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PREFACE

The 18th International Conference on Conceptual Structures (ICCS 2010) is the latest in
a series of annual conferences that have been held in Europe, Australia, and North
America since 1993. Conceptual structures (CS) recognise that organisations work with
concepts; machines like structures. The objective driving research and development on
CS is to harmonise the uniquely human ways of apprehending the world, with the power
of computational information management and reasoning. Thus CS harmonises the
creativity of humans with the productivity of computers. ICCS brings together some of
the world's best minds in information and computer sciences, humanities and social
sciences to explore novel ways that information technologies can leverage tangible
business or social benefits.

The activity of the field is witnessed by two recently published books ("Conceptual
Structures in Practice", ed. by Hitzler and Scharfe and "Graph-based Knowledge
Representation: Computational Foundations of Conceptual Graphs" by Chein and
Mugnier) as well as by an ISO standard ("Common Logic", ISO/IEC 24707) which
originated in this community. This activity is further demonstrated by the emergence of
industrial applications in this area (e.g. Sonetto, and Vivomind).

CS has therefore featured in the curricula in educational institutions (e.g. universities)
around the world. Thus the Learning, Teaching and Assessment (LTA) of CS has become
a significant topic of interest in its own right. The First Conceptual Structures - Learning,
Teaching and Assessment (CS-LTA) workshop at ICCS 2010 recognises this work, and
provides a forum for it to be disseminated as yet another key activity in CS.

We are certain that you will find the papers contained in this ICCS 2010 CS-LTA
workshop volume a most illuminating read. They evidence the rich diversity that
Conceptual Graphs (CG), Formal Concept Analysis (FCA), Peirce, and CS bring to
educational curricula.

Simon Polovina, on behalf of the Organisers of CS-LTA 2010



Proceedings of the International Workshop CS-LTA 2010 26 July 2010
The First Conceptual Structures — Learning, Teaching and Assessment Workshop Kuching, Malaysia

ACKNOWLEDGEMENTS

This workshop is kindly supported by:

e Centre for Excellence in Teaching and Learning (CETL),
Sheffield Hallam University, UK

e Centre for Promotion of Learner Autonomy (CPLA),
Sheffield Hallam University, UK

e Communication and Computing Research Centre (CCRC),
Sheffield Hallam University, UK

e Distributed and Intelligent Systems Research Group,
University of Derby, UK

e Department of Communication and Psychology,
Aalborg University

e [CCS 2010

® MIMOS Berhad



Proceedings of the International Workshop CS-LTA 2010 26 July 2010
The First Conceptual Structures — Learning, Teaching and Assessment Workshop Kuching, Malaysia

WORKSHOP ORGANISERS

e Simon Polovina & Simon Andrews
Department of Computing / Communications and Computing Research Centre
(CCRC), Conceptual Structures Research Group
Sheffield Hallam University, UK

e Richard Hill

Distributed and Intelligent Systems Research Group, School of Computing
University of Derby, UK

e Henrik Scharfe & Peter @hrstrgm

Department of Communication and Psychology
Aalborg University, DK



Proceedings of the International Workshop CS-LTA 2010
The First Conceptual Structures — Learning, Teaching and Assessment Workshop

Aligning the Topic of FCA with Existing Module
Learning Outcomes

Simon Andrews

Centre For Excellence in Teaching and Learning
Centre For Promoting Learner Autonomy
Sheffield Hallam University, Sheffield, UK

s.andrews@shu.ac.uk

Abstract. Although Formal Concept Analysis is worthy of study on
computing courses, it is not always possible or practical to dedicate a
whole module to it. It may, however, fit into an existing module as a
topic but require some careful design of teaching and assessment ac-
tivities to properly align it to the intended learning outcomes of the
module. This paper describes and evaluates a three year project to align
the teaching and assessment of FCA with the learning outcomes of a
final-year undergraduate Smart Applications module at Sheffield Hal-
lam University. Biggs’ constructive alignment was used, incorporating
an adapted version of Yin’s case study research method, in an iterative
process; progressively modifying teaching and assessment activities to
align them more closely with the prescribed learning outcomes. The pro-
cess involved examining conclusions made by students, from carrying out
FCA case study assignments, to draw cross-case conclusions about the
learning outcomes achieved, and how they deviated from the prescribed
ones. These cross-case conclusions were used to feed back into the design
of learning and assessment activities for the next delivery of the module.
After three cycles, the learning outcomes achieved closely matched the
prescribed learning outcomes of the module.

1 Introduction

Formal Concept Analysis (FCA) is a valuable subject to study as part of many
Degree courses; it has applications in biological sciences [6], music [11], linguistics
[8], data mining [4], semantic searching [3] and in many other area. Its math-
ematical basis [10], visualisation [12] and wide scope for software development
[9] make it suitable for study in a variety of disciplines. However, it may not be
possible to devote a complete study module to FCA: there may be competition
from other, similar, subjects; it may not be possible to create a new module be-
cause of administrative or procedural issues; or FCA may be suitable but only as
a smaller aspect of a wider context. In such cases, FCA may still be appropriate
as a topic of study in an existing module. Such a module will probably have a
existing set of intended learning outcomes. Introducing FCA may require ‘bed-
ding in’ before it can properly meet theses requirements and become integrated
with the existing topics.

