
gap between a | earnerds <concept map and a ¢
compare aleaner 6 s concept maps in different per i«
and, in some extent DEEP, provide purposely a visualisation of this progression towards the
criterion. Most of these mapping approaches construct and analyse individual maps. jMap
visualises and assesses changes observed in either individual or collective maps.
Nevertheless, jMap is the only tool restricted to producing a particular type of maps, causal
maps.

KNOT, SMD and MITOCAR do report on reliability and validity criteria eating, as a

typical case, the automatic scores generated by these concept mapping approaches and human
concept mapping scores and human essay scores. Finally, it is worth mentioning that SMD

and MITOCAR report experimental data on the effectivenesspafticular technique as an
increase in similarity between a | earnerds n

6.4.1 Methods

A first exploration of existing tools that create concept maps from an input test was
performed. The aim was to investigate in which and to ivexdent existing tools support the
process from knowledge elicitation to evaluation. In particular, the aim was to gain insight in
how flexible and easy to use the tools are (other aspects such as reliability and validity having
been derived from literata).

The following tools have been explored:

1 CMAP (Institute for Human and Machine Cognition, 2004)
1 KNOT and Alareader (Clarianat al, 2006)
1 INFOMAP (Peters, 2005)

KNOT is a software tool that generates text proposition files that can bet@édpoom

CMAP to generate concept maps automatically. The conclusion from the initial exploration
was that the process could be used to analyze conceptual development but there are
restrictions on the data that can be used, for instance, the generalf looitcept pairs that

can be used. Next, an initial exploration of INFOMAP was performed, to generate an
associative semantic network, based on learner texts. INFOMAP employs a similar approach
to Latent Semantic Analysis, with a focus on wardvord reldions and a context limitation
around the words used for indexing.

To this end, a data set from a Psychology course at the OUNL wasTisedlata offers
course content, which was considered as the expert level of argumeradgmunlocuments
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written by the learners were used. For every part of the course content some related keywords
were generated, then the intanrelation of the keywords were calculated for one exemplary
chapter. After that, by using a clustering method (nearest neighbour appraatik)ance

matrix and clusters in the keywords were generdtgglire 8 shows an exemplary cluster
overview of a chapter. These keyword clusters can be used to identify topical foci of the
documents. An alternative approach &euhe keywords and associated other concepts in
documents is Multidimensional Scaling (MDS). With this approach distances between
concepts can be visualizéskeFigure9).

synapsy l

neuarotransmitier |

euron —

deempel I |
actieporentiaal :
TUEgenmes g
relbos }_

senunstelsed

tamvsrgeliking

CONCOnban e grand

socloblologie } } )
1

pedragsgeneticn

lobiben

assodlanerones
plasticirelt
aenatype

fenotype

pen

|

I aminsomen

thalamus ]

curvhiolim

hippocampus ‘

hypothalarws

hotmonen

00 1%

Figure 8: Example of cluskering
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Derived Stimulus Configuration
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Figure 9: Example of a Euclidian Distance Model derived from Multidimensional Scaling

6.4.2 Results

Clearly Infomap was able to generate a visual representation of the relationship between
concepts from the Psychologgurse texts at OUNL. The use of Multidimensional scaling,
however, restricted the use of words associated these concepts and it was therefore decided to
investigate tools which non metric Multi dimensional scaling, which allowed the
incorporation of a widr variety of language.

Leximancer and Pathfindewere selected for a further proof of concept. Leximancer
generates concept maps from a document collection using content analysis (based on co
occurrence) and relational analysis (proximity and conceppimg@p These maps, or visual
representations, show the concepts identified in the text and the relations between them.
Pathfinder can be used to derive and visualize structured (semantic) netwvisrkased on
proximity measures (similarity, correlatiendistances, probability) between pairs of concepts
(Clariana et al., 2006).
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6.5 Studies on potential referencenodels using Leximancer and Pathfinder
6.5.1 Prédefined Reference Model

6.5.1.1 Methods

A data collection protocol was definedtoelit and represent a | earn
protocol combines a think aloud procedure with a cognitive map method to provide a suitable
and appropriate measur e ftohefsubjedi mattdr stractureds a 6 s r e |
proof of concept thes®ols have been explored to in two different ways to generate (a) the
pre-defined reference model and (b) an emerging group model (see Berlanga et al., 2009 for
details).

For the generation of a pdefined reference model, a combination of Leximancer and
Pathfinder was usedd small randomly selected group of Year 2 undergraduate medical
students (N = 12) recorded their summaries of a specific PBL case and were asked to speak
for 5 minutes on the Bioscience mechanisms which formed the basis of thdocoad

how they might treat the conditions, using this knowledge. The recording were made under
standard conditions in tHéniversity of Mancheste¥ledical School, transcribed and used as

the text forLeximancer(Figure 10). Text from tutor notes and supporting materialere

used to generate the predefined reference model. Pathfinder wae idedtify similarities

and differences betweeasults from learners and thosenfothe predefined model.

The cytotoxic P cells are responsible for killing the microorganisms and
it’s triggered by the binding of TCR to the MAC protein complex, bound
to the specific antigen, the antigen peptide fragments, the T helper
cells or the (D 4 T cells are essential for the cell-mediated response.
They make cytokines for delayed hypersensitivity and help making B cells
specific for antigens. T-regulator cells play a role in the negative
regulation of the immune system.

Figure 10: Part of transcribed student think aloud

6.5.1.2 Results

The concept magsom the students anithe predefined reference model differ in the level of

detail (sed-igurell) . Whereas the student concept maguded detailed concepts, the pre
defined reference model encapsulated the concepts and gave the panoramic view of the
knowledge. Furthermore, the student map can be characterized as the description of a disease
process, while the praefined reference nael is at the (auto)immune system level. Finally,

the latter includes both a diagnostic part, and more signs and symptoms.

6.5.1.3 Conclusions

These resultsuggest that even if the learning material explains the reasons and conditions of

a probkeemhgd)d h novice students represent (.
procedur al knowl edge, mentioning how to sol
that the tutor notes and learning materials might not be ideal to generatedefipeel

refererte model. The materials are written from a perspective that requires more expertise

than the novice student can achieve at that point of time. Consequently, this might not be a
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good basis for deriving the pdefined reference model, nor for providing fatme

feedback.

Learner

Pre-defined model

|‘ blood

Figure 11: Concept map for a learner (left) and the predefined reference model (right) (Leximancer)

6.5.2 Emerging Group Model

6.5.2.1.Methods

Only Leximancer was used these expements in which OUNL employees in an informal

learning situation werthe subjectsThey

Net wor ks o

6.5.2.2Results

used a
the previousexperiments, except that on thatc c asi on

s i mproétacal to that bsednrk
the subject

The results indicatethe ten most used concepts and their relevance automatiealiyell as
the relations of each concept with other concdptgure 12 depicts the sealled emerging
reference model for the concepearning Networksas it arises from all concepts and the
relations between concepts. It also visualizes the position of the indiledwaéran relation

to the model, by indicating which concepts the speaker mentioned.

Further, a concept map was generatadridividual employees for whom then most used
concepts were identified. These were compared to identify similarities and differences

bet ween the emerging

reference model and

generate individual formativeeédback reports that present differences and similarities.
Future work involves validation of the reliability of the emerging reference model and the

formative feedback report.
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