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Abstract. Course material for electronic learning environments is often structured
using ontology and schema languages. During the specification and development of
course material, many mistakes and errors can be made. In this paper we introduce
schema-analysis as a technique to analyse structured documents, and to point out
(possible) mistakes introduced by an author during authoring. With this technique
we are able to produce valuable feedback. We show the technique at work using six
categories of mistakes and two types of schemata.

Introduction

Electronic learning environments (LE’s), comprising eLearning systems, intelligent
tutoring systems etc., are often complex tools. Since instances of such systems, for example
for a particular course, are often written by non computer science experts, authoring tools
have been developed to support the development of such courses. More open-ended
authoring tools for LE’s allow for more flexibility in both the form of the content and the
order of the steps to design an LE [11]. This flexibility implies a higher probability of
mistakes such as inconsistencies and inaccuracies. To improve the quality of LE’s, an
authoring tool should include mechanisms for checking the authored information on for
example accuracy and consistency. Murray [11] mentions several such mechanisms. In this
article we introduce schema-analysis, with which we are able to detect a number of the
possible mistakes that can be introduced by an author during authoring a course.

The results presented in this paper are part of a project in which we will investigate
general feedback mechanisms to learners as well as to authors [12]. To be able to produce
semantically rich feedback we imagine an environment that contains several types of
knowledge, like domain, task, education and feedback knowledge, which are represented
by ontologies. These ontologies are the arguments of a general feedback engine, which
observes student and author activities and matches these against the argument ontologies.
This framework, a general feedback engine and the use of ontologies as arguments,
supports the constant requirement for flexibility, adaptability and reusability of knowledge
structures in LE’s [2]. In this article we focus on feedback to support authoring LE’s.

During authoring different aspects of a course, for example content, structure, and the
ontologies, will be authored. In this article we focus on course structure and domain
ontology, which we represent by IMS Learning Design (IMS LD) [8] and RDF.

Using IMS LD an author defines the structure of a course in a flexible way. IMS LD
supports a wide range of pedagogies in online learning. Rather than attempting to capture
the specifics of many different pedagogies, it does this by providing a generic and flexible
language. With such a flexible language, an author can easily make mistakes. These
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mistakes can be partly prevented by using templates. Some drawbacks of templates are:
loss of flexibility, because an author must follow the steps prescribed by a template, and
problems with maintainability: it is hard to maintain documents produced by means of
templates. With schema-analysis we maintain flexibility, are able to produce feedback
when an author makes a mistake, and leave the author, as a didactic professional, free to
accept or not accept the feedback information [3]. The freedom to accept or not accept
feedback is important. When a (possible) mistake is signalled, it is the author’s decision to
reject or accept the warning. Sometimes, it could be the author’s intention to deviate from
rules. What the system signals as a possible mistake may be correct from the author’s point
of view.

To determine the quality of a course, we want to detect whether or not the following
properties hold for a course. If such a property holds, this may signal (the absence of) a
potential mistake: (1) Completeness: Are all concepts that are used in the course defined
somewhere? (2) Timely: Are all concepts used in a course defined on time? (3) Recursive
concepts: Are there concepts defined in terms of it self? (4) Correctness: Does the
definition of a concept used in the course correspond to the definition of the concept in the
ontology? (5) Synonyms: Are there concepts with different names but exactly the same
definition? (6) Homonyms: Are there concepts with multiple, different definitions?

Since a course and course related material are represented by means of schema
languages such as IMS LD and RDF, we can use schema analysis techniques to answer the
above questions, and to produce feedback about possible mistakes for authors. We have
implemented the mentioned analyses as six distinct schema-analyses, which we show at
work in a simple course structure and domain ontology. We have yet to develop examples
in the context of real courses.

Schema analysis techniques are based, amongst others, on mathematical results about
fixed points. Since these results are not widely known, we will explicitly show how to use
them in the context of schema analyses. Schema analyses will be expressed in the
functional, declarative, programming language Haskell, since this allows us to stay close to
the mathematical results we use. We briefly explain Haskell, for more information see [7].

This article is structured as follows: Section 1 briefly explains what we mean with
schemata and introduces the languages we use to represent them. Furthermore, we extend
IMS LD to be able to define more structure. Section 2 introduces schema analysis. The
Haskell constructs we use are introduced in section 2.1. Sections 2.2 and 2.3 presents the
necessary data structures and algorithms. The last two sections discuss related work
(section 3) and conclude (section 4).