26 July 2010
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At Sheffield Hallam University, a project was undertaken to introduce FCA
as a topic to an existing undergraduate computing module, called Smart Ap-
plications. It was felt that that the applications of FCA, particularly in the
semantic search and knowledge organisation areas, made it an interesting topic
for the module. To monitor the success of its introduction and make modifi-
cations where it was found to be not properly aligned to the existing learning
outcomes, an iterative approach was used, applying the constructive alignment
model of Biggs [1]

2 Biggs Constructive Alignment

The purpose of Biggs’ constructive alignment is to design learning activities
and assessment tasks so that they are aligned with the learning outcomes that
are intended (figure 1). The method includes modification of learning activities
based on the outcomes of assessment. It is essential that the learning outcomes
are assessed and a proven way of doing this is by criteria-based assessment where
grades are awarded according to how well students meet the intended learning
outcomes [2]. The problem here, with the introduction of a new topic into an
existing scheme, is that the intended learning outcomes of the module will have
probably been devised with an idea of the curriculum to be delivered, and not
with the new topic in mind. A means is required of testing the alignment of the
new topic with the existing scheme. Central to Biggs’ is the notion that students
construct their own meaning from their learning activities; a means of accessing
these constructed meanings could, therefore, be used to ascertain the extent to
which particular learning outcomes have been met.

Familiarity with of research methods led to the idea of using such a method to
identify the extent to which existing Smart Applications learning outcomes were
being met by FCA. The common practice of using case studies as assignments for
the Smart Applications module, combined with the idea that modifications would
play a key role in the alignment process, suggested Yin’s case study research
method [13].

3 Yin’s Case Study Research Method

Yin describes a method whereby theory is modified from conclusions drawn from
a series of case studies (figure 2). The idea is that a theory is investigated through
carrying out several distinct case studies. In this way, conclusions regarding the
veracity of the theory are made stronger by the fact that a single experiment is
not relied on; by putting the theory to the test in different ways, corroborating
cross-case conclusions can be made.

In the approach used for aligning FCA with the Smart Applications module,
the mapping between Yin and Biggs hinges on the modification of a current
entity: theory in the case of Yin and learning activities in the case of Biggs. The
case studies used to test and modify the theory are the assessment activities of
the module. Yin’s method adapted for use in Biggs becomes that in figure 3.
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Fig. 3. Yin’s case study method adapted for Biggs

3.1 Data Collection

To conduct Yin, a data collection protocol is required. Data must be collected
that allows the testing of the theory. For the purpose of using Biggs, a data col-
lection protocol was required that would allow cross-case conclusions to be made
regarding the outcomes of learning activities; how well have the students achieved
the intended learning outcomes of the module? Four possible data sources were
considered:

1. The marks obtained by the students.
2. Student feedback.

3. A marking scheme.

4. The contents of the coursework.

Student marks Marks taken alone would not indicate whether a particular
leaning outcome had been achieved. However, marks will provide an indication
as to the depth to which learning outcomes have been achieved. In conjunction
with a measure of what has been learned, marks can tell us how well something
has been learned.

Student feedback Student feedback is obtained as a matter of course for all
modules taught at Sheffield Hallam University, usually through an on-line ques-
tionnaire. Likert scale-based questions are routinely used to measure a variety
of module qualities and could be tailored to ask about the achievement of in-
dividual learning outcomes. However, the response rates are not always high
and the Smart Applications module typically has between 12-16 students, so the
quantity of data obtained in this way is likely to be small.

26 July 2010
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Marking scheme It would be possible to design a matrix marking scheme to
directly measure the intended learning outcomes; a row in the matrix represent-
ing a learning outcome and columns to grade the extent to which it has been
achieved. The problem with this approach has been discussed above; assessment
criteria should reflect the assignment activities of the new topic. Explicitly bas-
ing the case study assessment criteria on the intended module learning outcomes
would defeat the purpose of testing the current ‘theory’.

Coursework content The content of coursework clearly provides qualitative
evidence of learning. But taking the whole of the students’ reports as data would
be difficult to manage in terms of sheer quantity of written work. However, as
part of a case study assignment, it is appropriate to require students to make
conclusions. Requiring this as part of the individual case study report will provide
a good source of data on which learning outcomes can be judged. And as a data
collection protocol, this has the added benefit that students will be motivated
to provide good quality data; they are being assessed on it.

As a by-product, this protocol also provides the mechanism in Biggs whereby
emergent learning outcomes can be identified. The incorporation of the method
into Biggs can be seen in figure 4.
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Fig. 4. Yin’s adapted case study method incorporated into Biggs constructive align-
ment
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4 Applying the Method: The Three Cycle Smart
Applications Project

Smart Applications is a final year undergraduate computing module taught at
Sheffield Hallam University. One of the aims of the module is to introduce stu-
dents to frameworks and techniques for representing and reasoning with knowl-
edge for smart applications. It was felt that FCA was an appropriate technique
to study as a topic to help achieve this aim. However, the topic would have to
be aligned with the existing intended learning outcomes of the module. It was
decided to use this as an opportunity to develop the pedagogical method, de-
scribed above, for incorporating new topics into existing modules. The process
was carried out in three cycles, over the academic years 2007/8, 2008/9 and
2009/10.

FCA, as a new topic, was required to provide one or more of the intended
learning outcomes (ILOs) of the Smart Applications module, which were:

ILO1 Describe the notion of representing and reasoning with knowledge for
smart applications.

