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Preface

This volume contains the proceedings of the 20th International Conference on
Conceptual Structures (ICCS 2013), the latest in a series of annual confer-
ences that have been held in Europe, Asia, Australia, and North America since
1993. Details of these events are available at www.conceptualstructures.org, and
www.iccs.info points to the current conference in this prestigious series. ICCS
focuses on the useful representation and analysis of conceptual knowledge with
research and business applications. It brings together some of the world’s best
minds in information technology, arts, humanities, and social science to explore
novel ways that information and communication technologies can leverage tangi-
ble business or social benefits. This is because conceptual structures (CS) harmo-
nize the creativity of humans with the productivity of computers. CS recognizes
that organizations work with concepts; machines like structures.

ICCS advances the current theory and practice in connecting the user’s con-
ceptual approach to problem solving with the formal structures that computer
applications need to bring their productivity to bear. Arising originally out of
the work of John Sowa while at IBM and his work on conceptual graphs, over
the years ICCS has broadened its scope to include a wider range of theories and
practices, among them formal concept analysis (FCA), description logics (DL),
the Semantic Web, the pragmatic Web, ontologies, multi-agent systems, con-
cept mapping, relationships to uses in STEM education and more. Accordingly
CS represent a family of approaches that builds on the successes of artificial
intelligence (AI), conceptual modeling, information and Web technologies, and
knowledge management.

The theme for this year’s conference was “Knowledge Representation for
STEM Research and Education.” Science, technology, engineering, and mathe-
matics (STEM) have, in recent decades, emerged as a lively new research areas.
More and more data are being captured in these areas (particularly through the
Web) and how to represent these data for useful research, searching, and educa-
tion is a real challenge. These data now represent our business, economic, arts,
social, and scientific endeavors to such an extent that we require smart applica-
tions that can discover the hitherto hidden knowledge and how to represent this
mass of data. By bringing together the way computers work with the way hu-
mans think, conceptual structures align the productivity of computer processing
with the ingenuity of individuals and organizations in addressing these highly
mathematical data. The representation of these data can be used for both re-
search areas and for collecting data for improved teaching techniques in these
areas.

The ICCS papers that appear in this volume represent the rich variety of
topics on CS. There were 43 submitted papers that were rigorously reviewed anony-
mously by at least three members of the Program Committee. An Editorial Board



VI Preface

member oversaw each paper processed, and worked together with the organizers
on making the final decisions. About 50% of submitted papers deemed relevant
to the conference were accepted as both long and short papers. There were also
three invited papers. As is evident in this volume, the number of accepted papers
reflects the high quality of submissions, and the proceedings appear as volume
LNAI 7735 of Springer’s Lecture Notes in Artificial Intelligence, a subseries of the
LNCS series. In addition to the ICCS 2013 main conference, there was an associ-
ated workshop—Workshop on Modeling States, Events and Processes (MSEPS).
The papers from this workshop appear in their own proceedings.

We wish to express our thanks to all the authors of the submitted papers, the
speakers, workshop organizers, and the members of the ICCS Editorial Board
and Program Committee. We would like to thank Simon Andrews and Simon
Polovina, who organized the anonymous reviewers of papers submitted by the
ICCS Chairs. We wish to express our gratitude for the support we received
from the Homi Bhabha Centre for Science Education, TIFR, by hosting the
event and providing the facilities. With special thanks to the Dean of Science
Education, Chitra Natarajan, and several personnel, Jayashree Ramadas, Mad-
havi Gaitonde, Rashmi Shrotri, Sumana Amin, Smitha Burli, Manoj Nair, Anil
Kumar Shankhwar, and V.P. Raul. We also extend our thanks to the Local Or-
ganizing Chair, Meena Kharatmal, and to the staff of the Homi Bhabha Centre
for Science Education, TIFR, for managing the production of the workshop pro-
ceedings. Lastly, we thank the very helpful people at Springer, to whom we owe
our gratitude.

October 2012 Heather D. Pfeiffer
Dmitry I. Ignatov

Jonas Poelmans
Nagarjuna G.
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Markus Krötzsch, UK
Leonard Kwuida, Switzerland
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Conceptual Structures for STEM Data:

Linked, Open, Rich and Personal

Su White

Web and Internet Science,
ECS, University of Southampton, UK

saw@cs.soton.ac.uk

Abstract. Linked and open data is increasing being used by govern-
ments, business and administration. Awareness of the affordances and
potential utility of open data is being raised by the emergence of a host
of web-based and mobile applications.

Across the educational and research communities applications apply-
ing the principles linked data principles have emerged.

Systems developed and used by researchers and academics are most
likely to be predominantly in the hands of the early adopters and cur-
rent developments found in higher education tend to be atomized, yet
there is potentially considerable advantage in associating and integrating
applications for organisational, educational and administrative.

This paper presents an argument for how we can move from early
adopters to early majority, and at the same time presents a roadmap
which will outline some of the significant challenges which remain to be
addressed.

Keywords: linked data, open data, semantic annotation, higher educa-
tion, organizational change.

1 Introduction

A strong thread of the use patterns which have accompanied technological ad-
vances of computational machines has been their use for data processing. The
classic history of computers will inevitably acknowledge the use of Holerith Ma-
chines for the US census and the development of LEO to handle administration
for Lyons (a company famous in Britain for its chain of corner tea houses). It
will refer to the development of COBOL in response to apply computing power
to the problems of provisioning the US Navy and the subsequent widespread
growth of computer use for all aspects of business administration and record
keeping.

Universities, like any other large organisation, made use of computers for
administration and like the rest of the business world universities have integrated
the use of personal computers into their business processes over the past thirty
years. Further transformations in business and personal interactions with and use
of computers followed on from the introduction and subsequent refinements of

H.D. Pfeiffer et al. (Eds.): ICCS 2013, LNAI 7735, pp. 1–21, 2013.
c© Springer-Verlag Berlin Heidelberg 2013



2 S. White

the World Wide Web during the 1990s. It is common to refer to three generations
of the Web.

– The vanilla web: early implementations, the web as a publishing device—a
basic web of documents

– The social web: an enhanced web of documents, the read write web intro-
ducing blogs and wikis

– The semantic web: “an extension of the current web in which information is
given well-defined meaning” [1],

Following this was much discussion of what was meant by the Semantic Web and
how it could be realised. The discussion was between the purists who preferred
the path of hard semantics to the more pragmatic approach of soft semantics.
Beliefs and attitudes shifted and changed [2]. Five years on from the original
publication in ‘The Semantic Web revisited’ Shadbolt et al [3] asserted

The Semantic Web we aspire to makes substantial reuse of existing on-
tologies and data. It’s a linked information space in which data is being
enriched and added. It lets users engage in the sort of serendipitous reuse
and discovery of related information that’s been a hallmark of viral Web
uptake. We already see an increasing need and a rising obligation for
people and organizations to make their data available. This is driven by
the imperatives of collaborative science, by commercial incentives such
as making product details available, and by regulatory requirements.

Alongside the debate as to the instantiation of the semantic web, Berners-Lee
was considering the nature of change which was inherent in the way that the
web worked. Evolving the principle that the semantic web was concerned with
better enabling computers and people to work in co-operation, he began to refer
to the ‘two magics’.

Fig. 1. Berners-Lee’s science and engineering approach with magic modified to show
complexity and collaboration
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‘Two magics’ incorporates a generative interaction between social activity
with the web and technological development. This model goes some way to
explaining the way in which use and applications have taken off [4,5]. This was
first described by Berners-Lee et al and then subsequently developed into the
graphical form presented to the Web conference in 2007.

Alongside the changes related to the engineering of the web, the wider pop-
ulation were developing a conception of, relationship with, and reliance upon
the web and its artefacts. Clay Shirky discusses the social web in his 2003 blog,
and defines the social web as “software that supports group interaction’ [6]. Ev-
idence of the social web and social internet have a long history in discussion
forums and Usenet groups. The social web, along with O’Reilly’s observations
of web 2.0 which can be formally dated from a 2005 blogpost and a 2007 pa-
per [7,8] have become intermingled in the minds of the casual observer. This is
of interest because if applications are to move from the early adopters to the
early majority then they are more likely to succeed through the use of familiar
metaphors (which are understandable and accessible).

In some ways we have been observing sets of memes being adopted by the gen-
eral public. Just like the recommender systems deployed by Amazon and other
commonplace shopping companies, everyday folk understand that applications
which behave like applications you know and love are also likely to become
applications which you know and love. Everyday folk may not understand the
implications of big data, but they can begin to gain an idea of the mechanisms
if they participate in citizen science, or see a news item featuring health benefits
which have accrued from a massive genome data set collaboration. People are
learning: learning from the technology—what it does and how it does it; learning
from the people—what they do, how they use the technology. In academia we call
it learning from good practice; gradually the concepts of open and linked data
are seeping into the everyday consciousness. Alongside this comes some under-
standing of ontologies and semantic annotations. Concepts like domain models,
reasoning and analysis may be more difficult to understand, but awareness is
being raised. The educational domain is ready for change. It is being pressured,
like so many other businesses, to streamline its processes. Academics are gaining
hands-on experience of workplace tools in their research and are becoming ready
to generalise these processes across their institutions. It will be interesting to see
how these changes affect teaching and administration.

In the rest of the paper that follows, the Background section introduces an anal-
ysis of the means by which we can interact with a web of data rather than a web of
documents, considering the scope of hard and soft semantics. These ideas form an
important conceptual backbone to our understanding of the ways in which STEM
data can be harnessed in university education. Through generic examples of im-
plementation of open and linked data in 2.1 it will analyse current approaches
and consider how everyday experience of open data shapes expectations and may
therefore drive future developments. 2.2 presents a brief account of big data. The
specific cases of linked and open data usage in Higher Education have been derived
from the work of a number of communities, which are identified in 2.3. Specific
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educational approaches are examined in subsection 4 and the subsections which
follow. The future directions of STEM education and the role played by concep-
tual structures in that future are then examined. The final section discusses the
implications of the previous section in the light of challenges and opportunities in
the educational domain and suggests some conclusions.

2 Background

The historical partnership between technology and administrative processes was
traced in the introduction. The World Wide Web Consortium (W3C) and strong
leadership from Tim Berners-Lee have been strongly influential in emerging stan-
dards for the Web. At the same time they have been taking forward the debate
on ways in which infrastructure can be used and further developed. Much aca-
demic effort has been expended on the semantic web, following the 2001 article
by Berners-Lee et al in Scientific American [1]. Widespread use of the Web has
confronted users with the reality of shortcomings of the early systems. The early
web was criticised as being a library where all the books had been thrown on
the floor. As people used the web, understanding of what it could and could not
achieve began to surface. The initial implementation was only a small part of
the specification envisaged by Tim Berners-Lee and he has continued to work
with W3C to realise the broader potential which he wanted to achieve.

Table 1. The Scope of hard and soft semantics

Hard semantics pure Soft semantics pragmatic

Machine readable Human readable
Rigorous modelling Lightweight modelling

The story of the web is a story of engineering; it is a realisation of the dif-
ference between a model or proposal and the actual implementation. The web
as we experience it has had structure imposed, after the fact. It is overlaid and
there are many inconsistencies. As usage has developed in an ad hoc manner,
although there are standards, they are many and varied. Early solutions to the
combinatorial explosion which will surely follow any attempt to create a rich
interlinked hypertext were mostly focused on abandonment of hyperlinking, and
resorting to backend databases which serve pages engineered for delivery, but
not for interaction. The social web went some way to creating a read-write web
of the original conception. The social web has become a place for conversations
and discourse. But it is the spam bots which demonstrate the power of machine
processing of web pages over individual participation. As discussed in the Intro-
duction, while the general public were becoming accustomed to the social web,
the experts were discussing the nuances of the Semantic Web as summarised by
Table 1; in particular whether hard semantic solutions were preferable to a more
pragmatic approach of soft semantics.
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2.1 Linked and Open Data

The UK government has become an enthusiastic supporter of Open Data. Early
response to proposals were positive. Plans were initially cancelled with the in-
coming new Government in 2009, but have been fairly rapidly revived. In the
UK, the Open Data Institute formally opened its doors in October 2012. Nigel
Shadbolt commented on the ODI blog “Less than a year ago Tim Berners-Lee
and I were writing a briefing note for Government outlining the opportunity
for an Institute dedicated to realising the economic value of Open Data. Earlier
in 2011 the Chancellor in a speech at the Google Zeitgeist stated “Our ambi-
tion is to become the world leader in open data. The economic impact of this
open data revolution will be profound. . . ”. http://www.theodi.org/blog/ 1st
October 2012.

The Open Data Institute was established with an objective of demonstrating
the commercial value of open data. The UK government provides a set of case
studies of Open Data on their web site http://data.gov.uk. Useful information
on the economic impact of open data is available via the LinkedGov wiki which
provides an index of a selection of peer reviewed papers. The UK government’s
2011 Open Data White Paper [9] identified five agenda items for open data in
the UK: i) building a transparent society; ii) enhanced access; iii) building trust;
iv) making smarter use of data; v) The future transparent society. Examples of
transparency and the benefits of it cover areas of transport, crime and spending.
Making data available to citizens and businesses can enable government to more
clearly account for their activities and spending, and provide information for
feedback loops which can justify or promote changes in behaviours or responses.
For government open data is key to understanding the nature of the businesses
with which they are engaged. It also enables government to meet requirements of
Freedom of Information legislation. The government proposition is that enhanced
access leads to increased trust and thus to smarter use of data. There are a
number of case studies provided to illustrate these arguments. The government
has set itself a standard for information publishing and is promoting the five star
scheme of data re-use originally proposed by Tim Berners-Lee. The government
had already established a set of Information Principles.

Everyday experience of open data is typically mediated by mobile apps or
web sites. Private companies and social collaborations, along with government,
have produced and published a large amount of open data. Geographic data has
been created in each of these three domains. In the UK the Ordnance Survey
publicises its open data, but app developers use a range of different sources.
However, people who use an app to display a map and overlay points of interest
or to navigate between two locations will at the same time gain some kind of
intuitive grasp of what may be possible, even if they do not yet understand the
principles of publishing open data. Commonplace experience of apps like Tripit,
LinkedIn, Open Street Map and Mendeley each in their different way help users
build up an instinctive understanding of what is useful. System designers have
learnt that making their API available is good for business and companies can
compare the success of open and closed systems and draw their own conclusions

http://www.theodi.org/blog/
http://data.gov.uk


6 S. White

Table 2. Summarizing the semantic enhancements of Shotton et al.

Generic Enhancements Adding value to the text

Providing access to actionable data:
making the datasets available
Data Fusion from Other Sources:
enriching the basic journal data
Making information more accessible
Provenance information

Semantic annotations for key concepts
Document summary and study summary
Tag tree and tag cloud
Supporting claims tooltip;
Various citation analysis tools
Alternative language abstract

as to the best way forward. In academia, researchers have been experimenting
with open data. In 2009 Shotton et al report on an interesting experiment to
see how it was possible to semantically enrich a traditional academic paper [10].
The account of this activity identifies a set of enhancements which can be seen
in Table 2. The whole activity provided an immensely rich experience which if
it could be produced in a replicable automated manner would add considerable
value.

2.2 Big Data

The storage capacity of computer systems and the speed and power of data
processing have enabled the collection of big data sets. Big data refers to massive
datasets containing many billions of information items. Big data is too large to be
analysed by conventional database tools. It comes from many different sources.
These include:

i) data gathered by local and national governments as a result of providing
services of systematic survey; ii) data gathered by businesses as a result of their
interactions with clients and customers; iii) data from the natural world through
scientific observations or experimentation; iv) collated and aggregated data sets
which are gathered from diverse sources covering similar or identical subject
areas; v) historic data sets;

Data sets may be examined to provide evidence and feed into businesses pro-
cesses for bringing about change. Many large data sets are proprietary—owned
and protected from wider use by copyright, privacy or business imperatives.
Some large datasets are made available for distributed analysis—the SETI@home
project was used to analyse large volumes of astronomical data. Big data can
benefit from crowdsourced analysis just as big data sets may be assembled by
crowdsourcing.

2.3 Educational Communities Around Linked and Open Data

Developer communities have a crucial role to play in the dissemination and
sharing of ideas and helping establish good practice. In educational communi-
ties there are broadly four basic types of intersecting communities which are
concerned with education specific linked and open data i) formal associations;
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ii) institutional initiatives; iii) evangelist practitioners and researchers; iv) loose
associations or communities of practice. Community has a very strong role to
play in the development of standards in this area. All four types of communities,
plus their respective associations of users of linked and open data, are involved in
different ways [11]. The examples below are drawn from the UK, but similar de-
velopment is taking place in many different countries across the world. Probably
the most significant of these is the international OpenCourseWare Consortium.

Formal associations like XCRI (http://www.xcri.co.uk) can be seen as a
combination of bottom up, specifications and demand arising from the commu-
nity, met strategically with top down input from funding bodies to pursue a
common objective. The XCRI initiative is funded by the JISC, the UK agency
for technology infrastructure and development in Higher and Further Education.
Formal associations produce tangible outcomes. For example, the XCRI initiative
has developed and is now working to a standard model of course information.

Institutional initiatives are manifest in a number of ways. Some institutions,
such as the UK Open University, pursue open and linked data because there
is a strong business case in terms of managing administrative processes and
gaining business intelligence. The University of Southampton has a very close
link with the development of the semantic web. Tim Berners-Lee holds a chair at
Southampton and in an initiative led jointly with Nigel Shadbolt has established
the UK Open Data Institute. A number of other high profile institutions have
this level of commitment.

Evangelist practitioners and researchers form loose associations irrespective
of institutional ambitions. Researchers and application developers in universities
often pursue their objectives through passion and academic interest. Often their
collaboration is a mixture of face-to-face and online interactions supported by
blogging and microblogging which support extended discussions and knowledge
sharing.

The linked universities (http://linkeduniversities.org/) are a loosely
coupled community of practice who work collaboratively on emerging standards.
Being in academia, they can have a symbiotic relationship with the funding coun-
cil through JISC funded standards related work (CETIS) and developers forums
such as Dev8D. They have worked to establish a number of agreed vocabularies
and to bring together a significant amount of expertise relating to linked data
initiatives in the UK and across Europe.

All of these communities add to the common understanding by making visible
their discussions and publicising their achievements. Further examples include
the informative set of case studies made available via the UK XCRI-CAP web
site, while the linked universities describe vocabularies and work in progress and
present a collection of relevant publications.

Another significant educational community is that associated with Open Edu-
cational Resources. The OER community has two different manifestations. Some
institutions have developed repositories which they are making open to share
worldwide, while other repositories are shared efforts across institutions, some-
times with disciplinary groupings. Davis et al provide a comprehensive account

http://www.xcri.co.uk
http://linkeduniversities.org/
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of the roots of OERs and the experience of community building [12]. In many
UK universities OER communities have strong ties with the open and scholarly
publications community, and there is evidence in the literature that experience
from one field sometimes informs the others. Open educational resources bring
together those who take a resource based approach to learning (which survives
from many of the early applications of hypertext) and those associated with
formal learning design, working from an IMS perspective.

Open Educational Resources: (OERs) explicitly collected or assembled for
sharing and reuse. Since 1990s standards have evolved which support and en-
able publication and re-use e.g., IEEE Learning Object Metadata (LOM) [14,15].
The standards enable resources to be found and provide systematic descriptions.
Further standards such as IMS-CP support interoperability. It is possible to
transfer sets of identified files and unpack them for use on another server. Fur-
ther standards such as SCORM RTE and IMS-LD CopperCore [16] can be used
to support sequencing and assembling resources for learners. OERs have a long
pedigree. The MERLOT project was an international consortium which worked
in 1997 to build a platform for open educational resources. In Europe, Rob Koper
from the Open University in the Netherlands was influential in early work on
learning objects specifying an educational modelling language [13]. Some ma-
jor players in the OER community are also providers of OpenCourseWare. In
2005 the OpenCourseWare Consortium was established bringing together ma-
jor international interests committed to open sharing of a range of educational
resources presented as discrete courses. The OER and OCW community have
been working in the area of modelling and linked and open data, but their ac-
tivities have been driven from a bottom-up perspective of sharing and achieving
interoperability rather than from a top down design approach.

Large-scale learning: “Learning analytics is essential for penetrating the fog
that has settled over much of higher education” [17]. Just as business organisa-
tions use their big data on customers’ behaviour to improve their bottom line,
so learning analytics is being harnessed in HE. It is not surprising therefore that
just as research into data mining has been influential in many approaches to
big data, mathematical methods of examining large data sets in education have
emerged as Learning Analytics. Universities and educators are much concerned
at the micro level with checking whether learners understand whether learning
has taken place, what feedback is needed and how progress may be measured.
Data is collected per student and aggregated across cohorts. This data is anal-
ysed and reported internally and externally. Topics with which educators are
particularly concerned include student achievement (measured through course-
works, assignments, tests and exams). Because institutions are concerned with
awarding degrees, data on attainment contributes to progression and retention
information which will be discussed and analysed internally and reported exter-
nally. Learning analytics brings the approaches of big data to many institutional
agendas, particularly those of measuring learning, attainment, progression and
retention. From a business process perspective this data may also be relevant
to providing evidence for establishing financial cases for educational activities.
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Larger institutions such as open universities may already have systematic data
collection processes.

George Siemens is a leading thinker in the area of educational learning analyt-
ics and researchers at Athabasca and the UK Open University are prominent and
influential in the field of online education termed Connectivism [18]. Siemens pro-
vides a personal participative link from Learning Analytics into MOOCs (mas-
sively open online courses) having collaborated with Stephen Downes to establish
a MOOC in 2008 [19]. MOOCs provide an opportunity to gather learning an-
alytic data, particularly that related to student behaviours. MOOCs provide a
context for Open Educational Resources, while learners and participants provide
a context for the data collected from a MOOC. Currently MOOCs are provided
on a number of different platforms; for example Cousera, Udacity, MITx and
EdX. In the US some high profile institutions are running MOOCs, perhaps for
their advertising and reputation enhancing potential, or perhaps for their po-
tential to collect learner data which can then feed back into the design of face
to face learning activities.

2.4 Learning Approaches

There is a plethora of educational theory to which individual academics may
refer, and many institutions will exhibit a broad range of approaches, some of
which are explicitly designed within a given educational approach. Some rela-
tively new institutions, especially large open universities may commit to a formal
design process across the institution based on an acknowledged set of educational
principles, but more often students experience diverse influences from a range of
theoretical perspectives.

Figure 2 gives a much simplified representation of some of the key theoretical
influences from education and technology which are prevalent in educational
approaches in universities at the current time. For learners the network is playing
an increasingly important role in learning. This is a reflection of the way in which
technology infrastructure has become an intrinsic part of the fabric of everyday
life. It also resonates with many educational theories such as constructivism and
social constructivism. In Higher Education Laurillard has been highly influential
and the conversational model of learning [20] has been credited with widespread
impact, certainly amongst UK based educators engaged in technology based
learning.

At the same time, work by Siemens has also been influential in proposing a
model of connectivism [18] which emphasises the role of the network in shaping
and determining the nature of learning and approaches which are relevant and
effective. It proposes a model which is particularly relevant to the connected
world. It has strong links to social learning theories and stresses the primacy of
generative and transformative approaches to learning. Siemens subsequently has
been involved with large scale learning activities at the Athabasca University
in Canada. Following that work he also identifies specific links between connec-
tivism and learning analytics [21], making connectivism a perspective which is
particularly relevant to the scope of this paper.
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Fig. 2. Educational Approaches—a mass of theories

“Learning analytics currently sits at a crossroads between technical and social
learning theory fields. On the one hand, the algorithms that form recommender
systems, personalization models, and network analysis require deep technical
expertise. The impact of these algorithms, however, is felt in the social system
of learning. As a consequence, researchers in learning analytics have devoted
significant attention to bridging these gaps and bringing these communities in
contact with each other through conversations and conferences” [22].

There are many approaches to educational theory which do not take into
account the online and connected world. One recent educator who has been
influential in approaches to learning, but who does not deal specifically with
technology and learning is Biggs [23]. His models of the student and effective
ways of facilitating student learning have gained widespread currency, and there
has been a growing interest in understanding what ‘what the student does’ as a
means of modelling and enhancing education. Where Biggs seems to be particu-
larly relevant to the emerging conceptual frameworks in STEM education is via
recent interest in Digital Literacies. Much of the discussion within is aligned with
Biggs’ perspective. Students do things to learn, and can be expected to develop
their learning skills whilst undertaking higher level study. Working with students
to understand, develop and extend their digital literacies is an increasingly im-
portant agenda for Higher Education across the board. For students in STEM
areas this will extend to mastering and understanding everyday work tools and
to the specific sets of tools which predominate in their chosen specialisms.

Education has a long tradition of working with webs of documents. The role
of text in education was a driver for early computer based systems, and in turn
influenced models of understanding for approaches to technology based learn-
ing which differed from the more strongly industrially influenced approach of
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computer based training. Hypertext was implemented on mainframes through
the Plato. On personal and distributed computers, Apple briefly led the way
with their HyperCard system. Hypertext researchers looked at education, and
much interest developed in personalisation, customisation and intelligent tutor-
ing systems. Hypertext systems such as microcosm, although developed before
the web came into use, used assembled collections of interlinked resources and
it was that understanding of texts which informed the developments of early re-
search and educational repositories such as ePrints and EdShare [24]. Different
subject areas have tended to privilege different aspects of learning technologies;
specifically those which are better suited to their individual disciplinary needs
[25]. Independently, academics were programming web pages and producing spe-
cialised applications such as simulations, as well as using authentic data sets for
structured tutorials.

At the same time commercial interests were promoting systems which has of-
fered to manage the learning process, early systems often worked to extend the
book metaphor pacing the learner through their material. It was natural that
this work continued through the early years of web technologies, when systems
which managed the learning experience Blackboard and WebCT for example
were introduced. These systems often integrated with student management sys-
tems which the suppliers were also selling. Virtual Learning environments also
encapsulate a number of different learning processes, for example tutorial plus
questions plus simulations. Typically there are also analytics such as data log-
ging and tracking. They have gained some popularity for their ability to sequence
order and organise information and thus drive learning activities. The function-
ality of VLEs have evolved alongside technology in the wider world, and systems
typically now incorporate aspects of the social read-write web, although their
objective of being closed systems means that they cannot have the exact same
affordances as the wikis, blogs and online discussions which are found on the
wild web.

2.5 Semantic Technologies in Higher Education

The discourse and analysis of the potential for semantic technologies in Higher
Education has strong links back to the research of the hypertext and adaptive hy-
pertext communities and thus necessarily encompassed contributions from those
concerned with AI agendas such as agents and Intelligent Tutoring Systems.
The 2009 SemTech Report presents survey findings for semantic technologies in
learning and teaching [26]. Things have moved on since, but some of the obser-
vations are still relevant. SemTech articulates the need to differentiate between
soft and hard semantics in an educational context. Table 3 differentiates i) soft
semantic technologies like topic maps and Web 2.0 applications, which provide
lightweight knowledge modelling in formats understood by humans and ii) hard
semantic technologies like RDF, which provide knowledge modelling in formats
processable by computers.

There are many different ways in which semantic led approaches might con-
tribute to educational activities. Table 4 differentiates between those which can
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Table 3. Examples of hard and soft semantics in Higher Education

Hard Technologies
Using machines to talk to each other

Soft technologies
Helping people to organise

knowledge

managing shared learning content Tool to link learning and select careers
identify cross-curricular connections Managing shared learning content
Support for personal learning Support for personal learning
Search for people (people like me) Developing reasoning skills and argument
Search for resources Shared mind-maps/topic-maps

Table 4. Where semantic technologies can contribute to educational processes

Classroom administration
Assisting course creation
Aggregate course and module information

Visible data → dynamic analysis & feed-
back
Aggregate relevant resources & workflow
Streamline accreditation & quality pro-
cesses

Learning activities
Critical thinking and argumentation sup-
port
Efficient personal & group knowledge con-
struction
Authentic learning
Group formation

Assessment, certification, counter-
ing/detecting plagiarism
Learning in the wild
Informal learning
Self-actuated learning
Aggregation, personalisation, customisa-
tion

be considered to related to ‘classroom’ administration and those which might
make up a direct component of learning activities.

2.6 Education in STEM Subjects, Some Scenarios

The challenge for educators is to provide the educational opportunities which
enable the learner to familiarise themselves with, and then master the necessary
knowledge, skills and understandings which can equip them to be competent
in their chosen specialism. Can using smart technology help us address these
ambitions? How is our model of student learning activities made more complex
by these requirements?

At the same time as we address these aims, there is a widespread expectation
that learning should be a transformative process, and that the students will be
able and ready to make and sustain their contribution to their chosen workplace
and career path. It is inevitable that such a trajectory necessitates a mastery
which extends beyond academic subject specialism and into the applied discipline
in a world where technology is an essential component. Disciplinary differences
as investigated by Biglan [27,28] and subsequently Becher [29], play an important
role in the nature of teaching in Higher Education. Disciplines determine needs
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Table 5. Disciplinary needs of Hard Pure and Hard Applied Subjects [25]

Curriculum/content Assessment Cognitive Purpose

H
a
rd

P
u
re

e.
g
.,
N
a
tu
ra
l
S
ci
en

ce
s Concepts and principles

closely connected
Content typically fixed
and cumulative
Quantitative
Teaching and learning
activities are focused

Specific and focused
exam questions
Object tests relying on
quantitative nature of
knowledge

Logical reasoning
Testing of ideas in linear
form of augmentation.
Reliance on facts,
principles and concepts

H
a
rd

A
p
p
li
ed

e.
g
.,
E
n
g
in
ee
ri
n
g

Concerned with the
mastery of the physical
environment.
Focus is on products and
techniques.
Knowledge is atomistic
and cumulative.
Emphasises factual
understanding.

Preference for exam
questions; especially
problem solving.

Logical reasoning.
Testing of ideas in linear
form of argumentation.
Reliance on facts,
priniples and concepts

and establish context. The STEM subjects are considered to fall within the
Hard Pure and Hard Applied disciplinary space. The context of disciplinary
differences in e-learning has been investigated by White and Liccardi whose
summary of the disciplinary needs relevant to STEM subjects is presented in
Table 5. Alongside the disciplinary needs of learners, it is worth considering the
affordances of different types of tools. Based on the observations of the SemTech
report, and extrapolating from the experience of enriched publishing reported
by Shotton et al. [10]. Table 6 builds on the activity gradient proposed by White
and Liccardi, suggesting added value which might result if educational resources
were semantically enriched.

The value of ontologies to planning the learning process has been recog-
nised by researchers and educational specialists within some discipline areas
[30]. This would come under the classroom administration category suggested
in Table 4 which was previously discussed. In the SemTech survey [26] there
was evidence of the purposeful use of semantic tools for authentic learning. Ex-
perience in the use of repositories and digital collections would suggest that
they have strengths for the educator as well as the learner and would indi-
rectly support informal learning, self actuated learning, personalisation and
customisation. In the world of MOOCs specialist programs have been estab-
lished which reflect an industry need; for example the solar power industry
http://solpowerpeople.com/solar-courses/—which might also be appro-
priate to provide authentic resources for learners studying on a formal program
in a relevant topic. At the time of writing, Coursera, a federation of OpenCourse-
Ware, listed almost 200 courses with a duration of between 4 and 12 weeks. It

http://solpowerpeople.com/solar-courses/
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Table 6. Suggested benefits from semantically enriched learning in stem subjects

Teacher led/passive

Resource Conventional use Semantically enriched

Notes on the web
Teacher: author, publisher.
Student: consumer, viewer,
use for reference.

Automatically linked to
related resources.
Dynamic annotation
(semantic wiki).
Use/integrate with OER.

Tests, questions
Teacher: author, publisher
Student:
participates/interacts.

Automatically linked.
Dynamic and static
generation of feedback.
Dynamic linking to ‘wild’
resources.
Use/integration of OER

Interactive tutorials.
Incorporates learning
activities and assumes
structure.

Teacher: author, publisher.
Dynamically assembled,
dynamically link.

Simulations.
Incorporates learning
activities and assumes
structure.

Teacher: author, publisher.
Student:
participates/interacts
Pathways dynamic/proxy
for real world.

Distributed participants,
use of authentic data.

‘World Ware’
Teacher points to/requires
use of authentic tools.

Real world datasets &
tools.

Student created artefacts
Student freely utilises
authentic tools.

Semantic
publication/visibility

Online discussions.
Blogs and Wikis.

Students engage is ‘social’
creation and ‘social’
learning.

Dynamic interlinking,
semantic publication.

Student led/active

claimed to have more than 1.7 million registered course participants. By far the
majority of the subjects were in the stem subject area. High profile open courses
have been offered by US Ivy League universities but are also being offered by
informal networks of teachers, by individual academics and by small colleges.

The examples above considered the value of semantic enrichment and open
and linked data from the perspective of purposeful course design, or as an ad-
junct to the educational administration. These two perspectives were the main
line of analysis identified in the SemTech report. However, there has been con-
siderable discussion across the community which argues for taking a personal
learner perspective on educational resources, and to place the use of educational
resources within a framework of a Personal Learning Environment. Within the
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framework of developing campus wide support for learning at the University of
Southampton, the personal learning environment has been considered. Seman-
tically rich environments provide ample opportunities for the interlinking and
crafting of personal learning resources.

The world is changing and universities must respond to students’ needs and
expectations in agile and effective ways. Learners enter university with an in-
evitable diversity of technological familiarity and a mix of näıve and sophisticated
approaches to using technology as a part of their learning. Students are using
apps and becoming familiar with the potential of linked data. Just as they have
learned how to Google for information and to look to Wikipedia as the first source
of information, so they are also becoming familiar with technology behaviours
which they might reasonably expect to appear in their study environment.

Using online services such as Facebook, Amazon, Delicious, Flickr, YouTube
introduces them to a world where artefacts like integration and recommenda-
tion are an obvious part of the infrastructure. Familiarisation with these services
shapes expectations and also prepares users to be adept at exploiting the affor-
dances for their own reasons. Students develop skills and expectations. Famil-
iarity with these specialised affordances of various common place yet separate
applications, may result in students viewing the institutional provision of web
sites and virtual learning environments (VLEs) as clunky and out of date. For
their part, universities may feel themselves overloaded with the task of pro-
viding, maintaining and updating the necessary information needed to inform
and educate their students and also to furnish and drive the workflows of their
administrative processes.

Many universities are understandably proud of the historic heritage on which
University system is based, and the historic roots on which their own institution
is established. Yet these same roots and traditions are in some ways likely to
be the source of some of the challenges which are faced by the University as an
organisation.

Institutions are being changed by external factors. Siemens identifies an al-
tered information cycle brought about by ‘participatory technologies’. At the
University of Southampton, four fundamental drivers for change were identi-
fied. i) support curriculum change and innovation; ii) address student expecta-
tions; iii) enable the university to remain credible in its support for learning and
teaching—particular to be seen as fluent and innovative in the use of IT; iv) fa-
cilitate the adoption of a University-wide educational style. Students may want
interconnectivity with external apps, actors in our systems may want to share
data from internal info with external apps, but whatever else we certainly need
to be able to share and reuse data from and between our internal apps, using a
web2.0 approach using the web as a platform, exposing our data and devising
services to enable apps to communicate is essential.

An early implementation of educational infrastructure to support teaching
was developed in Southampton making use of linked data. We routinely use
linked data for info within one part of the University ECS enabling all our info
style pages to be generated dynamically. The mix of screen shots collected as a
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single figure illustrate this approach incorporating a personal page where data is
associated to provide information based on real world relationships recorded as
linked data. Academics are tutors; tutors have tutees; academics are lecturers;
lecturers have teaching allocations, and so on. Assembled sets of relations gener-
ate informative and highly functional web pages. This approach creates official
home pages and generates module pages for teaching activities. The resources
page also accesses the institutional repository and using tags as filters populates
the module page resources tab. A wiki is used to add and enter information;
there is also a linked HTML web pages on the filestore. Dynamic content I
added through retrieving delicious tags associated with course teachers, and a
tag cloud index to the delicious data is generated.