1. Schemata and representations

An ontology specifies the objects in a domain of interest together with their characteristics
in terms of attributes, roles and relations. Using an ontology many aspects of a certain
domain can be represented, such as categories (taxonomic hierarchy), time, events and
composition [13]. A composite object contains objects related to other objects using °
has part’ or ‘uses’ relations. Any object that consists of parts is called a composite object.
A composite object has structure: the parts and their relations. Such a structure description
is called a script or a schema. In this article we focus on schemata.

Domain ontology - To represent a domain ontology we use RDF, which can be used
to represent meta-data as well as the semantics of information in a machine accessible way.
RDF is a universal language that describes resources. The basic building block of RDF is a
triple: <resource, property, value>, which defined concepts and related concepts. For
example the concept ‘cycle wheel’ consists of (has parts) the concepts ‘rim’ and ‘spoke’
(<cycle wheel, has_part, rim> and <cycle wheel, has_part, spoke>).



Course structure - XML is a language for structuring documents. A data type
definition (DTD) describes the type of a set of XML documents. IMS LD [8] is a DTD
developed to represent structures of e-courses. The content of a course is presented in a
structured way, and activities in an activity-structure. For the examples in this paper we
focus on the Activity-model, which consists of several elements: Metadata, Objectives,
Prerequisites, Environment and an Activity-description. An activity-description consists of
nine eclements. One of them is the What-element, which contains the instruction for the
activity to be performed. Possible instructions are grouped together by the parameter entity
Extra-p. To be able to add more specific annotations to content and structure we introduce
two new elements in the Extra-p element: Definition and Example. Furthermore, we
introduce a new attribute Educational-strategy of the element Activity with two possible
values: Inductive and Deductive. Introducing such elements will make it possible to
structurally analyse educational material. These elements serve as examples to illustrate the
analysis techniques at work. In practice many elements can be added, depending on the
desired analyses. Listing 1 shows only the relevant elements and attributes related to the
activity-model together with the newly defined elements example and definition. The new
elements and attribute are marked in bold.

<IELEMENT Activity %Activity-model; >
<IATTLIST Activity

Educational-strategy (Inductive | Deductive) >
<IENTITY %Activity-model "(Metadata?, ..., Activity-description)" >
<IELEMENT Activity-description (Introduction?, What, How?, ..., Feedback-description?) >
<IELEMENT What %ZExtra-p; >
<IENTITY %Extra-p "(...| Figure | Audio | Emphasis | List | ... | Example | Definition)*" >

Listing 1. Parts of the activity-model in IMS LD definition

The definitions of the new elements Definition and Example are presented in listing 2.

<IELEMENT Definition (Description, Concept, RelatedConcept+) >
<IATTLIST Definition Id ID #REQUIRED
Name CDATA #REQUIRED>
<IELEMENT Example (Description, Concept, RelatedConcept+) >
<IATTLIST Example Id ID #REQUIRED
Name CDATA #REQUIRED
Belongs-to-definition IDREFS #REQUIRED>
<IELEMENT Description (CDATA)>
<IELEMENT Concept EMPTY>
<IATTLIST Concept Id ID #REQUIRED
Name CDATA #REQUIRED
<!IELEMENT RelatedConcept EMPTY>
<IATTLIST Concept Id ID #REQUIRED
Name CDATA #REQUIRED

Listing 2. Definition of the new elements

2. Schema analysis to detect authoring problems

The schemata given in Section 1 represent structural aspects, which can be analysed. In this
section we give some examples of schema-analyses that determine whether or not certain
properties hold. The results of these analyses form the basis of feedback to the author. The
analyses take the schemata as input. In this paper we perform two types of analyses: 1) the
analysis of structural properties of a schema, for example the recursive property, and 2) the



comparison of a schema with one or more other schemata, for example to test the
correctness of a definition.