ILO2 Draw on one or more frameworks and techniques for representing and
reasoning with knowledge for smart applications.

ILO3 Critically evaluate the key issues in knowledge representation and knowl-
edge sharing for smart applications.

ILO4 Identify the practical use of software tools for developing smart applica-
tions.

4.1 Cycle 1: 2007/8

The learning activities associated with FCA in the 2007/8 delivery of the Smart
Applications module were primarily concerned with the mathematical underpin-
nings of FCA. After an introduction to FCA, lectures and tutorials were based
on the themes of Knowledge Architectures for Smart Applications through Con-
ceptual Structures and Specifying Smart Applications using FCA. Because FCA
was one topic of several, the main assessment of FCA had to be limited to a
single assignment. To ensure that this would not conflict with Yin’s require-
ment that case studies should to be distinct, the design of the assignment had
to allow for as much variation as possible, whilst still being consistent in terms
of assessment criteria. The assessment was based around a smart application
case study for managing user profiles in a business information system. Varia-
tion was designed into the assignment by phrasing it as openly as possible; the
students were asked to investigate possible solutions and make their own rec-
ommendations. The deliverable was a report that considered “How might the
implementation of a ‘user profile concept lattice’ be accomplished, that supports
the capture and reconfiguration of user profiles? The FCA approach should also
consider how appropriate data might be assimilated, managed and presented to
the user.”

The following are quotes from the conclusions of the students’ case study
reports that gave an indication of the learning outcomes achieved:
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1. “FCA lends itself well to mapping user profile details. This is best achieved
using a series of different lattices covering the different aspects of user pro-
files. Trying to capture all of the relevant user information in one lattice
would probably be a little ambitious and also result in a complex and im-
practical lattice.”

2. “Through implementation of web mining techniques of Association rules or
Conceptual Clustering Mining you can capture User Profiles.”

3. “By utilising BI techniques and FCA modeling, user profiles would be smart
as they would show relevant information to users across the company.”

4. “I have found that using FCA for capturing User Profiles makes seeing the
relationship between objects and attribute a lot easier, which we can then
use to see relationships for that particular profile which helps gathering data
for use in trends.”

5. “Through user profiling with FCA I found that content and information only
relevant to that particular individual within the company can be displayed,
saving time and improving productivity.”

6. “Although FCA seems to be a good way to analyse and create user profiles
it can become slightly difficult if you have a model that constantly changes
as it can be difficult to adapt a new role into the model.”

7. “Once a Smart Google system can comprehend the context of a sentence,
through the identification of relations between words in a search phrase, it
will then deliver the user with answers rather than results. This I would
consider as smart.”

8. “Combining FCA and BI with the functions and facilities available in Web
DynPro has the capacity to store a lot of information in a very well organised
and formal structure, which can be added to or reduced very easily, with little
adaptation of the data structure.”

The marks for the assignment were slightly disappointing with a mean of
54%, although the first time pass rate was a reasonable 88%.

It was clear that some of the intended learning outcomes were being met, at
least to some extent. Much of the learning seems to have been centered around
the visualisation aspect of FCA, and thus relevant to ILO1, but only quote
1 suggests any depth to that learning. ILO2 appears to have been achieved in
quotes 1 and 7 and perhaps in quote 2, but without depth. In terms of evaluating
issues (ILO3), displaying relevant information through FCA appears to be the
main message, but with some contradictory understanding of how changes in
information can be managed in FCA; quote 6 suggesting this is a problem and
quote 8 advocating FCA as being advantageous in this regard. Only quote 1
suggests that lattice complexity is a problem in FCA. For ILO4, only quote 8
mentions a software tool for developing smart applications (Web Dynpro is a web
application user interface programming tool that was introduced to the Smart
Applications students as part of another topic in the module). In general, the
learning appears to be about FCA itself rather than the practical application of
FCA as a framework or technique. Disappointingly little was learned about the
issues involved in knowledge representation for smart applications or of the use
of software tools for the development of smart applications.



Proceedings of the International Workshop CS-LTA 2010 26 July 2010
The First Conceptual Structures — Learning, Teaching and Assessment Workshop Kuching, Malaysia

It was decided, therefore, to modify the learning activities of the module
to focus less on the mathematical theory of FCA and more on its practical
application; perhaps by implementing FCA-based software, students’ learning
outcomes would be better aligned with the intended ones.

4.2 Cycle 2: 2008/9

The emphasis of the learning activities associated with FCA in the 2008/9 de-
livery of the Smart Applications module was on the development and imple-
mentation of FCA-based smart applications. Modifications were made to the
learning activities of the previous cycle to focus less on the theoretical aspects of
FCA and more on the engineering of FCA-based software. The themes were Se-
mantic Search: ‘Sleuthing’ with FCA, Data Structures for FCA and FCA-based
Smart User Interfaces. The assessment was a modified version of the 2007/8
assignment, with an element of application prototyping replacing some of the
investigation of theory. The assignment was still open enough to allow sufficient
variation for Yin.

The following are quotes from the conclusions of the students’ case study
reports that gave an indication of the learning outcomes achieved:

1. “Integrating FCA user profiles into an SUI such as Dynpro comes with issues.
Dynpro is not very flexible in terms of changing things by the program.
It requires the user profiles to already be configured to support an FCA
ontology.”