We used RDF because it saves time; however, the hand crafted web sites will
persist, and some colleagues use paper handouts. Automatically generated pages
provide learners with a consistent backbone to which they can refer. Individual
differemces will persist. Not everyone uses the EdShare repository, or edits the
notes or student wiki.

Even with this proof of concept, the challenge remains, how to port it to the
rest of the University? This system was introduced by those whose research is
into linked data. Colleagues in Electronics, physic or chemistry might not regard
the changes in the same light. Time and again we return to the issue that change
is cultural, and individual responses and behaviours are mediated by skills and
by available time, and willing priority. Open and linked data can be used by
universities for business process management. The University of Southampton
established an open data initiative in 2010. Full information can be found at the
project’s web site http://data.soton.ac.uk/.

Benefit can be gained from exposing and sharing the public and private cap-
ital of data and information within and across departments and institutions to
enable workflows and promote and enable collaboration. Since its inception the
project has supported, shown financial returns and won the support of senior ad-
ministrators and managers who have particularly appreciated the way in which
the data can be drawn upon at short notice to provide customised web sites
(for example to support a student visit day). Among the achievements made by
this initiative i) furnish components of a financial information system; ii) helped
address external demands for information provision is a cost effective manner;
iii) enable enhanced quality of data relating to room information; iv) increase the
efficiency of the on campus catering provision; v) drive a mobile app detailing
university and city wide bus services.

3 Discussion

The examples above demonstrate that education has more than one focus: learn-
ers, teachers, researchers, administrators; depending on the activity, some people
are at the core, whilst some are at the periphery. Establishing a coherent ap-
proach to institution-wide change which incorporates technology and introduces
new business practices is an ambitious challenge and it would not be surprising
if a few challenges were encountered on the way.

http://data.soton.ac.uk/
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Table 7. Southampton data sets available in autumn 2012

Apps using our data
Buildings and Places
Catering
Common Learning
Spaces
Extra Information
ECS EPrints Link set
EPrints Repository
Easting/Northing
EdShare
EdShare Video
ECS EPrints Repository
Events Diary
Facilities and Equipment
Food Hygiene Ratings
International Links
International Links
DBPedia Data
JACS Codes

Links to DisabledGo
Access Information
Local Amenities
Open Data Catalogue
Open Days July
2011Organisation
Payments 2010-11 to
2011-01
Photographs of
University of
Southampton Things
Press Contacts
Information
Programmes (2010-2011
session)
Programmes (2011-2012
session)
Programmes (2012-2013
session)

Public Phonebook
Published Accounts
Services
Southampton Bus-routes
Southampton Bus-stops
Southampton Jargon
Dictionary
Student Statistics
Students Union Events
Teaching Room Features
Transport Linkset
University of
Southampton Profile
Document
Vending Machines
WiFi
iSolutions Workstation
Clusters

Surveying the use of Semantic Technologies in Education in 2009, Tiropan-
nis et al observed of the the challenges faced by Higher Education that most
could be addressed by querying across institutional repositories (databases, web
pages, VLEs). Significant learning and teaching challenges can be addressed by
accessing resources across departments, schools, institutions. The emergence of
linked data fields across related repositories (seen in Table 7) will enable new
applications relevant to identified HE challenges. They consider that the initial
value of semantic technology will be in scale rather than reasoning and suggest
that institutions will benefit from adopting a bottom-up approach starting from
linked data which can be related to (layers of) ontologies later in the context of
specific applications. The SemTech perspective quoted here focused on specific
implications for learning and teaching, but from the material covered in this
paper it would appear that a broader perspective would repay investigation.

This paper has looked at the roots of technology innovation which were cre-
ated by the web and its technical developments incorporating linked and open
data. It has considered a range of different technical innovations which can be
found in the business and commercial domains and considered how they relate
to educational domains through two mechanisms i) establishing patterns of use
and user expectations through familiarity and perceived user benefit; ii) creating
organisational gains either in terms of improved efficiency and effectiveness or
through directly reduced costs. Furthermore, these changes have the potential to
create indirect savings by streamlining processes and gathering valuable business
intelligence which can help in strategic planning and direction.
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Whilst much of the paper has discussed educational innovations, it may well be
that for educational institutions the real gains which can be made are in the area
of organisational efficiencies. Core business functions in educational institutions
have much in common with commercial and business organisations, albeit there
are some very particular constraints found in educational contexts because of
the cyclical nature of the business, and the uneven tempo of the academic year.
There has been some discussion of formal teaching related affordances which
might be available to educators using linked and open data. However, semantic
technologies do offer learners the means to independently craft and fine tune their
own personal learning environments. The discussion and examples throughout
this paper have referred to university education, but the case was made in the
opening sections that this work is equally applicable to workplace learning at
higher levels. There are particular constraints which apply to workplace learning
which differentiate it from university learning.

The affordances of semantic technologies, open and linked data introduce
potential for flexibility, dynamism and automation which may be particularly
beneficial for those who are studying in a workplace context. Streamlining the
ways in which we can assemble and inter-link content offers a considerable gain.
This benefit will be as relevant to the work-based learner, topping up expertise or
undertaking professional development. The models established in OpenCourse-
Ware combined with the potential for personal learning environments appear to
be particularly fruitful areas for future development. It also seems likely that
academics, becoming familiar with technologies in their research activities, will
find ways of introducing datasets and research practice into learning as authentic
activities. The specific digital literacies of each learner within any given STEM
area will be closely related to the authentic tools which are routinely used by
practitioners (in the workplace or the research lab) associated with that spe-
cialism. Time savings may also accrue from a data based approach to gathering
summary information about study programmes for accreditation. The curricu-
lum is one area where the effort of building ontologies is beneficial. Institutions
expend significant effort trying to gain broad-brush pictures across modules and
programmes; work on knowledge modelling in this area could be fruitful.

The potential impact of widespread use of linked data in Higher Education
is immense. Everyday understanding of the power derived by placing raw data
in the public domain is growing. It promises to transform education, intercon-
necting administrative data, enriching and embellishing teaching resources while
providing tools and resources for learners and researchers alike. Currently, se-
mantic technologies are more widely and systematically used in research and
administration than they are in teaching in higher education.

Having discussed the broad challenges and potential of greater use of data in
an educational context, it might be constructive to suggest a way forward.

– Experience at Southampton has placed great value in purposefully construct-
ing teams which incorporate a range of organisational perspectives. Existing
literature on change processes identifies the need for champions and patrons.
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Champions pursue agendas at a local level, while patrons support and visibly
promote change at a strategic and trans-institutional level.

– Some of the simple demonstrators which helped disseminate the potential
of using data in applications were developed speculatively on low budgets
by student interns. Some apps were developed independently by students,
mirroring the wider experience of making APIs available for those who will
gain most to invest in.

– Many of our data clients were surprised by the simplicity of the changes they
needed to make in order to publish their data and accrue additional benefit.
A participant who saves money is a great advert and a willing advertiser of
your hard work.

– Once the data has been published and example apps developed, new clients
are more able to imagine what they want and what they might gain. This
can then enable effective collaboration and co-creation of further apps which
will in turn accelerate or refine future developments.

– Borrowing from business practices can be fruitful. Hackathons, BarCamps,
UnConferences and Competitions can be ways of finding and pairing devel-
opers with clients and producing proof of concept apps in short timeframes.
The energy created by these types of events will also sustain more measured
developments.

– There is a wider understanding of what might be achieved by crowdsourcing:
sharing the task of collecting data, or refining and correcting datasets.

– Publishing data is a wonderful way to distribute quality control tasks. Users
can spot and correct published data. We found this worked particularly well
in the case of our teaching room database, which was previously maintained
on a PC and updated on an annual basis, often preserving mis-information
from year to year.

– Shared initiatives lead to understanding and sharing organisational
objectives

– Being a semantic squirrel may be rewarding. If there is an opportunity to
collect data, the cost of storage will be small. If a means or motivation to
analyse and use it emerges in the future, half of the job will already be done.

– Engaging in cool projects at your institution will make your techies happy,
and give them things which they can go and brag about at developer events.

– Joint projects like the open data activities suggested here provide an oppor-
tunity to develop a local community of practice which will in turn enrich
organisational knowledge
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Abstract. The world is a continuum, but words are discrete. Sensory organs 
map the continuous world to continuous mental models of sights, sounds, and 
motions. Muscles and bones move in a continuous range of positions, postures, 
forces, and speeds. Internal feelings of hunger, thirst, pains, pleasures, fears, 
and desires have a continuous range of variation. But discrete words and 
patterns of words cannot faithfully represent the continuum of perceptions, 
actions, and feelings. Peirce’s semiotics and Wittgenstein’s language games 
provide a framework for relating language to the world and to perceptions and 
actions in the world. Peirce analyzed signs and transformations of signs in 
networks of discrete symbols and in patterns of continuous images. 
Wittgenstein showed how language is integrated with every aspect of human 
activity. To implement their insights, the discrete networks of symbols must be 
mapped to continuous mathematics. This article is a summary of the methods 
and applications for mapping natural languages to conceptual graphs and 
continuous transformations. Those methods have been used to analyze and 
classify plot twists in narratives and the structure of expository texts. 

Keywords: conceptual graphs, natural language processing, semiotics, analogy, 
mental models, continuity, catastrophe theoretical semantics. 

1 Language and Brain 

The human brain is built on an ape-like plan with a greatly enlarged cerebral cortex. If 
the cortex were removed, the human brain stem and cerebellum would be hard to 
distinguish from those of a chimpanzee or gorilla. After reviewing the fossil evidence, 
Terrence Deacon [1] concluded that the mainstream of evolution from the apes to 
Australopithicus, Homo habilis, Homo erectus, and Homo sapiens was driven by “the 
co-evolution of language and the brain.” Gradual changes in the vocal tract indicate 
an early shift toward more complex vocalization. The earliest language-like 
vocalizations, perhaps spoken by some Australopithecines, gave their speakers a 
competitive advantage over other primates. The need for a larger vocabulary and a 
more precise grammar drove the rapid increase in size and complexity of the brain. 
Figure 1 shows aspects of language that evolved in the past 6 million years on top of a 
foundation of 600 million years of evolution from primitive worms.    
                                                           
*  An extended paper associated with this invited talk will appear in the Workshop Proceedings 

for the ‘‘Workshop on Modeling States, Events and Processes (MSEPS)”. 
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Fig. 1. Human language supported by an ape-like foundation  

Yet Figure 1 has some questionable features. The labels on the language boxes 
correspond to traditional academic fields, but those boxes don’t have a one-to-one 
mapping to modules in the brain. The box labeled knowledge, for example, includes 
information in different areas of the brain:  language-independent images; concepts 
related to language, but independent of any specific language; and knowledge 
encoded in the patterns of a particular language. The box labeled pragmatics involves 
the use of language in all the activities of life. But knowledge of an activity is directly 
based on actions and perceptions, only indirectly on the words that express them. As 
Wittgenstein emphasized, words are always learned and used in the context of some 
activity:  “The word language-game (Sprachspiel) is used here to emphasize the fact 
that the speaking of language is part of an activity, or of a form of life” [2: §23].  

Nobody knows exactly how the brain works, but neuroscience has accumulated a 
great deal of evidence about the areas of the brain associated with various functions. 
For right-handed people, the left hemisphere of the cerebral cortex (LH) is critical for 
language. Figure 2 shows areas of LH involved in language processing [3, 4]. Broca’s 
area, which generates the syntax and phonology of speech, is adjacent to the primary 
motor cortex for the mouth, face, tongue, and vocal tract. Wernicke’s area, which 
relates language to semantics, is adjacent to the primary auditory cortex and close to 
the sensory areas for vision and touch. It is also directly beneath the parietal lobe, 
which maintains patterns that are variously called cognitive maps, frames, or 
schemata. Lamb [5, 6] argued that the primary nodes for concepts are located in the 
parietal lobe. Nouns, which map to images, are in the temporal lobe, close to both the 
auditory and visual areas. Verbs are in the frontal lobe, close to the motor areas that 
control actions. 
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Fig. 2. Language areas of the left hemisphere  

The cerebral cortex is essential for language and all complex reasoning. But the 
brain stem controls the basic functions necessary for maintaining life. It also 
integrates all inputs and outputs to and from the cerebral cortex. One part, called the 
superior colliculus, integrates vision with eye movements and head position. It also 
relates vision to the auditory inputs processed by the inferior colliculus. The 
cerebellum learns and controls fine tuned, but automatically executed skills. Using 
just the superior colliculus and the cerebellum, a frog can jump along the lily pads in a 
pond, track a fly in mid flight, and shoot out its tongue at just the right speed and 
direction to catch it. Humans use the same neural mechanisms for shooting a 
basketball, performing gymnastics, or playing the piano. For a person talking on a cell 
phone, the superior colliculus can bypass the cortex and enable the cerebellum to 
control walking without thinking.  

As Figure 2 shows, language areas are distributed around the cortex. Instead of a 
dedicated language module, brain areas specialized for perception and action are also 
used to interpret and generate language. Broca’s area, for example, overlaps two 
regions called Broadman’s areas BA44 and BA45. BA44 is active in controlling the 
mouth for speech and eating. BA45 is active in producing both spoken and signed 
languages. It is also active in precise motor control for using tools.  

The processes carried out by the brain stem and cerebellum are outside conscious 
awareness and independent of language. But they are essential for producing and 
maintaining the images in the cortex that are mapped to and from language. The 
superior colliculus is responsible for controlling eye movements, relating multiple  
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fragmentary glimpses, and enabling the visual cortex to assemble them in a stable, 
panoramic image of the environment. But the frontal lobes can also provide the 
stimuli to generate an imaginary model of a planned, hypothetical, or desired 
environment. As the neuroscientist Antonio Damasio [4] said,  

The distinctive feature of brains such as the one we own is their uncanny ability 
to create maps... But when brains make maps, they are also creating images, the 
main currency of our minds. Ultimately consciousness allows us to experience 
maps as images, to manipulate those images, and to apply reasoning to them.  

Although the details of information processing in the brain are major research 
problems, brain scans show the active areas, and anatomy shows the pathways that 
connect them. For language understanding and generation, Wernicke’s area and 
Broca’s area are connected by a thick bundle of fibers called the arcuate fasciculus. 
Those fibers transmit information in both directions to coordinate the semantic 
processing in Wernicke’s area with the syntactic processing in Broca’s area. But the 
verb patterns, which are located in BA47 close to Broca’s area (BA45), are critical for 
relating sentence structures to actions, planning, and reasoning. The nouns that 
participate in those patterns are located in the temporal lobes. The arcuate fasciculus 
has branches that connect to those areas and to the parietal lobe with its concepts and 
cognitive maps.  

The evidence from neuroscience confirms what linguists, psychologists, philoso-
phers, and language users have known for millennia:  nouns are linked to images, 
verbs are linked to actions, the links depend on background knowledge, and people 
with different backgrounds often misunderstand each other. For computer processing, 
it implies that language understanding requires methods that go beyond the discrete 
words and patterns of words that appear in texts. For any subject that has a continuous 
range of variation — anything except subjects like chess, Sudoku, or computer 
programs — the semantics requires continuous mathematics. The discrete patterns of 
language must be mapped to and from continuous fields and transformations. 

2 Discrete and Continuous Processing  

The early stages of language processing must analyze the discrete words and patterns 
of words that occur in speech and texts. For VivoMind software, the results of the 
analysis are translated to conceptual graphs (CGs) as the semantic representation [7, 
8, 9]. But the graphs are still discrete. They must be translated to continuous fields for 
the next stage of analysis. Key to that translation is an insight by Charles Sanders 
Peirce, whose existential graphs (EGs) are the foundation for CGs [10].  

Peirce was inspired by the graphs used to represent molecules in organic 
chemistry. He designed his EGs as a notation for representing “the atoms and 
molecules of logic.”  The continuous fields are forces like gravity or electro-
magnetism. In the verb patterns, each verb is a nucleus, and the nouns orbit the 
nucleus in a continuous force field.  The verb sleep, for example, has one actant or 
participant; it has valence 1.  The verb hit has 2, give has 3, and buy or sell has 4.     
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René Thom [11] was a mathematician who developed catastrophe theory and 
applied it to a variety of physical phenomena. As he broadened the range of 
applications, he discovered psychological and linguistic phenomena that displayed 
related patterns. He used the dependency grammar developed by Lucien Tesnière [12] 
to represent patterns of events. When he analyzed the dynamic evolution of those 
events and their consequences, he discovered that they fell into patterns that 
resembled the chaotic patterns he observed in physics. He showed that those patterns 
could be used to classify the typical kinds of plot structures found in literature. 
Thom’s ideas were developed further by Petitot [13] and Wildgen [14]. Most linguists 
ignored those developments because they use mathematical computations that are 
unrelated to the usual linguistic theories. But Tesnière’s dependency structures have a 
direct mapping to conceptual graphs [7]. That mapping enables the methods of 
catastrophe theoretical semantics (CTS) to be adapted to CGs. 

3 Applications 

VivoMind software has mostly been applied to nonfictional documents on subjects 
such as oil and gas exploration or rare earth magnetic materials [8, 9]. For those 
purposes, CTS proved to be valuable for classifying document types. It can 
distinguish documents that serve different purposes, even though they have similar 
vocabulary and ontology. Examples include chapters from a textbook, research 
reports, tutorials, and surveys that cover similar material. These methods can even 
distinguish routine or incremental research from novel papers and highly innovative 
speculation.  

To illustrate the differences between a serious and a humorous text, we used the 
methods to compare the patterns of betrayal in two anecdotes:  the BRUTUS story 
betrayal model [15] and a joke called “Meeting St. Peter.”  In both of them, the 
situation is painful for the victim. But the victim in the serious anecdote is a 
sympathetic character (a student); in the other, the victim is a stereotypical butt of 
humor (a salesman). Following are two stories of betrayal analyzed by the CTS 
methods.  

“Betrayal” by BRUTUS 

Dave Striver loved the university. He loved its ivy-covered clocktowers, its 
ancient and sturdy brick, and its sun-splashed verdant greens and eager youth. 
He also loved the fact that the university is free of the stark unforgiving trials of 
the business world — only this isn’t a fact: academia has its own tests, and 
some are as merciless as any in the marketplace. A prime example is the 
dissertation defense: to earn the PhD, to become a doctor, one must pass an oral 
examination on one’s dissertation. This was a test Professor Edward Hart 
enjoyed giving.  

Dave wanted desperately to be a doctor. But he needed the signatures of three 
people on the first page of his dissertation, the priceless inscriptions which, 
together, would certify that he had passed his defense. One of the signatures had 
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to come from Professor Hart, and Hart had often said-to others and to himself-
that he was honored to help Dave secure his well-earned dream.  

Well before the defense, Striver gave Hart a penultimate copy of his thesis. Hart 
read it and told Dave that it was absolutely first-rate, and that he would gladly 
sign it at the defense. They even shook hands in Hart’s book-lined office. Dave 
noticed that Hart’s eyes were bright and trustful, and his bearing paternal.  

At the defense, Dave thought that he eloquently summarized chapter three of 
his dissertation. There were two questions, one from Professor Rodman and one 
from Dr. Teer; Dave answered both, apparently to everyone’s satisfaction. 
There were no further objections.  

Professor Rodman signed. He slid the tome to Teer; she too signed, and then 
slid it in front of Hart. Hart didn’t move.  

"Ed?" Rodman said.  

Hart still sat motionless. Dave felt slightly dizzy.  

"Edward, are you going to sign?"  

Later, Hart sat alone in his office, in his big leather chair, saddened by Dave’s 
failure. He tried to think of ways he could help Dave achieve his dream.  

The next story is an updated and extended version of a joke that was circulated around 
the Internet.  

Meeting St. Peter 

A computer salesman died and went to meet St. Peter at the Pearly Gates.  

St. Peter:  Welcome to our reception hall. We’ve made some updates to our 
traditional procedures in order to speed up the process and make our guests feel 
more comfortable. Instead of the old book of sins, we now use an iPad.  

Computer Salesman:  That sounds great. I love the new technology.  

Then St. Peter swiped the iPad and projected scenes from the salesman’s life on 
the wall next to the Pearly Gates. The salesman began to squirm when he saw 
some of the long-forgotten events.  

St. P:  Relax. We got rid of the old trial because it takes too long. We developed 
new methods that predict the same results with six-sigma reliability. We just let 
people choose whether they would prefer to go to Heaven or Hell.  

Then he took another swipe at the iPad and showed some scenes from Heaven. 
People in white robes were sitting on clouds, playing harps, and singing hymns.  

C S:  That looks boring.  

Then St. Peter took another swipe at the iPad and showed scenes from Hell.  

A toga party was going on. There was wild music, dancing, drinking, and 
carousing. Men and women in various stages of undress were engaged in every 
activity imaginable.  
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C S:  That’s fantastic. I choose Hell.  

St. P:  Done.  

St. Peter took another swipe at his iPad, a trap door opened, and the salesman 
found himself sliding down a steel chute. He was rapidly accelerating down a 
well-worn path, polished by many previous travelers.  

Finally, he flew through an open door into a huge cavern with fire and 
brimstone stinging his eyes. At once, a dozen little devils with pitchforks started 
prodding and pushing him toward a fiery pit.  

C S:  Hey, wait a minute!  What happened to the party?  

Then the chief devil walked over, stroking his beard.  

Chief Devil:  Ooooh.  You must have seen our demo.  
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1 Invited Talk Summary 

We show how purpose can be used as a central guiding principle for organizing 
knowledge about artifacts. It allows the actions in which the artifact participates to be 
related naturally to other objects. Similarly, the structure or parts of the artifact can 
also be related to the actions. 

A conceptual base, architecture and implementation of a semantic knowledge base 
called PurposeNet, with an evaluation performed in comparison with other knowledge 
bases, shows that PurposeNet is a superior method in terms of coverage. Building an 
exhaustive knowledge base is a laborious and intense task, it needs human expertise 
and it needs good web data processing tools so that information from the web can be 
easily extracted in order to build the knowledgebase semi-automatically. In order to 
maintain the quality of the resource, it has been, till now, a case where the knowledge 
base was manually created. Nevertheless, creating such a huge resource completely in 
manual mode would be a time-consuming work. PurposeNet also makes it possible 
for automatic extraction of simple facts (or information) from text for populating a 
richly structured knowledge base.  

Therefore artifact related information which is useful for our knowledge base is 
available in various resources such as WordNet, Wikipedia and other web corpora. 
Results are reported on conducting a few experiments on detecting and extracting 
purpose of artifacts from web corpus. An experiment in domain-specific question-
answering from a given passage shows that PurposeNet used along with scripts (or 
knowledge of stereotypical situations), can lead to substantially higher accuracy in 
question answering. In the domain of car racing, individually they produce correct 
answers to 50% and 37.5% questions respectively, but together they produce 89% 
correct answers. These experimental results in domain-specific question-answering 
have produced promising results. 

 

                                                           
* An extended paper associated with this invited talk will appear in the Workshop Proceedings 

for the ‘‘Workshop on Modeling States, Events and Processes (MSEPS).’’ 
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Abstract. This paper focuses on the challenges of introducing classi-
cal syllogisms in university courses in elementary logic and human rea-
soning. Using a program written in Prolog+CG, some empirical studies
have been carried out involving three groups of students in Denmark; one
group of philosophy students and two groups of students of informatics.
The skills of the students in syllogistic reasoning before and after the
logic courses have been studied and are discussed. The empirical obser-
vations made with the program make it possible to identify syllogisms
which are found difficult by the students, and to identify others which
the students find easier to handle. It is discussed why certain syllogisms
are more difficult than others to assess correctly with respect to valid-
ity. The results are compared with findings from earlier studies in the
literature. As in other studies, it is shown that the test persons have
a tendency correctly to assess valid syllogisms as such more often than
correctly assessing invalid syllogisms as such. It is also investigated to
what extent the students have improved their skills in practical reasoning
by attending the logic courses. Finally, some open questions regarding
syllogistic reasoning are discussed.

1 Introduction

For centuries the Aristotelian syllogisms have been a crucial part of university
courses introducing basic logic and human reasoning. In the medieval univer-
sities, syllogistics was regarded as an essential component of basic academic
learning. At many modern universities this is still the view.

There is, obviously, a close relation between the ontological primitives
(e.g., SubclassOf) and the categorical statements which are used in classical
syllogistics. In fact, a number of syllogistic arguments can be inferred from the
hierarchical structures used in formal ontology (see [4]). It appears to be evi-
dent that a proper understanding of conceptual structures in many cases will
depend on the ability to handle basic syllogistic arguments correctly. Based on
such observations syllogistic reasoning should still be considered to be an impor-
tant prerequisite for the understanding of conceptual structures and indeed for
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science in general. For mathematics, syllogistics can be said to form part of the
foundation for mathematics as such. For engineering, a basic knowledge of syllo-
gistics could enhance the potential for systematic reasoning about the artefacts
being constructed. For this reason, it is our view that students working with
science, technology, engineering, and mathematics – as well as students in the
humanities – should be introduced to these basic forms of logic and reasoning.

From a modern point of view classical syllogistics may be seen as a fragment of
first order predicate calculus. A classical syllogism corresponds to an implication
of the following kind:

(p ∧ q) ⊃ r

where each of the propositions p, q, and r matches one of the following four
forms

a(X , Y ) (read: “All X are Y ”)
i(X , Y ) (read: “Some X are Y ”)
e(X , Y ) (read: “No X are Y ”)
o(X , Y ) (read: “Some X are not Y ”)

These four functors were suggested by the medieval logicians referring to the
vowels in the words “affirmo” (Latin for “I confirm”) and “nego” (Latin for “I
deny”), respectively. The classical syllogisms occur in four different figures:

(x(M,P ) ∧ y(S,M)) ⊃ z(S, P ) (1st figure)

(x(P,M) ∧ y(S,M)) ⊃ z(S, P ) (2nd figure)

(x(M,P ) ∧ y(M,S)) ⊃ z(S, P ) (3rd figure)

(x(P,M) ∧ y(M,S)) ⊃ z(S, P ) (4th figure)

where x, y, z ∈ {a, i, e, o} and where M , S, P are variables corresponding to
“the middle term”, “the subject” and “the predicate”. In this way 256 different
syllogisms can be constructed. According to classical (Aristotelian) syllogistics,
however, only 24 of them are valid. The medieval logicians named the valid
syllogisms according to the vowels, {a, i, e, o}, involved. In this way the following
artificial names were constructed (see [1]):

1st figure: barbara, celarent, darii, ferio, barbarix, feraxo
2nd figure: cesare, camestres, festino, baroco, camestrop, cesarox

3rd figure: darapti, disamis, datisi, felapton, bocardo, ferison

4th figure: bramantip, camenes, dimaris, fesapo, fresison, camenop

In these names the consonants signify the logical relations between the valid
syllogisms, and they also indicate which rules of inference should be used in
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order to obtain the syllogism in question from syllogisms which were considered
to be fundamental: barbara, celarent, darii, and ferio. – In fact, the system of
syllogisms may in this way be seen as the first axiomatic system ever (see [1] and
[3]). According to Aristotle a universal statement concerning an empty term can-
not be true. For this reasoning an a-proposition must imply the corresponding
i-proposition. This view was rejected, when philosophers and mathematicians
began to pay more attention to the idea of an empty set. Without this Aris-
totelian view the number of valid syllogisms was reduced to 15 (leaving out the
9 syllogisms which have been underlined in the above list, i.e. the syllogisms
whose names contain either an x or a p).

The conceptual structures which form the foundation of the experiment con-
ducted in this paper, may be illustrated by reference to the classical hierarchy
of categorization depicted in Figure 1.1

c0

c1

c3 c4

c2

c5 c6

Fig. 1. A classical hierarchy of categorization

The relation between the concepts in this figure can all be described in terms of
the Aristotelian propositions which are used in syllogistics. For example:

– All c5 are c2
– Some c0 are c1
– No c1 is c2
– Some c0 are not c1

Even the properties of the IsA-relation can be said to correspond to the syllogistic
logic. One very simple example would be the transitivity of this relation, which
turns out to be equivalent with the syllogism called barbara, 1st figure. For
example:

All c3 are c1
All c1 are c0
Ergo: All c3 are c0

1 It should be noted that in this paper, when we capitalize “Figure”, we refer to an
illustration within the text. When, however, we do not capitalize “figure”, we refer
to the four figures of the Aristotelian syllogisms.
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For this reason, it seems obvious that the proper conception of the hierarchical
structure of ontologies depends on a proper understanding of the logic embedded
in classical syllogistics.

2 Data and Method

The data analysed in this study have been obtained using the system Syllog
(described in detail in [17]), which has been implemented using an extended
version of Prolog+CG (see [5–7]). Syllog presents the user with an arbitrary
syllogistic argument and asks him or her to evalute the syllogism that appears on
the screen as to its Aristotelian validity. The arbitrary arguments are generated
by Syllog with S belonging to the set {”swedes”,”politicians”,”dentists”}, P
belonging to the set {”halffools”, ”halfminded”,”redheaded”}, and M belonging
to the set {”thieves”, ”crackpots”, ”fools”}. Syllog picks an arbitrary figure
number (1-4) and an arbitrary number (1-12). The latter number corresponds
to a particular syllogism within the chosen figure. The numbers, (1-6), point to
the valid syllogisms listed above, whereas the numbers (7-12) stand for invalid
syllogisms assumed to be somewhat “tempting”:

1st figure: aia, oae, iai, ieo, iii, oao
2nd figure: oae, aoe, oio, ioo, ieo, oao
3rd figure: aaa, iaa, aia, eae, oae, eie
4th figure: aaa, aie, iaa, eae, eie, aoe

Three groups of students in Denmark have been involved in the tests:

1. Two groups of second year University students in informatics (one in Copen-
hagen and one in Aalborg)

2. One group of first year University students in philosophy (in Aalborg).

All three groups were going to attend a basic course in logic – including Aris-
totelian syllogistics. The course was based on course material in Danish (cor-
responding to parts of [1] along with elements from [2]). The students were
taught in basically the same way, to the same extent, and to a large extent using
the same course material. The teacher of the Aalborg Informatics students also
taught the course for the Philosophy students.

The students were asked to run Syllog individually or in groups of 2-4 both
before and after their logic course (i.e. pre- and post-test). All these test results
have been logged by Syllog.

The statistical analyses of the data were performed using standard methods
from descriptive statistics and statistical testing. The chi-square test is applied
to detect group differences using frequency (count) data, and also to look for
significant differences between results from the pre-test and the post-test. We
compared the pre-test results of the informatics-students in Copenhagen and in
Aalborg, and found no significant differences between the two groups (p-value
= 0.25, data not shown).
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Table 1. The three 2x2 tables below summarize counts of how often students replied
correctly and incorrectly when presented with valid and invalid syllogisms. The first
table is for the pre-test of the whole student group, while the second and third ta-
ble shows the same data separated in two subgroups. All three tables support strong
statistical evidence against the presumption that student will handle valid and invalid
syllogism equally well (p-values < 10−5 by the two-sided chi-square test).

Correct reply? Correct reply? Correct reply?
(all students, (philosophy students, (informatics students,

n=174) n=33) n=141)

Syllogism Yes No Yes No Yes No

Valid: 814 318 307 80 507 238

Invalid: 697 538 283 179 414 357

Table 2. Two 2x2 tables summarizing counts of how often students replied correctly
and incorrectly in the pre-test and in the post-test. The first table is for the philosophy
students, whereas the second table shows the results for the Copenhagen group of
informatics students.

Correct reply? Correct reply?
(philosophy students, (informatics students,

n=33/n=17) n=39/n=42)

Test Yes No Yes No

Pre: 590 259 382 229

Post: 175 46 486 306

3 Results

The first online tests were carried out with all the students as a pre-test before
their lessons in classical syllogistics. The students answered the exercises indi-
vidually or in groups of 2-4. If less than 3 exercises were answered by a given
individual or group, the record was excluded from the analysis to avoid data that
were influenced by technical problems or unserious students. The final data from
the pre-test consists of 2365 evaluated syllogisms, from n=174 groups (or indi-
viduals), with an average of 13.6 answered exercises. The results of the pre-tests
are shown in the (a) parts of Figures 2-5 and in Table 1.

The group of informatics students in Copenhagen and the philosophy students
in Aalborg also took part in a post-test under conditions similar to the pre-
test. For the informatics students the post-test was performed four months after
the pre-test, but before the exam, and for the philosophy students the interval
between the tests was five weeks. The (b) parts of Figures 2-5 show the results
obtained by the post tests, and Table 2 summarizes the results obtained by
the pre- and post-tests. For the group of informatics students in Aalborg, the
post-test were supposed to be done voluntarily at home, and only 6 students
completed it, hence their results are left out.
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(a) (b)

Fig. 2. Pre-test score (a) and post-test score (b) of syllogisms in figure 1. The first 6
syllogisms are valid according to Aristotelian syllogistics, whereas the 6 other syllogisms
are invalid. It should be noted that the scores of syllogism no. 9 are very low (see the
discussion in Section 4).

(a) (b)

Fig. 3. Pre-test score (a) and post-test score (b) of syllogisms in figure 2. The first 6
syllogisms are valid according to Aristotelian syllogistics, whereas the 6 other syllogisms
are invalid.

(a) (b)

Fig. 4. Pre-test score (a) and post-test score (b) of syllogisms in figure 3. The first 6
syllogisms are valid according to Aristotelian syllogistics, whereas the 6 other syllogisms
are invalid. Note that syllogism no. 3 has got very high scores (see the comments in
Section 4).
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(a) (b)

Fig. 5. Pre-test score (a) and post-test score (b) of syllogisms in figure 4. The first 6
syllogisms are valid according to Aristotelian syllogistics, whereas the 6 other syllogisms
are invalid. Because of a minor programming error the results regarding syllogism 12
cannot be expected to be correct.

The student dropout is more than 50% in the post-test of the left part of
Table 2, and hence the results are only indicative with p-value = 0.004 by the
two-sided chi-square test.

The right part of Table 2 provides no significant evidence against the hypoth-
esis that informatics students did not obtain better skills in syllogistic reasoning
during the logic course (p-value = 0.66).

4 Discussion of the Results

The abilities of performing syllogistic reasoning have been studied earlier using
other methods (see [9–16]). Our data can to some extent confirm the findings
in these earlier studies. In addition, the present study also allows some new
conclusions. The results in Table 1 show that students more often wrongly agree
with invalid syllogisms than they wrongly disagree with a valid syllogism. The
reason may be that the students find it more natural to agree with a difficult
argument, than to disagree. In other words, it may be more natural for the human
nature to be positive than to be negative. In this way there seems to be “a belief
bias” in syllogistic reasoning (see [16]). The results listed in Table 2 may seem
somewhat surprising. It seems that the philosophy students have in fact improved
their skills in syllogistic reasoning during the course whereas there is no evidence
that informatics students have made similar progress during their course. It is
not clear how this difference should be explained. However, several comments
and possible explanations may be considered. First of all, the philosophy students
in general may see it as fascinating to reflect on the Aristotelian ideas and the
notion of human reasoning as such, whereas the informatics students may not
find the study and elaboration of Aristotelian syllogisms particularly interesting.
In addition, it may be important that the philosophy students had their post-
test immediately after the logic course, whereas the informatics students had to
wait longer for their post-test. Furthermore, it should also be noted that right
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from the beginning the philosophy students are clearly better when it comes
to syllogistics than the informatics students. However, it is obvious that even
the informatics students have skills in syllogistic reasoning without having been
taught any logic as such.