2.1 Haskell preliminaries

The tuple data type (¢, t,, ...t,) is constructed from component types. It consists of values
(v1, va, ..., vn), in Which v;:: ¢;, etc (where :: means ‘is of type’). Function fst selects the first
element of a pair, fst (x, y) = x, and function snd selects the second element. We use the
data type list extensively. The empty list is denoted by [ ], and the concatenation of two
lists x and y is denoted by x ++ y. Prepending an element x to a list xs is denoted by x:xs. In
a list comprehension [x | x < xs, fest x], a new list is generated from the list xs. Each
element x of xs is tested, and, if the test succeeds, added to the new list. Function map f
takes a list and applies function f to all elements in the list, so map fxs = [fx | x < xs].
Anonymous functions can be constructed using lambda notation (\), so function \(x, y, z) -
(x, v) selects the first two components of a triple. Function null tests if a list is empty: null
] = True. To check if an element x is an element of list xs, we use the expression elem x xs.
Function zip takes two lists and returns a list of corresponding pairs: zip [1,2] [3,4,5] =
[(1,3), (2,4)], where extra elements in the longer list are discarded. Functions head and tail
extract the first and the remaining elements of a nonempty list, respectively. Function inits
returns the list of initial segments of its argument list: inits "abc” == ["","a","ab","abc"],
and function tails returns the list of all tail segments of its argument list: fails "abc" ==
["abc”, "bc", "c","".
Function composition composes two functions: the output of the second function (g)
becomes the input of the first function (f): (f - g) x =f (g x). The type of a function f:: t; >
t; — t; can be read as: function ftakes two arguments of types ¢; and ¢, and returns a value
of type ;. Not all arguments have to be mentioned in a function definition, so
completeCourse ¢ = null (undefinedConcepts c), with type completeCourse :: Course —
Bool, equals completeCourse = null . undefinedConcepts. Functions can be passed as
parameters. For example, in map isEven [1,2,3,4] the type of map is map :: (Int — Bool) —
[Int] — [Bool]. Choice between conditions is represented by a vertical bar ‘|*. For example

maxxy|x>=y =X

| otherwise =y

means: if the guard x >=y is true then return x, otherwise return y.

2.2 Data structures and definitions

We represent an ontology with a list of concepts. A concept is a tuple consisting of a
concept identifier and a bag (multiset) of related concepts. In this definition we abstract

from concept names, attributes and cardinalities.
data Ontology = Ont [Concept]
type Concept (1d, RelatedConcepts)

type RelatedConcepts = Bag
type Bag = [/d]
type Id = String

Note that a data type definition in Haskell introduces a constructor function for the data
(Ont in the case of Ontology), whereas fype definitions use the constructors of the types
used. The structure of the data type Course follows the IMS LD definition (see listing 1)
and consists of an identifier and a list of activities. Extra-p is limited to example and
definition.

data Course = C(Id, [Activity])
type Activity = (Id, Estrategy, [Extra_p])
data Estrategy = Inductive | Deductive

data Extra_p Ex (Id, Conceptld, RelatedConcepts, DefRefs)



| Def (Id, Conceptld, RelatedConcepts)

type RelatedConcepts = Bag
type DefRefs = Bag
type Conceptld = Id

terminalConcepts are the set of concepts with no related concepts, nonTerminalConcepts
the set of concepts with at least one related concept, and al/Concepts the set of all concepts.
Function reachable :: [Concept] — [Concept] — [Concept] takes as input: (1) a set of
‘productions’ (a set of concepts) and (2) a set of concepts, and returns for these last
concepts the concepts that are reachable using the productions. Function
reachableTerminals :: [Concept] — [Concept] — [Concept])) returns the set of terminal
concepts that are reachable from the set of concepts using the productions.

Example — If o = Ont [(a, [b,c]), (b, []), (¢, [d,e]), (d, []), (e, []] :: Ontology, where
the letters represent concepts, then:
terminalConcepts = [(b, []), (d, []), (e, [1)], nonTerminalConcepts = [(a, [b,c]), (c, [d,e])],
allConcepts = [(a, [b,c]), (b, []), (c, [d,e]), (d, []), (e, [1)], reachable nonTerminalConcepts
allConcepts = [(a, [b,c,de]), (b, []), (c, [d, e]), (d, []), (e, [1)] and reachableTerminals
nonTerminalConcepts nonTerminalConcepts= [(a, [b,d,e]), (c, [d,e])].