2. “Concept lattices were used to structure ... an FCA-based user profile. This
data was ... integrated into a Smart User Interface (SUI) by being focused
on the organising, sorting and searching of data, and finding matching con-
cepts.”

3. “Using the unique way that FCA stores and represents knowledge the Smart
User Interface can give the user multiple ways of finding information.”

4. “We defined user sessions as only the URLs that have been requested and
visited by the user. This considerably lowered the amount of attributes and
data that had to be analysed.”

5. “We have presented how Web Dynpro implements the MVC framework
which allows FCA of the data used within it, integrated with BI to sup-
port user profiles, customising a user’s interface, manipulating it to suit the
aims of enterprise and user. Using FCA to discover patterns and correlations
[was a] way of determining relationships and discovering the implicit ones
that other methods struggle to uncover.”

6. “It is possible to integrate the FCA user profiles successfully; however, there
are several difficulties when implementing them: firstly there’s the issue with
accuracy, as the larger the company or department the more complicated it
is going to be to implement. There’s also a concern with timing, as it’s a
long process computing the profiles.”

7. “The use of FCA based user Profiles as the basis for e-commerce recom-
mender systems does bring benefits, but the same level of functionality can
be achieved using [off-the-shelf] alternatives.”
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The marks for the assignment were poor, with a mean of 47%; down signif-
icantly on the previous year’s mean of 54%. The first-time pass rate was also
poor, at 71%.

This time it was clear that most of the intended learning outcomes were being
met, and also to higher degree. ILO1 was evidenced by many of the comments
as was ILO2. Key issues were highlighted more this time (ILO3); some of the
quotes indicate a good awareness of complexity and performance issues and
some of them indicate that some of the key advantages of FCA have been better
explored and understood. Some quotes, including the final one, indicate that
some broader understanding of the context has taken place. Less in evidence is
ILO4; very few of the students reflected on the use of software tools for developing
smart applications.

Unfortunately, the low mean mark suggests that, whilst the learning out-
comes may now be better aligned, the achievement in terms of results was not
good. Although the quotes give an encouraging picture of the learning that has
taken place, the technical aspects of the learning and assessment activities proved
to be a struggle for some of the students. The programming skills, for example,
of many of the students were not adequate for developing a useful prototype
application. It was therefore decided to modify the learning activities to require
less of these technical skills, by de-emphasising the construction of new software,
and focus more on the investigation, use and development of existing FCA tools
and applications.

4.3 Cycle 3: 2009/10

This time the learning activities were based on the themes of FCA Tools, FCA
‘Sleuth’ Applications and Data Mining with FCA. Practical sessions were de-
signed to explore the capabilities and limitations of existing software. The as-
signment was changed by replacing the prototyponmg element with one that
used existing tools and techniques to carry out FCA on real sets of user profile
data.

The following are quotes from the conclusions of the students’ case study
reports that gave an indication of the learning outcomes achieved:

1. “FCA raises new questions regarding the actual warranty of ‘hidden’ infor-
mation. How can we trust that a smart application is actually giving the
right results?”

2. “To make this investigation even more interesting, we could use similar FCA
techniques on the categorised attributes and incorporate the boolean at-
tributes to discover if the top 4 factors are actually the factors of people
from all age groups, for example.”

3. “Filtering the formal concepts generated allowed for visualisation of the large
data set and allowed for affective analysis.”

4. “Although there may be some current issues with the interoperability of
FCA in existing technologies ... FCA could be integral to the development
of semantic knowledge architectures.”
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5. “While formal concept analysis and the enabling technologies described are
now in a usable state, the applications to use it now have to catch up with
them.”

6. “Visualisation techniques are key to enabling Smart Applications. Informa-
tion that would be hard to find otherwise was made clear to understand.”

7. “There seems to be a lack of ability to be able to communicate and exchange
data between FCA systems and tools with non-FCA applications. Although
the data mining is ‘smart’, problems arise when changes are needed to be
made to lattices.”

8. “[It would be useful if] visualisation techniques can be brought together,
allowing easy access to the produced images and concepts and so giving a
broad and easily digestible view of the information contained within.”

The marks for the assignment had a mean of 67%. The first-time pass rate
was 93%.

The quotes indicate that the learning outcomes have been met, and to a
good extent. Notions of representing and reasoning with knowledge for smart
applications (ILO1) and the drawing on FCA as a framework/technique for
smart applications (ILO2) are apparent in many of the comments. There is good
evidence that an ability to critically evaluate key issues has been demonstrated
(ILO3), particularly in quotes 1, 3, 4 and 7. And there is a strong sense that
the students can identify the practical use of software tools for developing smart
applications (ILO4).