According to the data in this study, the syllogism with lowest score (in the
pre-tests as well as in the post-tests) is syllogism number 9 in figure 1 (see Figure
2, both its (a) and its (b) parts). This is an invalid syllogism of the following
form:

(i(M,P ) ∧ a(S,M)) ⊃ i(S, P )

In Syllog the values of M , S and P are selected arbitrarily from certain fixed
sets as mentioned above. The users may, for instance, be presented with the
syllogism in the following way:

Some crackpots are redheaded
All Swedes are crackpots
Ergo: Some Swedes are redheaded

A majority of users have mistakenly evaluated this syllogism as valid. This error
may have occurred because the students have not fully understood the differ-
ence between “All Swedes are crackpots” and “All crackpots are Swedes”. The
syllogism

Some crackpots are redheaded
All crackpots are Swedes
Ergo: Some Swedes are redheaded

is clearly valid. It is a disamis (in the 3rd figure). The difference between the
two syllogisms can be made clear in terms of Euler circles. The point is that the
information in the premises of the iai-syllogism in the 1st figure may correspond
to the diagram in Figure 6(a). Here it is obvious that i(S, P ) cannot be concluded.

(a) (b)

Fig. 6. Euler circles consistent with: (a) the information in the premises of the iai-
syllogism in the 1st figure, and (b) the information in the premises of disamis in the
3rd figure
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In disamis (in the 3rd figure), however, the information contained in the premises
will have to be represented otherwise, as in Figure 6(b). Here, i(S, P ) obviously
follows from the premises. If it is known thatM and P have elements in common,
and M is a subset of S, then it is evident that S and P must also have elements
in common. It seems obvious that if the student immediately had been able to
visualize the graphical relation between M and S when being given the premise
(i.e. a(S,M))), then they would not have taken the iai-syllogism in the 1st figure
to be valid. This leads to a strong emphasis on the importance of the use of
graphical representation in logic courses.

There are also interesting questions to ask concerning the data of the 24
syllogisms which are valid from an Aristotelian point of view. First of all one
may focus on the syllogism which has got the highest score taking both pre-tests
and post-tests into account, i.e. datisi in the 3rd figure:

(a(M,P ) ∧ i(M,S)) ⊃ i(S, P )

Intuitively, it seems obvious that this structure is a valid syllogism: If all M ’s
are P ’s, and if some M ’s are S’s, the clearly some S’s must be P ’s. However,
disamis in the 3rd figure seems just as obvious:

(i(M,P ) ∧ a(M,S)) ⊃ i(S, P )

In fact, datisi and disamis in the 3rd figure have got also the same score.
Another interesting question regarding the valid syllogisms has to do with the

possible difference between the two subgroups of 15 and 9 syllogisms mentioned
above. Given that the empty set is an integrated idea in modern thinking, it
seems to be straight forward to expect that the 15 syllogisms would have a
higher score the 9 Aristotelian syllogisms which have been questioned in modern
logic. For this reason we have compared the scores for the 15 syllogisms which all
modern logicians accept (i.e. figure 1 no. 1,2,3,4 & figure 2 no. 1,2,3,4 & figure
3 no. 2,3,5,6 & figure 4 no. 2,3,5) with the 9 syllogisms whose validity some
modern logicians would question (i.e. figure 1 no. 5,6 & figure 2 no. 5,6 & figure
3 no. 1,4 & figure 4 no. 1,4,6). We compared the group of these 9 versus the 15
other valued syllogisms and the results appeared as shown in Table 3.

Table 3. Two 2x2 tables summarizing counts of how often students replied correctly
to the subgroup of 15 and 9 valid syllogisms. The first table is for the pre-test, whereas
the second table shows the results for the post-test.

Correct reply? Correct reply?
(Pre-test n=174) (Post-test n=65)

Syllogism Yes No Yes No

Valid in modern syllogistics 552 126 260 71

Questions in modern syllogistics 262 192 125 70
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Table 4. Two 2x2 tables summarizing counts of how often students replied correctly
to the asymmetric and symmetric syllogisms. The first table is for the valid syllogisms,
whereas the second table shows the results for the invalid.

Correct reply? Correct reply?
(Valid n=174) (Invalid n=174)

Syllogism Yes No Yes No

Asymmetric (figures 1 and 4) 401 160 338 288

Symmetric (figures 2 and 3) 413 158 359 248

Table 3 shows data obtained in the pre-test of the whole student group, and also
shows the data from the post-test. Both parts of the table support strong statisti-
cal evidence against the presumption that student will handle the two subgroups
of valid syllogism equally well (p-value < 10−5 and p-value = 2 × 10−4, respec-
tively, by the two-sided chi-square test). However, we may also observe that the
replies given to the subgroup of questioned syllogisms are still significantly dif-
ferent from random where we would expect equally many correct and not-correct
answers (p-values 0.02 and 0.007 in the pre-test and post-test, respectively).

The results by Johnson-Laird and Bara [15] suggest that test persons will
obtain a higher score for asymmetric syllogisms (figure 1 and 4) than for the
symmetric syllogisms (figure 2 and 3). Our results based on the pre-test replies
and listed in Table 4 do not confirm this suggestion. None of these tables support
significant evidence against the presumption that students will handle the two
types of syllogisms equally well (p-value = 0.75 and p-value = 0.068, respectively,
by the two-sided chi-square test). – It should, however, be mentioned that our
setup differs from the setup used in Johnson-Laird’s and Bara’s experiment in
several respects, in particular regarding the temporal setup. So although their
test seems to be analogous to ours, there may also be significant differences in the
setup and methods used in the two experiments that can explain the deviation in
the results. It is, however, an open question exactly how the discrepancy between
their results and ours should be explained.

5 Future Research Agenda

As we have seen some syllogisms (e.g. number 9 in figure 1) have got very
low scores in the present study. It is, however, an open question exactly which
syllogisms are conceived as the most difficult to handle. Various hypotheses may
be considered as potential answers. In order to investigate these hypotheses,
more empirical studies will be needed. Looking at the data at hand there are
indications of trends worthy of further investigation:

1. Syllogisms consisting of only existential functors, i.e. i- and o-functors (figure
1, syll. 11, figure 2, syll. 9 & 10) are among the syllogisms with the lowest
rates of correct answers. Less than 40% of the students answer them correctly
in the pre-test.The average rate of students answering these correctly in
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the post-test is 0.49 compared to an average of 0.65 for all syllogisms. Of
the syllogisms consisting of only universal functors, i.e. a- and e-functors
(figure 1, syll. 1, 2, figure 2, syll. 1, 2, figure 3, syll. 7, 10, figure 4, syll.
2, 7, 10), the students do really well in the first four cases with 80% or
more answering them correctly. These figures could indicate that syllogistic
reasoning involving universal functors, i.e. a- and e-functors, are less hard
than syllogistic reasoning involving existential functors, i.e. i- and o-functors.
The current dataset does not allow any definite conclusions on this issue. In
future research it would thus be of interest to test more systematically:

– For each of the figures how well syllogisms consisting of only a- and
e-functors or only i- and o-functors are handled by the students.

2. Syllogisms consisting of only affirmative functors, i.e. a- and i-functors (figure
1, syll. 1, 3, 5, 7, 9, 11, figure 3, syll. 1, 2, 7, 8, 9, figure 4, syll. 1, 3, 7, 9) are
generally handled well by the students. Only in three cases (figure 1, syll. 9,
11, figure 4, syll. 7) the rate of correct answers drops significantly below 50%.
Unfortunately no syllogisms consisting of only negative functors, i.e. e- and
o-functors, are included in the current study. In order to more systematically
clarify the role of affirmative and negative functors in the reasoning of the
students it would be of interest to investigate:

– For each of the figures how well are syllogisms consisting of only a- and
i-functors or only e- and o-functors handled by students?

Note that research questions (1) and (2) may be combined such that the test-
ing is directed at clarifying the role of quantification and affirmation/negation
at the same time. This then requires testing of syllogisms consisting of only
a-, e-, i- or o-functors.

3. One of the alleged benefits of formalization is a greater transparency of the
logical structure of an argument. In the current study the syllogisms pre-
sented for the students are made up of natural kind terms such as ”swedes”,
”politicians”, ”dentists”, ”halffools” etc., and the functors are expressed in
natural language, e.g. the a-functor as “All . . . are . . . ”. The current study
does not provide any data that may serve to determine the role of formaliza-
tion for the ability to reason logically. Syllog may, however, easily be modified
to accommodate such research interests. All that is required is for the post-
test to be conducted with an on-screen presentation of the syllogisms in their
basic form, i.e. with premises and conclusion in the form of e.g. a(S, P ) etc.
It seems as if the clarification of the role of formalization for the ability to
analyse and determine the validity of arguments may have some important
implications for the teaching of logic.

4. It would be interesting to measure the effect of not only formalizing the
syllogisms being quizzed, but drawing diagrams in terms of Euler circles,
Venn Diagrams, or Existential Graphs to support the student in deciding the
validity of a certain syllogism. Measurements could be taken with or without
the support of the diagrams, and comparisons could be made between groups
answering with and without such support. This might lend support to the
argument for the use of diagrammatic reasoning in teaching logic.
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5. It should be noted that in the present study the students have been free to
use as much time as they wanted on each evaluation. Since the evaluations
of the syllogisms may depend on the temporal conditions given during the
test, it would be interesting to investigate whether the results would be
significantly different, if the students were asked to make a fixed number of
evaluations within a given time limit. It may even be interesting to study
how the results would be under mild stress.

6. Finally, it could also be interesting to carry out an experiment using our
technique which as closely as possible resembles the experiment described
in [15] about symmetric and asymmetric syllogisms, in order to investigate
whether we can confirm the findings in [15] regarding symmetric and asym-
metric syllogisms.
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Abstract. In our previous work we have introduced a novel social media that 
performs collaborative filtering on situations. This enhances user situation 
awareness with a collaborative effort to learn about importance of situations. In 
this paper we focus on defining a conceptual graph-based model used to 
represent situations in our system, so that it would (1) be consistent with exist-
ing formal definitions of situation, and (2) enable logical manipulations on situ-
ations, namely their detection and semantic generalization, which we employ in 
the system. In particular, we show how the latter can be accomplished thanks to 
situation lattices, which we adapt for the model. 

Keywords: Situation awareness, situation theory, conceptual graphs, semantics, 
specialization / generalization, graph hierarchies, situation lattices. 

1 Introduction 

In the domain of interpersonal communication, we identify a potential in being able to 
communicate easily one’s situation with one another. Users are already given web 
tools to exchange their availability statuses, location coordinates, moods, applications 
used, etc. And they use them willingly to share different pieces of information with 
whole groups of friends. However, we argue that enabling communicating one’s 
complete and meaningful situations could result in more informed decisions on user 
interactions. 

In [24] we introduce a context phonebook application to enable (1) sharing several 
context dimensions between contacts and (2) defining situations concerning those 
contacts that users wish to be notified of. We anticipate a stronger communication 
exchange need among close friends and family members. Therefore, we wish to assist 
in user situation awareness regarding their close ones. The KRAMER system employs 
collaborative filtering to suggest its users with notifications found to be important by 
others. 

We model situations in our system with conceptual graphs [23]. Not only does this 
model make situation representations graphically pleasant and human-readable, but 
above all it enables reasoning on similarity of situations. Furthermore, we have tested 
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logical manipulations on such semantically labeled graphs as KRAMER performs 
semantic generalization on situations it finds similar. 

In this paper we elaborate a model of situations to use in our system. We justify it 
with a consistency with a theory of situation awareness [11] and the situation theory 
[3, 16]. We refer to several other works dealing with defining and modeling a  
situation.  

Later, we place our model in a situation lattice, a hierarchical structure introduced 
in [28] for it maintains naturally the dependence relations between situations. We 
point out that Sowa’s graph reasoning [23] can be seen as traversing such a lattice, 
which simplifies the process of situation generalization and specialization. 

Finally, we focus on two main semantic operations implemented in the KRAMER 
system, namely situation detection and generalization of situation sets. We have  
already given the details, in particular of the latter in [25], but from the algorithm 
implementation point of view. In this paper we explain how do they employ the spe-
cialization / generalization reasoning inherited from conceptual graph reasoning. 

The remainder of the paper is structured as follows. In Section 2, we gather the 
theoretical approaches towards defining what a situation is in a technical sense. In 
Section 3, we discuss different ways to model a situation present in the literature. We 
show that conceptual graphs are expressive in that manner and mix several good fea-
tures of other models. Basing on this, we focus on the situation model used in the 
KRAMER system in Section 4. In Section 5, we explore the problem of comparing 
situations, as it is the basic problem in situation awareness. Afterwards, in Section 6, 
we discuss other logical operations that can be performed on situations in order to 
reason on them. We show how specialization and generalization operators can order 
situations in conceptual graph hierarchies. In Section 7, we explain how do we apply 
such hierarchies in our system to (1) detect situations and (2) perform semantic gene-
ralization on situations. We conclude and give future work directions in Section 8. 

2 Theory of Situation (-Awareness) 

A family of context-aware systems is very vast and rich. It gathers all systems that 
adapt their behaviors in function of changing context in general. However, context in 
its raw, low-level form is known to be often meaningless, trivial, uncertain and vul-
nerable to small changes [28]. Intelligent context-aware systems are more and more 
often interested in identifying situations as processed, more abstract context data, 
which provide a direct input to determine systems’ adaptations and reactions. 

As a result, situation-awareness is a property with a crucial impact on decision 
making and performance of both human and artificial system [11]. In fact, Endsley 
presents a model of human situation-awareness as ability to percept surrounding ele-
ments, comprehend their meaning and project their status into the near future. The 
author argues for that ability to require a much more advanced level of understanding 
than just being aware of numerous pieces of data. 

The very same approach should be applied to artificially intelligent systems.  
In [28] situations are defined as semantic interpretations of context. They are more 



46 M.K. Szczerbak et al. 

 

abstract than low-level context and in turn they are also more stable, more certain, 
and, most of all, more meaningful to context-aware systems. 

The effort to better grasp the concept of a situation has been made in the situation 
theory [3]. Situation theory is an interdisciplinary theory of meaning, which combines 
perspectives of philosophical discussion, mathematical rigor, and implementation 
practicality [16]. Indeed, Devlin states that it is not possible to define a situation in 
terms of familiar mathematical concepts, whereas they can be modeled as such [8]. 
The real situations are, therefore, distinct elementary abstract objects. 

Having argued that, Devlin draws a line between those real situations and abstract 
situations individuated by agents. The latter are imprecise representations, models that 
one can create to reason about the real situations that he picked out [8]. In fact, this 
individualization represents only a part of the reality, as limited was situation aware-
ness in [11]. And this common understanding of a situation to be a relevant subset of 
the state of the universe [9] is used in situation-aware researches either explicitly, e.g. 
[17], or implicitly, e.g. [2]. 

3 Situation Models 

Situations learned by systems are limited to a part of what is really going on in real 
situations [8]. Therefore, they can be structured and modeled. In return, systems 
would be able to process them, comprehend them, and reason upon them. This would 
finally make such systems truly aware of situations with respect to Endlay’s model in 
[11]. In this section we survey different situation models. 

There are many ways scientists model situations for their needs. The simplest re-
presentation, as a straight forward attempt to capture real situations in a sense of situa-
tion theory, is by elementary situation concepts. Each recognizable situation has its 
corresponding semantic concept, like “meeting”, “running”, etc. Frequently they are 
related with one another with “is-a” unidirectional relations, forming a taxonomy. For 
example, “business meeting” is a particular type of a “meeting” in [2]. The same au-
thors give an impression in their following paper [1] that their situation taxonomy can 
be treated as a taxonomy of activities (“checking e-mails”, “meeting”, etc.) quite dis-
tinct from concepts of an agent or its context. 

Nevertheless, taxonomies require for all specialized concepts to be disjoint from 
one another and cover all cases of the super-concept, which can be too limiting in 
terms of measuring similarity between concepts [13]. Moreover, defining a compre-
hensive taxonomy for a complex domain of situations is merely impossible.  

Therefore, authors of [2] seek expressivity in a model based on OWL-DL1 ontolo-
gy language. Ontologies support more relations between concepts. This enables mod-
eling situations as interrelated concepts of diverse context taxonomies, namely spatial, 
temporal, artifact, and personal. In fact, a situation is said to involve a composition of 
such different concepts connected by “AND” logical operator. Existential and quanti-
ficational restrictions are also introduced in this model. 

                                                           
1 http://www.w3.org/TR/owl-ref/ 



 A Model to Compare and Manipulate Situations 47 

 

Having a set of context values is consistent with the definition of an abstract situa-
tion in situation theory. There, situation is a collection of infons that it supports [4]. 
Infons are the elementary informational items of a form ا ܴ, ܽଵ, … , ܽ௡, ሼ1,0ሽ  ,ب
where ܴ is n-ary relation of objects ሼܽ௜ሽ. These pieces of information about different 
context dimensions are called characteristic features in [17]. The situation is, there-
fore, modeled as a set of such features in a given time interval. 

Padovitz’s Context Spaces [21] can be seen as a graphical representation of such 
composed situations. Each context type has its own dimension in the space and differ-
ent values on scales are characteristic to different situations. As a result, situations are 
subspaces within the whole space. As such, they can be compared in terms of a geo-
metric distance. Furthermore, one might see an equivalent of taxonomy relations as 
subsumption in space. The latter is harder for a vector representation of context in [7]. 

[27] presents another attempt to ontologically model situations. It is explicitly 
shown that a concept of a situation is on a different layer of the ontology than the 
concept of context. Any composite situation is a logical (conjunction, disjunction, 
negation) or temporal composition of atomic situations. The latter are further ex-
tended by three concepts: context type, boolean operator, and context value. This 
means that a situation can be seen as a combination of such triplets. Whereas those 
triplets are nothing else than infons restricted to binary relations. 

Costa et al. notice further that context is only meaningfull with respect to an entity, 
whose concept is fundamentally different from the concept of context [5]. Therefore, 
context can be treated as a moment inhered in a substantial – an entity. As a result, a 
situation is a composition of such pairs of entities and their context. The authors in-
troduce a graphical notation for situations involving different types of contexts and 
formal relations. This model is explained to be more applicable to context-awareness. 

In consequence, we have investigated conceptual graphs. Such graph notations 
were developed at first to represent first-order logic and to create a mapping between 
queries in natural language and relational databases. In general, they are graphical 
representations of logical expressions, conjunctive first order logic formulas [20], and 
semantically-rich knowledge. If restricted to binary relations conceptual graphs be-
come directed. Similarly to graphs in [5], they can be labeled with both entity and 
context value concepts.  

Nodes and associated edges would form context type-value pairs, similar to [27], 
while multiple edges directed to one node would stand for “AND” operator, as in [2], 
matching multiple context moments with one entity [5]. Conceptual graphs can also 
represent if-then relations and negations, and might be extended with temporal rela-
tions. In the remainder of this paper we shall consider only conceptual graphs without 
cycles, namely conceptual trees. Their origin and definition are explained in the fol-
lowing section. 

4 Situation Model in KRAMER 

We start defining our model with a meta model inspired by a CONON upper ontol-
ogy [26]. We distinguish, however, substantials (entities) from moments (context  
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description) as proposed in [5]. As a result, we define concepts of a context entity and 
its context state. Computation entity and person are subclasses of an entity. Location 
and activity are domain specific moments. 

 

Fig. 1. Meta model of situation 

We also introduce relations between moments and substantials, and between enti-
ties and a person to model the fact that one’s situation is in fact one’s context along 
with context of his or her close ones and his or her devices, services, etc. As a result, 
by instantiating concepts representing a situation and by inferring the respective meta-
concepts relations, we receive a conceptual graph, a conceptual tree to be accurate. 
This conceptual graph has a “me” concept in its root. We say, that this complex situa-
tion exists with respect to one particular entity, a person who perceives the situation. 

 

Fig. 2. Instanciating a conceptual graph from the meta model 

Following the notation in [20] and [6] we define a situation conceptual graph (tree) 
SCG used in the KRAMER system along with its support. It should be noted that 
concept types are of four kinds (four concepts in the meta model) and relations are 
connecting either two entities or an entity with its context (red arrows in Fig. 1). 
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Definition 1. A support is a 5-tuple ܵ ൌ ሺ ுܶ, ሼ ாܶሽ, ሼ ௅ܶሽ, ሼ ௌܶሽ, ோܶሻ, where: 

─ ுܶ  is a finite, ordered set of human relations types ሺ ுܶ, ൑ሻ; 
─ ሼ ாܶሽ is a set of finite, ordered sets of entity types ሺ ாܶ , ൑ሻ, e.g. services, devices, 

application, etc.; 
─ ሼ ௅ܶሽ is a set of finite, ordered sets of location types ሺ ௅ܶ, ൑ሻ specific the entity type; 
─ ሼ ௌܶሽ is a set of finite, ordered sets of status types ሺ ௌܶ, ൑ሻ specific the entity type; 
─ ோܶ is a finite set of binary relation types divided into two categories: those connect-

ing entities to other entities ோܶ௘ ൌ ሼ݊݋݅ݐ݈ܽ݁ݎ, ,݁ܿ݅ݒ݁݀ ,݁ܿ݅ݒݎ݁ݏ ,ݐ݊݁݃ܽ … ሽ, and 
those connecting entities to statuses ோܶ௦ ൌ ሼݏݑݐܽݐݏ,  .ሽ݊݋݅ݐܽܿ݋݈

Definition 2. A situation conceptual graph is a 3-tuple ܵܩܥ ൌ ሾܵ, ,ܩ  :ሿ, whereߣ

─ ܵ ൌ ሺ ுܶ, ሼ ாܶሽ, ሼ ௅ܶሽ, ሼ ௌܶሽ, ோܶሻ is a support; 
ܩ ─ ൌ ሺ ஼ܸ, ோܸ , ,ீܧ ݈ሻ is an ordered, directed graph having edges ீܧ ൌ ሺܿଵ, ,ݎ ܿଶሻ:  

 ∀݁ א ଵ௘ܿ ீܧ א ுܶ ׫ ሼ ாܶሽ,  ݎ௘ א ோܶ௘ ֞ ܿଶ௘ א ுܶ ׫ ሼ ாܶሽ, ௘ݎ א ோܶ௦ ֞ ܿଶ௘ א ሼ ௅ܶሽ ׫ ሼ ௌܶሽ 
and meeting a condition: ∀ܿ א ுܶ ׫ ሼ ாܶሽ  ∃݁ א ଵ௘ܿ  :ீܧ ൌ ܿ ∧ ܿଶ௘ א ሼ ௅ܶሽ ׫ ሼ ௌܶሽ; 

ܿ∀  :is a labeling of the nodes of G with elements from support S ߣ ─ א ஼ܸ ߣሺܿሻ א ுܶ ׫ ሼ ாܶሽ ׫ ሼ ௅ܶሽ ׫ ሼ ௌܶሽ; ∀ݎ א ோܸ ߣሺݎሻ א ோܶ . 

Every concept in nodes of such conceptual graphs is a semantic concept taken from a 
respective taxonomy. Taxonomies model different context dimensions: human rela-
tions, types of devices, locations, etc. For example, Figure 3 presents a situation, for 
which being located in Poland is more relevant than being in any city in particular. As 
a result, these semantically labeled graphs become more expressive than situation 
taxonomies as presented in [1]. This will also enable logical manipulation presented 
further in this paper. 

 

Fig. 3. Graphs are built of concepts from respective taxonomies 

Moreover, our conceptual graph-based model is consistent with a definition of an 
abstract situation in situation theory [8]. Indeed, graphs represent only a part of the 
reality, of the real situation. In fact, every other entity taking marginal part in the  
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situation can be represented as “any” concept, extended further by “any” concept for 
its context. “Any” is a root concept for every context taxonomy used in our model and 
is omitted in a situation representation. 

 

Fig. 4. Conceptual graphs model a part of a real situation 

The motivation for us to select conceptual graphs as a model representing situa-
tions was its expressiveness, but also an easy comparison of conceptual graphs, which 
enables logical operations on situations, i.e. their generalization. We focus on those 
mechanisms in the following sections. 

5 Comparing Situations 

In order to reason about situations, understand them, agents need to be able to com-
pare them with each other. They need to measure a degree of similarity between a 
current situation and their knowledge about situations, e.g. patterns. Therefore, a situ-
ation model should enable and facilitate this operation. In this section we show how 
situations can be compared in different models, i.e. conceptual graphs. 

The first model discussed in Section 3 was the plain uni-concept representation of 
situations. In this case, similarity between two situations is measured as a similarity 
between two semantic concepts. Often, it is a distance measure between those con-
cepts in an ontology. Gandon summarizes popular metrics in [13] and points out sev-
eral open research questions. Basically, he states that strict mathematical distance on a 
static ontology is not necessarily the human way to reason about semantic closeness. 
Richer representations should be used to deal with a resolution error. 

In that sense, having situations as a composition of several context dimensions 
could help. Scalar difference is a measure of distance between two points in Context 
Spaces theory [21]. Situation subspaces can also be compared, either by the distance 
measure or by the intersection operator, which finds if two subspaces have a common 
part. A context space makes detecting a situation extremely intuitive.  
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The introduction of context-operator-value triples [27] or substantial-moment pairs 
[5] combines the two preceding approaches. Comparing two situations requires mea-
suring similarities of semantic concepts for each context dimension separately and 
calculating their weighted mean. The same principle applies to conceptual graphs that 
represent such multidimensional semantic spaces.  

Even though optimal algorithms for matching graphs in general are reported to be 
exponential with respect to the number of nodes in either graph [14], we should re-
member that abstract situations do not represent the whole knowledge [8]. Instead, the 
number of nodes is limited to what is necessary for an agent to detect a situation. For 
instance in [17], “travelling” situation is defined only by using any transportation 
mean and by a fact of moving significantly. 

Furthermore, Mugnier reports in [20] that many inter- conceptual graph operations 
become polynomial, should the involved graphs be restricted to trees. As shown in 
Section 4, situations are indeed considered to be represented by conceptual trees. In 
[29] one of the implementations of conceptual trees matching is reported to be poly-
nomial. Furthermore, [6] gives an ontology similarity measure based on a projection 
between conceptual graphs, and [18, 19] present comparison of two conceptual graphs 
as a calculation of their overlapping parts with and without semantic subsumption. 

6 Logical Manipulations on Situations 

Most of the conceptual graph-based comparison algorithms mentioned in the previous 
section exploit the fact that concepts in nodes are structured in taxonomies per context 
dimension. As a result, “chasing an animal” is supposed to be matched with “chasing 
a mouse” [19], rather than “travelling by train”, as concept of a “mouse” is a speciali-
zation of an “animal”. On the other hand, in [22] the authors seek for the most inter-
esting common generalization of two graphs in order to evaluate “thematic” similarity 
between two conceptual graphs. 

In fact, according to [20], generalization and specialization are said to be the key 
computational notions in every reasoning concerning conceptual graphs. Sowa dis-
cusses 6 canonical formation rules as semantic graph-based operators for equivalence 
(copy, simplify), specialization (join, restrict) and generalization (detach, unrestrict) 
of conceptual graphs [23]. These operators can be interpreted by either logical  
subsumption or graph morphism. Just a negation operator needed to be added to han-
dle full first-order logic. 

Different researches make use of specialization rules, for instance [15] employs 
maximal join operator to perform high-level fusion on heterogeneous information 
represented by conceptual graphs. In our work [24], we are more interested in genera-
lizing situations, and therefore generalizing associated with them conceptual graphs. 
We present the procedure and its motivation in Section 7. 

Mugnier explains in [20] that for one graph to be a specialization of another, there 
needs to be a projection from the second graph to the first. Projection is a sequence of 
graph morphisms in a classical graph theory sense but implying equality of relation 
types and taxonomic specialization of concept types. As a result, a specialized graph 
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is a super-graph of the original one (external join operation) with possibly semantical-
ly narrowed labels (restrict operation).  

This makes the specialization relation a preorder because it is not anti-symmetric 
as redundant graphs are still possible. Should the injectivity constraint be introduced 
and internal join operator forbidden, the relation becomes a full order. Therefore, 
conceptual graphs can form a hierarchy, like in [10]. As a result, reasoning about 
relation between two graphs can be transformed into a problem of traversing such 
hierarchy. One graph is a generalization of another, if it is an ancestor of that other 
graph. 

Considering that conceptual graphs represent situations, reasoning about similarity 
of two situations is reduced in a way to semantic distance measures as presented in 
[13]. Moreover, finding more abstract / detailed situations implies traversing the hie-
rarchy upwards or downwards. Ye et al. introduce this idea in a concept of situation 
lattices [28]. Although they model situations as simple unitary concepts, similarly to 
[2], they notice that this organization reflects the internal structure of situations and is 
beneficial in identifying situations. 

We argue that situations modeled as conceptual graphs can naturally form situation 
lattices. Situation awareness would benefit from seeing a situation space as such order 
structures. In the following section we show how our system implements the ex-
plained situation model. 

7 Situation Operations in KRAMER 

In [24] we present an overview of our system, KRAMER. The ambition there is to 
empower users with spreading information about importance of situations, which is 
established in a collaborative manner. We model situations as conceptual trees, a 
special case for conceptual graphs (see Section 4). We say that situation is related, 
meaningful to an entity, the “me” concept in a tree root (see Fig. 2). 

In previous sections we showed how this model is consistent with situation theory 
and how researchers have applied sophisticated relation structuring to ease reasoning 
about specialization / generalization of conceptual graphs. In this section we discuss 
(1) detecting complex situations and (2) generalizing them by the KRAMER system 
based on those approaches. 

7.1 Detecting Situations in KRAMER 

Our system enables users’ smart devices to sense the user context, share it among 
close phonebook contacts and fire programmed actions, i.e. notifications, should a set 
of conditions be fulfilled. This set of conditions concerns one’s context and the con-
text of his or her close ones. Simply put, an action is fired once a required situation 
matches the current one. Therefore, we need an efficient multiple situation detection 
mechanism.  

For this matter we use a Rete production system [12]. This choice is well moti-
vated in associating productions (decisions to perform an action) with complex set of 
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conditions (situations). In order to introduce semantic reasoning, we enhanced our 
Rete implementation by replacing equality (=) condition with subsumption (≤) one in 
alpha network. Therefore, an enhanced Rete takes full advantage of situation lattices 
concept introduced in [28].  

For example, wanting to be notified about a friend being in Poland requires a Rete 
condition C: (<x> ^location Poland). Admitting that a friend shares that he is 
currently in Warsaw, known to be a capital of Poland and a descendant of a “Poland” 
concept on a location taxonomy, one would expect the condition to be matched. In-
deed, a situation “a friend is in Warsaw” implies a situation “a friend is in Poland”. 
The actual situation would be, therefore, a specialization of the situation expressed by 
condition C. 

One might notice that a condition is a context triple representing an atomic situa-
tion [27], always a context relative to an entity as in [5]. Should the situations become 
more complex, a set of conditions is introduced to a production system. From a Rete 
network point of view, conditions are connected by join nodes in beta network (see 
Fig. 5). From situation model point of view, atomic situations are logically connected 
with AND logical operator as in [1]. Complex situations form therefore a conceptual 
tree.  

 

Fig. 5. Example Rete network, (a) structure, and (b) instantiation with working memory sets w 
for a situation “my wife is busy and my TV is on sports channel” 

One might also notice that having redundant situations is not possible in the 
KRAMER system. Therefore, every possible situation for a given set of contacts in a 
phonebook forms a finite lattice. The supremum is the most abstract situation, “any-
thing is going on”. It stands for a trivial graph made of one node labeled “me”. It 
might be extended to a full structure filled with “any” labels, see Fig. 4. The infimum 
would be therefore a set of most specialized full conceptual trees (see Fig. 6).  

As a result, an abstract situation detecting problem can be transformed into  
determining whether a concrete current situation is a descendant of the first one. A 
situation the system needs to detect should be a generalization of the situation  
perceived. Therefore, there should exist a set of join (to merge multiple pieces of 
information coming from different sources of interest for a particular abstract situa-
tion) and unrestrict (to generalize current situations for particular context dimensions) 
operations from the complete situation to the abstract one.  
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Fig. 6.  Part of a situations lattice for the example in Fig. 5 

Our Rete implementation performs a check for such set of operations. Firstly, it 
joins every atomic situation introduced separately to its network (in order to perform 
individual matching tests for each condition in its alpha network). Secondly, it intro-
duces a semantic subsumption operator (restrict / unrestrict operation equivalent) 
rather than equality in Rete alpha network. As a result, it browses quickly a situation 
hierarchy [10, 28] to determine whether a current situation matches any of the situa-
tions it seeks for action launching. 

7.2 Generalizing Situations in KRAMER 

The main purpose of our system is to enable collaboration on situation awareness. 
Users are invited to define situations they wish to be notified of thanks to context 
sharing subsystem. Those situations are defined on contextual concepts and are not 
associated with any private data. Furthermore, every such situation is anonymously 
uploaded on a server that is supposed to evaluate each in terms of their use rating. As 
a result, the system suggests important situations to other users and reevaluates them 
accordingly to whether those users find them interesting or not. See [25] for details. 

However, depending on the context granularity, it may be distorting to the situa-
tions rating if we treat two very similar situations as completely different ones. For 
example, a complex situation of having “a daughter leaving school and wife being 
busy, unable to take her home” might be essentially the same as having “a son leaving 
school and wife being busy, unable to take him home”. It could only depend on what 
gender child one has. Therefore, our system is able to generalize similar situations and 
merge their ratings [25]. 

Our algorithm has, however, a couple of restrictions in order for two situations 
represented as conceptual graphs to be generalized. The first is a requirement for the 
graph structures to match. The other, for the corresponding concepts on those graphs 
to be semantically similar. We shall explain how do those restrictions relate to the 
situation hierarchy from [10].  

As discussed in the previous subsection, every possible situation in a system and 
all corresponding abstractions exist in a common situation lattice. Therefore, finding a 
least common ancestor by mean of generalization for any two situations is always 
possible. For example, generalizing “wife is at work” and “wife is busy” results in 
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trivial “wife (is anywhere and doing anything)”. This does not make sense with re-
spect to suggesting meaningful situations to system users. Therefore, our algorithm 
first groups situations by matching graph structures with respect to number of edges 
and their relation concept labels. 

As a result, one might see this as an elimination of join operator from the situation 
hierarchy (like in Fig. 6) to create a family of smaller structures based on restrict op-
erator only. The second step of the algorithm will be performed within the scope of 
each small hierarchy separately, see Fig. 7 for one example. 

 

Fig. 7. Part of a hierarchy of situations with restrict-only relations 

Having found two or more situations sharing the same graph structure, the algo-
rithm proceeds to finding opportunistic generalizations of those that are similar. We 
define one requirement for a set of situations to be generalized into one: there cannot 
be a series of restrictions from the abstract situation to any leaf that does not pass 
through any of the situations in a set. One might say that the abstraction is the least 
common ancestor of situations in a hierarchy that covers all of those situations and 
none of the situations that does not subsume any of the situations in the set. 

For example, let’s consider the following set of situations: (1)“son is in school”, 
(2)”son is in a cinema”, (3)“ daughter is in school”, and (4)”parent is in school.  A 
part of a restriction hierarchy for a situation matching scheme <a person> is in 
<a location> is presented in Fig. 7. As a result, a situation can be generalized from 
(1), (3) and (4) into “a member of a close family is in school”. Meanwhile, the situa-
tion (2) remains not generalized, because there are many situation nodes missing if we 
were to generate an abstract situation “son is in a building”, for example.  