Functions reachable and reachableTerminals calculate a fixpoint by means of

function /imitBy. Function reachable is defined as:
reachable productions concepts = limitBy equalConcepts (expand productions) concepts

Function expand expands concepts using productions: if production (£, ) is used, all
related concepts xs++f ++ys are expanded to xs++f ++w++ys removing duplicates.
Function /imitBy repeatedly applies function expand until a fixpoint is reached, in which
each concept is bound to all concepts it can reach. Function equalConcepts checks whether
or not two sets of bindings of reachable concepts are equal. A fixpoint is reached when
equalConcepts returns true.

Example — Suppose productions = [(a, [b,c]), (¢, [d,e])], concepts = [(a, [b,c]), (c,
[d,e])] and function call reachable productions concepts. At the start concepts equals [(a,
[b,c]), (¢, [d,e])]. After one iteration it equals [(a, [b,c,d,e]), (c, [d,e])]. After the second
iteration the value is unchanged: [(a, [b,c,d,e]), (c, [d,e])], so a fixpoint is reached and each
concept is bound to the set of all reachable concepts from that concept.

Function /imitBy, defined by

limitBy :: (a > a — Bool) > (a > a) > a—>a

limitBy eq h s

| eq s next = s

| otherwise = limitBy eq h next

where next = h s
only terminates if its argument function of type @ — a is continuous on a complete partial
order or CPO [6], which informally means that the argument function should be increasing
on a restricted domain.

Function reachableTerminals is implemented in similar way. Instead of function
expand function derivationStep is used as argument of function /imitBy. Using production
(B, w), all related concepts xs++/ ++ys are replaced by xs++w++ys. More details about
efficient algorithms for computing fixpoints for grammar analyses can be found in [9].

2.3 Solving authoring problems with schema analysis

In this section we describe six algorithms (four briefly and two in more detail), which can

be used to signal the (possible) mistakes listed in the introduction of this paper. The

complete code can be obtained from:
http://www.ou.nl/info-alg-inf/Medewerkers/en_Passier.htm.
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Completeness — We distinguish three kinds of (in)completeness: (1) within a course, (2)
within an domain ontology and (3) between a course and an domain ontology. If a concept
is used in a course, for example in a definition or an example, it has to be defined elsewhere
in the course. The undefined concepts in a course are calculated in three steps: (1)
determine the set of concept id’s that appear in the right- and left hand sides of concepts
within examples and all concept id’s that appear in the right hand side of concepts within
definitions (used concepts), (2) determine the concept id’s that appear in the left-hand side
of concepts in definitions (defined concepts) and (3) check that each of the used concepts
appears in the set of defined concepts. A course is complete if all concepts used appear in
the set of defined concepts. Completeness can also be applied to an (domain) ontology, and
between a course and an ontology. The first one checks whether all used concepts in the
ontology are defined in the same ontology, the second one if all used concepts in a course
are defined in the ontology. The same three steps are performed in both functions.

Timely — A concept can be used before it is defined. This might not be an error if the
author uses an inductive instead of a deductive strategy to teaching, but issuing a warning is
probably helpful. Furthermore, there may be a large distance (measured for example in
number of pages, characters or concepts) between the definition and the use of the concept,
which is probably an error. We define the function fimely to determine whether or not
concepts in a course are defined in time and a function outOfOrderConcepts to list the
concepts that appear to be out of order.

timely :: Course — Bool
timely = null . outOfOrderConcepts

In function outOfOrderConcepts, function extractActivities returns for every activity in the
course the tuple (Estrategy, [Extra p]) and puts these tuples in a list activities. Then, using
functions inits and tails every [Extra_p] list is split as follows: for every element x in the
list [Extra_p] the list is subdivided into a left part (ep/), which contains all elements to the
left of element x, and a right part (epr), which contains element x as and all elements to the
right of x. For example, for the input list [e,d] we get [([], [e.d]), ([e], [d]), ([e.d], [])], where
e is example and d is definition. Finally, function intime tests the timely constrains for all
tuples (es, (epl,epr)): if the first element of epr is a definition and the educational strategy
is deductive, then: 1) a related example appears after the definition, and 2) no related
example appears before the definition (tested by elemBy eqConcept c in the code below). In
case of an inductive activity, a related example appears before the definition and no related
example appears after the definition. Function intime is always true if epr is empty or the
first element of epr is an example.
outOfOrderConcepts  :: Course — [Extra_p]