5 Conclusion

The three-year Smart Applications project shows that FCA can be aligned with
the intended learning outcomes of a suitable existing module using sound peda-
gogical practice. In Yin’s adapted case-study method, students drew conclusions
on the work they had undertaken, then, from these, teachers drew cross-case
conclusions regarding the learning outcomes achieved and how far they were
aligned with the intended ones. The students’ concluding remarks gave a quali-
tative measure of their learning whilst their marks gave a quantitative measure
of the depth of their learning. The three cycles of the project are summarised in
figure 5 and the results are summarised in table 1.

cycle|mean mark %|pass rate %
1 54 88
2 47 71
3 67 93

Table 1. Summary of Smart Applications Results

There were problems, however. Firstly, the use of marks as an indicator of
the depth to which learning had taken place did not take the quality of the

10
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student cohort into place. The small number of students involved meant that
statistical anomalies were easily possible. A degree of additional judgment from
observation and assessment was used, for example, in detecting the problems
that the students had with programming, leading to poor performance in the
case study assignment in the second cycle. Secondly, there was no clear metric for
determining the nature of the modifications required to the learning activities.
Again, a degree of additional judgment was required to fathom a sensible change.
Notwithstanding the limited amount of student feedback one would be likely
to get on a small module, an additional element of data gathering involving
a module questionnaire might be useful in judging new directions for learning
activities.

c
Learning Activities: Theory-based (specifiying smart applications)
Y
case stud ignment (Yin) c
L
Learning Outcomes: Poorly aligned Marks: Adequate E
1
modification of learning activities (Biggs)
c
Learning Activities: Engineering-based (building smart applications) v
case stud ignment (Yin) c
L
Learning Outcomes: Well aligned Marks: Poor E
2
modification of learning activities (Biggs)
c
Learning Activities: Application-based (using smart applications) v
case stud ignment (Yin) c
L
Learning Outcomes: Well aligned Marks: Good E
3

Fig. 5. Three cycle alignment of FCA with the ILOs of Smart Applications
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Abstract. We propose in this paper a simple method to construct a
machine processable semantic network, called a dependency network,
that gathers all the concepts and skills as nodes and the relation type
“depends on”, (and its inverse “required for”), as their edges. As a con-
ceptual structure can be used to compute a roadmap of any learning-
teaching objective. As a prelude we build and contribute a seed graph
for demonstration and introduce a collaborative portal for contributing,
publishing and dynamically building dependency networks. A possible
generalization of this methodology for knowledge organization is dis-
cussed.

1 Introduction

Every good author of a text book informs the reader the prior knowledge before
introducing any new topic. Most of the good text books therefore explicitly
mention the prerequisites at the beginning of each chapter or teachers provide
a refresher course before commencing a new topic. This is due to the obvious
assumption that if the prerequisites are not satisfied adequately the learner may
not be able to comprehend the new ideas introduced in the book. This has been
the generic guiding principle of curriculum design. This principle also stands out
as one of the consensus from the widely accepted constructivist philosophy of
education[Il2]. Constantly helping and reinforcing the prior knowledge to learn
something new is a time-tested ancient wisdom shared among most educationists.
Based on this assumption we propose a simple method of processing prerequisites
for conceptual structures by employing a conceptual structure itself.

Mastering conceptual structures is a skill that requires inter-disciplinary un-
derstanding involving certain topics from domains such as logic, linguistics,
mathematics, Al, databases, philosophy, computer science etc. We propose in
this paper a simple method to construct a machine processable semantic net-
work, which may be called a dependency network, that gathers all the concepts
and skills as nodes and the relation type “depends on”, (and its inverse “required
for”), as their edges.

There are several studies on the dependency relation in different contexts. [3I4l/5/6]
Semantics and logic of dependency are covered in [6]. Keller identified some kinds
of dependencies in the context of requirements analysis[4]. Cox et.al. did a more
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general modeling of dependencies and an ontology of dependency relation[5]. In
this paper we focus on a specific kind of dependency, which can be classified as
a species of causal dependency in the context of semantics.

Arguably one of the largest operating system stack available today is the
Debian GNU/ LinuxEl, which maintains its stable opearation by asserting depen-
dency relations among them. Each package contains in its metadata all other
packages that are required, and some of the required packages again may inturn
depend on other base packages. This is possibly the largest working example
where dependency network is used as a semantic structure, with more than
20,000 packages with mutual dependencies. We harvested all the asserted re-
lations from their packages and created a dependency network, which is also
available from the portal www.gnowledge.org/search_debmap?val=1, where one
can query for any package and obtain the dependency graph. We further in-
terpreted this semantic network as a complex system, because it exhibits same
characters of any natural networks that have been studied.[7]. The most notable
being the scale-free character and power law distribution[§].

Inspired by the way the Debian OS uses dependency relation, we think we
can construct collaboratively a similar knowledge base that can give us the road-
map of any given learning objective. An artificially constructed operating system
does not work if the dependencies are not met, similarly cognitive agents will
not understand the meaning of a concept explicitly unless the prior meanings are
already understood. This is therefore a kind of critical dependency[4]. While this
being the case from a learner’s point of view, we can make a corollary statement
from a teacher’s point of view: a teacher could not make a student learn unless
she ensures that the prerequisites are already introduced to the student. Thus,
teaching and learning requirements are linked, though the processes may not
happen concurrently and to the same agents.

Based on the assumption, that prior-knowledge is essential for understanding
new concepts, we undertook the program of collaboratively constructing a com-
prehensive propositional semantic network that uses dependency as a primary
relation.

2 The Proposal

A prerequisite can be expressed as a dependency link between two concepts/skills.
For example, to understand the meaning of the concept “semantic network”, we
expect the learner must already know the concepts “node”, “links”, “proposi-
tion” etc. And to understand what a proposition is we expect the learner must
already know what a sentence is, a statement is, the distinction between a sen-
tence and a proposition, to know “subject” and “predicate” the learner must
already know what a sentence is etc. This prior knowledge can be mapped as a
simple graph shown in Figure 1. The figure shows teaching-learning sequences for
the learning objective semantic network. One may extend it by further asserting
that semantic network is required for semnatic web, etc.