As a result, the KRAMER’s algorithm performs two steps on a common situation 
lattice. First, it eliminates any join / detach operation connectors, which splices the 
structure into a family of hierarchies, each involving only one situation graph struc-
ture. Second, it scans all generalized situations (products of unrestrict operation) so 
that they are common for a subset of given situations while not having any restrict 
operation chain that would not lead to any given situation. This approach is found to 
be efficient from the computational complexity point of view in [25]. 
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8 Conclusions 

In the KRAMER system we perform two main semantic operations on situations: 
their detection and generalization. In this paper we present those operations as logical 
manipulations on situation hierarchies, lattices that constitute a space of all possible 
situations. We show that such hierarchies are a natural product of specialization / 
generalization relations between situations. To assure expressiveness of situation 
comparison we model situations as conceptual graphs. In addition, we discuss that 
model to be consistent with the situation theory.  

As a result, we transform reasoning on situations similarity into a problem of tra-
versing a conceptual graph hierarchy. This approach is less implementation centric, 
much more situation model driven. Nevertheless, it provides a set of straight-forward 
logical directives for our algorithms to implement.  

For future works, we plan to investigate its further impact upon situation prediction 
and reasoning in situation uncertainty. It is very likely that a sensed situation is simi-
lar to the searched one but they are not the same in terms of subsumption relation. 
However, this may mean, for example, that an agent is unable to perceive some con-
text dimensions necessary for detecting a situation, or that the searched situation 
would possibly appear in the near future. In either case, narrowing the situation hie-
rarchy to the nearest neighbors with respect to join / detach operators, and discovery 
of their restrict / unrestrict operation products might result in a respective measure of 
probability. 
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Abstract. The analysis of big data, although potentially a very reward-
ing task, can present difficulties due to the complexity inherent to such
datasets. We suggest that conceptual graphs provide a mechanism for
representing knowledge about a domain that can also be used as a useful
scaffold for big data analysis. Conceptual graphs may be used as a means
to collaboratively build up a robust model forming the skeleton of a data
analysis project. This paper describes a case study in which conceptual
graphs were used to underpin an exploration of a corpus of tweets re-
lating to the Transportation Security Administration (TSA). Through
this process we will demonstrate the emerging model built up of the
data landscape involved and of the business structures that underlie the
technical frameworks relied upon by microblogging software.

Keywords: Conceptual Graphs, Twitter, Microblogging, Models.

1 Introduction

The increasing prominence of Twitter as a social site in the last years has led
to a great deal of interest in the way in which the site is used, as well as the
technical enablers underlying the site and its applications. Of course, there is
a significant existing body of literature describing various aspects of the site
and the characteristics of its use, e.g., [11,12], so a researcher looking to analyse
data taken from Twitter should naturally begin by reviewing that information.
However, one aspect of Twitter is its apparent inconsistency across topics [30]
and across cultures (see for example [39]). Another is the changing landscape of
technologies and implementation decisions: as a developing platform seeking to
marketize effectively, Twitter, like most services, evolves over time as a result

H.D. Pfeiffer et al. (Eds.): ICCS 2013, LNAI 7735, pp. 58–74, 2013.
c© Springer-Verlag Berlin Heidelberg 2013



Untwisting Shortened Links on Twitter 59

of various motivating factors. As a consequence there is a need for exploratory
data analysis [22].

Typically, the exploratory analysis of data (EAD) involves the use of infor-
mation visualisation tools, cluster analysis, data mining approaches and so forth
[22], which permits domain experts to begin to develop an understanding of the
dataset at hand. This permits them to develop testable hypotheses. However,
as Perer notes, one difficulty with this approach is that it is typically somewhat
scattershot—discoveries made in this way are typically opportunistic. Yet an
entirely systematic approach risks undermining the knowledge-driven, insight-
led research pattern of domain experts. Generally, Perer suggests, systematic
approaches do not always suffice when faced with real problems. Thus, Perer
suggests, a series of design goals should be considered when developing data ex-
ploration interfaces: most relate to the ability to track actions already taken, to
see available actions not already taken, to annotate actions, to retrace existing
steps taken, and so on. Particularly interesting is design goal 6: the need to share
progress with other users.

We begin this paper by exploring knowledge representations through which
information learned about the entities, agencies, interactions and underlying in-
frastructure of the Twitter environment can be stored and shared within a team
to support EAD, explaining why we chose to use conceptual graphs for the pur-
pose of supporting a text mining application. We explain the development phi-
losophy underlying the EAD approach taken and its limitations, and we provide
a brief introduction to the literature surrounding Twitter and findings resulting
from a preliminary exploration of certain aspects of Twitter infrastructure.

2 Method

Involving each member of a research group into an iterative process of data model
development requires both appropriate communication channels and sufficiently
useful proxies (e.g. imagery, model diagrams, etc) on which to work. There are
many candidates for this process, of course, ranging from pen and paper or
whiteboard to a shared collaborative space online such as a wiki, Google Doc, or a
version or revision control system such as Subversion. However, it is important to
separate the collaborative space that is used from the actual representation that
is employed within that workspace, and to recognise that such aids to teamwork,
whilst innately prerequisite, typically provide neither formalism nor guidance. It
is for this purpose that a formal knowledge representation structure becomes of
importance; according to Davis et al [6], KR may be described in terms of five
roles: a KR may act as a proxy through which via thought-experiment the effects
of an action may be deduced; a KR represents a series of ways of thinking about
an entity; a KR represents a formalism expressed in terms of sanctioned and
recommended inferences; a KR can be seen as ‘a computational environment for
thinking’ and as ‘a medium of human expression’. KRs may be classified into
five categories: pictorial, symbolic, linguistic, virtual and algorithmic [19].
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Given these five categories of KR the internal structure of the data must be
able to hold not only factual data, but the conceptual dependencies between the
elements so that their relationships are defined within the data structure. These
structures can hold scripts [33] of information that is represented textually and
can be formed into a story. This story line can then be structurally stored into
a commonsense database of records. This database structure could hold three of
the categories—symbolic, linguistic, and algorithmic—by using language theory.
The two other categories virtual and pictorial would be lacking because the text
basis of the scripts. However, the conceptual graphs structure, especially with
time and space extensions [25], does not have this textual limitation, but does
give the relational structuring between conceptual dependency and can therefore
process all five categories.

Conceptual graphs (CGs) provide a formal visual approach to knowledge rep-
resentation, closely linked to natural language [37] which have been found to
be accessible by team participants from varying specialities in the past, includ-
ing for example visual designers and managers [28], developers [16], engineers
[4] and so forth. The graphical representation provided by the CG formalism
is an aid to understanding that has in the past been shown to be effective in
multidisciplinary team environments [4].

This graphical format of CGs can be represented in textual expression or as
links to other types of conceptual information such as URL addresses to photos,
videos, games, etc. The CGs as a set of partial models do not have to maintain
truth as with other representation so they may contain conceptual relationship
or dependencies that are in opposition to other graphs within the same model
set. This is because partial models are snapshots in time [25]. When the final
model is built all inconsistencies will be resolved.

2.1 Conceptual Graphs in Text Mining

Text mining, an area that remains relatively youthful, is a research area based on
the detection/discovery of interesting patterns within textual corpora.Whilst the
majority of text mining applications are essentially focused on relatively simple
representations—key words/phrases, or even in some cases ‘bag of words’ repre-
sentations, the use of conceptual graphs in text mining problems is well repre-
sented in the literature. Cao [2] describes the use of conceptual graphs alongside
fuzzy logic as a means of extending Semantic Web technologies to approach hu-
man expression and reasoning more effectively; conceptual graphs are here used
as a means of representing natural language sentences. Montes-y-Gomez et al.
[10], for example, describe the use of conceptual graphs to represent a series of
text, permitting the detection of rare patterns and local deviations (occurring at
specific contexts and generalization levels) within the textual corpus. Spasic et
al. [38] identify Daraselia et al’s [5] use of conceptual graphs as a representation
of a number of ontological frames, permitting them to be queried or for further
text mning work to be completed against them. Shehata et al (2006) describe
the use of conceptual graph representations to capture in detail sentence-level
semantics, in order to improve the quality of text retrieval and indexing [34].
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In general terms, then, text mining and conceptual graphs are demonstrably
viable companions. However, by no means should this be taken to mean that the
problem of mining a research corpus such as the Twitter corpus described here
reduces to the use of an existing software package or service. There is significant
variation between corpora; Twitter, for example, limits users to a small number
of characters per utterance, typically resulting in a telegraphic, abbreviated style.

2.2 Agile Development

In this instance the proposal is to use conceptual graphs within the team to build
up information about the various aspects of the dataset under investigation. We
separated this work into two broad phases, the first one of which is exploratory
in nature, and is intended to enable us to rapidly build up a basic model of
the domain. For this purpose we use a variant of the agile software develop-
ment methodology, conceptually linked to the Rapid Application Development
models [15]. For the second, we link the conceptual graphs built up during the
exploratory work in order to create a single composite knowledge representation,
and explore its use as a basis structure on which to develop research questions
about the dataset.

We begin by briefly reviewing literature relating to use of agile methodolo-
gies in exploration of scientific datasets, and move on to the development of
fragmentary conceptual graphs though research findings.

2.3 Agile Methodologies for Scientific Datasets

Agile software development methodologies are designed to prioritise certain as-
pects of the software development process. The agile manifesto [9] expresses the
methodology’s practices as follows:

– Individuals and interactions over processes and tools
– Working software over comprehensive documentation
– Customer collaboration over contract negotiation
– Responding to change over following a plan

and states that ‘while there is value in the items on the right, we value the items
on the left more’.

The use of agile development methodologies for the purpose of development
of scientific software is a concept that has been explored elsewhere; for example,
Lane [13] describes a theory-driven methodology that encodes scientific knowl-
edge and natural processes within an implemented piece of software. The impor-
tance of the computational model is clearly stated by Lane [13]: computational
models, it is argued, are amongst other things able to clearly and rigorously lay
out the components of the scientific theory under discussion, allow the deriva-
tion of testable predictions, and provide a useful mechanism to facilitate making
sense of rich and dense datasets. Accepting the value of a computational model,
it is therefore reasonable to consider the question of the quality, relevance and
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accuracy of its implementation. To successfully resolve these queries it is nec-
essary to establish appropriate tests—that is, what makes a model ‘good’, or
‘accurate’, in the context of our research?

2.4 Building and Testing a Conceptual Model to Underlie Research

Due to the idiosyncratic composition of any research team it is reasonable to ex-
pect that the precise research interests/requirements of the individuals involved
are likely to have an impact on the features highlighted, perhaps even on the
inclusion of features. This is not uncommon; indeed, the process of mining a
text is typically starkly reductive—reduction of entropy/compression of a text
may be expected to have at its core a model of the aspects of that text most
clearly of use. Features of the text that are not contained within that model may
or may not survive the reduction. An obvious example of this is the previously
mentioned bag-of-words model, that is, reduction of a text into its component
words; the details of the syntax, the presentation, etc., cannot be expected to
survive this process. If the research requirements of the team may be satisfied
by the use of such a model, however, there is no pressing need to turn away from
it. Thus the participants must be at the core of model development.

3 Mining a Twitter Corpus

The use of Twitter as a data source for various forms of data/text mining is
well established. The data is usable for a variety of purposes, perhaps most
easily classified according to the technologies used. Twitter is famously used as
a resource for sentiment analysis and for opinion mining [20], with a variety
of purposes in mind, including product/service/company profiling, marketing
purposes, political analysis and opinion polling, for example, with activist aims
in mind [20], but also for stock market prediction [1], disaster alerts [7], level of
interest in news articles [26] and so forth. Explicitly topic-oriented mining is of
use for various purposes, such as tracking public health trends [27,21], earthquake
monitoring [31], news tracking [14,23] and so on. The very public nature of the
service renders it of interest to spammers, and therefore another research topic
in the text mining field is that of identifying and mining spam. Shekar et al. [35]
demonstrate a mechanism for identifying spam from Twitter data through an
initially manually input list of key terms, followed by the use of a Naive Bayesian
algorithm and a J48 decision tree classifier. As well as straightforward use as a
text corpus, Twitter’s sharply time-based, turn-based and telegraphic nature
introduces the need to consider issues that perhaps would not be as prominent
where other types of information, such as perhaps academic papers or even blogs,
are concerned.

Yet the content of users’ tweets is certainly not the only aspect of Twitter
that may be of interest, and the existing body of research certainly reflects this.
Twitter’s popular classification as a social network is well established despite
senior Twitter executives’ protestations that Twitter is ‘a news network and
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not a social network’ [18]. Certainly the findings of Kwak et al [12] bear out
the assertion that trending Twitter topics are, in the majority of cases, either
’headline or persistent news’ in nature, whilst their topology analysis suggests
that Twitter is not a pure social network, as the distribution of followers and
low reciprocity does not closely resemble the typical social network. Yet other
studies suggest that this is the effect of noise; as Huberman et al. [11], social
interactions exist within Twitter, as a sparse subset of the broadly declared set
of friends and followers. It appears likely that Twitter, sharing aspects both of
social networks and the emerging concept of a ‘news network’, must be modelled
in such a way as to satisfy both definitions.

The technical infrastructure underlying Twitter’s functionality is also of in-
terest to researchers.

3.1 Infrastructure Underlying Twitter

A particularly important tool for Twitter users in the past has been the URL
shortener [3]—a tool, often web based or built in to the application used by the
individual to post their remarks to Twitter. These are conceptually simple: a
URL is provided to the shortening tool, which assigns to it a unique key; when
presented with that key, the tool will then present the browser with some form
of redirect (often a 301) to return the user to the original long URL.

The primary benefit for Twitter users was simply that a shortened URL does
not eat significantly into the limited space available for each tweet (Twitter’s
famous 140 characters or less), leaving the user with more space to present their
own ideas or opinions. There are also secondary benefits, of course, such as
relative opacity (i.e., it is not usually possible to guess at the destination of a
shortened URL), making it possible for users to forward readers to unexpected
URLs, providing potential for practical jokes and for malicious reuse as well as
fulfilling the more general purpose of compressing information.

3.2 Rationale: Construction and Maintenance—Relative Costs?

Since URL shorteners are not technically complicated, they are relatively easy
to set up, and indeed a site that tracks URL shorteners in use has identified over
a thousand individual services [42]. However, like many other such initiatives the
attrition rate of URL shorteners over time appears to be quite high—according
to yi.tl, the majority of shortening services identified have since closed. As
we will discuss in this poster, the majority of shortened URLs from a given
US-centric discourse during the spring of 2012 make use of one of a few major
service providers, either directly or via aliases run by those providers. One clear
advantage of making use of a URL shortener is the opportunity to gain infor-
mation about the number of clickthroughs—how many people accessed the link
that was posted, when, and from which broad geographic region. This is partic-
ularly useful to those for whom the distribution of links in a given venue forms
part of a marketing strategy—a group in which Higher Education institutions
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are increasingly likely to count themselves, as market forces penetrate ever more
deeply.

This reasoning also leads the construction of URL shorteners in some do-
mains—indeed, it is not uncommon for parent enterprises to sell social media
analytics services or provide free or paid analytics services. Yet, as with sentiment
analysis, much of this activity deals with short-term, transitory events. Such
analysis is typically bound to a relatively brief timescale—a few hours to a few
days. Little financial benefit may exist in long-term provision of a ‘long tail’ of
older redirects.

3.3 Preservation of Shortened URLs

Shortened URLs, once identified, can (if the underlying service is still available),
trivially be resolved into the original destination URL. This is a useful step for
many forms of analysis (e.g., content/contextual analysis of tweets on Twitter).
The half-life of social services is often short, but a URL shortener is more inti-
mately bound into our ability to follow a conversation than, for example, a news
aggregation service might be. The loss of the news aggregation service potentially
compromises our ability to identify the trigger for transitory interest in a given
subject or resource. The loss of the redirect service means that the key resources
referenced during a conversation can no longer be referenced, compromising our
ability to understand the social or political context and underlying framing of the
discussion. URL redirection increasingly offers a further challenge, for although
the number of discrete services in popular use appears to be reducing, the pen-
etration of these services into the user experience continues to increase. Twitter
itself did not initially impose the use of a domain redirection service. Later, the
service began to ‘wrap’ popular (frequently retweeted/referenced) URLs into
Twitter’s own domain redirection service, t.co. In late 2011 Twitter made this
mandatory for all URLs [8]; therefore, any URL published through the Twitter
service will be published in the form of a t.co/key alias. Since users’ choice
of URL redirection service typically relates to their choice of application (for
example, HootSuite users will find that they are minting ow.ly URLs, which are
inbuilt), this means that a user making use of HootSuite will have a characteristic
‘fingerprint’: t.co → ow.ly (→ previous source of link).

There are many reasons to look into URL redirection other than preservation,
such as the need to identify spam [41], or an interest in conversation/discourse
analysis and information propagation [29].

3.4 In Chains: Unwrapping the URL

The implementation of various services and applications leads to the ‘wrapping’
of existing URLs into one or more URL redirects. The effect is similar to taking
a postcard, and placing it into an envelope addressed to the initial receiver care
of an intermediary. Then that envelope is passed on to a courier service who
insist on placing the mail into their own brand of envelope and addressing it
to ‘Original recipient, care of initial intermediary, care of the courier service’s
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posting office’. By this means, each agency is able to collect statistics about
visitors to that URL.

For the user, this carries the penalty that URLs are both opaque and some-
what slower to resolve. It also implies that the user is providing considerable
information about their interests and activities to each agency in the redirect
chain. However, for the researcher at least, it provides us with additional in-
formation about the pathway that this information took on its way from the
originator to the author of the tweet.

3.5 Backtracking the Trackers

A simple URL redirect tracker was developed for the purpose of tracking each
step of URL redirection, using Perl’s LWP libraries to extract information about
each step of domain resolution. This ‘traceroute’ application is able to generate
information about a shortened URL by backtracking through each step and
documenting each redirect. A sample result is given (see Table 1).

Table 1. A sample HTTP response chain

Short
URL

Response
Code

Redirect
Chain
ID

t.to/example 301 ow.ly/example 1
ow.ly/example 301 bbc.in/example 2
bbc.in/example 301 news.bbc.co.uk/example 3

An aggregate view of the redirect landscape is shown in Fig. 1. As is visible
from this graph representation, there are many redirect services in use. To be-
gin to build up the CG model for analysis of the trackers of the retweets the
definitional graph for the knowledge representation of the data from Table 1
and extended data is found in Fig. 2. This REDIRECT graph indicates that a
shortened URL can be redirected into a modified URL. From the type hierarchy
associated with this definitional graph we see that during a join of factual data
later in the representation processing URLs that are either ‘Short URL’ concepts
or ‘Modified URL’ concepts can be joined. However, as our literature review has
indicated, many of these are ‘vanity’ domains, so it is inaccurate to think of each
redirect as a separate service. Rather, it is suggested that many are simply aliases
of an existing commercial service. The question of identifying individual business
entities within this group is one that can be solved quite simply on a technical
level, through the use of domain analysis tools to identify the site operator. The
use of WHOIS information presents difficulties since domains registered through
separate registrars/various countries have quite different recordkeeping conven-
tions and access regulations. Instead, service-level information such as IPs may
be used as a rough indicator, with results such as those shown in Fig. 3.
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t.co

bit.ly

is.gdgoo.gl

ow.ly

j.mp

gizmo.dopo.st

shar.es

redd.itgaw.kr
dld.bz

df4.usbutt.orgherit.agsfy.coarst.choio.grawe.smx.cosu.prjalo.pstl.gdxn--kci.wsvsb.li

plu.gd

trib.al
ajc.com
dlvr.it
rt.comctic.co

bgell.me

Fig. 1. The TSA web of redirects

(a) Type hierarchy for REDIRECT schema

(b) CG definitional graph for REDIRECT schema

Fig. 2. CG schema for REDIRECT
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bbc.in

69.58.188.49
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Fig. 3. The bit.ly infrastructure constellation

4 Results

4.1 Service Model

Network architecture relies on mapping relationships between conceptual entities
such as businesses, service names and API endpoints and their representations
on the network, i.e. IP addresses, ports, protocols and attributes. There is a
great deal of information to record here (see Fig. 3); however, Fig. 4 presents a
small part of the network with the essential information, prerequisite to further
analysis—i.e., how the URLs are associated with their IPs. In Fig. 5, this basic
conceptual information is given in a definitional CG. The underlying network
(and, consequentially, business) relationships upon which the system depends
can be instantiated into multiple factual CGs, in which Fig. 6 is an example.

4.2 URL Redirection Information Model

We presented in Fig. 2(b) a CG definitional graph representation of the informa-
tion to be used to create a partial model for a URL redirection operation. This
includes the URL originally provided (the short URL), the object that consti-
tutes the direct object of that redirect (modified URL), and the agent responsible
for the redirect (the redirect). Additional information typically retrieved during
the URL resolution process is also indicated in this CG, such as the response
code provided by the redirect service during the lookup process (instance meta-
data) and the position of this redirect object within the chain of redirects, which
again differs by instance.
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ow.ly

75.101.155.42
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drnk.it
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tblz.us

Fig. 4. A simple constellation of redirect services

Fig. 5. The service relationship definitional CG

Fig. 6. Instantiation of service relationship CG with single linkage from network

This CG graph can be instantiated with actual factual data producing, for
example, the graph seen in Fig. 7. This information is processed from a bank of
tweets, and can later be joined with the instantiated SERVICE CG already en-
countered (Fig. 6) using the Type Hierarchy from Fig. 2(a) to produce a graph
with the service relationship from one CG tied to the instantiation of a redi-
rection graph. This creates a partial model CG that has the original shortened
URL linked to the service providing the actual disk space/web hosting service
(see Fig. 8) by joining on the modified URL of the instantiated redirect CG.

4.3 Contextual Representation

This example, containing both instance data and modelled generalities, is contex-
tual to the resolution process and outcome. By continuing on with the process
discussed in the previous sub-section, the generation of the representation of
Fig. 4 as a CG partial model is produced in Fig. 9. The ability to represent
contextual information is a strength of conceptual graph theory and represents
a core requirement for analysis of social data such as Twitter. This consideration
becomes particularly important if the information is to be treated as elements
of a broader discourse rather than orphaned utterances [17]. Extension to the
model to deal with temporal and sequential aspects of Twitter discourse may be
of benefit.
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Fig. 7. Instantiation of REDIRECT definitional graph

Fig. 8. Join of fact SERVICE CG with fact REDIRECT CG

4.4 Individual and Chained Utterances

In reality there is a time-based aspect to the data in its originating context,
that of conversations or interaction chains published on Twitter. There is also
a mapping of the landscape of shared references upon which Twitter’s message-
passing depends. If the original redirect definitional graph also stored the relevant
time information from the tweets [25], then a time line chart could be generated
showing the impact on not only Twitter, but on the services providing storage.
We wish to include this in future.

Social network graph representations are typically designed as directed graphs,
showing self-declared relationships between individuals (i.e., ‘friend’, ‘colleague’,
or—in the case of Twitter’s ‘@’-reference, ‘referent’. In a subset of cases, SNG
representations are used that permit temporal reasoning (i.e., progression of the
system’s development through time). Consider for example Tang et al’s pro-
posed temporal distance metrics, designed to quantify the speed of information
diffusion processes [40] in a manner that is sensitive to local and global net-
work characteristics, Shekhar and Oliver’s review of the challenges inherent in
modelling time-aggregated graphs [36], or Santoro et al’s judgment that ’[m]ost
instruments—formalisms, concepts, and metrics—for social networks analysis
fail to capture their dynamics’ [32].

Many research questions—particularly those linked to information propaga-
tion, reaction, etc. through Twitter—benefit from accurate and detailed mod-
elling of temporal precedence. Research into the attractions of Twitter to its
users are likely to focus on the reactions of its user community to different types
of input. Investigation of the attractions of Twitter as a social news service
(in comparison to a microblogging platform), will often focus on broad-grained
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Fig. 9. CG storage of simple constellation of redirect services

metrics such as the overall proportion of tweets in any given locality that con-
tain or refer to news items in some manner or another. However, a number of
problems also exist that take a broader view of the information proliferation
landscape, of which Twitter remains only a proportion, albeit at present an in-
fluential one. The relative significance of traditional media, ‘new media’ an social
network services in information proliferation is an interesting subject and one
which will undoubtedly continue to attract attention as the role of services in
reflecting or even setting public opinion comes under scrutiny. Businesses con-
tinue to offer services intended to manage public opinion on social networking
sites; mapping the territory is an important step in evaluating any such claim.

Much of the descriptive language from Santoro’s paper is of direct relevance
to our model; for example, Santoro et al [32] separate the concept of ‘journey’
from that of ‘path’; that is, a type of path through a graph that includes waiting
times at intermediate stages in travel through the graph. They also identify
recent papers proposing temporal versions of the typical social-network metrics
of proximity, betweenness, closeness and so forth.
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4.5 Evaluation of the CG Representation as an EAD Research Tool

The exploratory analysis of a Twitter dataset described during this paper used
CG representations as a backbone for representing information gathered about
entities, agencies, interactions and infrastructure. This paragraph provides a
brief review of this addition to the loose EAD methodology of visualisation,
analysis and mining that we typically apply in the early stages of getting to grips
with a large dataset. As we expected, conceptual graphs provided an accessible
mechanism for knowledge representation within the team context. One team
member was already familiar with the conceptual graph structuring. Another
found that they were not intuitively readable, but was able to read them given
appropriate guidance. It does seems necessary to have training before use.

5 Conclusion

Analysis of large datasets can be a tedious process. However new tools enhance
the ability to process these datasets. These tools must be flexible while at the
same time have a solid knowledge representation. We have discovered that graph-
ical representation and graphics operators make building of the underlying mod-
els (and partial models) easier to visualize. Because conceptual graphs are both
built on logic and graphical operators they can be used for this stable representa-
tion. They are also built such that time and space structure and process is built
directly into the representation [25]. Microblogging creates many data records
that are both similar and different at the same time. In particular re-tweets on
Twitter can grow at a very fast rate and they are time dependent. Therefore
the underlying representation needs to be easy to implement and fast to process
[24]. The basic CG definitional and instantiated graphs for this case study has
given us a good start on an over all processing graph set for discovering the data
clustering and topology of the constellations from shortened links and service
provider on Twitter. We can also use CGs as a teaching tool for learning how to
define context with social network relationships.
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Abstract. The SWIP system aims at hiding the complexity of express-
ing a query in a graph query language such as SPARQL. We propose a
mechanism by which a query expressed in natural language is translated
into a SPARQL query. Our system analyses the sentence in order to ex-
hibit concepts, instances and relations. Then it generates a query in an
internal format called the pivot language. Finally, it selects pre-written
query patterns and instantiates them with regard to the keywords of the
initial query. These queries are presented by means of explicative natural
language sentences among which the user can select the query he/she is
actually interested in. We are currently focusing on new kinds of queries
which are handled by the new version of our system, which is now based
on the 1.1 version of SPARQL.

1 Introduction

The amount of knowledge available on the semantic web increases everyday.
Many OWL ontologies and RDF triplestores are put online, especially in the
context of the linked open data initiative [1]. Accessing this knowledge is a real
challenge since it is difficult for an end-user to handle the complexity of the
“schemata” of these pieces of knowledge: in order to express a valid query on
the knowledge of the semantic web, the user needs to know the SPARQL query
language, the ontologies used to express the triples he/she wants to query on as
well as the “shape” of the considered RDF graphs.

Extensive work has been carried out in order to help users express queries
in graph formalisms (CGs, SPARQL. . . ) during the recent period. The help
provided for the user can rely on graphical interfaces such as [2] for RQL queries,
[3] and [4] for SPARQL queries or [5] for conceptual graph queries. But such
graphical interfaces need the end-user to be familiar with and, moreover, to
understand the semantics of the expression of a query expressed in terms of
graphs. The work presented in [6] aims at extending the SPARQL language and
its querying mechanism in order to take into account keywords and jokers when
the user does not exactly know the schema he/she wants to query on. Here again,
such an approach requires that the user knows the SPARQL language.
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Other works aim at the automatic or semi-automatic translation of formal
queries from user queries expressed in terms of keywords. The user expresses
his/her information need in an intuitive way, without having to know the query
language or the knowledge representation formalism used by the system. Some
works have already been proposed to generate formal queries from keywords,
resulting in different languages such as SeREQL [7], SPARQL [8,9] or conceptual
graphs [10].

Our work belongs to this family of approaches. In [10], we proposed a way
of building queries expressed in terms of conceptual graphs from user queries
composed of keywords. In [11] we extended the system in order to take into
account relations expressed by the user between the keywords he/she used in
his/her query. In [12], we adapted our system to the Semantic Web languages
instead of Conceptual Graphs. Such an adaptation was important for us in order
to evaluate the interest of our approach on large knowledge bases. Since then,
our system has taked into account queries expressed in natural language. Our
work is based on two observations. First, end-users want simple query languages
since they are used to this kind of querying on classic search engines on the Web.
Second, in the main real applications, the submitted queries are variations of a
few typical query families. We believe that each family can be prototyped and
represented with a pattern. These observations led us to propose a mechanism
allowing a user query expressed in terms of natural language to be translated into
a SPARQL query built by adapting pre-defined query patterns chosen according
to the natural language query.

The use of patterns allows us to avoid the step which consists in parsing
the ontology in order to find potential relations which can be used to link the
classes and instances identified in the natural language query, since the relevant
relations appear in the pre-defined patterns. The process takes advantage of the
relevant query families, which correspond to an actual information need. One of
the main issues of our approach is therefore to select the pattern which best fits
user needs. For the moment, patterns are built manually by domain experts.

The SWIP system presented in [12] was based on the 1.0 version of the
SPARQL semantic web query language. At the beginning of 2012, SPARQL
1.1 [13] was released by the W3C. This new version features several improve-
ments. We studied the new version and considered that the aggregates – which
are more or less the same as in SQL – offer the possibility of handling new
kinds of queries that were difficult to process in the previous version of SWIP.
This article presents the extension of the SWIP system by taking into account
the SPARQL 1.1 aggregates. For example, we are now capable of dealing with
queries such as “How many artists are involved in a given film?”, “The number
of awards an artist won in a competition?” or “What is the average length of a
film produced in 2012?”.

In section 2, we present the SWIP system briefly. Section 3 introduces the
aggregates in SPARQL 1.1. Section 4 details the extension of SWIP in order to
implement the aggregates. Finally, section 5 describes the implementation of our
system and presents a first experimentation.
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2 The SWIP System

2.1 Overview

In order to allow end-users to express queries on knowledge bases expressed in
the Semantic Web languages (RDF triples built on OWL ontologies), we propose
a system by which a query expressed in natural language is translated into a
SPARQL query. The SWIP1 system was first presented in [11] in its preliminary
Conceptual Graph based version, then in [12] in its SPARQL version. We do not
present the SWIP system exhaustively in this article but briefly recall in this
section the main features of the system and how it works, before focusing on the
extensions of SWIP in section 4.

An overview of the process is presented in Figure 1. The global process of the
system is as follows: (i) the user expresses his/her query in terms of a natural
language query; (ii) the natural language query is then transmitted to a syntactic
dependency analyzer which produces a dependency graph. This graph provides
the main keywords of the query as well as the relations linking them ; they
are represented by means of what we call a pivot query; (iii) the keywords and
relations represented in the pivot query are matched to the elements of the
ontology – concepts, instances and relations which seem to correspond to them ;
(iv) the concepts, relations and instances obtained are mapped with the available
query patterns; (v) explicative sentences corresponding to each possible SPARQL
query are generated and proposed to the user, so that he/she can select the final
query which best fits his/her information need; (vi) finally, the actual SPARQL
query is generated and processed. In the following paragraphs, we present the
process of the SWIP system in more details.

Fig. 1. Overview of the process

1 Semantic Web Interface using Patterns.
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2.2 From Natural Language Queries to Pivot Queries

Here we describe the first main step of the SWIP process. This step is illus-
trated in Figure 2. The user enters his/her query in natural language into the
system. The first translation is performed to generate the query in a simplified
and synthetic form that we call pivot language. This language is based on key-
words connected with relationships which are more or less explicit. The detailed
grammar of the pivot language is presented in [12]. We use this pivot language in
order to facilitate the implementation of multilingualism by means of a common
intermediate format.

Fig. 2. Interpretation of the natural language query

The pivot language we propose is an extension of the language composed of
keywords. The optional “?” symbol before a keyword means that this keyword
is the focus of the query: we want to obtain specific results corresponding to this
keyword.

A pivot query expressed in the pivot language is composed of a conjunction
of subqueries:

– unary subqueries, like ?"singer" which asks for the list of singers in the
knowledge base;

– binary subqueries which qualify a keyword with another keyword: the query
?"singer": "married" asks for the list of married singers;

– ternary subqueries which qualify, by means of a keyword, the relationship be-
tween two other keywords: the query ?"singer": "married to"=

"Madonna" asks for the singer(s) that is/are/was/weremarried to Madonna.

The translation of a natural language query into a pivot query is based on the
use of a syntactic dependance analyzer which produces a graph where nodes
correspond to the words of the sentence and edges to the grammatical depen-
dencies between them. Before parsing the query with the analyzer, a first stage
identifies in the sentence the named entities corresponding to knowledge base
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resources. These entities are then considered as a whole and will not be sepa-
rated by the parser in the next stage. For example, in the sentence “what are the
films of Jean Dujardin”, “Jean Dujardin” will be considered as a named entity
as it is the label of an instance of Actor in the knowledge base. This stage is
particularly crucial when querying knowledge bases containing long labels, such
as group names or film titles made up of several words or even sometimes of a
full sentence.

Once the named entities are identified and the dependency graph is generated,
a set of rules are applied to construct the pivot query. The different clauses of
the sentence are considered. First, the head of the expression playing the role of
the subject in the main clause is identified as the keyword corresponding to the
object of the query. Then, if there is one, the expansion of the expression is used
to complete a binary subquery. For example, for the query “what are the films of
Jean Dujardin”, the generated pivot query will be ?"film": "Jean Dujardin".
If the clause is composed of a verb and a complement, a ternary subquery is con-
structed. For the query “what films were awarded prizes in Cannes?”, the corre-
sponding pivot query will be ?"movie": "awarded prizes in"= "Cannes". If
the query contains relative clauses, the same rules are applied. The entity ref-
erenced by the relative pronoun is expressed in the subquery with the keyword
used in the previous subquery. For example for the query “What are the awarded
films in which Jean Dujardin played?”, the corresponding pivot query will be
?"film": "awarded". "Jean Dujardin": "played in"= ?"film". These
rules might seem simple but we have observed that the structure of queries
expressed by end-users is generally simple. Note that we use a specific syntactic
analyzer, Maltparser [14], trained for each language we consider.

2.3 From Pivot to SPARQL

The second part of the process, which consists in the formalization of the pivot
query, is illustrated in Figure 3. It is divided in four substeps which are described
below. A more precise description of this step is given in [12].

Matching Keywords to Knowledge Base Entities. First, the ontology is
used to determine which elements (concepts, instances or relations) are closest to
the keywords appearing in the pivot query. This notion of closeness is based on
the similarity measure between strings, as the one presented in [15]. However, in
our system implementation, we do not use a classic method such as Levenshtein
distance, but the Lucene score function, saving us the task of implementing a
similarity measure and allowing us to benefit from the powerful Lucene index-
ation and “fuzzy matching” features, to handle different forms of lemmas and
mistypings.

For example, with the pivot query ?"film": "Jean Dujardin’", SWIP
searches for the labels corresponding to "film", then for the labels corresponding
to "Jean Dujardin". For each element of the pivot query, SWIP returns a list of
possible ontology entities weighted with respect to their relevance. The keyword
"film" is associated with the concept “Film” with a weight of 1 since one of
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Fig. 3. Formalization of the pivot query

the labels of the concept “Film” is the string “Film”. It is also matched with
the concept “disaster film” because its label “disaster film’ obtained a similarity
measure of 0.625.