outOfOrderConcepts ¢ =
let activities = extractActivities ¢
split =[ (es,s) | (es,eps) <- activities, s <- zip (inits eps) (tails eps)]
in [head epr | (es,(epl ,epr)) < split, not (intime (es, epl, epr))]
intime (_, ,[]) = True
intime (_, ,Ex (j, ¢, cs,r):) = True

intime (Deductive, epl, Def (j, ¢ ,cs):epr) = elemBy eqConcept ¢ epr && not (elemBy eqConcept ¢ epl)

intime (Inductive, epl, Def (j ,c, cs).epr) = elemBy eqConcept ¢ epl && not (elemBy eqConcept ¢ epr)

eqConcept id (Def (i,c,cs)) = False

eqConcept id (Ex (i,c,cs,r)) =id==c
Recursive concepts — A concept can be defined in terms of itself. Recursive concepts are
often not desirable. If a concept is recursive, there should be a base case that is not
recursive. Recursive concepts may occur in a course as well as in an ontology. We define
two functions: recursiveOntology and recursiveCourse which take an ontology respectively
a course as argument. Both first extract all concept definitions, and use function
recursiveConcepts. We show the definition of recursiveOntology.



recursiveOntology :: Ontology — Bool
recursiveOntology = not . null . listRecursiveConceptsOntology

listRecursiveConceptsOntology :: Ontology — [Id]
listRecursiveConceptsOntology = recursiveConcepts . extractAllConceptsOnt
Function recursiveConcepts calculates for every concept all reachable concepts, as
explained in section 2.2. Every concept in reachables is checked for recursiveness: a
concept is recursive if the concept’s Id is a member of the set of reachable concepts. The
recursive concepts are collected in a list.
recursiveConcepts :: [(Id, RelatedConcepts)| — [1d]
recursiveConcepts allConcepts =
let nonTerminalConcepts = filter (not . null . snd) allConcepts
reachables = reachable nonTerminalConcepts allConcepts
in [x |(x, y) < reachables, elem x y]

Synonyms — Concepts with different names may have exactly the same definition. For
example, concept a, with concept definition (a, [c,d]), and concept b, with concept
definition (b, [c,d]), are synonyms. In general, given a set productions, two concepts x and
y are synomyms if their identifiers are different, Id, #Id, and (reachableTerminals
productions x) equals (reachableTerminals productions y).

We define function synonyms to check for synonyms in an ontology: for all concepts
in the ontology all reachable terminal concepts are determined. Concepts with the same
reachable terminal concepts and different concept id’s are collected in a list.

Homonyms — A concept may have multiple, different definitions. If for example concept a
has definitions (a, [b,c]) and (a, [d,f]), then these two definitions are homonyms. To list the
homonyms in an ontology, we calculate the concepts that appear at least twice in the left
hand side of a definition.

Correctness — The concepts in a course should correspond to the same concepts in its
domain ontology. To determine whether or not this is the case, for every concept in a
course all reachable terminal concepts are determined by function reachableTerminals. The
set of productions contains the course’s concepts completed with the concepts of the
ontology for concepts that are not defined in the course. The result of this calculation is
compared against the reachable terminal concepts of the same concept defined in the
ontology.

3. Related work

Although many authors underline the necessity of feedback in authoring systems [1][3][11],
we have found little literature about feedback and feedback generation in authoring
systems. Jin et al [10] describe an authoring system that uses a domain as well as a task
ontology to produce feedback to an author. The ontologies are enriched with axioms, and
on the basis of the axioms the models developed can be verified and messages of various
kinds can be generated when authors violate certain specified constraints. The details of the
techniques used are not given, and it is not clear to us how general the techniques are. Our
contribution is the introduction of schema analysis as a general technique to produce
messages about errors of structural aspects of course material.