! The Debian GNU/Linux Operating System, http://www.debian.org/
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diffentiate sentence and statement

semantic netwurk

Fig.1. A sample dependency network. The learning objective in this map is
“semantic network”.

All definitions will yeild a clear set of dependency assertions between definien-
dum and definiens. Any definiendum semantically depends on the definiens in a
definition, or conversely the definiens are required for understanding the definien-
dum. Such dependencies may give us a conceptual network among entirely ex-
plicit and declarative knowledge. However we cannot ground all concepts in
the world of concepts alone. Some concepts may need experience, an activity,
a skill, solving a problem or such real experience situations that help us learn.
Similarly some skill/activities may need conceptual skills, such as reading an
algebraic expression. The resulting network may not contain exclusively all con-
cepts, therefore the network may not be a strict conceptual structure. It is a
conceptual/cognitive structure. Nevertheless, grammar of this network, and its
computability properties, will not be different from that of a directed graph.

The resulting network, which is a directed graph, could provide the following
for supporting teaching-learning and assessment process:

— a road map to reach a given learning objective;

— a road-ahead map informing what learning paths lie ahead of a given
learning objective;

— a navigational aid providing immediate guide to inform what are next and
previous steps to take direct result of being a road map);

— a dynamically generated teaching-learning sequence suggesting the order
of presentation in, for example, a text book;

— a relative depth measure informing the number of levels to follow de-
pending on the current position;

— a surface map of the knowledge with some special emerging properties
(discussed below);

— a directed acyclic grap}ﬂ which can be used in decision algorithms by
an automated LMS (learning management system).

2 Some of the nodes may have mutual dependencies. For example, concept required

for class and class is required for concept. By merging all such mutual dependencies
into a single node, we can construe the resulting network as a causal Bayesian kind.
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For the subject of conceptual structures we collected some assertions based
on the concepts introduced in the introductory chapters from [QTOTTIT2]. A
sample collection of assertions are as follows:

digraph G {
subtype —> species;
categories -> metatypes;
classification -> taxonomy;
types -> class;
type —> supertype;
type -> subtype;
type -> universals;
general -> "common nouns";

"predicate calculus" -> "formal semantics";
"knowledge organization" -> ontology;
"semantic network" -> "semantic web";

RDF -> "semantic web";

}

where “—” stands for the inverse of the dependency relation, required for. A com-
prehensive set of such assertions as an input file can be prepared and submitted
to a graph processor (in our case Graphviz[I3]) to generate the directed graph.
To reduce the clutter of the large graphs as well as suggesting the roadmap we
could use transitive reduction filter (also available with the Graphviz library),
to eliminate redundant edges that could be deduced by applying transitivity
rule.[14]

To facilitate collaborative contribution of the assertions, we have created a
community portal www.gnowledge.orgﬂ which provides the following features:

— a facility to upload the input files that contain assertions in a specified for-
mat;

— an algorithm to check preexisting nodes and edges in the memory;

— a search interface;

— dynamic generation of three different directed graphs (road-map, road-ahead-
map, and a combination of the two previous graphs);

— a basic facility to edit and delete links;

— a version control feature to record who did what and when;

— an option to save the generated graphs in several image formats including
SVG (scalable vector graphics);

The portal, though requires more useful features and better user interface for
convenient use, we introduce this effort here to obtain the feedback from the
peer group to first of all comment on its projected use and implications.

3 Gnowledge portal http://www.gnowledge.org/.
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The proposed method is general, and not specific to mapping the knowl-
edge of conceptual structures. However, since the method used is an application
of conceptual structures, and can also serve the purpose of dynamically gener-
ate the teaching learning sequences, we think it could be useful for knowledge
representation community. A general introductory paper written for non-formal
audience, discussing the motivation, method and possible application and impact
of this method are presented in [I5].

3 Observations

The sample merged graph of dependencies of the seed content cannot fit in a
paper format, therefore it is uploaded at the portal in a SVG format, and also
in a PDF formatﬁ The network contains more than 500 nodes, therefore to read
the details we need to zoom in 200-300% to read the text. Due to several edges
the graph looks quite cluttered, and so not very convenient to read. To extract
the specific dependencies one may query from the portal and see the generated
graph in isolation for a given node. Though cluttered, the merged graph has
some properties worth mentioning.

Most notable observation is the nodes on the top of the graph are to be
learnt or taught first, and nodes at the bottom of the graph are to be learnt
later. The nodes that are aligned at the top are: and, or, sentence, object, class,
words, brackets, aspect, symbols, variable, concept, types, subtypes etc. The
nodes that got aligned at the bottom are: canonical graphs, specialiation rule,
conceptual graphs, ontology, OWL, semantic web, conceptual model, schema,
syllogism, formal semantics, proof, etc. When advanced chapters from the text
books are processed, other deeper and difficult concepts and methods could
appear at the bottom. This clearly indicates that using this simple method, we
can frame a specific curriculum sequence more objectively.

Nodes with a large number of outgoing links cannot be neglected in educa-
tion. At any given level, the first priority can be given to the nodes with larger
number of outgoing links. Since, outgoing links are required for learning several
other objectives/sequences, these nodes have greater potential to serve in future
learning and can also be marked as core concepts. In the seed graph the nodes
“class” and “relation” have high number of outgoing links. After additional as-
sertions we may find other core concepts emerging. This needs more work.