Mapping the Query Patterns to the Pivot Query. Once the ontology
elements are identified, SWIP has to find one or more query patterns which
fit these elements. The patterns are formally defined in [11,12]. Each pattern
corresponds to a family of queries which can be asked on the knowledge base.
Roughly speaking, each pattern is composed of: (i) a query graph which is a
pre-written generic query expressed in SPARQL corresponding to an identified
typical family of queries; (ii) a set of concepts and relations which belong to the
query graph and correspond to the characteristic elements of the pattern; (iii) a
model of an explicative sentence which will be used to generate the sentence in
natural language allowing the user to understand the meaning of the SPARQL
query. After the matching step, SWIP tries to associate the highest-weighted
concepts with the different patterns in order to exhibit the patterns which seem
to be used as a basis of relevant final queries.

Evaluating the Generated Mappings. The mapping step leads to a set
of query mappings, each one corresponding to a possible query interpretation.
These candidate interpretations must be ranked in order to present first to the
user the queries which seem to be the most relevant. To this end, this step
will allocate to each query mapping a relevance mark R, made up of several
partial marks, each one taking into account a number of parameters that seem
important to us:

– Element mapping relevance mark Rmap represents how much we trust the
different element mappings involved in the considered query mapping.
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– Query coverage relevance mark RQcov takes into account the proportion of
the initial user query that was used to build the mapping.

– Pattern coverage relevance mark RPcov takes into account the proportion of
the pattern qualifying vertices that was used to build the mapping.

Generating the Query and the Explicative Sentence. The last step of
the SWIP process consists in presenting the results to the user, and allowing
him/her to query the knowledge base. For this, for each mapping between a set
of keywords and a pattern we generate a sentence in natural language explaining
the query represented by the mapping. We then present all the sentences to
the user in decreasing relevance order. Thus, reading the explicative sentences,
the user can easily understand the meaning of each query and choose the one
matching his/her need. The system then formulates from the chosen mapping
the final query expressed in SPARQL. Both operations, generating explicative
sentences and formulating the query graph, are trivial, thanks to the explicative
sentence attached to each pattern and to the graph architecture of each pattern.

For each mapping, the generation of an explicative sentence is carried out by
taking the generic sentence attached to the mapped pattern and personalizing it,
i.e. for each element mapping, the substring associated with the mapped pattern
element is replaced by an appropriated string that comes from the matched label
in the case of ontology elements or that is the string representation of the literal
value in the case of literals. As regards pattern elements which are not involved in
any element mapping, we keep the default associated substrings in the sentence.

The mapping generation is made more dynamic by adding the possibility of
using regular expressions on parts of patterns, drawing ideas from [16]; some
parts are omitted in the final mapping. This improves the readability of the ex-
plicative sentences of each mapping and makes patterns more generic (therefore
less numerous).

The query graph of the selected query mapping is the pattern graph, apart
from the odd detail; it is generated using the procedure presented in [10], except
that relation vertices can be modified by specialization or generalization, in the
same way as that for concept vertices.

3 SPARQL 1.1 Evolutions for Dealing with End-User
Queries

3.1 SPARQL 1.1 Update

The W3C SPARQL 1.1 recommendation aims at improving the initial version of
the language with incremental updates offering ascending compatibility with the
first version [17]. The main issue is to ease the generation of queries by expanding
the language syntax.

The most significant update for dealing with end-user queries is the possibility
of using aggregate functions. In the initial version of SPARQL, it was possible to
retrieve a solution set of triples according to a specific query pattern. With the
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use of aggregates, it is now possible to partition this set according to specified
criteria and to compute a new solution using an aggregate on these partitions.
When needed, aggregates were previously calculated by the applications. Now,
however, they are calculated by the SPARQL engine.

The aggregate functions available in SPARQL1.1 are COUNT, SUM, MIN,
MAX, AVG, GROUP CONCAT and SAMPLE. As in SQL queries, aggregate
functions can be used either as projection or as selection attributes.

COUNT
The COUNT aggregate enables the counting of the triples contained in the so-
lution set as in the following query.

SELECT COUNT(?film)

WHERE

{

?film rdf:type cine:Film

}

The result of this query will be the integer corresponding to the number of
instances of the class Film in the triplestore.

The aggregate can also be used in the condition defined to select the partitions
to be considered as in the following query.

SELECT ?actor

WHERE

{

?film rdf:type cine:Film.

?actor rdf:type cine:Actor.

?film cine:hasForActor ?actor.

}

GROUP BY ?actor

HAVING COUNT(?film) > 5

This query will give all the actors who have played in more than 5 films. The
“GROUP BY” clause specifies on which attribute the partitions are built and
the “HAVING” clause specifies the condition that has to be satisfied by the
partition.

SUM - AVG - MIN - MAX
The aggregates (“SUM” for sum, “AVG” for average, “MIN” for minimum and
“MAX” for maximum) can be used in the same way as COUNT except that
they have to be applied on numerical attributes.

GROUP CONCAT - SAMPLE
These two aggregates are more specific to SPARQL 1.1. “GROUP CONCAT”
enables the generation of a string from all the triples contained in the solution
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set. SAMPLE will randomly select an element in the solution set. The query
below will return the concatenation of the URI of each film contained in the
dataset, separated with the character “|”.

SELECT GROUP_CONCAT(?film ; separator="|")

WHERE

{

?film rdf:type cine:Film

}

3.2 Aggregates in End-User Queries

When generating SPARQL queries from natural language queries, considering
aggregates can be interesting for two reasons. End-users may want to retrieve
data that are not explicitly stated in the triplestore but can be calculated. Ex-
amples of queries can be: (i) “How many artists are involved in a given film?”,
(ii) “The number of awards an artist won in a competition?”, (iii) “What is
the average length of a film produced in 2012?”. As this information may be
calculated, they will most probably not be stated explicitly with an RDF triple
linking the considered resource to a property and to the corresponding value. In
its current state, this is what our system will look for. This kind of information
will have to be retrieved by generating the corresponding SPARQL query using
the aggregate function. For example, in the triplestore we consider for our ex-
periments, the SPARQL query corresponding to query i) will have to count all
the artists involved in a given film. However, for some queries the same question
words will not always lead to the use of aggregate functions. For example, for
the query “How many members are there in the jury of a given competition”,
the use of the aggregate “count” may not be relevant as a property can be ex-
plicitly stated. It is the case for this query as there is often no point in naming
all the jury members, but only the number of members. As there are two ways
of translating question words corresponding to aggregates in natural language
into SPARQL, both possibilities will have to be considered when generating the
SPARQL query. Aggregates will also be needed when the end-user wishes to
select data according to comparison with other data. Examples of queries can be
“What is the longest film ever made?”, “Who are the actors that have obtained
more than 2 awards”, ...

In order to evaluate the added value of considering aggregates in the SWIP
system, we asked 20 people to propose queries in natural language in the field of
the cinema. The queries were manually translated into SPARQL1.1 to query a
triplestore2. Among the 98 queries we collected, 9% of them implied the use of
aggregates in the SPARQL query. Moreover, in all of these queries, aggregates are
used as projection attributes. We thus decided to focus our work on this kind of
query. By considering aggregates as projection attributes, our system is now able
to deal with 99% of the queries asked by users. The remaining 1% corresponds

2 The triplestore is described at http://ontologies.alwaysdata.net/cinema

http://ontologies.alwaysdata.net/cinema
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to queries that contain terms that are not yet in the considered ontology (for
example, SWIP cannot deal with the query “What is the filmography of Jean
Dujardin?” as filmography is not in the ontology).

4 Evolution of SWIP 1.0 into SWIP 1.1

Several extensions to the SWIP system have been proposed in order to generate
SPARQL queries with aggregate functions. The language proposed to represent
pivot queries has been updated. Note that by considering pivot queries it is
possible to dissociate treatments that are language-dependent from those that
transform the pivot query into the SPARQL query. As the interpretation of the
natural language query relies on the use of syntactic analyzers, we have improved
the rules leading to the generation of the pivot query by taking into consideration
typical words that may correspond to aggregates. The process generating the
SPARQL query has also been improved.

Pivot Query Language. The language defined to represent pivot queries has
been extended to take into account aggregate functions.

We propose to extend the pivot language by adding an optional subquery to
the initial grammar described in this section.

This subquery corresponds to the case when an aggregate is used as a projec-
tion attribute. The subquery will be composed of one of the following keywords:
COUNT, SUM, MIN, MAX, AVG. The semantics associated with the new sub-
query is that the aggregate function is applied on the projection attribute rep-
resented by the character ? in the query.

Definition 1. q is a well formed query in the pivot language if it conforms to
the following grammar, given in Backus-Naur form.

query : := subquerySe t ( ” . ” subquerySe t )∗ ( ” . ” )? ( (”COUNT”
| ”MAX” | ”MIN” | ”AVG” | ”SUM” ) (” . ” )? )?

subquerySe t : := keyword ( ” : ” keyword ( ”=”keyword ( ” ,
” keyword )∗ )? )?

keyword : := ( ’ a ’ . . ’ z ’ | ’A’ . . ’ Z ’ | ’ ’ ) ( ( ’ a ’ . . ’ z ’ |
’A’ . . ’ Z ’ | ’ 0 ’ . . ’ 9 ’ | ” ” ) )∗

For example, the query “how many artists are involved in The Artist” corre-
sponds to the pivot query : ?"artist":"involved in"="The Artist".COUNT

From the Natural Language Query to the Pivot Query. The pivot query
is built automatically from the query in natural language with rules defined on
the output of a syntactic analyzer.

To detect queries which could need the use of an aggregate once transformed
in SPARQL, we have built a dictionary for each language we consider (French
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and English) stating, for each aggregate and condition, terms that may refer
to them. The dictionary has been constructed by analyzing manually a corpus
of approximately 100 queries in each language. A sample of the dictionary for
English is presented in the following table:

Aggregate Corresponding words
COUNT “The number of”, “How many”, ...
SUM “The sum”, “add”, “adding”, ...
MIN “The minimum”, “minimum”,
MAX “The maximum”, “maximum”,
AVG “The average”, “average”, ...

The words defined in the dictionary are searched in the syntactic dependencies
graph given by the analyzer.

If one of them is found to be depending directly on the head of the expression
playing the role of the subject in the sentence (often found after the question
word), a subquery composed of the corresponding aggregate is added to the pivot
query. Dictionary words can be found in the direct context of the subject in the
following queries : “How many artists are involved in a given film?”, “What is
the number of awards an artist won in a competition?”, “What is the average
length of a film produced in 2012?”. The remaining parts of the sentences are
analyzed as in the previous version of SWIP.

In order to deal with the case when the data does not need to be calculated
with an aggregate function because it is explicitly stated in the data set with a
property and its corresponding value, a pivot query is also constructed without
paying any specific attention to words from the dictionary. The pivot query is
thus generated as in the previous version of SWIP. For example, for the query
“What is the number of members in the Oscar jury?”, the second pivot query
will be "member":"?number","member":"jury"="Oscar".

From the Pivot Query to the SPARQL Query. To generate the SPARQL
query, the two pivot queries are mapped to the patterns. For the query contain-
ing the aggregate subquery, the mapping process is the same as in the previous
version of the system as we have chosen to ignore the possible aggregate sub-
queries composing the pivot query during this phase. The main reason is that we
consider than aggregate functions can be used on any of the qualifying concepts
of the patterns and that the need for an aggregate will not be an indication for
discriminating one pattern from another. Patterns represent information needs
that can be expressed differently. The same pattern can map a query which may
or may not need an aggregate in its interpretation.

Once the patterns are ranked according to the pivot query, the eventual ag-
gregate subqueries are considered for completing the generated descriptive sen-
tences. The goal is to show the user how the aggregate has been interpreted.
The name of the aggregate is added in brackets before the term corresponding
to the subject of the aggregate.
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The SPARQL query is generated according to the sentence chosen by the user.
The aggregate is added in the SELECT clause.

5 Implementation and Experimentation

5.1 Implementation

The improvements presented in the previous section have been implemented in
the SWIP system. A graphical user interface has been added to the system,
developed with the JQuery technology. We have implemented a simple interface
with two text fields and very few buttons, as can be seen in Figure 4. The first
text field is used so that the user can enter his/her query in natural language.
The “translate” button generates the pivot language query related to the natural
language query. The “search” button generates all the possible SPARQL queries.

When the user clicks on the search button, SWIP searches all the possible
mappings to generate the best SPARQL queries, which are displayed on a dy-
namic table, as can be seen on Figure 5. All the results are displayed sorted by
score (here, the “rel” column) as is the generated sentence associated with the
SPARQL queries directly. To indicate the searched element on the query on the
sentence, it is preceded by the “?” character. There are some selections available
directly on the sentence to allow the user to modify the query. For example, if
he/she wants to generalize a specific element. On each row there is a “+” button
to display all the details of the query, the SPARQL query associated with it

Fig. 4. SWIP interface

Fig. 5. SWIP interface - Generated SPARQL queries
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and the mappings generated by SWIP. A double click on a row will execute the
SPARQL query directly on the SPARQL endpoint to finally obtain the answer
to the initial question. The answer is displayed on another table, next to the
“Results” tab.

5.2 Experimentation

As explained in section 3, 9% of the queries collected on the field of the cinema
implied the use of aggregates as projection attributes when translated manually
into SPARQL.

In order to evaluate our approach, we compared the SPARQL queries gener-
ated by the new version of SWIP with the manually written query. For 100%, the
“right” query appears in the first three propositions. This means that the gener-
ated pivot query is mapped relatively correctly with the right pattern. Moreover,
the descriptive sentence obviously shows the right interpretation. This means
that it is not difficult for the end-user to select the right query to generate.

We also considered the generated queries in which a dictionary word suggests
that an aggregate function needs to be used but for which we have not used an
aggregate in the manually built SPARQL query. This kind of query represents
4% of the total queries. For 50% of them, the first proposition made by SWIP is
the correct one. When SWIP gives a wrong interpretation (i.e. an interpretation
considering an aggregate), it is because the label of property that must be used
in the query has not been identified correctly in the query. For example, in the
query “how many members are there in the jury of the oscars” the property
“numberOfMember” is mapped with too low a score to “how many members”.

The evaluation is encouraging but we are currently looking for a larger set of
queries to expand it.

6 Conclusion and Future Work

In this paper, we proposed a development of the SWIP system introduced
in [10,11,12], for the system to take advantage of an enhancement of the SPARQL
1.1 query language: the aggregates. For this, we proposed an evolution of the
pivot query language, and adapted the query interpretation process to make it
take the aggregates into account.

The first evaluation results are very encouraging. We can now handle some
queries that previously could not be processed.

The system has been provided with a graphical user interface which is very
simple: the users are able to express their queries, and then choose the best query
and modify it if necessary.

The preliminary step of building query patterns is done manually and thus
requires a large amount of work. Moreover, this step must be repeated each time
we want to address a new knowledge base. This is why the automatic or assisted
pattern generation is the last important task we need to carry out to obtain a
fully functional system. We have two potential leads for this purpose: building
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patterns covering a set of graph queries, or learning these patterns from a set of
natural language queries. At first glance, the first method seems to be the easier
to implement, since the input of this method consists of formal structures which
are easy to handle. However, end user queries expressed in a graph formalism
could be costly to obtain in practice, when natural language queries on a domain
should be easy to find, looking on forums, FAQs, or simply asking users.

Moreover, we plan to extend our work in two other directions:

– we are currently looking for a larger set to evaluate our approach more
precisely in order to identify its drawbacks; we are developing a partnership
with the IRSTEA (a French institute on ecology and agriculture) in order
to build a real application framework concerning French queries on organic
farming.

– in the near future we intend to consider aggregate functions as selection
attributes by means of nested subqueries which are also an evolution of
SPARQL1.1.
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Abstract. With the growth of interest in semantics around the world, we believe
that conceptual graphs have an important role to play. However, from the best of
our knowledge, there is a lack of conceptual graphs storage and retrieval engine
capable of scaling up. In this paper, we propose to utilize the power of the RDF
stores, and present a complete system and methods to implement an efficient con-
ceptual graphs storage and retrieval engine in an RDF store. We translate concep-
tual graphs knowledge bases into RDF knowledge bases, create an external index
of the conceptual graphs and use the index to efficiently retrieve a set of candi-
date conceptual graphs in response to an expanded user query. We also discuss
several heuristics which aim to speed up the data retrieval process, and present
preliminary experimental results using the different heuristics.

1 Introduction

Over the last decade, we have witnessed a tremendous growth of interest on the se-
mantic web and semantic technologies in general. The Linked Open Data initiative1 is
an exceptional example of this seemingly unstoppable movement, containing as per as
September 2011 more than 300 very huge datasets with over 31 billion triples of infor-
mation. Consequently, the semantic web language RDF [Hay04] has become the main
standard to model and engineer knowledge bases which are now emerging from all
around the world. Besides, very large RDF data stores (e.g. triple or quad stores) have
been designed, which have proven their efficiency in terms of scalability and retrieval
speed (see for example [FCB12] and [GM10]).

The Conceptual Graphs (CGs), a well-established knowledge representation and rea-
soning formalism, were first introduced by J.F. Sowa in 1976 [Sow76]. They have been
successfully applied at the end of the twentieth century to diverse Artificial Intelligence
problems such as natural language processing and expert systems, and have continu-
ously been enriched over the years [CM09]. Nevertheless the CGs community does
not play a significant role in the semantic web movement as important as they should,
as recently stated in a position paper by Rudolph et al. [RKH]. In 2005, Dieng-Kuntz
and Corby had already outlined the advantages of the CGs formalism for the seman-
tic web through several real-world applications [DKC05], and more recently Da Silva
et al. made an attempt to answer the challenging question “How to store large knowl-
edge bases to be able to scale up ontological conjunctive query answering?” [dBC11].

1 http://linkeddata.org/

H.D. Pfeiffer et al. (Eds.): ICCS 2013, LNAI 7735, pp. 90–105, 2013.
c© Springer-Verlag Berlin Heidelberg 2013

http://linkeddata.org/


System Architecture to Implement a CGs Storage 91

To the best of our knowledge there exist no CGs data storages capable of scaling
up, i.e. storing very large CGs knowledge bases (e.g. millions or trillions of data) while
keeping good data retrieval performances, although several tools have been proposed
over the years. The first attempt was made in 1992 by Ellis and Levinson [EL92] who
initiated the PEIRCE project, an international conjoint effort with the aim of building
an industrial strength conceptual graphs workbench, but the project suddenly stopped
in its early stages. The second attempt was initiated by Haemmerlé in 1994 who created
CoGITo, a conceptual graphs library. Since 1994 it has been continuously enhanced
and renamed to CoGITaNT in 1998 [GS98][coga], and CoGui, a free graph-based vi-
sual tool using the CoGITaNT library has recently been developed [cogb]. Nevertheless
using these tools as they are imply loading the entire datasets into memory for each
searching-retrieving request.

Moreover, the lack of scalable storage and retrieval engines for conceptual graphs
makes impossible the use of conceptual graphs in softwares designed for commercial-
ization. Indeed, to enter the market a software must among others respond “in the blink
of an eye” to user queries. We believe that this scalability issue plays an important role
for the CGs not to be popular in view of the current concerns of dealing with very large
amounts of data. In this paper we address this issue and propose to take advantage of
the powerful and scalable RDF stores to implement a CGs storage and retrieval engine
helping to filter the parts of the datasets in which answers to a user query may be found.

We propose a system and methods to implement an efficient CGs storage and re-
trieval engine in an RDF triple store. We first present the overall architecture of our
system, with its components and the flows respectively for data indexing and data re-
trieval. In order to store and index CGs knowledge bases, we first translate them into an
RDF notation. We rely on the translations from CGs to RDF and RDF to CGs proposed
by Baget et al [BCG+10] that we extend to consider the graph name parameter. Then,
we create three indexes (one for each object of a CGs vocabulary) by considering the
concepts, relations and individuals in the graphs. To retrieve the stored data in response
to a structured user query, we first expand the query according to a CGs vocabulary,
and provide different retrieval heuristics to return a set of candidate CGs in which an
answer to the query may be found. Finally, we show preliminary experiments using
different benchmarks, regarding the system efficiency in terms of speed and accuracy
while using different heuristics.

Paper layout. Section 2 recalls the basics of conceptual graphs, RDF and indexing tech-
niques. In Section 3, we present the architecture of our conceptual graphs storage and
retrieval engine, and the storage and retrieval methods that we have used. Section 4
presents preliminary experimental results of our system using different heuristics. The
prospects of this work are outlined in Section 5.

2 Preliminaries

In this section, we present a brief overview of the CGs and the RDF formalisms through
some fundamental notions which are used in the following, and a general overview of
RDF stores and indexing techniques.
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2.1 Conceptual Graphs

Conceptual Graphs (CGs) are a knowledge representation and reasoning formalism
based on labelled graphs. It was introduced by J.F. Sowa in 1976 [Sow76], who wrote
the first book on CGs in 1984 [Sow84]. Since 1984, it has been enriched and further
developed by the CGs community (see [CM09] for a synthesis of the results obtained
in the last decades). In this formalism, knowledge is represented as labelled graphs, and
the reasoning mechanisms are graph operations. Moreover, the reasoning is logically
founded, which guarantees the obtained results.

A conceptual graph (CG) is a bipartite graph G with two kinds of nodes: concept
nodes and relation nodes. The former represents entities while the latter represents the
relations between these entities. Each node has a type, e.g. “Car” or “Person” for a
concept node and “belongTo” or “possess” for a relation node. In addition, a concept
node is either individual or generic: it has respectively a marker which represents a
known entity (e.g. “France”, “John”) or no marker which represents an unknown entity
(noted ∗ in the figures). In the figures, the concept nodes are represented as rectangles
and the relation nodes as ovals, and the edges linking a relation node r to its neighbor
concept nodes are labelled from 1 to the arity of r (i.e. its number of neighbors). Figure
1 shows an example of two simple CGs. Intuitively, G1 and G2 can be respectively read
as “the human A has as father the Man B who has as mother an unknown woman” and
“the animal C belongs to the woman D and it holds something”.

holdbelongTo
1

1
Human: A hasFather

2 1 hasMother 2

12 2

G 1

G2

Man: B

Woman: D Animal: C

Woman: *

T: *

Fig. 1. Two basic conceptual graphs

The labels in the nodes (types and markers) are taken from a vocabulary V which
can be more or less rich. A vocabulary V is composed of three parts: a specialization
order on the concept types, a specialization order on the relation types, and a set of
individuals. It defines the skeleton on which the conceptual graphs are built. In this pa-
per we consider a fragment of the Basic Conceptual Graphs Vocabulary [CM09], more
precisely a triple (TC , TR, I) where (1) TC and TR are finite pairwise disjoints sets, (2)
TC , the concept types hierarchy, is a set of concept types partially ordered by the rela-
tion ≤ (e.g. Man ≤ Human represents that Man is a specialization of Human), (3)
TR, the relation types (of arity 2) hierarchy, is a set of relation types partially ordered
by the relation≤, (4) I is the set of individual markers. In the following such a triple is
simply denoted CGs vocabulary. Figure 2 shows an example of a CGs vocabulary (the
set of individuals is omitted).

A simple extension of the vocabulary is usually considered in order to restrict the
domain (resp. the range) of a relation type to a concept type. We call signature of a
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Human Animal

Man Woman

hasParenthold

hasFather hasMother

belongTo

2T T

Fig. 2. A CGs vocabulary

relation type r the pair (c1, c2) where c1 ∈ TC and c2 ∈ TC . For example (Human,Man)
is a possible signature for the relation type hasFather.

Finally, we give some notions used in the following: we call CGs knowledge base
(CGs KB) a pair (V , (F1, . . . , Fm)) where V = (TC , TR, I) is a CGs vocabulary and
(F1, . . . , Fm) a list of CGs representing factual knowledge, denoted CGs facts (e.g. the
pair composed of the vocabulary in Figure 2 and the CGs in Figure 1 forms a CGs KB).
Let t be a concept or relation type and V a vocabulary, we call descendants of t w.r.t. V
the types t1, . . . , tn s. t. ti ≤ t for i = 1 . . . n (e.g. the descendants of � w.r.t. the CGs
vocabulary in Figure 2 are Human, Man, Woman and Animal). We call ancestors of t
w.r.t. V the set t1, . . . , tn s. t. t ≤ ti for i = 1 . . . n.

2.2 RDF/RDFS

The Resource Description Framework (RDF), introduced by the World Wide Web Con-
sortium (W3C), is a metadata model designed as the standard for the semantic web
[Hay04]. It enables the encoding, exchange and reuse of structured metadata (also called
semantic annotations), as well as metadata interoperability. It is based upon the idea of
making statements about resources (in particular Web resources) by a set of triples of
the form (subject, predicate, object) (denoted (s,p,o) in the following). The subject de-
notes the resource, and the predicate denotes properties of the resource and expresses a
relationship between the subject and the object. Figure 3 shows a set of RDF triples that
“naturally” corresponds to the CGs in Figure 1, where labels starting with an under-
score denote a blank node, i.e. an anonymous resource. Note that a set of RDF triples
can also be visualized as a graph.

<: A > < rdf : type > <: Human > <: A > <: hasFather > <: B >
<: B > < rdf : type > <: Man > <: B > <: hasMother > b1
b1 < rdf : type > <: Woman >

<: D > < rdf : type > <: Woman > <: C > <: belongTo > <: D >
<: C > < rdf : type > <: Animal > <: C > <: hold > b2
b2 < rdf : type > <: � >

Fig. 3. RDF triples corresponding to the example in Figure 1
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The Resource Description Framework Schema (RDFS) extends RDF by adding a
lightweight ontology. It allows describing taxonomies of classes and properties via
the subClassOf and subPropertyOf relations, and extends the definition of some el-
ements of RDF (e.g. it sets the domain and range of the properties via the domain
and range relations). For example the triples (:Woman rdf:type rdfs:Class), (:Human
rdf:type rdfs:Class) and (:Woman rdfs:subClassOf :Human) express that Woman and
Human are classes and that Woman ≤ Human, while the triples (:hasFather rdf:type
rdf:Property), (:hasFather rdfs:domain :Human) and (:hasFather rdfs:range :Man) ex-
press that hasFather is a property with signature (Human,Man).

In addition, a set of RDF triples (a graph) S can be clustered by assigning to each
triple (s, p, o) ∈ S a unique graph name (say g), i.e. we extend the triples to quads
of the form (s,p,o,g). The set of quads sharing the same graph name is called a named
graph. Such named graphs are particularly useful for managing sets of RDF data within
an RDF store (see Section 3.2).

2.3 RDF Store and Indexing Techniques

An RDF store (or triple store) is a system designed for the storage and retrieval of RDF
triples. Like a relational database, triples are stored and retrieved via a query language
(SQL for relational databases and SPARQL for RDF stores), but in contrast with a
relational database, a triple store is optimized for triples and graph-based operations. A
triple store usually contains an internal indexing of its content which is user settable, as
well as RDF reasoning capabilities. We call quad store a triple store with the ability to
deal with quads.

Over the last decade, very large triple/quad stores have been developed, and they
have proven their efficiency in terms of scalability and retrieval speed (see for exam-
ple [FCB12] and [GM10]). For example the quad store Allegro Graph (AG), which is
equipped with internal indexing of the data and reasoning capabilities, is capable to
scale to trillions of RDF triples while still providing outstanding data retrieval perfor-
mances [Inc10]. The key of AG high performances partly resides in its internal index.
For instance if the internal index has been built based on the graph name, when a quad
q = (s, p, o, gn) is searched, the system will automatically match gn to its internal
index and only go through the portion of triples referring to gn.

More generally, in a data storage and retrieval management system the indexing of
the data is one of the most critical processes in order to speed up the retrieval. Accord-
ing to the nature of the data (e.g. texts, graphs), many indexing methods have been pro-
posed, and we only describe a few of them in the following. Inverted indexes are one of
the most popular data structures used in document retrieval systems [ZMR98][BCC10].
An inverted index stores a mapping from content, such as words or numbers, to its lo-
cations in a set of repositories. It is used on a large scale for example in search engines.
For graph-based indexing approaches, Yan et al. propose a triple store indexing method
based on graph partitioning [YWZ+09]. They consider the triple store as a big graph,
partition it into multiple subgraphs and index each subgraph by considering the atomic
data (e.g. concept type) that appear in it. The main drawback of this method is that re-
dundant information, more specifically the “cut points”, is stored in several subgraphs
to ensure the correctness of the method. Picalausa et al. propose to index the triple store
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according to the structure of its content [PLF+12]. This structural index is essentially a
reduced version of the triple store content where nodes have been merged according to
some notion of structural similarity. Zhao et al. propose an indexing method based on a
specific logic graph structure, a star graph [ZQZ10]. Finally Sakr and Al-Naymat have
recently exposed an overview of different techniques for indexing and querying graph
databases [SAN11].

As a first version of our CGs storage and retrieval system we use the inverted index-
ing techniques to capture the appearance of terms (e.g. concept type) in the graphs (see
Section 3.2). Other indexing methods would be tackled in the next developments of our
system as mentioned in the prospects (see Section 5).

3 Proposed CGs Storage and Retrieval Engine

In this section, we present the overall architecture of our proposed CGs storage and
retrieval engine, the methods to store and index a CGs KB, and the implemented data
retrieval mechanisms.

3.1 System Architecture

The overall system architecture is shown in Figure 4. It consists of six main compo-
nents: user interface, CGs to RDF translator, indexer, expander, selector and RDF to
CGs translator. A brief description of these components follows:

1. User Interface (UI): the user accesses the system via a UI allowing to store CGs
KBs, to retrieve stored CGs via user queries and to display the results.

2. CGs to RDF Translator: it takes as input a CGs KB and translates it directly to an
RDF KB (e.g. a CGs fact is translated into an RDF named graph) which is stored
in an RDF quad store.

3. Indexer: it takes an RDF quad store as input and produces an index of the RDF
named graphs content.

4. Expander: it takes as input a structured user query and expands it according to the
vocabulary stored in the RDF quad store, i.e. it adds for each concept or relation
type its descendants.

5. Selector: it takes as input the expanded user query, and selects a set of candidates
RDF named graphs by exploring the created index.

6. RDF to CGs Translator: it takes as input a set of candidate RDF named graphs and
translate them into CGs facts.

In the following subsections, each component is discussed in detail.

3.2 Storage and Indexing

This subsection describes the mechanisms used to store and index a CGs KB. It consists
of translating a CGs KB into an RDF KB which is stored in an RDF quad store (CGs to
RDF Translator) and indexing the RDF quad store (Indexer).
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Fig. 4. Overall system architecture of the CGs storage and retrieval engine

Translation from Conceptual Graphs to RDF. The translation from a CGs KB to an
RDF KB mostly relies on the work of Baget et al [BCG+10]. In this work, the authors
present sound and complete translations from CGs to RDF and from RDF to CGs. The
vocabulary and the facts are translated into RDF triples and vice versa without loss of
information (e.g. Figures 1 and 3).

We slightly adapt these translations by adding a new parameter, the graph name.
Thus for example we can gather together all the triples related to the CGs concept
types hierarchy into a named graph called “conceptTypeHierarchy”. This clustering will
speed up other processes (e.g. for the descendants of a concept type, we can quickly go
through the portion of triples corresponding to the concept types hierarchy by using the
quad store’s internal index). In addition the graph name will be used for building an
external index of the content of the named graphs for retrieval purpose. More precisely,
we extend the translation of Baget et al. from triples to quads as following:

• CGs Vocabulary to RDF Ontology
• Generate a unique graph identifier for the vocabulary’s hierarchies, say cth for

the concept types hierarchy and rth for the relation types hierarchy2

• For all concept types c, add (c, rdf:type, rdfs:Class, cth)
• For all concept types c1 and c2 s. t. c2 ≤ c1, add (c2, rdf:subClassOf, c1, cth)
• For all concept types c and its label l, add (c, rdfs:label, l, cth)

2 Note that a unique graph identifier could be generated for the concept types, the relation types
and the relations’ signatures.
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• For all relation types r, add (r, rdf:type, rdf:Property, rth)
• For all signatures (t1,t2) of a relation type r, add (r, rdfs:domain, t1, rth) and

(r, rdfs:range, t2, rth)
• For all relation types r1 and r2 s. t. r2 ≤ r1, add (r2, rdfs:subPropertyOf, r1,
rth)

• For all relation type r and its label l, add (r, rdfs:label, l, rth)
• CGs Fact g to RDF Named Graph

• Generate a unique graph identifier for g (say g-id)
• For all generic concept node c, assign to c a new blank node
• For all individual concept node c, assign to c the URI corresponding to its

individual marker
• For all concept node of type c and its assigned term (blank node or URI) t, add

(t, rdf:type, c, g-id)
• For all subgraph r(c1, c2) induced by a relation node r, add (c1, r, c2, g-id)

Figure 5 shows the quads obtained after applying the translation to the CGs in Figure 1.

<: A > < rdf : type > <: Human > <: g1 > <: A > <: hasFather > <: B > <: g1 >
<: B > < rdf : type > <: Man > <: g1 > <: B > <: hasMother > b1 <: g1 >
b1 < rdf : type > <: Woman > <: g1 >

<: D > < rdf : type > <: Woman > <: g2 > <: C > <: belongTo > <: D > <: g2 >
<: C > < rdf : type > <: Animal > <: g2 > <: C > <: hold > b2 <: g2 >
b2 < rdf : type > <: � > <: g2 >

Fig. 5. RDF quads obtained by translating the BCGs in Figure 1

External Index Construction. The next step consists of building an external index to
speed up the retrieval of the stored named graphs. We create three inverted indexes (one
for the concept types, one for the relation types and the last for the individuals) to index
the content of the named graphs. An inverted index is a two-column table, each row
representing a pair (term,{d1, . . . , dn}), where {d1, . . . , dn} is a set of data containing
term. In the following we only detail the concept types inverted index (CTII). The first
column of the CTII consists of concept type labels, and the second column consists of
sets of named graph labels. Each row represents a pair (c, gns) where c is a concept
type label and gns = {gn1, . . . , gnk} is a set of named graph labels in which c appears
(note that we do not consider the named graphs associated to the ontological part). In
the following an inverted index is viewed as a set of pairs (l, gns), where l is a label
and gns a set of named graph labels.

Algorithm 1 performs the construction of the inverted indexes. It takes a set of named
graphs gns = {gn1, . . . , gnn} as input and produces three inverted indexes namely
concept type inverted index (CTII), relation type inverted index (RTII) and individual
inverted index (III). The function isolatedNode takes a quad q = {s, p, o, gni} as input
and returns true if (s,p,o) represents an isolated node in the named graph (gni), false
otherwise.

Table 1 shows the inverted indexes built from the named graphs g1 and g2 created
from the CGs in Figure 1.
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Algorithm 1. Inverted-Index-Builder(gn)
Input: a set of named graphs gns = {gn1, . . . , gnn}
Result: Three inverted indexes
begin

Let CTII , RTII and III be three empty inverted indexes ;
foreach named graph gni ∈ gns do

foreach quad q = {s, p, o, gni} s. t. p �= rdf:type OR isolatedNode(q) do
foreach term t ∈ {s, o} do

if t is an individual then
if (t, gns1) ∈ III then

Update III by replacing (t, gns1) with (t, gns1 ∪ {gni}) ;

else
Add (t, {gni}) to III ;

Let type(t) ← o1 s. t. q = {s, rdf:type, o1, gi} ∈ gi ;
if (type(t), gns2) ∈ CTII then

Update CTII by replacing (type(t), gns2) with (t, gns2 ∪ {gni}) ;

else
Add (type(t), {gni}) to CTII ;

if p �= rdf:type AND (p, gns3) ∈ RTII then
Update RTII by replacing (p, gns3) with (p, gns3 ∪ {gni}) ;

else
if p �= rdf:type then Add (p, gni) to RTII ;

return CTII , RTII and III ;
end

3.3 Retrieval Methods

In this section, we present the data retrieval methods which consist of expanding a user
query w.r.t. a vocabulary and selecting a set of candidate named graphs (i.e. in which an
answer may be found) by matching the expanded query to the inverted indexes. Several
heuristics to speed up the expansion of the query and the selection of the candidate
named graphs are also outlined.

