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33 The role of ontologies in the material 

handlingg processes 

Thiss chapter studies the material handling processes in a case. This chapter is based on 
severall  publications. Four papers were published, one at the 9th International Conference on 
Artificia ll  Intelligence in Education (Kabel, de Hoog & Wielinga, 1999); one at the 3rd 
Belgium-Netherlandss Conference on Artificial Intelligence (Anjewierden & Kabel, zooi); and 
twoo at the 5th International Intelligent Tutoring Systems conférence (de Hoog et al. 1002a; 
dee Hoog et al, 2002b); and a report was published by the Netherlands Organization for 
Appliedd Scientific Research (TNO), Physics and Electronics Laboratory (Kabel, de Hoog and 
Wielinga,, 2000). This chapter is also based on IMAT project deliverables. 

3.11 Introduction 

Inn this chapter the role of ontologies in the material handling processes is illustrated in a case 
studyy in a technical domain. In technical domains such as described in this chapter, the 
necessityy to re-use existing sources has been evident for some time, but is still pertinent. The 
ideaa to re-use content was recognized in for instance CALS (Continuous Acquisition and 
Lifecyclee Support) initiated in 1988 by the US DoD. Their slogan "store once, use many times" 
reflectss that idea. CALS proposed that the exchange of technical information between govern-
ment,, weapon systems suppliers and their subcontractors should be undertaken and control-
ledd electronically for the lifecycle of the system. This resulted in structured content in the form 
off  IETMs (Interactive Electronic Technical Manuals) of different classes, varying from hypertexts 
too knowledge based systems (IETM Guide, 1999; Mil-std-3001, 2001). The initiative quickly 
spreadd to the civil sector because many business processes and underlying concepts are not 
specificc to defense. In technical domains, for example where equipment has to be maintained 
andd repaired, training material is often created in-house by the buyer of the equipment (usual-
lyy an instructor or teacher), because there are no publishers for text books for those limited 
domains.. The number of students is often low, and/or the system or machine people have to 
learnn about frequently changes, making the training material outdated fast. It is not feasible or 
attractivee for training companies to give the training, nor is it profitable for educational 
publisherss to publish the training material. As a consequence the major source of content is 
thee technical manual delivered by the vendor. Technical manuals often come in large volumes 
andd usually a large amount of (electronic) material is available. Unfortunately these manuals 
aree most of the time not immediately suitable for training and instruction, leading to tedious 
andd time consuming re-working of the source material. Rather than creating instructional 
materiall  from scratch, development of the material can be made cheaper by re-use existing 
sources,, certainly in these domains. Technical manuals are relatively structured documents 
suitablee to be analyzed automatically. Segmentation of technical manuals, which are of an 
informationall  nature, leads to fragments that must be stored, retrieved and enhanced through 
instructionall  editing before the material is ready to be used in a lesson. 
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Thee role of ontologies in the processes of handling material is illustrated with the IMAT6 

projectt since this project covers the steps necessary to go from source material to instruc-
tionall  material. IMAT was a 2,5 year lasting Esprit project that aimed to facilitate the re-use 
off  technical manuals for maintenance training in industry (Barnard, Grandbastien, de Hoog 
&&  Desmoulins, 2002). To this end tools and methodologies were developed that break up the 
manualss into re-usable chunks or fragments; index these fragments from different pers-
pectivess and store them in a database, from which they can be retrieved and re-assembled 
intoo instructional material using any authoring tool. Three domains were addressed in the 
IMATT project: aircraft maintenance, car repair, and the programming and configuration of 
trafficc control equipment. 
Sectionn 3.2 describes ontology types included in a knowledge-rich annotation structure. 
Sectionn 3.3 describes the role of ontologies in the analysis, indexing, retrieval and re-use 
processess and illustrates how problems can be solved with the deployment of ontologies. 
Sectionn 3.4 describes the IMAT case, and Section 3.5 provides conclusions. 

3.22 Ontology types in a knowledge-rich annotation structure 

AA knowledge-rich annotation structure for indexing material reflects an abstract view of the 
worldd that one wishes to represent. As was briefly explained in Chapter 2, three perspectives 
onn material must be covered in an annotation structure7. Three perspectives, shown in 
Figuree 3-1, are taken on the material that is handled. First, the physical appearance of the 
materiall  itself (what is it?), for example "a video shot in mpeg format". Second, the domain 
(whatt is it about?), for example "the assembly of a steering wheel". The third is the pers-
pectivee of a task carried out with retrieved material (what can one do with it?), for example 
includingg a "demonstration" in instructional material. 

physical l 
-—— -> 

domain n 

task k 
-> > 

Figuree 3-1 Perspectives on material. 