The directed graph algorithm automatically positions the nodes and draws
the edges. When merged as a large graph, unlike the isolated dependency graphs
obtained by querying for one of the learning objectives, we notice that those
nodes which are at a same level (a sort of latitude of the graph) are placed hor-
izontally. When new assertions are inserted that may have links with existing
nodes, the graph accommodates itself by assimilating the new nodes automati-
cally following the well known digraph construction rules. All the adjacent nodes

4 The hyperlinks are |http: //www.gnowledge.org/cs-merged-graph.svg ~ and
http://www.gnowledge.org/cs-merged-graph.pdf respectively.
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descending from a parent share similar learning sequence. When a child node
has more than one parent node, it indicates as many sequences to cover.

The generated directed graph is a horizontal spread with only a depth of 13
levels. As the graph indicates, the prerequisites for graph based knowledge rep-
resentation are rich and belong to different disciplines. We have barely scratched
the surface of the required prerequisites since we have not inserted several other
assertions. For example, when the skills and conceptual requirements from lin-
guistics, logic, graph theory, algebra, predicate calculus, computer science and
philosophy are comprehensively contributed the generated graph will appear
richer than the shown map. We expect the depth to grow when we insert more
assertions into the knowledge base.

This data cannot be finite but can only be judgeable as comprehensive enough
by the peer group. The result obtained is far from satisfactory, but we hope it can
take a good shape if the community finds it necessary and begins to contribute
collaboratively.

4 Discussion

Since the method used is simple and general and could be used for all domains
of knowledgeﬂ the network, we hope, may evolve as a general mapping and
sequencing tool for learning and teaching. Using the scaffolding of dependency
one can add some additional tags, say modalities to code the strength of the
assertions as possible or necessary. For example, while adding an exercise as a
node we may add the possibility tag to the node since there can be other possible
exercises that may give similar experience, difficulty and understanding. When
the relation is core semantic dependency, as in the case of definiendum and
definiens relation, one may tag with necessity. Additional enrichment of this
network can be done by also inserting assessment objects as nodes linked to
some of the learning objectives, which can be used as pre/post-test resources.
Such a knowledge base could be useful for automated assessment and delivery
of lessons.

Such a map, if available as a easily queryable knowledge base, a teacher
or a student in a classroom can bring on board explicitly the prerequisites,
so that the focus of deliberations in the class room fall on satisfying all the
requirements. However, if a map of this kind is available to normal teachers
as well as slow learners could do better in teaching and learning respectively,
based on the assumption that explicit knowledge helps in mastering any domain.
Moreover, even an artificial tutoring system can guide the learner by presenting
the requirements in the order suggested by the generated roadmap and can
present the assessment items at appropriate places. However these are more or
less obvious applications of the map. We think the map does more than the
obvious.

The students and teachers of CS can study the properties of directed graphs
using this map. Since there does not exist a comprehensive repository of depen-

® The gnowledge.org portal is open for contributions from all domains of knowledge.
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dencies of various domains of knowledge, one can meanwhile study the software
dependency network such as the Debian dependency network, which exists for six
major releasesﬁ We conducted on such study where the structure and dynamics
of software dependencies as a semantic system[7]. A software package as a node
in dependency network is very gross. We can undertake to map dependencies at
a granular level, such as dependencies between libraries within packages, and in
turn at a much more granular level between the functions within the libraries.
This is a massive task, but doable since every dependency is explicitly asserted in
a software. The students could write programs/algorithms that will extract the
dependencies at various levels of granularity. We think such a massive network
can become a basis for conducting several other serious semantic and computing
studies.

Returning to the natural knowledge network context, the CS students could
write decision algorithms for an artificial tutoring system based on dependency
networks agregating at gnowledge.org: to locate learning objectives that are core
(higher number of outgoing links); locate cognitively interesting terminal desti-
nations (nodes with higher number of incoming links); calculate the roadmap of
a given learning objective from a relative starting node; generate pre-test and
post-test sets for administering assessments; a method for generating clusters
that have similar but not same dependencies; measuring the semantic distance
between nodes using dependency; write web services for accessing this informa-
tion from a server to a remote client; etc.

A computer processable dependency network can also serve as a scaffolding
for parking ontologies and other conceptual structures. This is possible since
every conceivable node of any ontology or any conceptual structure can also be
part of the dependency network. No formal proof for this claim is offered here,
but an argument can be as follows. Given the holistic assumption that there are
no loosely hanging concepts in a knowledge network[16], every concept will have
a prerequisite network of nodes. This also follows from the need of at least two
concepts to explicitly individuate a concept.[I7] Currently all ontologies are held
together by an artificial summum bonum, the “thing” super-class. If we hold the
scaffolding of dependency network as a surface map, which is constructed using
semantic flow relationships, a natural way of holding together all other ontologies
seems possible. Could this be the topography of knowledge?

Since each node in this network has only a set of incoming and outgoing
nodes, each node must have a unique set of nieghbouring nodes when all rela-
tions are fully specified. Can this criteria of unique meaning be demonstrated
practically? If so, this could become a criterion for disambiguation. If the above
is possible, we can obtain a more realistic measure for semantic distance based
on the obtained directed graph. Given any two nodes in the dependency network,
we can compute the order of separation between the nodes.