Query Expansion. Once the knowledge base has been indexed, the end-user can start
retrieving its content by sending queries. In this paper we consider positive conjunctive
queries, which form a class of natural and frequently used queries and are considered
as the basic database queries [CM77], and we see them as a set of positive subgoals
q = {p1, . . . , pn}. Each subgoal is of the form c(x1) (resp. r(x2, x3)) where c is a
concept type (resp. r is a relation type) and x1, x2, x3 are variables or individuals (in
the following the variables start with a lowercase letter and the individuals start with a
capital letter). For example the query q = {Human(x), Human(B),�2(x,B)} asks
for all the humans who have any relation with the human B.
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Table 1. Inverted indexes built from the named graphs created from the CGs in Figure 1

CTII Concept Named Graphs
Human {g1}

Man {g1}
Woman {g1, g2}
Animal {g2}

T {g2}

RTII Relation Named Graphs
hasFather {g1}
hasMother {g1}
belongTo {g2}

hold {g2}

III Individual Named Graphs
A {g1}
B {g1}
C {g2}
D {g2}

To take into account the partial order between the concept (resp. relation) types, there
are two main methods:

1. Expanding CTII = {(c1, gns1), . . . , (cn, gnsk)} and RTII by propagating the
named graphs in which a concept (resp. relation) type appears to its ancestors (e.g.
if the concept type Man appears in the named graph gn and Man ≤ Human
then we add the information “Human appears in gn”. The main drawback of this
approach is that it is very time consuming since the slightest change in the type
hierarchies will force to either re-index the whole knowledge base or process heavy
procedures to rearrange the index.

2. Expanding the user query q, i.e. adding the descendants of the concepts and re-
lations appearing in q, thus “melting” the partial orders into q. Algorithm 2 and
its subalgorithm 3 give the details of the process. Note that Algorithm 2 takes as
input a preprocessed query q, i.e. a list composed of three sublists containing re-
spectively the concept types, relations types and individuals appearing in q. The
function descendants(t,V ) returns all the descendants of t w.r.t. V .

Before giving an example, let us consider the following notions:

Definition 1 (Expanded Type). Let t be a type (concept or relation) and V a vocab-
ulary. The expanded type T of t is the set containing t and the set of its descendants
t1, . . . , tn w.r.t. V , i.e. T = {t, {t1, . . . , tn}} where ti ≤ t for i = 1 . . . n. We call t the
initial type and {t1, . . . , tn} the extension of t.

Definition 2 (Expanded Query). Let q = {c1, . . . , cm, r1, . . . , rn, I1, . . . , Ip} be a
(preprocessed) query. The expanded query EQ of q is obtained from q by replacing
each type t appearing in q by its expanded type T .

Example 1. Let us consider the query q = {Human(x), Human(B),�2(x,B)}. It
contains the concept type Human, the relation type �2 and the individual B. We start
expanding the concept type Human. According to the partial orders in Figure 2, the ex-
tension of the concept type Human is composed of the concept types Man and Woman.
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Algorithm 2. Query-Expander(Q,d)
Input: a query q = {c1, . . . , cm, r1, . . . , rn, I1, . . . , Ip}
Result: the expanded query EQ of Q
begin

Let C ← ∅ and R ← ∅ ;
foreach concept type c appearing in q do

C ← C ∪ Type-Expander(c) ;

foreach relation type r appearing in q do
R ← R ∪ Type-Expander(r) ;

Let EQ ← {{C}, {R}, {I1, . . . , Ip}} ;
return EQ ;

end

Algorithm 3. Type-Expander(t)
Input: a concept type or relation type t
Data: a vocabulary V
Result: t and all its descendants
begin

D ←descendants(t,V) ;
if D is empty then return t ;
all − descendants ← ∅ ;
foreach ti ∈ D do

all-descendants ← all-descendants ∪ Type-Expander(ti) ;
return all-descendants ;

end

Thus we create the expanded concept C = {Human, {Man,Woman}}. We repeat
the process for�2 and we obtain the expanded relation
R = {�2, {belongTo, hold, hasParent, hasFather, hasMother}}. Finally we ob-
tain the expanded query EQ = {{C}, {R}, {B}}.

Candidate Graphs. The next step consists of “matching” the expanded query EQ to
the inverted indexes in order to retrieve a set of candidate named graphs, i.e. in which
an answer to the initial query may be found. It is roughly done through two main steps:
(1) let t be a concept type or a relation type (resp. an individual) in EQ and t1, . . . , tk
its extension. For each element e ∈ {t} ∪ {t1, . . . , tk} (resp. e ∈ {t}), we retrieve
from the index its assigned set of named graphs gns (empty if e does not appear in the
index). Then we compute the union of all obtained sets of named graphs. We repeat
this process for all concept types, relation types and individuals appearing in EQ and
eventually we obtain n unions of sets of named graphs (say U1, . . . , Un); (2) if there
exists an empty Ui ∈ {U1, . . . , Un} we return the empty set (there are no candidate
named graphs in which an answer to the initial query may be found, intuitively because
at least an element of the query can not be matched to any named graph). Otherwise we
return the set of candidate named graphs obtained from the intersection

⋂n
i=1 Ui.
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Example 2. Let us consider the expanded queryEQ= {{Human, {Man,Woman}},
{�2, {belongTo, hold, hasParent, hasFather, hasMother}}, {B}}. The matching
of each element of EQ to the indexes is given in Table 2. From the expanded concept
type we obtain U1 = {g1} ∪ {g1} ∪ {g1, g2} = {g1, g2}, from the expanded relation
type we obtain U2 = {g1, g2} and from the individual B we obtain U3 = {g1}. Finally
the set of candidate named graphs is gns = U1 ∩ U2 ∩ U3 = {g1}.

Table 2. Elements and the results of their matching to the inverted indexes

Human {g1}
Man {g1}

Woman {g1, g2}

�2 ∅
belongTo {g2}

hold {g2}
hasParent ∅
hasMother {g1}
hasFather {g1}

B {g1}

RDF to CGs Translator. This component takes as input a set of named graphs and
translate them into CGs. This translation also relies on the work done by Baget et al.
[BCG+10], excepted the manipulation of quads instead of triples. Then the candidate
CGs are returned to the user.

3.4 Heuristics

Finally we discuss several preprocess functions and heuristics which aim to meet end-
user requirements (e.g. response time) and speed up the retrieval processes. They con-
cern the query expansion and the candidate named graphs retrieval.

Type pruning. Let us consider the query containing the concept types c1 = Human
and c2 = Woman. According to the concept type hierarchy in Figure 2, their extensions
are respectively ext1 = {Man,Woman} and ext2 = ∅. It is straightforward to see
that the set of candidate named graphs retrieved by considering the concept types Hu-
man,Man,Woman (say U1) will include the candidate named graphs (say U2) retrieved
by considering the concept type Woman. As U2 ⊆ U1, the result of the intersection func-
tion U1∩U2 is U2. U1 is useless and thus c1 can be avoided without loss of information.
More generally, let q be a query, for each concept (resp. relation) type t appearing in
q, if a more specific concept (resp. relation) appears in Q then t can be avoided in the
retrieval processes.

Ordering of EQ elements. Notice that for each element of EQ if the computed union
(for expanded types) is empty then we can directly return the empty set, i.e. no candidate
named graphs fulfill the requirements of EQ. Note also that the intersection function
between two sets U1 and U2 is faster if one set is very small. Therefore in order to
prune as fast as possible an EQ (i.e. returning the empty set) or dealing as soon as
possible with a small set of candidate named graphs, the proposed heuristic consists of
ordering the treatment of the elements of EQ. The most “critical” elements would be
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first analyzed. Individuals and the most specific concept types and relation types seem
the most critical elements, since it would be more difficult to find many named graphs
containing them than for example for a very general concept type with a big extension.

Type expansion depth. An option to speed up the retrieval process would be to restrict
the query expansion depth to a predefined constant. However in spite of the fact that a
more shallow expansion will increase the process speed, it will also imply a possible
loss of information since avoided specialized types could have led to an answer to the
query.

4 Experiments

In this section, we show a preliminary experimental work where we benchmark the two
heuristics Type Pruning and Ordering EQ described in Section 3.4.

4.1 Initial Setup

We consider a CGs KB which comprises a total of 81777 concepts, 45 relations, 23282
individuals and 1000 CGs facts of different sizes (from few different relation nodes
to more than 30). It has been automatically generated from a text document using an
intern text to CGs tool. The translation of the knowledge base into AllegroGraph quad
store took 18 seconds and the obtained quad store was set with an internal indexing on
graph names. The creation of the three inverted indexes took less than 5 minutes, and
the indexes were stored in three simple relational tables. In addition, we have randomly
generated a total of 3000 queries of different sizes. Table 3 shows the details of the three
generated query sets Q1, Q2 and Q3, each set containing 1000 random queries.

Table 3. Details of the generated query sets

Query Set Queries Content Queries Size
Q1 2 concept types, 1 relation type, 0 or 1 individual 3
Q2 3 or less concept types, 2 relation types, 1 individual 5
Q3 4 or less concept types, 3 relation types, 1 or 2 individuals 7

We measured the difficulty in terms of CPU time to expand the query, search the
index and retrieve the candidate named graphs. For each value of the varying parameter
(i.e. the query size), we considered 1000 queries and computed the mean search cost
of the results (i.e. the CPU time) on these queries. The program is written in Java.
The experiments were performed on a Dell Latitude E6410, equipped with a 2.6 GHz
Dual-Core CPU and 4G of RAM, under Windows.

4.2 Experimental Results

Figure 6 depicts the results obtained using four different heuristics (no heuristic, types
pruning, ordering and types pruning+ordering). As expected the increasing of the com-
plexity of the query (its size) increases the response time as well, since more processes
have to be done to expand, select and retrieve the candidate named graphs.
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Fig. 6. Influence of the heuristics to the execution time

Moreover we observe that the types pruning heuristic produces the worst results.
This is caused by the large concept types hierarchy, since the cost of checking if a
concept type is a subtype of another depends of the concept types hierarchy size. Indeed,
the difference is more obvious when there are more concept types in the query. For
example when query size = 7, it takes 15 seconds for the retrieval process. In contrast,
the ordering heuristic has the best response time for all the query sets. Relatively for all
queries, the retrieval process will take less than 2 seconds.

Finally, note that these are only preliminary results; further experiments are needed
in refining the results to provide a more comprehensive benchmarking evaluation.

5 Conclusion

In this paper, we propose a CGs storage and retrieval system architecture. On the one
hand we translate a CGs KB into an RDF KB which is stored in an RDF quad store and
create an external index of the CGs facts content, and on the other hand we retrieve a
set of candidates CGs facts in response to a query by expanding the query and filtering
the CGs facts based on several heuristics. Finally we provide a preliminary evaluation
of the system.

A direct perspective would be to extend the experiments to different datasets in order
to validate the preliminary results, to propose and validate new heuristics and finally to
compare our system with existing storage and retrieval systems.
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Since the data retrieval would generally be computed at runtime in response of a user
query, a challenge would be to accurately estimate the required processing time by con-
sidering for example the structure and size of the knowledge base, the size of the index
and the query complexity. In addition, a desirable option would be to allow a timeout
ensuring that the user will get a set of candidate graphs to his query before reaching the
timeout. This implies major challenges s. t. how to orchestrate the processes in order
to fulfill the timeout requirement? The heuristics discussed in Section 3.4 offer a possi-
bility to partially handle this issue. Let us consider the type expansion depth heuristic:
if we first computed the average time needed to expand one level, we would be able to
estimate how deep we can expand the query in a certain time-frame.
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Abstract. This paper discusses the notion of medical archetype and the
manner how the archetype elements are documented in hospital patient
records. This is done by interpreting the archetypes as information ex-
traction templates in automatic text analysis of clinical narratives. The
extensive extraction experiments performed over thousands of anony-
mous discharge letters show the actual instantiation of the required and
expected items in the narrative clinical documentation; in fact much tacit
medical knowledge is implicitly presented in the real clinical texts. This
fact suggests that the archetype approach to defaults and inheritance
might need certain development.

Keywords: Clinical knowledge, Medical archetypes, NLP of clinical
narratives, Information extraction, Template filling.

1 Introduction

Archetypes are chunks of declarative medical knowledge that are designed to
capture maximally expressive and internationally reusable clinical information
units. They encode knowledge about clinical observations, evaluations, actions
and instructions in a coherent and holistic manner with the intension to present
language-independent specifications. Archetypes are based on conceptual struc-
tures of medical knowledge and provide standardised clinical content. Medical
ontologies conceptualise domain objects, actions and relationships among them;
the archetypes, representing the blueprints of defined medical domains, are fo-
cused on capturing clinical information about the patient. Archetypes are not
linked a priory to any medical terminology but they can refer to multiple exter-
nal medical classifications (e.g. SNOMED) from where controlled vocabularies
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are incorporated as labels of archetype elements. The openEHR project1 aims
at the acquisition of a representative set of freely available archetypes thus en-
abling information sharing between clinical systems. Hundreds of archetypes in
ADL (Archetype Definition Language) are publicly available via the openEHR
Clinical Knowledge Manager. openEHR expresses health information systems
and interoperability mechanisms in UML (Unified Modelling Language).

Automatic processing of free clinical texts, however, might reveal whether
medical experts keep the requirements to document clinical units in a manner
which ensures their unambiguous export to other clinical systems. Analysing the
free text of 6,204 anonymous discharge letters of diabetic patients, we present
empirical observations whether the slots of the diabetic-relevant archetypes, pub-
lished by openEHR, are filled in by the necessary information of classification
codes or free text. In a sense we discuss how the theoretical models of clinical
knowledge are applied in practical settings when the medical case is documented.

The article is structured as follows. Section 2 overviews the notion of archetypes.
Section 3 discusses the archetypes as Information Extraction templates applied
in automatic text processing. Section 4 presents the experiments performed on
a large corpus of discharge letters. Section 5 contains some discussion and the
conclusion.

Fig. 1. The Clinical Investigator Record Ontology [1]

2 Archetypes as Conceptual Structures

Archetypes are designed during the last decade to make health information sys-
tems properly and safety interoperable [1]. They are based on the notion of
”recording” in medicine. The health record content is likely ”to be a small,
selective choice of notes about real events, situations etc. intended for interpre-
tation by other professionals rather than some more general notion of compre-
hensive fact representation”. Analysing the important types of information in

1 http://openehr.org, the openEHR Foundation.

http://openehr.org,
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the health care process, the authors propose the Clinical Investigator Record
Ontology where the observations (evidences) and opinions (inferences) are dif-
ferent categories as shown on Figure 1. This taxonomy provides the categories
in the Entry classes of the openEHR reference model. For our purposes we shall
be interested in the archetypes capturing the observations (findings of examina-
tions, measurement, questioning, or testing of the patient or related substance
like blood, tissue etc.), because automatic information extraction from clinical
narratives is most successful for declarative statements.

An archetype is a ”computable expression of a domain content model in the
form of structured constraint statements, based on a reference (information)
model” [2]. Archetypes define conceptual items and relationships among them as
well as constraints on the values of their instances: e.g. allowed types, ordering,
cardinality, (referent) values etc. We are interested mostly in the conceptual
background of the clinical archetype model which is defined together with the
openEHR software development requirements.

The Clinical Knowledge Manager supports two major kinds of archetypes:
the Electronic Health Record (EHR) Archetypes where patient-centered data is
kept and the Demographic Model Archetypes. The EHR Archetypes are Clus-
ters, Compositions, Elements, Entries, Sections and Structures. Figures 2–3 show
the Items of the ”Examination of thyroid” Cluster (the Header of the Cluster
is skipped as it contains metadata related to the creation, author, date etc.)
The indexing Keywords, included in the Header of this Cluster, are ”examina-
tion, physical, thyroid”. They are included manually in order to facilitate the
advanced search within the archetype collection. Figures 2–3 illustrate the hier-
archy of embedded (included) sub-clusters which are referred to by citation of the
archetype names e.g. an instance of openEHR-EHR-CLUSTER.inspection.v1 is
included in the description of the findings concerning the Left lateral lobe. We
note that a significant number of the descriptions are assumed to be typed in as
free or coded text, therefore the archetype is a kind of template where text frag-
ments might be entered in narrative form. Optional elements might be omitted
in the instances in case there is no abnormality observed during the examination.
Without entering in details we remind that declarative specifications are hard
to define and standardize for broader use; in addition the support and mainte-
nance of the archetype collection requires significant efforts. But despite these
shortcomings it is clear that the Archetype model responds to the needs of estab-
lishing standards in the EHR content (and the clinical documentation practice
in general) in order to ensure semantic interoperability between the healthcare
systems.

In 2008 the archetype approach to structuring patient-related records was ac-
cepted as ISO standard 13606-2:2008. It specifies the information architecture
required for interoperable communications between systems and services dealing
with EHR data [3]. In this way ISO 13606-2:2008 defines how to organise hier-
archically the EHR content, how to define the individual data items and their
aggregations, what types of values or measurement units are appropriate and
so on. Archetypes are viewed as a serialised representation, an exchange format
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Fig. 2. Items of the CLUSTER ”Examination of thyroid”
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Fig. 3. Items of the CLUSTER ”Examination of thyroid” (Continued)
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for communicating individual archetypes between archetype libraries. Current
efforts of the openEHR-related community are dedicated to the definition of
further archetypes at the optimal level of granularity and specificity in order to
ensure their wide adoption. In this way more medical experts could be involved in
the creation of archetype repositories. Best practices are sought to achieve multi-
professional clinical consensus. Having in mind all the recent developments, we
think that Natural Language Processing (NLP) of clinical narratives can help
much in the tests whether archetypes are properly defined. The automatic text
analysis might reveal the actual status of clinical event documentation and sug-
gest potential drawbacks in the archetype definition. This paper presents such
tests for some essential archetypes, related to diabetic patients.

Authoring and review of archetypes is viewed as a knowledge acquisition task
with highest priority. An Archetype Editorial Group has been established as
an expert clinical team to lead the authoring of archetypes within the openEHR
community. The national eHealth programs in several countries (Australia, Den-
mark, Singapore, Sweden, and UK) include archetype-related initiatives in order
to involve medical professionals, agencies and educational institutions into de-
velopment activities. International agreements should be sought by international
authorities (like the World Health Organisation and relevant standardisation
bodies). Actually the unification of clinical narrative content is a long process
which is still in its infantry. Nevertheless it is important that this process has
started and an ISO standard has been adopted.

At the end of this section we present the data fields included in two other
archetypes:

(i) Blood pressure (openEHR-EHR-OBSERVATION.blood pressure.v1) and
(ii) Body weight (openEHR-EHR-OBSERVATION.body weight.v1).

Extracting automatically these items from the discharge letters of diabetic pa-
tients we can check their availability and actual use in the clinical documentation.

3 Information Extraction Templates

Information Extraction (IE) is a popular technique for Natural Language Pro-
cessing (NLP) which aims at partial text understanding in order to provide fast
and efficient analysis of texts in specialised domains. The IE systems identify
specific events or topics, searching for relevant information only and disregard-
ing the remaining text fragments. IE typically extracts named entities and words
referring to objects or events in order to recognise their roles in event descrip-
tions. The identification is supported by the so called templates feature-value
structures that capture the entities recognised by the text analysers. Most gen-
erally, the IE success is measured by the accuracy of filling in the template slots
by proper words encountered in the text.
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Table 1. Entities included in the Blood Pressure (BP) archetype

Entity name Content Value

Systolic Peak systemic arterial BP Units: mm[Hg]

Diastolic Minimum systemic arterial BP Units: mm[Hg]

Mean arterial pres-
sure MAP

Average arterial pressure Units: mm[Hg]

Pulse pressure Difference between the systolic
and diastolic pressure

Units: mm[Hg]

Comment Comment about the measure-
ment

Free or coded text

Position Description Standing; Sitting; Reclining;
Lying; Lying with tilt to left

Confounding factors Free or coded text: factors that
may impact the measurement

For instance: level of anxiety;
pain or fever

Exertion Details about physical activity
undertaken at the time of mea-
surement

Includes openEHR-EHR-
CLUSTER.level of exertion.v1
and specialisations

Sleep status Supports interpretation of 24-
hours BP measurement

Alert & Awake; Sleeping

Tilt Surface craniocaudal tilt Angle, plane, degrees

Cuff size The size of the cuff used for the
measurement

Adult thigh; Large adult; Adult;
Small adult; Paediatric/Child;
Infant; Neonatal

Location /cluster

Location of measurement Body site where BP is recorded Right arm; Left arm; Left thigh;
Right wrist; Left wrist; Right
ankle; Left ankle; Finger; Toe;
Intra-arterial

Specific location Specific details about the site
where the BP is recorded

Free or coded text

Method Method of measurement Auscultation; Palpation; Ma-
chine; Invasive

Mean arterial pres-
sure formula

Formula used to calculate MAP Free or coded text

Diastolic endpoint Which Korotkoff sound is used Phase IV; Phase V

Device Details about the device used to
measure BP

Includes openEHR-HER-
CLUSTER.device.v1 and
specialisations

Event Description Any relevant event

24 hour average Estimate of the average BP Math function Mean

Early IE papers consider the template design as an essential step in the IE
system development. Templates are flat or object-oriented [4] and their design
should satisfy a number of requirements:

• descriptive adequacy - the template should represent all the information
necessary for the task at hand, having in mind that adding features often
requires to add further features;
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Table 2. Entities included in the Body Weight archetype, which is indexed by the
keywords weight, gain, loss, increase, decrease, mass, estimate, actual

Entity name Content Value

Weight, quantity Weight mass Units: kg, lb

Comment Comment about the measure-
ment of weight

Free or coded text

State of dress Description Lightly clothed/Underwear;
Naked; Fully clothed including
shoes; Nappy/diaper

Confounding factors Free or coded text: factors that
may impact the measurement

For instance: timing of men-
strual cycle, timing of recent
bowel motion, noting of ampu-
tation

Device Details about the weighing de-
vice

Includes openEHR-EHR-
CLUSTER.device.v1 and
specialisations

Event Description Any relevant event

• clarity - the ability to represent all the information in the template unam-
biguously;

• determinacy - there should be only one way of representing a given item or
a complex of items;

• perspicuity - the degree to which the design is conceptually clear to the
human analyst who will input or edit information in the template or work
with the results;

• monotonicity - the template should reflect the data content monotonically
or incrementally (adding a new value should not cause update, restructuring
or removal of the values in other template slots);

• application considerations - the particular task might impose constraints e.g.
evaluation metrics and further limitations; reusability the template objects
should be potentially reusable in other domains and applications.

It is easy to see the similarities between the definition of template (a chunck
of declarative knowledge automatically extracted from text) and archetype (an
ultimate, universal chunk of clinical knowledge, to be declared manually and
used as standard aggregation of atomic elements). Without loss of generality we
can consider the attributes, listed at Figures 2–3 and Tables 1–2, as prototypical
elements of flat templates to be used in IE from clinical texts. It is obvious that
simple conceptual graphs [5] can capture the semantics of the feature-value pairs
in Figures 2–3 and Tables 1–2. In the next section we shall present the results
of IE experiments using the archetypes listed above.

It should be added that the notion of template evolves in the NLP field; recent
papers suggest learning template structure automatically from raw text without
using predefined template schemes [6].
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4 Extracting Archetype Items from Clinical Texts

Here we report the results of experiments with 6,204 anonymised patient records
(PRs) of diabetic patient and assessment whether the archetype elements are
explicitly documented or not. Our attention is focused on the three archetypes
that have been previously discussed: examination of thyroid, measurement of
blood pressure (BP) and measurement of patient body weight. The experiments
are performed using an IE environment that has been recently developed by the
authors [7], [8].

4.1 Examination of Thyroid

More than 97% of the PRs in our corpus contain explicit descriptions of thyroid
examination. Many PRs contain more than one discussion of thyroid because
they include basic description in the Status section and more detailed tests
(like echography) in the Clinical tests and/or Consultations sections. Due to
this reason some 11,606 instances of the archetype are found in 6,058 PRs (see
Table 3).

Table 3. Availability of thyroid descriptions in 6,204 discharge letters

Total PRs 6,204

PRs with no explicit data for thyroid 146

PRs containing description of thyroid 6,058

Total extracted records for thyroid 11,606

Table 4. Availability of thyroid descriptions in 6,204 discharge letters

Items/Findings
Visible abnormality 1,556
Mobility of swallowing liquid 1,892
Left lateral lobe 1,836
Right lateral lobe 2,304
Isthmus 1,846

Items/Normal statements Normal statement 5,144

Our IE components identified text fragments describing certain abnormalities,
the left/right thyroid lobe, the mobility of the swallowing liquids and the isthmus
(see Table 4). More than 82% of the PRs (5,144 out of 6,204) contain a statement
about normality which can be positive or negative. Comparing the available
descriptions to the map view of the archetype in Figure 4 we see that almost all
data items are regularly filled in.

4.2 Measurement of Blood Pressure

About 78% of the PRs in our corpus contain explicit BP values. Table 5 il-
lustrates the findings. In the 2,111 PRs without explicit values, there could be



Medical Archetypes and Information Extraction Templates 115

Fig. 4. Map View of the ”Examination of thyroid” archetype

phrases referring to normal and default values like: ”Blood pressure in the norm”,
”No data/signals for Arterial Hypertonic illness” and so on. Some PRs contain
more than one occurrence of BP values and this explains the fact that 4,841
items were extracted from 4,093 PRs.

Table 5. Availability of BP descriptions in 6,204 discharge letters

Total PRs 6,204

PRs with no explicit data about BP 2,111

PRs containing data about BP 4,093

Total extracted records about BP 4,841

Further details about available descriptions are given in Table 6. Only 47 PRs
discuss the position when the BP measurement is performed (less than 0,01%
of all PRs). About 12,6% of the PRs discuss confounding factors. Both sys-
tolic and diastolic values are given in the 4,841 particular measurements cited
in the corpus. Some 8% of the PRs discuss the mean arterial BP. Pulse pres-
sure occurs in 57% of the analysed discharge letters. The abbreviation (RR)
in Protocol/Method denotes BP measurements taken with the technique of the
sphygmomanometer invented by Scipione Riva-Rocci. It occurs in 26,6% of all
PRs.

Comparing the extracted values to the map view in Figure 5, we see the
elements that are rarely instantiated: most items in State section (position, ex-
ertion, sleeping status, tilt) and in Protocol section (cuff size, location of mea-
surement, method, mean arterial pressure formula, diastolic endpoint).

4.3 Measurement of Body Weight

The absolute value of body weight is a factor when diagnosing with diabetes but
even more important is the deviation from the patients ordinary body weight.
For the professional it is necessary to know whether the patient has experienced
any significant change in the weight during the recent months or year(s). Along
with the thyroid gland, limbs and skin description, body weight change is one of
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Table 6. Recording measurements of BP values in 6,204 discharge letters

State/ Position

Standing 25
Sitting 3
Reclining 0
Lying 19
Lying with the tilt on the left 0

State/Confounding factors
Under therapy 350
Without Orthostatic Symptoms 428
With Orthostatic Symptoms 6

Data/ Systolic - Diastolic 4,841 - 4,841

Data/ Mean Arterial Pressure

Usually/Average 501
Max 456
Min 150

Data/ Pulse Pressure 3,566

Protocol/ Method RR 1,834

Fig. 5. Map View of the ”Blood Pressure measurement” archetype

the most often met PR descriptions. Table 7 summarizes the number of events
extracted from the patient records.

It is obvious from Table 7 that descriptions of increase or decrease of body
weight are almost twice the mentions of exact weight in our document collection.
Often when the weight is discussed in a PR, it is mentioned more than once de-
scribing the changes during the development of the disease and this also explains
why the percentage of files containing exact weight mentions (62%) is quite close
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Table 7. Available values of ”weight” and ”weight change” in 6,204 discharge letters

Total PRs 6,204

PRs containing data about exact weight 3,820

Total extracted occurrences of exact weight 3,884

PRs containing data about weight change 3,097

Total extracted occurrences of weight change 6,806

PRs containing data about increase of weight 2,613

Total extracted occurrences of increase of weight 5,533

PRs containing data about decrease of weight 1,083

Total extracted occurrences of decrease of weight 1,273

to the percentage of PRs containing weight change (52%). Mentions of increased
body weight are almost 3 times more often than mentions of decreased weight.

Most weight-related expressions include references to quantities:

(i) body weight change which can be found in the Anamnesis or Patient status
section and is expressed as an interval value, exact value or by an expression, all
of them showing the direction of the change:

”increased her body weight with about 10-12 kg in the last 6 months”
”reduction of body weight 15 kg for 2 years”
”overweight”

(ii) exact weight values which can be found in the Laboratory tests section:

”weight - 89 kg”
”170/86kg”

(iii) relative expressions referring to previous conditions like:

”succeeded to go back to his regular weight”

which are hard to interpret in absolute values and to fill in into archetype slots.
Our corpus contains no weight-related expressions that can provide input for

the archetype slots state of dress, confounding factors, device, and event (see
slots at Figure 6). Obviously these are not a subject of interest in endocrinology.

4.4 Extraction Accuracy and Discussion

Our IE components work in the following manner:

• The English terms, available in Figures 2–3 and Tables 1–2, are translated
to Bulgarian;
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Fig. 6. Map View of the ”Body weight” archetype

• Their synonyms (terms or paraphrases) are found in the dictionaries that we
have developed in our previous research;

• Then the target terms for the selected archetypes are searched in the texts
of the corpus PRs.

In this way we identify availability and type of the recognised descriptions. There
might be other items, expressed by different words that remain unidentified;
however, the observations centered on the terms mentioned in Figures 2–3 and
Tables 1–2, deliver a relevant generalised view about text content.

Here are some examples how we capture thyroid gland descriptions in our
data starting from the archetype description. The recognition modules are rule-
based and are built on archetype keywords and slot descriptions. We know from
previous experiments that the description of the Status of an anatomical organ
is normally present in a single sentence or in consequent sentences in various.
The rules are constructed to capture expressions starting from one mention of
the anatomical part of interest (thyroid gland in this case) and try to find subse-
quent descriptions of the archetype slots. Below are given examples that include
description of the left lobe and thyroid gland properties, which are listed one after
another and separated from the anatomical part by hyphen:

��������� 	
��� � ��������	 


 
���
 
��� � ��	�
���	 ������
�����

(thyroid gland - enlarged... left lobe with elastic consistency)

��� �	 ������ 	
��� � ��������� �	������ �����������	

(echography of the thyroid gland - enlarged size, hypoechogenic)

��������� 	
��� � ��������	� ���
�	 ������
������ ����
��
���	 ��� ��
�

����
 (thyroid gland - enlarged, solid consistency, sensitive when palpated)
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The performance accuracy of Information Extraction is measured by the pre-
cision (percentage of correctly extracted entities as a subset of all extracted
entities), recall (percentage correctly extracted entities as a subset of all entities
available in the corpus) and their harmonic mean (F-measure)

F = 2 ∗ Precision ∗Recall/(Precision+Recall).

Table 8 shows the extraction accuracy in the present experiment. Due to variety
of paraphrases and keywords in the blood pressure description, the precision is
relatively low. In contrary, only few words and their abbreviations describe the
thyroid and body weight in our training and test corpora, therefore the extraction
accuracy is very high.

Table 8. Accuracy of extraction of archetype slots from clinical narratives

Precision Recall F-measure

Thyroid 96.25% 93.42% 94.81%

Blood Pressure 71.37% 90.63% 79.86%

Body Weight 95.65% 94.02% 94.83%

Our IE module easily identifies expressions which contain terms used in the
archetype definition. However, narratives such as comments are difficult to cap-
ture. They are free text fields and their arbitrary content does not allow sug-
gesting any keyterms to search for. For exhaustiveness we rely on the linguistic
peculiarities of our data which usually contain one body part description within
a single sentence.

Summing up all finings of the experiment we see that medical doctors hardly
explicate in clinical narratives:

• hospital-dependent implicit knowledge when reporting about patient cases,
for instance type of devices (e.g. cuffs for blood pressure measurements);

• values that are irrelevant for the particular disease (e.g. exact weight of
diabetic patients and conditions when it was measured, or location where
the blood pressure is measured). Instead, they document relevant features
like weight change for given period which should be included in the archetype
as comment or event..

There is also tacit knowledge which holds in the respective domain and it is
regularly omitted in the particular texts. These observations show the difference
between theoretical information models in medicine and their practical applica-
tion. The standards of writing clinical documentation do not affect quickly the
established tradition in writing domain-specific texts.

5 Conclusion

In this paper we present evidences about availability of unified elements in clin-
ical descriptions. It is clear that the conceptual structures, designed to capture
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patient-related clinical information in order to ensure its systematic representa-
tion, need a long period of development, standardisation and wide adoption in
order to provide interoperable resources of clinical knowledge. Perhaps thinking
in terms of archetypes and conceptual structures needs to be incorporated in the
medical training as well. The Topic Maps, as illustrated in Figures 3, 5 and 6,
are a suitable visualisation tool that might help to advertise the archetype
methodology.

We propose that the archetype design process should integrate language tech-
nologies for information extraction which enable immediate verification whether
the theoretical conceptual model is aligned to the clinical practice of reporting
events and observations. For instance, if the checks show that the medical ex-
perts regularly omit device descriptions, then this element might be included
in the specific archetype instance by default for the particular clinical units. In
this way some information in the instantiated archetype might be imported from
a separate hospital unit description without burdening the clinicians with too
much documentation. Another possibility is to offer specific predefined menus
for item selection that are contextualised for the hospital unit. Simplifying the
documentation process will facilitate the wide archetypes adoption.
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2009–2012.

References

1. Beale, T., Heard, S.: An Ontology-based Model of Clinical Information. In: Kuhn,
K., et al. (eds.) Proceedings MedInfo 2007, pp. 760–764. IOS Publishing (2007)

2. Beale, T., Heard, S. (eds.): Archetype Definitions and Principles. openEHR Report
(March 2007)

3. ISO 13606-2:2008 Health informatics - Electronic health record communication -
Part 2: Archetype interchange specification (2008)

4. Onyshkevych, B.: Template Design for Information Extraction. In: Proc. of the
TIPSTER Text Program: Phase I, Virginia, USA, pp. 141–145 (September 1993),
available in the ACL Anthology http://www.aclweb.org/anthology/X93-1015

5. Sowa, J.: Conceptual Information Processing in Mind and Machines, Reading, MA
(1984)

6. Chambers, N., Jurafsky, D.: Template-Based Information Extraction without the
Templates. In: Proc. of the 49th ACL Ann. Meeting, Oregon, pp. 976–986 (June
2011)

7. Boytcheva, S.: Structured Information Extraction from Medical Texts in Bulgarian.
In: Proc. of the SINUSWorkshop Semantic Technologies in the Humanities, Sozopol,
Bulgaria, June 7-8 (2012); to appear in a Special Issue of the Journal Cybernetics
and Information Technologies

8. Nikolova, I.: Unified Extraction of Health Condition Descriptions. In: Proc. of the
NAACL HLT 2012 Student Research Workshop, Montreal, Canada, June 3-8, pp.
23–28 (2012), http://www.aclweb.org/anthology-new/N/N12/N12-2005.pdf

http://www.aclweb.org/anthology/X93-1015
http://www.aclweb.org/anthology-new/N/N12/N12-2005.pdf


Using Conceptual Structures in the Design

of Computer-Based Assessment Software

Uta Priss, Nils Jensen, and Oliver Rod

Zentrum für erfolgreiches Lehren und Lernen
Ostfalia University of Applied Sciences
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Abstract. This paper discusses the use of conceptual structures in the
design of computer-based assessment (CBA) tools for e-assessment of
programming exercises. In STEM (science, technology, engineering and
maths) subjects, universities often observe high dropout and failure rates
among the first year students. There are a number of research initiatives
that investigate the use of interactive teaching methods and e-learning
technologies for improving STEM education. This paper presents a con-
ceptual model of programming exercises and discusses more generally
how conceptual structures can be employed for the implementation of
CBA tools.