66 The Integrating Manuals and Training (IMAT) project (ESPRIT 29175) was partly funded by the European Union. 

77 The IMAT annotation structure was developed in 1999, in parallel to the working drafts that later became the 

LOMM standard. A detailed comparison of the LOM standard and the IMAT annotation structure is not the purpose 

off  this thesis. 
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Thesee three perspectives on material are expressed in three types of ontology: ontologies that 
representt physical aspects of the material, ontologies that represent domain aspects, and 
ontologiess that represent aspects of a task. These types of ontology are used in the processes 
underlyingg the handling of material, shown in Figure 3-2. 

analysis s storage e -*  retrieval re-use e 

Figuree 3-2 Ontology types used in material handling processes. 

Ontologiess are used at several points in the material handling processes. To analyze and 
carvee up a source document, knowledge about the document structure (the physical 
appearancee of material] is necessary. In addition, knowledge about the domain is needed to 
obtainn fragments with coherent topics. These types of knowledge are captured in ontologies 
aboutt the physical appearance of material and the domain. To support the re-use process, 
knowledgee of the instructional design task is required, captured in a task ontology. For 
storagee and retrieval, all types of ontology are used. These three types of ontology together 
coverr relevant aspects of material in an annotation structure necessary to retrieve fragments 
andd to create instructional material. Material can be seen as content annotated with a set of 
attribute-valuee pairs. The annotations correspond to concepts in one of the ontologies that 
regardd the physical appearance of material, the domain, and the task, and the user can specify 
anyy combination of keys to retrieve the material based on the annotations. To illustrate what 
kindd of concepts are used for retrieval and re-use, Table 3-2 shows the perspectives taken on 
handlingg material (left column), reflected in ontologies (middle column], and the type of 
conceptss used for annotating material and specifying an instructional design (right column]. 
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Perspective e 

Physical l 

Domain n 

Designn task 

Ontology y 

Fragment t 

Description n 

Instructionall  Description 

Domain n 

Instructionall  Design 

Top-levell  concepts 

Mediumm Type 

Representationall  Type 

Structurall  Type 

Descriptionn Type 

Descriptionn Scope 

Knowledgee Type 

Instructionall  Role 

Topic c 

Learningg Goal 

Instructionall  Strategy 

Instructionall  Activity 

Instructorr Action 

Learnerr Action 

Tablee 3-1 Perspectives, ontologies and top-level concepts. 

Exceptt for domain ontologies, the ontologies are generic, meaning that they are applicable 

too material in general, or to instructional design and development in general. The ontologies 

i nn Table 3-1 (Kabel, Riemersma & Wielinga, 2000; Kabel & Wielinga, 1999) are described in 

moree detail in the next sections. 

3.2.11 Physical aspects of material 

Thee fragment ontology covers morphological and syntactical aspects of material. Figure 3-3 

showss examples of concepts in the Medium Type, Representational Type and Structural type 

branchess in the fragment ontology. 

Ö - QQ fragment medium 

ÈT_33 text format 
11 I ascii 

 Pdf 
 rtf 
 html 
 doc 

II I wpd 

É K 33 image format 
QQ bmp 

OO gif 

aw w 
 jpeg 

Q-Q-QïQï fragment representational type 
I f K 33 pictorial representation 

l~R_j]] analog representation 
BB cartoon 
BB drawing 
BB photo 

- BB screendump 
6-LJJ basic pictorial elements 
EH_jj structured representation 

- ÉÉ chart 
Efl-QQ diagram 
- E ll map 

!_i!_i textual representation 
T - BB body of text 
EH_11 structured text 

T - BB abstract 

ÉH_J|| fragment structural type 
EH-ÜJJ annotation 
j - BB box 

öö document segment 
BB alinea 
BB appendix 

- BB bullet 
BB chapter 
DD item 
BB paragraph 
33 part 

* - BB section 
BB equation 

- BB figure 
5H_)) headings 
Ep-QQ reference 

Figuree 3-3 Examples o/concepts in the/raiment ontology. 
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Thee Medium Type attribute covers formats of text, image, audio and video fragments. 
Representationall  Type stands for ways of representation. Representational Type concepts 
concernn the visual appearance of a fragment, for example a "body of text" or a "table". 
Structurall  Type covers structural properties of the material. Structural Type concepts 
concernn the structural appearance of a fragment, for example a "paragraph" or a "section". 
Thee Representational Type and Structural Type vocabularies are used to classify layout and 
logicall  components in a document. The attribute Learning Resource Type in the LOM 
standardd described in Chapter 2 is a mix of Medium, Structural and Representational Types. 
Takingg an example of a picture fragment used in the domain of motorcycle maintenance, 
shownn in Figure 3-4, the Medium Type and Format would be "image, .jpg"; the Represen-
tationall  Type would be "pictorial representation, structured representation, wiring dia-
gram",, and the Structural Type "document segment, figure". 