Based on the reasons and speculated implications of the program, we hope the
dependency network of any knowledge can be constructed. Since, the community
of conceptual structures, semantic web, Al, expert systems, cognitive scientists

6 Starting from 1994 Debian released six major releases.
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have the interest to map knowledge in general, this may become a useful resource
for both research and material development.

To sum up, we proposed a method of constructing a dependency network

for the domain of conceptual structures, and argued that it can be a general
strategy for any other domain.
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Abstract. The internationalisation of Higher Education is a major thrust
for EU Universities. This article examines how the curriculum can be de-
signed to not only accommodate different and disparate cultures, but also
enhance the cultural experience for all concerned. Using Peirce’s writings
on critical thinking, we describe how a research-informed curriculum can
deliver an improved experience for postgraduate learners. Specifically we
refer to Peirce’s core concepts with respect to the management of doubt
and proffer a structure for the facilitation of critical thinking behaviours
in the context of web application design and modelling.

1 Introduction

Internationalisation of the UK Higher Education experience is an issue for many
institutions[5],[9]. The decline in UK government funded undergraduate places
and (apparently) unrestricted numbers of non-European Union students, makes
a compelling argument to meet the needs of a different marketplace. However,
this is not a trivial undertaking[4] and as some HE institutions have discovered
already, a change in marketing approach cannot fully support the deep-seated
differences of disparate learning cultures[5].

Discussions around culture are fraught with difficulties. Inevitably there is a
situation whereby one might comment upon the apparent behaviours of another
culture. This raises many questions, and to the philosopher at least there is
the fundamental question of bias; how can the actions of one culture be judged
through the eyes of another culture?

It is also apparent that the ‘culture’ word is used somewhat perjoratively in
that it becomes a general container for all of the unexplained behaviours that
students of a different culture can exhibit. Apparent plagiarism, or perceived
academic dishonesty, is often described as one of the most visible behaviours
from students from South East Asia and the Indian Sub Continent. This state of
affairs has been described as a lack of understanding of what is meant by ‘critical
thinking’. The problem, therefore is one of ‘culture’. In this article, the authors
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hope to proffer a more sophisticated response, based upon Peirce’s philosophical
writings. We start by examining what is meant by critical thinking.

2 Critical Thinking

Many academic teaching staff pride themselves on being part of the educational
environment that is purported to ‘teach’ critical thinking. But what does it
mean to think critically? Wells argues that critical thinking requires an ability
to objectively reason[17]. The behaviours of critical thinking include an ability
to scrutinise scenarios through the lens of another perspective. A critical thinker
will not be unduly influenced by a hastily, or poorly constructed argument.
Another dimension is that of the moral obligation of thinking critically[17];

“The critical thinker should bring a voice of reason to this discussion.”

The moral position is important in that is usually the key justification for the
teaching of critical thinking. Such a premise suggests that an individual will
be ‘improved’ by undertaking the study of critical thinking, and is therefore,
worthwhile study.

2.1 Cultural Perspectives

Critical thinking embodies the beliefs and approach to thinking of western soci-
eties. In cases of alleged plagiarism amongst international students, it is common
to hear that the cause is that of ‘cultural background’. If we adopt this premise,
then it must be recognised that this view is being made about a particular cul-
ture, from the perspective of another, disparate culture. What might be judged
a more intolerant society must therefore restrict any ability to develop critical
thinking behaviours. Again, the authors challenge this belief.

After teaching hundreds of students from South East Asia and the Indian
Sub Continent we have witnessed behaviours that demonstrate the presence
of critical thinking. However, we have also witnessed the challenges faced by
students when faced with an intrinsically western approach to thinking for the
first time.

Peirce’s writings offer many philosophical arguments that can be utilised
to better understand critical thinking. ‘The Fixation of Belief’[10] indicates an
approach to understanding how critical thinking might come about. We now
proceed to examine these ideas in order to inform our approach to delivering a
more culturally-aware computing curriculum.

3 The Peircian Approach

Peirce offers a model by which we arrive at a belief in such a way that we are
inclined to maintain that belief[10]. In other words, the conditions required for
a belief to be acquired and held. Peirce summarises the four key scenarios as
follows:
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1. Tenacity - The holding of a belief without any consideration of arguments to
the contrary. Any idea that counters what the individual already believes is
immediately discounted. Many students exhibit this behaviour, irrespective
of their cultural upbringing.

2. Authority - Here Peirce refers to the influence exerted by external agents to
enforce the holding of a belief. If multiple agents are collectively tenacious
then a considerable influence can be exerted over an individual. Peer pressure
is an example of authority.

3. A priority - In some cases there may be a tendency to reason between alterna-
tives, but those alternatives are actually based upon pre-ordained outcomes,
thus there is no basis for critical thinking. This state can be misleading in
that there may be a perception that critical thinking is taking place. One
challenging aspect is that this potentially dishonest practice could be un-
wittingly fostered amongst students through the delivery of curricula if the
conditions for critical thinking are ignored.

4. The scientific - This represents a condition whereby a conclusion is reached
through a managed process of systematic, objective enquiry. There is a clear
difference in the behaviour of an individual who operates in this state and
students unanimously appear to aspire to be able to operate in such a way.
The development of t