1 Introduction

STEM (science, technology, engineering and maths) subjects are notoriously
difficult to learn and teach as demonstrated by high dropout and failure rates
among first year university students. There are a number of reasons for the diffi-
culty of such subjects. Researchers in Physics Education Research (for example,
Hestenes et al. (1992)) have observed that students often have misconceptions
which are not easily overcome by traditional lecturing methods even if these
include exercises and demonstrations. Hestenes et al. (1992) explain that mis-
conceptions are commonsense beliefs which can be regarded as reasonable hy-
potheses grounded in everyday experience. Unfortunately, commonsense belief
are not always correct. For example, Newtonian physics includes many concepts
that are contradictory to commonsense beliefs and in fact counter-intuitive. Stu-
dents find it very difficult to overcome such misconceptions. Even though they
may be able to apply Newtonian concepts in calculations by following an al-
gorithm (which is frequently sufficient for passing exams), if asked to provide
conceptual explanations students will often revert to non-Newtonian, incorrect
concepts. Furthermore, if students are passing an exam only by applying mem-
orised facts and algorithms, they will forget the subject matter quickly after the
end of the semester. On the other hand, as soon as students achieve a conceptual
understanding of a subject matter they will often retain such knowledge for 20
years and more (Conway et al., 1992).

H.D. Pfeiffer et al. (Eds.): ICCS 2013, LNAI 7735, pp. 121–134, 2013.
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A second problem is what can be called a “teacher’s dilemma”. McDermott
(2001) observes that at least in USA, the people who teach physics are not at
all like the undergraduate students they teach because teachers have achieved a
masters or doctoral level of understanding of the subjects whereas undergraduate
students have often no ambition or interest to progress in the subject any fur-
ther than required. By definition, teachers are usually not people who have ever
dropped out of university or experienced learning difficulties but instead usually
have been comfortable with the learning styles presented by traditional univer-
sity teaching. Teacher training attempts to help prospective teachers develop an
understanding of the students’ conceptual models. For example, Prediger (2010)
discusses the diagnostic competences that maths teachers need to develop in
order to be able to listen to students and to analyse and understand their think-
ing. Tall (1977) argues that learning of mathematics involves cognitive conflicts.
The acquisition of new concepts by a maths student is not a continuous process
but includes conceptual jumps and states of confusion and emotional upset. A
teacher must be able to detect occurrences of conflict in the mind of a learner
and select an appropriate approach for conflict resolution amongst many dif-
ferent possible approaches. A further potential challenge to be overcome are
teachers’ attitudes towards trying new teaching methods (Pundak et al. 2009).
Interestingly, changing a teacher’s pre-existing belief about teaching methods
may not be any easier than it is for students to overcome their misconceptions.

While traditional lecturing styles seem to be less than optimal in STEM sub-
jects, interactive engagement methods (Hake, 1998) appear to be more success-
ful. Hake defines “interactive engagement methods as those designed at least
in part to promote conceptual understanding through interactive engagement
of students in heads-on (always) and hands-on (usually) activities which yield
immediate feedback through discussion with peers and/or instructors”. An ex-
ample is Mazur’s (1996) peer instruction which uses cycles consisting of questions
that are voted on by the students, peer discussion, group discussion, debriefing
and then again the original questions. Apparently, while students might find
it difficult to learn from a teacher’s explanations, they find it easier to under-
stand complex concepts and resolve cognitive conflicts when they can discuss
these with other students (peers) who tend to be at a similar level of conceptual
development as they are. Thus peer instruction is a means of overcoming the
teacher’s dilemma. The teacher becomes more of a facilitator or coach than an
authoritarian source of information. A theoretical foundation for this approach
to teaching is a constructivist model of learning (e.g., Ben-Ari, 1998).

It would be of interest to replace the currently prevailing constructivist model
of learning with a Peircean pragmatist model. Levy (2007) observes that Peirce
already discussed a “teacher’s dilemma” because “in order to learn you must
desire to learn, and in so desiring not be satisfied with what you already incline
to think” (CP.1.135)1. But a teacher needs to be reasonably convinced of the

1 The usual manner of citing Peirce’ papers is adopted where CP refers to the Collected
Papers of Charles Sanders Peirce followed by volume and paragraph numbers.
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truthfulness of the subject matter to be able to teach. Thus the state of teaching
(a state of belief) is in contrast with the state of learning which is a state of
doubt. According to Levy, Peirce’s solution to the dilemma is that a teacher
must be willing to learn while teaching and that the learning process must be
a cooperation between teacher and student. Therefore, it can be argued that
Peirce anticipated interactive engagement teaching. A more in depth analysis of
the relevance of Peirce’s work for education would be of interest (in particular
with respect to a pragmatic instead of a constructivist philosophy). While that
is beyond this paper, the ICCS community might be a suitable audience for such
research.

The core application area of this paper within STEM education is teach-
ing programming to computer science students. In particular we are interested
in how conceptual structures can be used to support tools for teaching pro-
gramming such as computer based assessment (CBA) tools. With “conceptual
structures” we are referring to tools and technologies commonly used in the ICCS
community, for example, conceptual graphs and formal concept analysis. Section
2 introduces CBA tools. Section 3 describes a conceptual model of programming
exercises. Section 4 discusses more generally how conceptual structures can be
used to support CBA tools. The paper ends with a short concluding section.

2 Computer-Based Assessment Software

A large body of literature exists on the topic of STEM education. Our partic-
ular interest is the teaching of programming languages in computing or similar
formalisms in mathematics. In this domain, computer-based assessment (CBA)
software has been developed which allows students to submit code that is au-
tomatically evaluated (e.g. Pears et al. (2007), Rongas et al. (2004)). CBA
software is more narrow in scope than virtual learning environments or course
management systems which usually provide access to lecture materials, timeta-
bles and communication tools. If virtual learning environments provide automat-
ically evaluated assessments at all, these are of a simpler, more static nature such
as multiple-choice or fill-in the blanks tests. CBA tools without graded assess-
ments are quite popular as add-ons to on-line tutorials which contain pastebins
for sourcecode execution2. Advantages of using CBA tools in university courses
are according to Pears et al. (2007) the fact that even students in large classes can
be provided with detailed feedback in a timely manner. Automatic assessment
is often seen as more fair and objective than assessment by tutors. Since CBA
tools are employed in practicals, not lectures, they are more likely to be used
with interactive engagement methods. Drawbacks of CBA tools are that exercises
need to be specified very carefully to avoid misunderstandings. Furthermore au-
tomatic evaluation can miss problems. A student’s work could receive full marks
although it is written poorly and contains errors that were not anticipated by the

2 For example the Tryit editor at www.w3schools.com or the SQL tutorials at
sqlzoo.net

www.w3schools.com
sqlzoo.net
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designers of the exercise. Unrestricted access to instant feedback can encourage
students to employ a trial-and-error approach to programming.

CBA tools should be deployed with a suitable pedagogical method as can
be found in the literature, for example, by Leron & Dubinsky (1995) since the
1990s. Without a sound pedagogical method or without being embedded into an
interactive engagement style of teaching, CBA tools may not provide any bene-
fits. If used correctly, CBA tools save time because the tools provide automated
feedback and can be used by large numbers of students simultaneously - only
limited by the size of the computer labs. Ideally the time lecturers save by not
having to provide feedback on simple mistakes which are automatically detected
by the CBA tool, lecturers should spend on helping students with conceptually
challenging problems (or misconceptions) that require more in depth discussion
(Priss et al. (2012b)).

Creating exercises for a CBA tool is more labour-intensive than creating other
exercises because CBA exercises need to be specified very precisely so that they
cannot be misinterpreted by students and they need to be tested before being
used. Furthermore, the algorithms used for automatically evaluating the student-
submitted code need to be provided usually either using software testing methods
or intelligent tutoring techniques. CBA tools are only labour-saving if tools are
provided that assist lecturers in the creation of exercises and the exercises can be
reused. Thus in addition to the software required for the CBA tools themselves,
one needs authoring tools and an infrastructure for the storage, retrieval and
exchange of exercises. These are the areas where we see conceptual structures
as potentially very useful. Although there are already many existing e-learning
tools and standards for exchanging exercises available, as Rey-Lopez et al. (2008)
observe these existing tools are not suited for the more detailed and content-rich
exercises used for teaching programming. The problem of exchanging program-
ming exercises and integrating CBA tools with other e-learning tools is according
to Rey-Lopez et al. still an unsolved problem.

3 A Conceptual Model of Programming Exercises

In order to improve authoring tools for CBA software and to support exchanging
exercises across tools and users, a solid understanding of the conceptual structure
of programming exercises is beneficial. This section discusses a conceptual model
of programming exercises developed using the Protege3 editor. The only reason
for using Protege was because it has a sophisticated, stable user interface and
many graphical output options. The functionality used was classes, is-a relations
and attributes (or slots) with value restrictions which are provided by many kinds
of conceptual structures tools. Thus the discussion in this section is not meant
to focus on the technology used but instead on the conceptual model that was
derived.

3 http://protege.stanford.edu/

http://protege.stanford.edu/
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Fig. 1. Overview of the model
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Fig. 2. Feedback for an exercise can be provided by test, peer (student) or teacher

Figure 1 represents an overview of all of the classes of the conceptual model.
Figure 2 shows different types of feedback. An exercise can be evaluated by any
combination of automated tests, peer review from other students and feedback
from lecturers. The distinctions are useful because each type of feedback has a dif-
ferent functionality in the system. For example, evaluations by automated tests
and teachers contribute to the marking scheme. Feedback by students is some-
times considered a student-only affair which cannot be viewed by the teachers.
The attributes “line Number” and “location” are useful for the visual presenta-
tion of the feedback for the student. Automatically generated feedback usually
has a precise location, that is a particular line of code which raised an error or
a warning. Feedback that is written by other students or a lecturer can only be
economically connected to a location, if authoring tools are used that allow to
annotate code.

Resources as in Figure 3 tend to be provided as text or files. This distinction
is of technical interest because text and files are implemented differently. For
example, if students are asked to submit files, these need to be checked for file
size and type. In the early stages of a programming class, students are often
asked to write only parts of a program, for example, just a while loop. The
CBA tool can either provide a template to the student which contains the code
that the student is expected to modify or it can hide some code completely and
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Fig. 3. Resources that can be up- or downloaded can be textblocks or files

automatically attach it before or after a student-submitted code snippet. Each
resource has a “resource User” attribute which determines who has access to the
resource, in particular whether the students are allowed to see the resource.

Figure 4 shows that a programming exercise exists on three levels: a general
description independently of when and where the exercise is used; an “exercise
in course” which has additional attributes about deadlines and about the actu-
ally selected tests from all available tests; and an “exercise in execution” which
contains attributes about the student-submitted code, its evaluation results and
session and state information so that a student can return to an exercise which
has not been completed.

Exercises themselves are part of an ordered set: each exercise can have some
prerequisites which the students need to pass beforehand. This is particularly
useful if the CBA tool has intelligent tutor functionality. In order to avoid
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Fig. 4. An exercise exists on three levels: abstract, in a course or submitted by a
student

plagiarism, it is helpful to have a larger question bank from which randomised
questions are selected so that not every student receives the same questions
(Russell & Cummings, 2005). This means that there needs to be an equivalence
relation on the exercises (“has Exclusion”) which shows which exercises are of
similar difficulty and content and can be used as alternatives.

Last but not least, Figure 5 provides examples of available tests. Many current
CBA tools use standard software engineering tests (unit, style checking and
code coverage tests) for evaluating student-submitted code. CBA tools often
incorporate standard testing software for such purposes so that the lecturers
need not learn new technologies for writing their tests. Some CBA tools support
writing blackbox tests which analyse the in- and output of a program.
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Fig. 5. Different types of tests
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4 How Conceptual Structures Can Help

This section provides an analysis of the different aspects involved in preparing
and using exercises with CBA tools. Figure 6 shows a life cycle of CBA exer-
cises. As explained in Section 2, in order to be cost-effective the additional cost
required for creating exercises must be balanced by the benefit of reusing and
sharing of exercises. Thus a community must be established that shares and
reuses exercises. This community could range from just a few lecturers within a
department to lecturers in 100s of universities as, for example, the user group of
the Lon-Capa4 software. In order to share exercises, there must be a mechanism
that allows lecturers to find appropriate exercises which can be a challenging
task if there are large numbers of exercises available. The individual stages of
the life cycle are discussed in the subsections below with reference to how the
conceptual model developed in this paper can help.

finding
exercises

evaluating
exercises

community: individual:

creating
exercises

exchanging
exercises

improving
exercises

Fig. 6. The life cycle of CBA exercises

4.1 Searching and Finding Learning Materials

Large amounts of learning materials already exist and are available for reuse.
It is beyond this paper to review the literature on this topic in any detail. It
might suffice to mention the open educational resource (OER)5 efforts or the
fact that Lon-Capa contains more than 200,000 resources (Kortemeyer, 2006).
A major challenge in this area is how to build search tools that help lecturers to
find relevant materials. Most likely there are already many duplicate or similar
documents amongst the available materials simply because lecturers do not know
what is available. General purpose search engines only retrieve the most popular
documents which may not be the most relevant.

As an example, the Lon-Capa software provides metadata for its more than
100,000 exercises. Some of the metadata are created by the authors of the exer-
cises. Some are dynamically generated, for example, information about in how
many and which courses an exercise is used and what the student results are

4 http://www.lon-capa.org
5 http://en.wikipedia.org/wiki/Open_educational_resources

http://www.lon-capa.org
http://en.wikipedia.org/wiki/Open_educational_resources
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for each exercise. A review of the existing metadata recently revealed6 that the
manually created metadata are entirely useless for search purposes because they
are inconsistent and often missing (supporting what has been known in the li-
brary and information science community for decades). In fact in the future,
Lon-Capa may drastically reduce the collection of manually created metadata
and focus on the automatically generated data instead.

Currently most of the Lon-Capa exercises are of a more static nature and not
programming exercises. We argue that the metadata of programming exercises
according to the conceptual model in this paper is also manually created, but of a
different type than the already existing metadata in Lon-Capa. The information
recorded in the conceptual model is essential to the functioning of a programming
exercise. For example, it is necessary to specify what programming language and
what tests are to be used and how the marks are calculated. Once an exercise
has been created this information is precise and unambiguous. This metadata is
different from metadata, such as subject headings or keywords, which are more
subjective, optional and debatable.

We argue that a conceptual model of programming exercises as developed
in this paper can improve retrieval of programming exercises. In contrast to
manually created metadata which tend to be inconsistent, our model structures
only the essential data of the exercises which is thus rendered more accessible
for searching. Other search details can be obtained from automatically collected
metadata (such as the degree of difficulty of an exercise from the metadata about
student results). Typical, re-occurring examples of programming exercises (such
as the “Towers of Hanoi” or “Fibonacci numbers”) can be found by searching
within the full text of the exercises. Thus, an automatic exploitation of structured
data, automatically generated metadata and the full text of the exercise with
standard data mining methods is possible.

4.2 Exchanging Exercises

In order for exercises to be exchanged, a standard format needs to be defined
which represents the data and metadata of the exercise in a structured man-
ner. An XML representation of the conceptual model developed in this paper
could be an example of such a format. As mentioned before, Rey-Lopez et al.
(2008) observe that existing standards for learning materials are not suitable for
representing the greater amount of detail required for programming exercises.
Automatically-assessed programming exercises not only need a description of the
content of the exercise but also of the technical requirements, for example, as
to which programming language, which versions of the tools, and which testing
technologies are used. Furthermore, if the exercises are to be exchanged in a
manner that does not require extensive amount of manual editing for import-
ing exercises, then there need to be means for automatically detecting version
differences and to convert into formats required by a specific tool.

6 G. Kortemeyer, personal communication, August 31, 2012.



132 U. Priss, N. Jensen, and O. Rod

There is currently an effort to create an exchange format for programming
exercises undertaken by a working group as part of the eCULT project7 which
we are part of. Because that work is on-going and yet unpublished we cannot
discuss more details about the format in this paper. Our contribution to the
working group is based on the conceptual model developed in this paper. But
because not all members of the working group are familiar with conceptual
structures, the exchange format is represented in XML and not conceptually.
Our conceptual structures model is somewhat more detailed and abstract than
the format developed by the group and represents our view of the topic.

4.3 Creating Exercises

Creating programming exercises consists of creating the content and the tech-
nical implementation. With respect to developing appropriate content, Priss et
al. (2012a) discuss in detail how conceptual structures (in the form of Formal
Concept Analysis (FCA)) can be used for modelling conceptual difficulties in
learning processes in mathematics. A conceptual model as represented in this
paper provides structures for authoring tools for programming exercises that can
be used in implementations. Programming exercises need a detailed specification
of testing tools, versions and the tests themselves. Some details are repetitive
and could be supplied semi-automatically; other details are specific for each ex-
ercises and need to be manually supplied. In our experience it takes about 2
hours to convert an existing programming exercise into one that is usable with
a CBA tool. Using the conceptual model developed in this paper, it would be
possible to design templates that would shorten the time required for writing
exercises.

4.4 Evaluating and Improving Exercises

As mentioned in Section 2, the quality and precision of CBA exercises must be
higher than that of manually-assessed exercise. If a lecturer makes a mistake in
the wording of a manually-assessed exercise, this mistake can be rectified when
the exercise is marked, for example, by adjusting the marking scheme to reflect
that slightly different interpretations of the exercise are acceptable. If a CBA
exercise is ambiguously worded and thus provides misleading feedback to stu-
dents then the labour-saving effect of the exercise is lost because the lecturer
needs to contact every individual student to provide additional information to
remove the ambiguity. The resulting confusion could easily destroy any pedagog-
ical benefit of using a CBA tool. If the CBA tool is used for an exam, the exercise
may need to be manually-assessed after all. If the error is detected too late, the
whole assessment may become worthless; or if the error is not detected at all,
students will receive unjustified marks. Therefore exercises need to be well-tested
before they are used with larger groups of students. During and at the end of a
semester, the performance of the exercises needs to be evaluated, for example, by

7 http://www.ecult-niedersachsen.de/

http://www.ecult-niedersachsen.de/
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statistical analysis of the points students achieved for each exercise. High failure
rates for an exercise could indicate that there is a problem with the wording of
the exercise or it could be that the exercise highlights a misconception which
the students have that must be addressed by other learning materials. Based
on the evaluation, exercises (and supporting learning materials) should then be
improved before they are used again.

Evaluation and improvement of exercises can only be performed by individual
lecturers who use the exercises in their course. But the improvements of an exer-
cise then need to be shared again with the community. The Lon-Capa software
has essentially solved these problems by establishing mechanisms for creating
and maintaining copies of exercises that have been modified and for commu-
nicating changes to other current users of an exercise. Furthermore, Lon-Capa
provides mechanisms for alerting authors of exercises to potential problems de-
tected with an exercise. A conceptual model could further assist by providing
additional semi-automated checks, for example, if the version of a programming
language is changed for one exercises it could automatically be checked whether
other exercises might require a similar change.

5 Conclusion

This paper argues that teaching STEM topics is difficult by nature but peda-
gogical methods and tools exist that lead to improved teaching success. With
respect to teaching programming languages, CBA tools can be beneficial if they
are employed with a suitable interactive engagement style of teaching. The
creation, maintenance, exchange and retrieval of programming exercises is labour-
intensive but can be supported by conceptual structures. An example of a con-
ceptual model for programming exercise is presented in this paper. The model
is currently being used to guide our involvement in a working group for creat-
ing an exchange format for programming exercises and as a design aid in our
implementation of a CBA tool which is further described by Priss et al. (2012b).
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Abstract. In the domain of ontology design as well as in Conceptual Modeling,
representing universals is a challenging problem. Most approaches which have
addressed this problem rely either on Description Logics (DLs) or on First Or-
der Logic (FOL), but many difficulties remain especially about expressiveness.
In mathematical logic and program checking, type theories have proved to be ap-
pealing but so far, they have not been applied in the formalization of ontologies.
To bridge this gap, we present here the main capabilities of a theory for represent-
ing ontological structures in a dependently-typed framework which relies both on
a constructive logic and on a functional type system. The usability of the theory
is demonstrated with the Coq language which defines in a precise way what on-
tological primitives such as classes, relations, properties and meta-properties, are
in terms of type classes.

1 Introduction

On the one hand, many researchers are striving for an ontologically well-founded rep-
resentation language e.g., by adding new operators to Description Logics (DL) while
preserving decidability, while on the other hand, mathematical and logical theories built
on the Curry-Howard isomorphism have promoted the well-typedness as a foundational
paradigm (above intuitionistic logic) leading to highly powerful theorem provers. Most
modeling languages that have been proposed so far to express ontological constraints
(or rules) are based on very simple meta-conceptualization as underlined in [21]. These
languages offer appropriate structuring mechanisms such as classes, relationships and
subsumption (subclass relations). However, in the representation of a formula, some
structures have meaning whereas other do not make sense. This aspect requires "suit-
able ontological distinctions" understood as meta-properties of ontological structures as
pointed out in [16] (e.g., the principles of identity or rigidity). In addition, the distinction
of ontological meta-level categories such as types, kinds, roles, relations, etc., further
make accurate and explicit the real-world semantics of the terms that are involved in
domain representations. Not only an ontology is committed to represent knowledge of
reality in a way that is independent of the different uses one can make of it, but it is
intended to provide a certified and coherent map of a domain. All these constraints can
be fulfilled within a highly expressive language built on a solid logical background. For
that purpose in this paper, we propose a two-layered theory including a higher-order de-
pendent type theory as a lower layer and an ontological layer as upper layer. This theory
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referred to, as K-DTT (Knowledge-based Dependent Type Theory) [2] is derived from
[12] for the modeling of contexts. The logic in the lower layer operates on (names of)
types whose meaning is constrained in the upper (ontological) layer.

Dependent types are based on the notion of indexed families of types and provide
a high expressiveness since they can represent subset types, relations or constraints as
typed structures. They will be exploited for representing knowledge in an elegant and
secure way. This last aspect is analyzed in [8] where the authors investigate typing
applied to reasoning languages of the Semantic Web and point out that dependent types
ensure normalization. For example, type theory enjoys the property of subject reduction
which ensures that no illegal term will appear during the execution of a well-typed
query in a well-typed program. Alternatively, in [14], the authors have shown the ability
of the type-theoretical approach to cope with scalability on the SUMO foundational
ontology. Therefore, we introduce a a simple, coherent and decidable theory called K-
DTT (Knowledge-based Dependent Type Theory) departing from the existing ones such
as usual first-order logic theories. We will demonstrate with code fragments written in
the support language Coq that the theory is able to satisfy most of all the constraints
inherent in an expressive conceptual model.

2 Motivations for a Type-Theoretical Framework

In the conceptualization of information systems, Mylopoulos [32] has pointed out that
the related language should be able to "formally represent the relevant knowledge". This
assertion means that the conceptual language should (i) be expressive enough to rep-
resent the "relevant knowledge" and (ii) offer deduction capabilities to provide a valid
model. It follows that there are three possible ways for increasing both the expressive-
ness and the soundness of a conceptual language (i) controlling the semantics of the
conceptual language with a formal ontology (ii) using an expressive language e.g., an
Object-Oriented language or (iii) using existing logic-based approaches such as Con-
ceptual Graphs (CGs) or Description Logics. Let us review the basic features of these
approaches.

Some authors such as [19] claim that a foundational ontology should allow to evalu-
ate the "ontological correctness of a conceptual model" and to develop guidelines telling
how the constructs of a conceptual modeling language should be used (e.g., associa-
tion inclusion, specialization and redefinition). The author suggests that ontology ade-
quacy should be a measure of the distance between the models produced by a modeling
language and the real-world situations they are supposed to represent. To fulfill these
constraints, the author has proposed an ontologically well-founded modeling language
whose formal semantics is defined in a logical system as expressively as possible [20].

Object-Oriented languages [5], are the most significant formalisms for representing
knowledge. They stem from frames which are seen as data structures that glue pieces
of information together in their slots. In other words, OO languages are a computa-
tional implementation of frames. Classes correspond to frame descriptions while ob-
jects are identified to frame instances after filling in the slots. OO models offer two
salient properties (i) the analogy between software models and physical models and (ii)
the reusability of their components. The design of the program appears to be isomor-
phic to the components which result from the analysis of a given application with e.g.,
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the UML tool. The central paradigm of OO languages is the notion of class. Classes
encapsulate data (fields) and their properties (methods) in a single structure. classes
are instantiated into objects which are designed to represent anything. Classes can be
arranged into hierarchies using inheritance. A class can inherit behavior (i.e., data and
properties) from another class called its superclass or parent class. Subsumption (i.e.,
polymorphism), is the ability to use a subclass where an object of its superclass is ex-
pected. However, many if not most, knowledgeable computing professionals recognize
that the object-oriented paradigm is not the best one for every problem. In particular, de-
spite some tentatives to add some logic to OO languages (e.g., F-logic [26]), the major
weakness is that it lacks an expressive logical background for reasoning. For example,
F-logic is very expressive but is generally undecidable.

The logical formalism of Conceptual Graphs (CGs)[43,7] originates in semantic net-
works and in the existential graphs of C.S. Peirce. It includes classes, relations, indi-
viduals and quantifiers with the purpose of providing a form humanly readable and
computationally tractable. A CG has direct translation to the language of first order
predicate logic, from which it takes its semantics. It results that CGs have the same
expressing power as predicate logic. Labeled graphs with entities and relationships be-
tween them describe knowledge. CGs offer a significant advantage over concurrent for-
malisms, they are easily interpreted by end-users provided that they are not too com-
plex. The model-theoretic semantics for the CGs is also specified in the ISO standard
for Common Logic (CL). Common Logic includes the usual predicate-calculus nota-
tion for first-order logic. While CL semantics may represent entities of any type, it lacks
ability for relating such entities to the internal structure of CL sentences. Reasoning in
CGs relies on six canonical formation rules at the semantic level [43]. One can extend
semantic operations with combinations of the rules, i.e., projection and maximal join.
Graph operations such as projections (i.e., graph homomorphisms) are a major form of
reasoning. A fundamental problem in simple CGs, i.e., deduction, starts with two simple
CGs as input and searches whether a projection from the first to the second exists. The
problem can be extended to a set of simple CGs (i.e., a knowledge base) and a simple
CG representing a query (query answering). In querying simple conceptual graphs with
negation, it has been shown that in the case of incomplete knowledge intuitionistic logic
can be very attractive for capturing an answer to the query [31]. Finally, while CGs are
efficient for representing natural language semantics, they do not support modality [44]
and contexts are not taken into consideration when reasoning with CGs.

Alternatively, Description logics (DLs) refers to a family of knowledge representa-
tion formalisms that represent the relevant concepts of the domain (its terminology)
together with properties of objects and individuals occurring in the domain. Semanti-
cally they are fragments of predicate logic, but their language is formed so that it would
be enough for practical modeling purposes and also so that the logic would have good
computational properties such as decidability. Very expressive DLs are likely to meet
inference problems of high complexity, or to become undecidable.

We follow the idea of using an ontology for controlling the semantics of a conceptual
model and will show in this paper how a well-founded model for the semantics, i.e., an
ontologically correct conceptual model can be designed. Alternatively, the conceptual
model must also be syntactically correct w.r.t. a set of rules and here we speak of a
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well-formed model (this part has widely been explored in the literature and will not be
addressed here). The analysis of ontological correctness boils down to design specifica-
tions. A specification has the same status as axioms of a mathematical theory, i.e., they
can be proved. More precisely, one can prove that a specification is consistent (it does
not include a contradiction), just as one can prove that the axioms of a theory are consis-
tent. For that purpose, a strong theoretical framework together with a core foundational
ontology are required. This ontology will rely on the classical dichotomy between uni-
versals and particulars. While some approaches exist, the selected framework should
emphasize expressiveness while assuming a strong formal theory.

Most philosophers have only some knowledge about First-Order Logic (FOL) and as
a consequence, most claims about universals, particulars, properties and relations have
a FOL-based logical bias. If now we rather adopt a constructive logic, then the picture
is different and if we associate this logic to a rich type system rooted in the lambda-
calculus, then a different but coherent picture can be drawn. Therefore, we exploit here
the Knowledge-based Dependent Type Theory (K-DTT) theory already introduced in
[2]. The interesting point is that available tools exist (e.g., the Coq theorem prover)
making more exploitable the theoretical picture. We will demonstrate with code frag-
ments, written in the support language Coq, that the theory is able to satisfy most of
all the constraints inherent in an expressive conceptual model. Using a higher-order
polymorphic type theory provides a lot of benefits. First, higher-order is useful (i) to
permit instances of categorization types to be types themselves, (ii) to abstract away
from level distinctions and (iii) to directly support quantification over sets and general
concepts. Second, the typed framework enjoys (i) the reduction of the search space
by restricting the domains/ranges of functions, predicates and variables to subsets of
the universe of discourse, (ii) a structured knowledge representation facilitating both
assertions and class-hierarchies and (iii) the detection of type errors with well-typed
formulas. Finally, using dependent types is crucial to offer a high expressiveness and
to enforce semantic conditions. The approach of [24] combining an order-sorted logic
with the ontological property classification is a first step in this direction. But we can
do more by including a type system with a strong proof theory. Using an unified theory
providing high expressiveness together with the ability to constrain semantics will give
the knowledge engineer the tools to produce models with certain guaranteed properties
in terms of ontological transparency, well-foundedness and re-usability. These aspects
are possible since properties are treated on a par with meta-properties (see section 6.2).
In addition, there are available theorem provers (e.g., Coq) which can be used to check
the well-formedness of user-defined typed structures.

We assume a layered structure including a logical level subsumed by an ontological
level. The lowest level is an intensional type theory based on previous works [9,36,46]
giving rise to a computational theory and, at the highest level, to knowledge struc-
tures whose semantics relies on a hierarchy of concepts ( e.g., the DOLCE hierarchy
of particular categories) and the so-called meta-properties (as e.g., in Ontoclean). As a
consequence, all the ontological classes introduced in the following must have corre-
sponding structures satisfying typing mechanisms provided at the logical level. Unlike
most representation languages, K-DTT provide constructs able to distinguish among
terms having similar logical structure but different ontological meaning [18].
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3 K-DTT: The Type-Theoretical Layer

The Type-Theoretical layer of K-DTT is both rooted in a constructive logic and on a
typed λ-calculus using dependent types. Dependent type theories allow a type to be
predicated on a value which makes them much more flexible and expressive than con-
ventional type systems [30]. The constructive logic pre-supposes a logic centered on
the concept of proof rather than truth and follows the Curry-Howard isomorphism [22]
in which proving is "equivalent" to computing (or querying a database). Reasoning in
K-DTT consists either in reducing types to their normal form or finding proofs for re-
duced types. In K-DTT, the type of a type is called a universe. Universes are partially
ordered and are organized into an infinite hierarchy of predicative type universes Typei
for data types together with an impredicative1 universe noted Prop for logic. This hi-
erarchy follows a kind of cumulativity: Prop ⊆ Type0 ⊆ Type1 ⊆ .... A universe is
seen as a type that is closed under the type-forming operations of the calculus. Using
the Curry-Howard isomorphism, terms of the type-theoretical layer can represent data
structures as well as properties of these structures and proofs of these properties.

Definition 1. Let Γ be a valid environment.
A term T is called a type in Γ if Γ 
 T : U for some universe U .
A term M is called a proof object in Γ if Γ 
M : T for some type T .

The underlying theory, i.e., the Calculus of Constructions with inductive types and uni-
verses (see e.g., [3]), has given rise to the Coq language2 [10] which has recently pro-
moted very powerful primitives such as Types Classes (TCs) [41,45] for describing data
structures. TCs in Coq are a lot like type classes in Haskell, however Coq allows us to do
better by specifying the rules inside TCs. Coq both combines a higher-order logic and a
richly-typed functional programming language. All logical judgments in Coq are typing
judgments such as x : T , where x is a variable and T , a term. The type-checker checks
the correctness of proofs, that is, it checks using proof search that a data structure com-
plies to its specification. The proof engine also provides an interactive proof assistant
to build proofs using specific programs called tactics. The language of the Coq theorem
prover consists in a sequence of declarations and definitions. A declaration associates
a name with a specification. Specifications can be either logical propositions which re-
side in the universe Prop, mathematical collections which are in Set or abstract types
which belong to a universe Typei with i ∈ N . The theory includes dependent types
generalizing function spaces and Cartesian products.

Lemma 1. [10] Let A,B, two types defined in the current context Γ such that Γ 
 s :
φ(x : A,B[x]) where φ denotes a dependent type, then the universe of φ(x : A,B[x])
is the maximum universe among the universes of A and B w.r.t. coercions.

Dependent types give new power to TCs while types and values are unified. TCs have
a structure derived from record types with fields, but they are more powerful by allow-
ing parametric arguments, inheritance and multiple fields. For example if one wants to
represent reflexive relations, we can introduce the Reflexive TC with:

1 Impredicativity is a kind of conceptual circularity.
2 The Coq language has reached a state where it is well usable as a research tool.
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Class Reflexive {A} {R : relation A} :=
reflexivity : forall x, R x x.

where { ... } denotes implicit arguments, A stands for any type and R : A → A →
Prop is a dependent type expressing mathematical relations. Notice that (i) the implicit
type of variable x is automatically resolved in Coq to x : A and (ii) relation refers
to the basic Coq library and complies with the above definition of R.

4 K-DTT: The Ontological Layer

To explain how to represent an ontology with K-DTT, we take the example of the
DOLCE taxonomy of particulars [29,15] which does not classify universals and leaves
room for conceptual choices about universal structures. The hierarchical taxonomy of
particular categories will serve as a backbone, referred to as DOLCE backbone. The
DOLCE backbone plus ontological commitments on appropriate structures expressed
within type theory will form the ontological layer of the K-DTT theory. It can be used
to express knowledge as long as the added features respect the core structures together
with their logical constraints (see e.g., [11]). All data structures will be expressed either
with operational TCs having a single field and returning a value in Typei or predicate
classes returning a truth value in Prop.

4.1 Representing Ontological Classes

We follow the position adopted by most formal ontologies in computer science, i.e.,
that universals are general entities which are further refined in subcategories (e.g., re-
lations) and that particulars are specific entities which exemplify universals but which
cannot have themselves instances. K-DTT objects are equipped with meanings using
the Curry-Howard isomorphism and assuming that any type (or typed structure) corre-
sponds to a universal. Notice that "type" here is a mathematical notion and is not itself
an object for ontological modeling. The fundamental ontological distinction between
universals and particulars can be informally understood using the typing relation ":".
Possible worlds which is a way of characterizing the distinction between descriptions
(i.e., intensions) and particulars corresponding to the descriptions (i.e., extensions) is
implicitly accounted for in K-DTT respectively with typed structures and sets of proof
objects3. Properties and relations which correspond to predicates in a logical language
are usually considered as universals. Terms of the ontological layer of K-DTT are built
from the category Universal, (the highest universe in the lower layer) which includes
the four basic categories (sub-universes in the lower layer), C, Rel, P and Rol which
stand respectively for concept types, relation types, property types and role types (see
fig 1). The last category is not discussed here but more details can be found in [2].