A3 3 

LEFTT FRONT 

H8>--
green n 

LEFTT REAR 

~~^£y~~^£y  orang e 

green n 

TURN N 
SIGNAL L 
SWITCH H 

OFF F 

ff  Jï 
grey y 

TURN N 
SIGNAL L 
RELAY Y 

black k 

PLUS S 

RR i l 
RIGHTT FRONT 

green n 

ligh tt  blue 

A1 1 

RIGHTT REAR »—q= 

green n 

ALAR M M 
SWITCH H 

ONN OFF 

Figuree 3-4 Examplefragment. 

Thee description and instructional description ontologies cover semantic aspects of material. 
Figuree 3-5 shows the description ontology with Description Type and Description Scope 
concepts. . 
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E3-_JJ description entity 
" p i ll description 
EjH_jEjH_j description scope 

i )) multiple elaborate 
i )) multiple general 

- 1 )) single elaborate 
1)) single general 

Ék_ll description type 
- H ii behavioral description 
- H ii functional description 
- BB organizational description 

El-i_jj physical description 
- BB procedural description 
- BB psychological description 
- BB social description 

EB-:_jj structural description 

Figuree 3-5 Examples of concepts in the description ontology. 

Descriptionn Type allows classifying material in terms of the kind of description or depiction. 
Descriptionn Type concepts concern the perspective from which material was written, for 
examplee a "physical description" of components. Description Scope stands for the scope of a 
descriptionn or depiction. In a fragment, one or more concepts (or ideas) are described or 
depicted.. A concept is furthermore described or depicted in general terms or elaborately. For 
example,, the fragment in Figure 3-4 would be annotated with the Description Type "stru-
cturall  description", and Description Scope "single elaborate" meaning that in the image a 
singlee concept is depicted in an elaborate (detailed) fashion. 
Figuree 3-6 shows the instructional description ontology containing the vocabularies to 
annotatee material on Knowledge Type and Instructional Role. 

0-0-

instructionall description entity 
PP instructional description 

instructionall role 
OO consolidation 
CJJ instruction/learning block 
fi|fi| ore-instructional 

-m-m definition 
- I II illustration 
- 1 )) instruction 

l ll introduction 
l ll objective 

knowledgee type 
_JJ attitudes 
_JJ declarative knowledge 
_JJ procedural knowledge 
:_jjj reasoning skills 

- BB diagnosing 
- E )) explication 
- l ll interpretative/causal reasoning 
L-ÜÜ prediction 

Figuree 3-dExamples o/concepts in the instructional description ontolc 
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Knowledgee Type allows classifying material in terms of the kind of knowledge embedded in 
thee material. In the example fragment in Figure 3-4, the Knowledge Type is "knowledge of 
structure""  and Instructional Role "explanation" (the example fragment could be used to 
explainn the composition of parts and functions between them]. Top-level Knowledge Type 
conceptss are inspired by the work of Gagné, Briggs & Wager [1992) who identify five 
categoriess of learned capabilities: intellectual skills, cognitive strategies, verbal information, 
motorr skills, and attitudes. These categories of learned capabilities are re-interpreted in the 
lightt of modern knowledge engineering (Schreiber et al. 2000). Instructional Role covers the 
possiblee roles a fragment can play in an instructional context, for instance a text fragment 
cann play the role of "definition" in instructional material. Instructional Roles are categorized 
intoo concepts that are typically used before (pre-instructional), during (instruction/learning 
block)) and after instruction (consolidation). 