Aroyo et al. [1][2][3] describe a common ontology (web) based authoring framework.
The framework contains a domain as well as a task ontology and supports an authoring
process in terms of goals, and primitive and composite tasks. Based on ontologies, the
framework monitors and assesses the authoring process, and prevents and solves
inconsistencies and conflicting situations. Their requirements for authoring support are: (1)
help in consistently building courseware, (2) discovery of inconsistencies and conflicting
situations, (3) modularisation of authoring systems (reusability), (4) production of
feedback, hints and recommendations, and (5) allow to accept or reject the proposed



solutions. We think that our framework satisfies all these requirements. Schema analysis as
a technique could be positioned in (1), (2) and (4).

Stojanovic et al present an approach for implementing eLearning scenarios using the
semantic web technologies XML and RDF, and make use of ontology based descriptions of
content, context and structure [14]. A high risk is observed that two authors express the
same topic in different ways (homonyms). This problem is solved by integrating a domain
lexicon in the ontology and defining mappings, expressed by the author itself, from terms
of the domain vocabulary to their meaning defined by the ontology. In our approach these
mappings are analysed automatically.

In the Authoring Adaptive Hypermedia community the importance of feedback
mechanisms in authoring systems has been recognized [5]. Although we have found an
impressive amount of authoring tools for adaptive hypermedia [4], we have not found
descriptions of technologies used for providing feedback to authors. We expect our results
will be useful for authoring adaptive hypermedia as well.

4. Conclusions and further research
This paper shows schema analysis techniques to analyse structural aspects of learning
environment related material, and applies these techniques to several example problems.
We have planned further research on the application of these ideas to support students
developing artefacts in a specific domain using modelling languages like the unified
modelling language (UML). Besides a domain and a course ontology we then also use a
task and feedback ontology to produce feedback. Secondly, we have planned to define
feedback patterns based on ontologies for educational elements such as certain types of
questions, examples, definitions, etc. using IMS LD as modelling language. Thirdly, we
have planned to test these analysis techniques in a real environment.

References

[1] Aroyo L., Dicheva, D., Authoring support in concept-based web information systems for educational
applications, in Int. J. Cont. Engineering Education and Lifelong Learning, Vol. 14, No. 3, 2004.

[2] Aroyo L., Dicheva D., The new challenges for e-learning: The educational semantic web, Educational
technology & Society, 7 (4), 59 — 69, 2004.

[3] Aroyo, L. Mizoguchi, R., Towards Evolutional authoring support systems, Journal of interactive
learning research 15(4), 365-387, AACE, USA, 2004.

[4] Brusilovsky, P. Developing adaptive educational hypermedia systems: From design models to
authoring tools. In: T. Murray, S. Blessing and S. Ainsworth (eds.): Authoring Tools for Advanced
Technology Learning Environment. Dordrecht: Kluwer Academic Publishers, 377-409, 2003

[5] Cristea, A., Authoring of Adaptive Hypermedia: Adaptive Hypermedia and Learning Environments,
book chapter in "Advances in Web-based Education: Personalized Learning Environments", Sherry Y.
Chen and Dr. George D. Magoulas. IDEA Publishing group, 2004.

[6] Davey B., Priestly H, Introduction to lattices and order, 2° edition, Cambridge University Press, 2001.

[7] Haskell: www.haskell.org

[8] IMS LD: http://www.imsglobal.org/learningdesign/index.cfm.

[91 Jeuring J., and Swierstra D., Constructing functional programs for grammar analysis problems, In
Conference Record of FPCA '95, SIGPLAN-SIGARCH-WG2.8 Conference on Functional
Programming Languages and Computer Architecture, pages 259--269, 1995.

[10] Jin L., Chen W., Hayashi Y., Ikeda M., Mizoguchi R., An ontology-aware authoring tool, Artificial
intelligence in Education, IOS Press, 1999

[11] Murray, T., Authoring intelligent tutoring systems: An analysis of the state of the art. International
Journal of Al in education, 10, 98 - 129, 1999.

[12] Passier, H., Jeuring, J., 2004. Ontology based feedback generation in design-oriented e-learning
systems, Proceedings of the IADIS International Conferencee-Society 2004, Avila, Spain.

[13] Russell, S, Norvig, P., Artificial intelligence, A modern approach, Prentice Hall Int. editions, 1995.

[14] Stojanovic, L. Staab, S., Studer R., eLearning based on the semantic web, in WebNet 2001 — World
conference on the www and internet, Orlando, Florida, USA, 2001.


http://www.haskell.org/

	2.1 Haskell preliminaries 


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