The universe of concepts includes the set of universes for the foundational ontol-
ogy {PT,AB,R, TR, T, PR, . . . , STV, ST, PRO, . . . , } which refers to the DOLCE
taxonomy. It classifies categories of particulars such as APO which stands for Agen-
tive Physical Object. Each of these universes is closed under the type formation rule

3 Proof objects are e.g., the result of queries on a database related to the ontology.



Modeling Ontological Structures with Type Classes in Coq 141

Fig. 1. Ontological categories in K-DTT

(lemma 1) and includes itself a set of sub-universes which can be defined in a domain
ontology. All universes are partially ordered by subsumption formalized here by co-
ercions [38] (e.g., ED is subsumed by PT , ...). In TCs, inheritance is implemented
with (i) implicit arguments and (ii) the :> operator. Concepts can be either primitive
or compound. Primitive concepts are in line with the existence of "natural types", i.e.,
they can be identified as types in isolation (see e.g., [42]). Each category of particulars
which belong to the DOLCE taxonomy is described with a TC where their position in
the hierarchy is computed w.r.t. the coercion rules. All terms of the ontological layer
must be well-formed.

Definition 2. (Well-formed concepts) A term T is well-formed if for some formal on-
tology O providing the environment, we have either O 
 T : C or O 
 T : R or
O 
 T : P for some C ∈ C, R ∈ Rel and P ∈ P .

In the following, we often forget the environment for the sake of clarity, while any
assertion will be relative to an explicit environment (e.g., a foundational ontology).
For example, the judgment LegalPerson : SAG 
 x : LegalPerson where SAG
denotes a Social AGent asserts that the variable x belongs to the concept LegalPerson
provided that it is a well-formed term, i.e., that LegalPerson belongs to the universe
SAG. A value for the variable x which can be e.g., JohnDoe, is called a proof object
because it is both considered as an object (from the programming language side) and as
a proof (from the logical side).

The relation of instantiation (:) between a universal and its instance corresponds here
to type inhabitation. However, when this relation connects a type and its universe, it
behaves like a Grothendieck universe [6] w.r.t. lemma 1. Unlike FOL-based ontologies,
it describes in a natural and simple way the relation between universals and particulars
without the need to introduce specialized ad hoc formulations. For example, in [40], the
proposed theory of Is_a and Part_of is based on a relation of instantiation between an
instance and a class and requires axioms for governing its use. In K-DTT, the relation
of instantiation is already part of the theory and does not require any further axioms.

The equality between terms in the ontological layer is ascribed to be coherent w.r.t.
the Leibniz equality of the lower layer (two types are logically identical iff they have
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the same properties). It relates to the usual definition of the identity condition for an
arbitrary property P , i.e., P (x) ∧ P (y)→ (R(x, y)↔ x = y) with a relation R satis-
fying this formula. This definition is carried out for any type in K-DTT since equality
between types requires the Leibniz equality. The major reason is that identity can be
uniquely characterized if the language is an higher-order language in which quantifica-
tion over all properties is possible [34]. This property yields that Leibniz’s Law, which
is at the basis of identity in the lower layer of K-DTT is expressible in this language.

Relation types are rooted in the mathematical structure of a relation over a set A.
The set is replaced by a general type A : Type and rules can be defined over the basic
TC relation as described in section 3. It can be seen as a generalization of the work
already presented in [11]. Specifications are a restriction of TCs with a first field for data
structure and a second field for the property. Furthermore, fields of TCs can reside in
any universe assuming the rule of lemma 1. Notice that proof objects for relation types
are tuples and are closely related to lines of a table in a database. Universes of relation
types are closed under type forming operations, i.e., Π-types and TCs constructs.

Property types reside in a sub-universe of Universal, which means that they are also
universals. Properties of concept instances correspond to quality types (the DOLCE
category Q) while properties of concept types correspond to meta-properties. Prop-
erty types (concept or instance type properties) are divided into two sub-categories
describing respectively mandatory properties (rigid properties) and possible properties
(anti-rigid properties). This choice complies with the constraints of [17] arguing that
anti-rigid properties cannot subsume rigid properties related to ontological distinctions
in the current practice of conceptualization. While we agree with the introduction of
three formal properties, i.e., identity, rigidity and dependence as proposed in [18], we
do not share the view of properties as unary predicates since it relies on the restricted
support of FOL (i.e., it has a logical bias).

4.2 Expressing Generalization

Generalization consists in deciding whether one category is "more general than" an-
other one and is formalized by the subsumption relation "A subsumes B" which says
that being a B logically implies being an A. The notion of subsumption has several
readings, the more important ones being extensional and intensional [47,33]. There are
some drawbacks to the extensional interpretation of subsumption because (i) determin-
ing whether the extension of one concept is included in the extension of another one
is often undecidable and (ii) observing that two concepts have the same extension does
not mean that they are identical.

In K-DTT, generalization and refinement are intensional and take advantage of two
mechanisms (i) the simple mechanism of coercive subtyping [38,28] and (ii) TCs [41].
The hierarchy of generic concept types from DOLCE is isomorphic to a stratified hi-
erarchy of universes in Coq (e.g., PD is (i) defined as a universe with the definition
:= Type (ii) ordered with the typing assertion : PT and (iii) explicitly coerced with
the parameter u1). In such a way, subsumption hierarchies can be designed provided
that the coherence between coercion paths is preserved. This coherence is automati-
cally checked in Coq (see e.g., [38]). The following fragment details this mechanism on
some DOLCE categories showing e.g., that every perdurant (PD) and every endurant
(ED) are also particulars (PT ).
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Definition PT : Concept := Type.
Definition PD : PT := Type.
Definition ED : PT := Type.
Parameter u1 : PD->PT. Coercion u1 : PD>->PT.
Parameter u2 : ED->PT. Coercion u2 : ED>->PT.

...

The other mechanism creates inheritance hierarchies by refining TCs. Using the :>
operator within a field of a TC means that any instance of the actual class is also an
instance of the parent class. It results that TCs are a kind of bounded quantification
where the subtyping relation needs not be internalized. When we represent higher and
higher structures, TCs avoid the set of arguments growing as well. Predicate classes also
support multiple inheritance which can be exploited in e.g., biomedical ontologies. Fur-
thermore, they allow overlapping multiple inheritance which enable inherited structures
to share components [45]. In such a way, very expressive hierarchies can be composed
out of predicate classes and operational classes based on inheritance.

For example, we can add a TC for transitive relations to the operational TC of section
3 in a similar way. Then, a pre-order TC can inherit of these classes as follows:

Class Reflexive {A} {R : relation A} : Prop :=
reflexivity : forall x, R x x.}

Class Transitive {A} {R : relation A} : Prop :=
transitivity : forall x y z, R x y -> R y z -> R x z.}

Class PreOrder {A}{R:relation A} : Prop := {
PreOrder_Reflexive :> @Reflexive A R;
PreOrder_Transitive :> @Transitive A R }.

Here, the syntax :> declares each projection (i.e., each field) of the TC PreOrder as
an instance of the respective TCs Reflexive and Transitive. It follows that each
pre-order can be seen as a reflexive and as a transitive relation. This simple example
highlights how multiple inheritance is implemented with implicit parameters.

5 Representing Relations

The strength of dependent types in type theory allows expressing relations as primi-
tives of the language. The first consequence is that they are terms of the logic and can
be involved in complex predicates. At the ontological level, relations are hierarchical
(e.g., subsumption or part-of relations4) or non-hierarchical (e.g., domain relations).
For the sake of simplicity, we only discuss here binary relations. Hierarchical relations
are discussed in detail in section 6.2 since they require the specification of properties.
Non-hierarchical relations denote tuples involving particulars and precisely correspond
to instances of TCs having a first and a second field which detail their component types
and a third one explaining how they are constructed and possibly other field(s) giving
the additional properties they are subject to (see section 6.2). The basic TC BinaryRel
defines the generic structure built out of a type A, another type B and a predicate type.
For example, a domain relation type expressing persons which may suffer from a given

4 We refer here to the part-of relation which is transitive by contrast with the partonomic relation
which is usually not (see [11] for more explanations).
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(or multiple) disease(s) inherits this basic structure through their implicit arguments.
The specification Class Person : APO assumes that Person belongs to the universe
APO which itself is a sub-universe of Concept. Implicit respective parameters A and
B are automatically resolved5 with Person and Disease giving rise to the relation
type SufferFrom:

Definition Disease : PRO := Type.
Parameter u20 : Disease->PRO. Coercion u20: Disease>->PRO.
Class Person : APO := { }.

Class BinaryRel {A B:PT} : Association := {
BinaryRel_arg1 : A;
BinaryRel_arg2 : B;
BinaryRel_rule : A->B->Prop}.

Class SufferFrom : Association := {
SufferFrom_struc :> @BinaryRel Person Disease}.

Instances of Person and Disease correspond respectively to a set of persons and
a set of diseases these persons are subject to. Notice that Disease is defined as a
universe since it cannot have direct instances. Each time an object having the type
@BinaryRel Person Disease is introduced, Coq will try to construct an object of
type SufferFrom. To clarify the meaning of relations in the typed framework, let us
consider the appropriate table within a database (proof objects are items in the table):

Person Disease

John_Doe
Influenza

AIDs

Mike_Hammer Herpes_Simplex

Henry_Mann Rhinovirus

Franck_Burch
Hepatitis_A
nail_infection

The relation type SuffersFrom belongs to the universe of (ontological) binary rela-
tions. A tuple 〈John_Doe,AIDs〉 is a proof for the type SuffersFrom. Here proof
objects are (constructively) obtained with requests to the database rather than by math-
ematical computation as usual.

Let us denote Tab and DB the respective contexts of the table related to the relation
and the whole database. The set of persons6 ObjTab(Person) = {John_Doe, Mike
Hammer,Henry_Mann, Franck_Burch} relative to the table does not rule out
the possibility to have other persons involved in other tables. We assume that DB is
a valid context which contains at least every component of Tab. Using the weaken-
ing rule for contexts with DB 
 Person : Type and Tab 
 Person : Type, we
can assert DB 
 x : Person ⊃ Tab 
 x : Person7. The same reasoning holds

5 Instance resolution is part of the Coq unifier.
6 More formally, the set of proof objects.
7 The symbol ⊃ denotes the logical implication in higher-order logic.
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for the type Disease. Then using the extensionality of computational equality be-
tween inhabited types [9], it follows that ObjTab(Person) ⊂ ObjDB(Person) and
ObjTab(Disease) ⊂ ObjDB(Di sease). Furthermore, the diseases undergone by a
person is a subset of the diseases undergone by any person within the table.

These definitions for binary relations can be extended to n-ary relations but this as-
pect will not be discussed here. The TC BinaryRel is general and applies at any ab-
straction level which is less than PT. Then Coq checks for the coherence of subsumption
paths, for instance the sequence: [u20; u15; u14] : Disease >-> PD, [u20;
u15; u14; u1] : Disease >-> PT, [u20; u15] : Disease >-> STV, [u20]
: Disease >-> PRO] assumes that Disease is a Concept while providing the se-
quence of the coercion hops between these two terms. Notice that Coq checks for the
coherence of these paths by avoiding multiple paths between two terms. This exam-
ple illustrates how the types of the arguments are controlled throughout the refinement
process and highlights the benefit of TCs for capturing knowledge.

6 Representing Properties

6.1 Concept Instances Properties

Concept instance properties or quality types can be attributed to things or predicated
about them and then it can be said that objects exemplify quality types. In OO modeling,
qualities (attributes) are embedded within the scope of a class while in CGs and DLs
they rather have a relational flavor. In DOLCE, these qualities belong to a finite set of
quality types (e.g., color, size, shape, etc.) and inhere in specific individuals. It results
that two particulars cannot have the same properties (due to Leibniz equality) but they
can have the same qualities, and at any time, a quality cannot exist unless the entity
it inheres in also exists. A quality type is close to the "relational moment type" [20]
which is also existentially dependent on other particulars. The inherence relation is
isomorphic with type dependence on values. In K-DTT, the idea is to consider qualities
as represented by TCs and then to attach them to other concepts through dependent
arguments. Let us consider how a moment universal can be captured in K-DTT. We only
consider here (for the sake of simplicity) an intrinsic moment which uniquely depends
on a single particular. For example a person which has an attribute SSN (Social Security
Number) can be conceptualized with first introducing two TCs with their appropriate
coercions as follows:

Class SSN : Q := { SSN_Quale : nat}.
Class Person : APO := { . . . }.
Class HasSSN : Prop := {

SSN_Attr : Person->SSN;
SSN_mul : SelectArity Person (card_0_1 Person)}.

where SSN_Quale is a natural number describing the SSN value. The TC HasSSN
relates a person with its SSN through the type of the first field Person->SSN. The
second field describe the arity of the SSN (we presuppose that a person has 0 or 1
SSN). Each arity has a lower and an upper value. Arity 1 is assumed if the field is
a simple type declaration. Arity 0..1 can be represented with the predefined inductive
type option. This type has two constructors, one referred to as none says that there are
no elements having the type whereas Some t provides a term t having the type. Then,
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any arity value greater than 1, i.e., the arity 1..n is easily represented with the list type.
The resulting encoding formalizes these assumptions:

Inductive Arity (A:Type) : Type :=
card_1 : Arity A

| card_0_1 : Arity A
| card_0_n : Arity A.

Definition SelectArity (A:Type)(x:Arity A) : Type :=
match x with

| card_1 => A
| card_0_1 => option A
| card_0_n => list A

end.

With these definitions, it becomes easy to understand the second field in the HasSSN

TC. It means that the type person has an arity 0..1, that is he has 0 or 1 SSN. If the SSN
value is 0, then the related person has no SSN while any positive integer will provide
the person as output. In summary, to express that any concept has a quality, a predicate
TC (i) formalizes the dependency of the concept over the quality in a first field and (ii)
formalizes the arity which inheres in the link person-SSN.

For each instance of HasSSN, one must be able to (i) construct an object (e.g., "33")
having the type SSN and (ii) a proof that the cardinality 0..1 has been selected.

Instance SSNPerson : HasSSN := {
SSN_Attr John := (Build_SSN 33);
SSN_mul := Multiplicity0_1 (Build_SSN 33) John }.

with:
Definition Multiplicity0_1 (s:SSN)(p:Person) : option Person :=

match s with Build_SSN 0 => None
| Build_SSN s => Some p end.

On the one hand the dependent type allows to filter out unexpected values as arguments
and unexpected quality types for the structural part of the property seen as a predicate
TC, while on the other hand, inductive types provide a suitable mechanism for arity
checking. Rigid and anti-rigid properties are useful if one can reason about them in
a meta-schema as claimed in [17,18]. While basic constructors of type theory can be
used for that purpose (see e.g., [2]), reasoning can be made easier by supplying a sup-
plementary field to type classes, i.e., Quality_rig. Then this information can be used
in a process which automate the control of domain ontologies resulting in well-formed
hierarchies.

6.2 Concept Type Properties

Properties of concept types or meta-properties are described with rules, that is with
predicate classes. For example to introduce partial order relations (POR), a widely-
used concept in reasoning, one will extend the previous definitions for Reflexive and
Transitive type classes as follows:

Class Antisymmetric { A } {R : relation A} : Prop :=
antisymmetry : forall x y, R x y -> R y x -> x = y.
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Class Irreflexive A R : relation A :=
irreflexivity : forall x, R x x -> False.

Class Asymmetric {A}{R:relation A} := {
Asym_Irreflexive :> @Irreflexive A R;
Asym_Antisymmetric :> @Antisymmetric A R }.

Class POR { A }{R:relation A} : Prop := {
POR_Reflexive :> @Reflexive A R;
POR_Antisymmetric :> @Antisymmetric A R;
POR_Transitive :> @Transitive A R }.

First, the coercions over class instances (e.g., @Reflexive A R) in the POR TC ex-
press multiple inheritance diagrams and second, the required types A and relation A

are general and can be applied to any kind of relation. It follows that such a kind of
inheritance diagram can be reused in any ontology-based application and give rise to
modular hierarchies of axiomatic structural properties.

7 Constructing Inheritance Hierarchies

Usual theories about part-whole relations do not consider categories of the entity types
involved in a part-whole relation and subsumption between these relations presuppose
that their arguments are identical. The K-DTT theory is able to control both the types of
each argument if required and inheritance between the type classes representing distinct
relation types. This property extends the expected expressiveness of the theory beyond
the usual power of ontology languages since it involves not only the predicates of re-
lation types but also all arguments for these types. Let us consider mereotopological
relations for endurants such as the has_3D property [25] which refers to both the en-
durant itself and the region (R) it occupies. The authors claim that the contained_in
relation which is widely used in biology, involves both parthood and containment and
can be captured with the first-order formula:

∀x, y(contained_in(x, y) � part_of(x, y) ∧R(x) ∧R(y) ∧
∃z, w(has_3D(z, x) ∧ has_3D(w, y) ∧ ED(z) ∧ ED(w))

In K-DTT, this dual property is expressed using multiple inheritance. The inheritance
diagram requires first the specification of a generic part-of relation. The inheritance
with instances of type classes (i.e., :> @PartOf R rr;) avoids the introduction of
a structural parthood in the taxonomy (see [25] for more details). Furthermore, simple
inheritance with restriction on the type of argument will describe the involved_in
relation, which relates two perdurants (see figure 2).

Definition ED : PT := Type;
Definition AB : PT := Type;
Definition R : AB := Type;
Class PartOf {A:PT}{rr:relation A} : Association := {

PO_prop :> @POR A rr }.
Class ProperPartOf {A:PT}{r:relation A} : Association := {

PPO_propAs :> @Asymmetric A r;
PPO_propTr :> @Transitive A r}.
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Class ContainedIn {rr: relation R} : Association := {
CIpartof_struct :> @PartOf R rr;
CIregion_struct :> @BinaryRel R ED}.

Class InvolvedIn {rt: relation PD} : Association := {
IIpartof_struct :> @PartOf PD rt}.

Then, assuming for example that we declare variable regions : relation R, we
can prove with a tactic that any relation of type ContainedIn is transitive. The fact
that we can apply transitivity to the arguments which belong to the class ContainedIn,
means that it is propagated along the TC hierarchy until it reaches the TC Transitive.
Then, applying twice the unification yields the result. Notice that tactics may be regis-
tered and reused which makes designer’s task more easy by abstracting away the logical
part.

Goal forall c:@ContainedIn regions, forall x y z:R, regions x y->
regions y z -> regions x z.

Proof.
intros.
eapply transitivity.
eassumption.
assumption.
Qed.

Fig. 2. An inheritance diagram in K-DTT

In a similar way, wider inheritance hierarchies can be investigated for describing ex-
pressive knowledge hierarchies in which type checking allow for proving well-formed
ontologies. Automated proof-search could be improved by specifying ad’hoc requests
on a database using parametrized requests (this aspect will be soon investigated).

8 Related Works

A subset of the CG theory called Prolog+CG is a Java implementation of Prolog where
CGs are first-class datatypes on a par with terms [23]. It includes also Object oriented
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extensions. This approach is based on typed hierarchy of concepts which is a lattice
(The Sowa ontology) while our approach stems from the DOLCE foundational on-
tology and Ontoclean for the meta reasoning. Both approaches are using types but in
Prolog+CG, typing requires multiple programming layers since Prolog does not natu-
rally work with types. Instead, the K-DTT approach has a native typing system. While
Prolog+CG has a Prolog core, nothing is said about negation whose handling is prob-
lematic. Due to the intuitionistic framework of K-DTT based on proof construction
rather than discovering truth values, this problem is avoided. For that purpose, Coq has
a lot of built-in tactics, and many more are available in libraries. Typically in Prolog,
one expects the result(s) of the resolution and obtains a truth value while in Coq, one
has to say what type has to be proved and obtains more information since a type is iden-
tified with the set of its proof objects. The creation of instances requires a primitive goal
(CreateInstance) while Coq has a built-in notion of instanciation (:). The higher order
capabilities of the type-theoretical layer are a crucial advantage for meta-reasoning.

Description logics are widely described and many tools exist which allow develop-
ers of to export their ontologies into a DL formalism. However, in DL-based biomedi-
cal ontologies, analysis have been investigated to check how their terminology complies
with a basic set of ontological principles [4]. The authors have pointed out some inaccu-
racies of subsumption links, incomplete description and other conceptual ambiguities.
Alternatively, in spatial reasoning [1], some limitations of OWL (and therefore of DL)
are identified such as the difficulty of the language to represent the constraints which
govern the coordinates of spatial objects in containment hierarchies. The comparison of
datatype properties of individuals is the result of the lack of variables in DLs. Moreover,
since DLs are conceptually oriented, they lack a rule-based reasoning mechanism such as
the one found in logic programming (e.g., Horn clauses). Therefore, various approaches
have been proposed for integrating logic programming and description logics such as
[13,27,37]. Nevertheless, these reasoning techniques suffer from some limitations such
as the restriction of DLs to "safe rules" and complicate the reasoning process by adding
a translation mechanism between DLs and logic programming. More precisely, using
these languages for practical applications raises several challenges [35]. The restriction
to binary predicates in both SWRL and OWL is a first difficulty leading to violate safe
rules for expressing the higher-order nature of the rules that have to be constructed. The
main advantage of the present approach holds in the unified framework in which numer-
ical values can be manipulated, rules can be applied and proved and multiple inheritance
can be exploited while offering an expressive higher-order language.

9 Conclusion

The K-DTT theory is an attempt at constraining the semantics of knowledge repre-
sentation based on expressive typed structures. While the logical part of the repre-
sentation languages is neutral as concerns ontological choices, typing is not (e.g., the
DOLCE backbone). K-DTT is a unifying theory both sufficiently expressive and logi-
cally founded together with a logic which supports different abstraction levels. We have
(i) introduced the basic features of K-DTT and (ii) illustrated how modeling ontologi-
cal knowledge can be checked in the Coq theorem prover. It is demonstrated that type



150 R. Dapoigny and P. Barlatier

classes can model several non-trivial aspects of classes such as meta-level properties
and multiple inheritance. TCs unify the two representations of relations, i.e., the logi-
cal view in which relations are predicates and the conceptual modeling view where a
relation is seen as a set of tuples.

On the one hand, the present theory is more expressive than usual predicate logic
in which it is neither possible to apply a function symbol to a proposition, nor to bind
a variable except with a quantifier. In addition, the language of K-DTT is richer than
FOL-based languages in allowing proofs to appear as parts of the propositions so that
the propositions can express properties of proofs (and not only of individuals like in
FOL). On the other hand, the distinction between usual Object Oriented programming
and type theory relies on the ability of their representative computational structures
to correctly express the semantics of ontological components. While their expressive-
ness is comparable, many aspects of object-oriented programming can be preserved in
type theory since it unifies functional programming, component based programming,
meta-programming (MDA), and logical verification (see [39] for more details). Further
works include the realization of an interface between Coq and databases to collect proof
objects with requests and a tool for proving well-formed ontologies.
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Abstract.  We develop a graph representation and learning technique for parse 
structures for sentences and paragraphs of text. This technique is used to 
improve relevance answering complex questions where an answer is included in 
multiple sentences. We introduce Parse Thicket as a sum of syntactic parse trees 
augmented by a number of arcs for inter-sentence word-word relations such as 
coreference and taxonomic. These arcs are also derived from other sources, 
including Rhetoric Structure theory, and respective indexing rules are 
introduced, which identify inter-sentence relations and joins phrases connected 
by these relations in the search index. Generalization of syntactic parse trees (as 
a similarity measure between sentences) is defined as a set of maximum 
common sub-trees for two parse trees. Generalization of a pair of parse thickets 
to measure relevance of a question and an answer, distributed in multiple 
sentences, is defined as a set of maximal common sub-parse thickets. The 
proposed approach is evaluated in the product search domain of eBay.com, 
where user query includes product names, features and expressions for user 
needs, and the query keywords occur in different sentences of text. We 
demonstrate that search relevance is improved by single sentence-level 
generalization, and further increased by parse thicket generalization. The 
proposed approach is evaluated in the product search domain of eBay.com, 
where user query includes product names, features and expressions for user 
needs, and the query keywords occur in different sentences of text.  

Keywords: learning taxonomy, learning syntactic parse tree, syntactic 
generalization, search relevance.  

1 Introduction 

The task of answering complex questions, where desired information is distributed 
through multiple sentences in a document, becomes the bottleneck of modern search 
engines.  The demand for access to different types of information have led to a 
renewed interest in answering questions posed in ordinary human language and 
seeking  exact, specific and complete answer. After having made substantial 
achievements in fact-finding and list questions, natural language processing (NLP) 
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community turned their attention to more complex information needs that cannot be 
answered by simply extracting named entities (persons, organization, locations, dates, 
etc.) from single sentences in documents [4]. Complex questions often seek multiple 
different types of information simultaneously, located in multiple sentences, and do 
not presuppose that one single sentence could meet all of its information seeking 
expectations. To systematically analyze how keywords from query occur in multiple 
sentences in a document, one needs to explore coreferences and other relations 
between words within a sentence and between sentences. 

Modern search engines attempt to find the occurrence of query keywords in a 
single sentence in a candidate search results [11]. If it is not possible or has a low 
search engine score, multiple sentences within one document are used. However, 
modern search engines have no means to determine if the found occurrences of the 
query keywords in multiple sentences are related to each other, to the same entity, 
and, being in different sentences, are all related to the query term. 

In this study we attempt to systematically extract semantic features from 
paragraphs of text using a graph-based learning, assuming that an adequate parse trees 
for individual sentences are available. In our earlier studies [8,9] we applied graph 
learning to parse trees at the sentence level, and here we proceed to learning the 
structure of paragraphs, relying on parse thickets. Parse thicket is defined as a sum of 
parse trees with additional arcs between nodes for words in different sentences. We 
have defined the least general generalization of parse trees (we call it syntactic 
generalization), and in this study we extend it to the level of paragraphs. We propose 
parse thicket matching algorithm and apply it to re-rank multi-sentence answers to 
complex questions. Computing generalization of a pair of paragraph, we performed a 
pair-wise generalization for each sentence in paragraphs. This approach ignores the 
richness of coreference information, and in the current study we develop graph 
learning means specifically oriented to represent paragraphs of text as respective 
parse thickets with nodes interconnected by arcs for a number of relations including 
coreference.  We consider a number of discourse-related theories such as Rhetoric 
Structure and Speech Acts as source of arcs to augment the parse thicket. These arcs 
will connect edges for words within as well as between parse trees for sentences.  

Machine learning at the paragraph level is required for text classification problems, 
where handling the meaning (via collection of keywords) at the sentence level is 
insufficient, and taking advantage of coreference information is necessary [6]. In this 
paper we will demonstrate how building adequate paragraph structure is necessary 
when a paragraph is indexed for search.  We will consider two cases for text indexing, 
where establishing proper coreferences inside and between sentences links entities in 
an index for proper match with a question (Fig. 1): 

 
Text for indexing1: … Tuberculosis is usually a lung disease. It is cured by 

doctors specializing in pulmonology.  
Text for indexing2: … Tuberculosis is a lung disease… Pulmonology specialist 

Jones was awarded a prize for curing a special form of disease.  
Question: Which specialist doctor should treat my tuberculosis? 

Fig. 1. Multi-sentence indexing cases 
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In the first case, establishing coreference link Tuberculosis → disease → is cured 
by doctors pulmonologists helps to match these entities with the ones from the 
question. In the second case this portion of text does not serve as a relevant answer to 
the question, although it includes keywords from this question. Hence at indexing 
time, keywords should be chained not just by their occurrence in individual sentences, 
but additionally on the basis of coreferences. If words X and Y are connected by a 
coreference relation, an index needs to include the chain of words X0, X1…X, Y0,Y1… 
Y, where chains X0 , X1…X and Y0,Y1… Y are already indexed (phrases including X 
and Y).  Hence establishing coreference is important to extend index in a way to 
improve search recall. Notice that usually, keywords from different sentences can 
only be matched with a query keywords with a low score (high score is delivered by 
inter-sentence match). 

Since our problem concerns with finding the best sentence that contains the answer 
to any given question, we need some mechanism that can measure how close the a 
candidate answer is to the question. This allows us to choose the final answer which is 
the one that matches the most closely to the question. To achieve this we need a 
representation of the sentences that allows us to capture useful information in order to 
accommodate the matching process. We also need an efficient matching process to 
work on the chosen representation. 

The evaluation of matching mechanism in this study is associated with improvement 
of search relevance by checking syntactic similarity between query and sentences in 
search hits, obtained via a search engine API. This kind of syntactic similarity is 
important when a search query contains keywords which form a phrase, domain-specific 
expression, or an idiom, such as “shot to shot time”, “high number of shots in a short 
amount of time”. In terms of search implementation, this can be done in two steps: 

1) Keywords are formed from query in a conventional manner, and search hits 
are obtained taking into account statistical parameters of occurrences these 
words in documents, popularity of hits, page rank and others.  

2) Above hits are filtered with respect to syntactic similarity of the snapshots of 
search hits with search query. Parse thicket generalization comes into play here. 

Hence we obtain the results of the conventional search and calculate the score of the 
generalization results for the query and each sentence and each search hit snapshot. 
Search results are then re-ranked and only the ones syntactically close to search query 
are assumed to be relevant and returned to a user.   

2 Generalizing Portions of Text 

To measure similarity of abstract entities expressed by logic formulas, a least-general 
generalization was proposed for a number of machine learning approaches, including 
explanation based learning and inductive logic programming. Least general 
generalization was originally introduced in [14]. Its realization within the predicate logic 
is opposite to the most general unification; therefore it is also called anti-unification.  
In this study, to measure similarity between portions of text such as paragraphs, 
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sentences and phrases, we extend the notion of generalization from logic  
formulas to sets of syntactic parse trees of these portions of text. The purpose of an 
abstract generalization is to find commonality between portions of text at various  
semantic levels. Generalization operation occurs on the levels of 
Article/Paragraph/Sentence/Phrases (noun, verb and others)/Individual word. 

At each level except the lowest one, individual words, the result of generalization of 
two expressions is a set of expressions. In such set, expressions for which there exist 
less general expressions are eliminated. Generalization of two sets of expressions is a set 
of sets which are the results of pair-wise generalization of these expressions. 

We outline the algorithm for two sentences and then proceed to the specifics for 
particular levels (Fig. 2). The algorithm we present in this paper deals with paths of 
syntactic trees rather than sub-trees, because it is tightly connected with language 
phrases. We refer the reader to [8,9] for more details. 

 
1) Obtain parsing tree for each sentence. For each word (tree node) we have the 

word (lemma), part of speech and form of word information. This  
information is contained in the node label.  We also have an arc to the other 
node.   

2) Split parse trees for sentences into sub-trees which are phrases for each type: 
verb, noun, prepositional and others; these sub-trees are overlapping. The  
sub-trees are coded so that information about occurrence in the full tree is 
retained. 

3) All sub-trees are grouped by phrase types.  

4) Extending the list of phrases by adding equivalence transformations  

5) Generalize each pair of sub-trees for both sentences for each phrase type. 

6) For each pair of sub-trees yield an alignment, and then generalize each node 
for this alignment. For the obtained set of trees (generalization results), 
calculate the score.  

7) For each pair of sub-trees for phrases, select the set of generalizations with 
highest score (least general). 

8) Form the sets of generalizations for each phrase types whose elements are  
sets of generalizations for this type. 

9) Filtering the list of generalization results: for the list of generalization for  
each phrase type, exclude more general elements from lists of generalization 
for given pair of phrases. 

Fig. 2. Sentence-level syntactic generalization algorithm 

For a pair of phrases, generalization includes all maximum ordered sets of 
generalization nodes for words in phrases so that the order of words is retained. In the 
following example  

To buy digital camera today, on Monday  
Digital camera was a good buy today, first Monday of the month 



 Parse Thicket Representation for Multi-sentence Search 157 

Generalization is {<JJ-digital,  NN-camera> ,<NN- today, ADV-*, NN-Monday>} 
where the generalization for noun phrases is followed by the generalization by 
adverbial phrase.  Verb buy is excluded from both generalizations because it occurs in 
a different order in the above phrases. Buy - digital - camera is not a generalization 
phrase because buy occurs in different sequence with the other generalization nodes. 
Further details on sentence level generalization are available in [8]. 

2.1 Direct Paragraph-Paragraph Match 

We build a model of generalizing paragraphs taking into account coreference and 
taxonomic relationship between words between sentences, as well as within 
sentences. We will provide a number of examples to introduce the representation via 
parse thicket.   We start with a simple example of how a discourse can be visualized 
by a forest.  
 

Lady Gaga has revealed that her next album will be released as an app. 
The singer confirmed that the album, called ARTPOP, will be a multimedia 

experience. 
    She says she wants fans to "fully immerse" themselves in the project. 
    Content will include extra music, videos, chat options and games. 

 
To answer cross-sentence questions, we need to establish connections between the 

words of different sentences, taking into account that each consecutive sentence 
elaborate on the previous one. 

Question “multimedia experience from lady gaga” (Fig. 3) will need the path in 
Parse Thiket Lad_Gaga <possession>→ album <same entity relation>→ album <is-
a relation> → multimedia_experience. Question “Does Lady Gaga rely on games 
content” will involve the path “Lad_Gaga <possession>→ album <has-a 
relation>→ content <has-a relation>→ games. 

 

 

Fig. 3. Parse Thicket- supported search for a concert at StubHub/eBay 

To establish the semantic relationships above, we need to use multiple sources. 
Notice that we cannot rely on ontologies, only on syntactic information, searching in a 
horizontal domain. Within a sentence, we use its parse tree. Same-entity relation is 
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based on anaphora resolution, and has-a relation is based on syntactic structure within 
a sentence.  Between sentences, we use the elaboration assumption that each 
consecutive sentence elaborates on some entities from previous sentences. It turns out 
that Rhetoric Structure theory provides a systematic framework to do that.   

We now show a paragraph which includes four sentences with the relations 
between the words. These relations can be established once taxonomy of domain 
entities is available [3]. In this Section we are interested in the structure of the 
paragraph, encoded by these relations. Below we will be representing and visualizing 
arcs for these relations together with edges of constituency parse tree.  We use the 
relations Same entity/Sub-entity (a partial case)/Super-entity (more general)/Sibling 
entity/New predicate for an entity. 

We can visualize information flow in a paragraph by just showing the structure of 
entities, without original sentences. Then it becomes clear how each sentence brings 
in a new form of constraint for the entities from the previous set of sentences in a 
paragraph. This structure is fairly important for answering a question: one needs to 
determine which level of specificity is best to answer it. The structure of relations 
must be taken into account indexing this paragraph for search in addition to keywords 
for each sentence. The best match between the parse thicket for a question (usually, a 
trivial parse tree) and the set of parse thickets for an answers does not only indicates 
the best answer, but also the most appropriate sentences within this answer according 
to desired specificity as expressed in the query.  

Notice that the answer relevance to a question is measured by the cardinality of 
maximal common sub-thicket. In a conventional search engine, the closer the answer 
to the question, the higher the number of keywords common between the question and 
the answer (weighted according to TF*IDF model and according to distances between 
these keywords in the answer. Parse Thicket approach makes similarity measure more 
linguistically aware to the structure of text by means of forming maximum common 
sub-thicket. 

 

 

Fig. 4. Parse thicket for a paragraph with super/sub-entity/new predicate relations 
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