3.2.22 Domain aspects 
AA domain ontology is a conceptual representation of some specific domain, allowing 
classifyingg material in terms of the Topic treated in the content. For example, the fragment 
inn Figure 3-4 would be annotated with the Topic "alarm switch". Building an ontology for a 
particularr domain from scratch requires a profound analysis, revealing the relevant concepts, 
attributes,, relations, constraints, instances and axioms of that domain. Design principles for 
buildingg an ontology from scratch are described in Gruber (1995); van Heijst, Schreiber, and 
Wielingaa (1997); and Uschold and Gruninger (1996). In general, to build a domain ontology, 
onee should think of naming conventions in advance and define unique concepts. One 
shouldd represent synonyms and abbreviations in attributes, in order to be able to recognize 
conceptss in the material and in queries. Furthermore, different generality levels have to be 
distinguished,, corresponding to different levels of re-usability. Overviews like an index, 
tablee of contents, a list of parts or a tree diagram can often serve as good starting points for 
creatingg a domain ontology from scratch, because they contain (often structured) lists of 
relevantt terms. Constructing a domain ontology can also be a matter of assembling existing 
ones.. The simplest way to combine ontologies is through inclusion. Inclusion of one ontology 
intoo another has the effect that the composed ontology consists of the union of the two 
ontologiess (their classes, relations, axioms). In other words, the starting ontology is extended 
withh the included ontology. Another way to combine ontologies is by restriction. This means 
thatt the added ontology only is applied to a restricted subset of what it was originally 
designedd for. Conflicts between names have to be resolved, and a good tool for engineering 
ontologiess should take care of that. See Corcho, Fernandez-Lopez & Gomez-Perez (2002) for 
ann overview of methodologies, tools and languages for building ontologies. Recently there is 
significantt progress in semi-automated development of domain (and task) ontologies, 
(Anjewierden,, Wielinga, de Hoog & Kabel, 2003). 
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3.2.33 Task aspects 
Thee task ontology for instructional design comprises 5 top-level concepts (shown in Table 3-1). 

Learningg Goal 
Instructionall  Strategy 
Instructionall  Activity 
Instructorr Action 
Learnerr Action 

Thesee concepts represent the steps a developer of instructional material has to take in in-
structionall  design methods (Gagné et al., 1992). Instructional design tools such as Designer's 
Edge88 also supporr similar instructional design steps. 
AA Learning Goal describes the desired outcome of an instructional curriculum in terms of 
knowledge,, skills and attitudes that are necessary to carry out certain tasks. In general a 
learningg goal refers to the knowledge, insight and competencies a learner has to master, 
whichh is reached through motivation, communication of information, information proces-
sing,, or storing and recalling information. Learning goals are often formulated specifically 
forr the task that has to be learned and wil l therefore be explained in the context of the IMAT 
projectt (Section 3.4.1]. 
Knowledgee is communicated to the learner by means of Instructional Strategies. Figure 3-7 
showss Instructional Strategy concepts (based on Chen, 1995). 

By*!! instructional strategy 
H)) articulation 
UU coaching 
I )) exploration 
Hii modelling 
I II reflection 
i )) scaffolding and fading 

Figuree yy Instructional Strategy concepts. 

Instructionall  Strategies refer to an effective way of teaching or to characteristics of an effec-
tivee learning environment. 
Instructionall  Strategies can consist of Instrucrional Activities. Figure 3-8 shows examples of 
Instructionall  Activity concepts. 

88 Designer's Edge Web site: http://www.allencomm.com/products/authoring_design/designer. 
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instructionall activity 
- BB asking questions 
- I BB demonstrating 
- I BB evaluating 

IBB explaining 
1111 illustrating 
IBB instructing 

- I BB presenting 
IBB presenting tasks 

- I BB providing examples 
- I BB providing feedback 

IBB providing hints 

Figuree 3-8 Examples oflnstructional Activity concepts. 

Instructionall  Activity concepts are based on Gagné's nine events of instruction: gaining 
attention,, informing the learner of objective, stimulating recall of prior knowledge, presen-
tingg the stimulus material, providing learner guidance, eliciting performance, providing 
feedback,, assessing performance, and enhancing retention and transfer (Gagné et al., 1992]. 
Gagnéé is considered to be an important contributor to the systematic approach to instruc-
tionall  design and training. Gagné is also known as a behaviorist, meaning that the focus is on 
thee outcomes (or behaviors) that result from training. In the maintenance training design 
contextt in the IMAT project Gagné's nine events of instruction were considered to be 
appropriate. . 

Instructionall  Activities can comprise certain Instructor Actions and Learner Actions. Figure 
3-99 shows examples of concepts. 

EjJ-_ll instructor action 
i )) ask further questions 
BB construct and ask questions 
111 diagnose faults 
I II diagnose lack of knowledge 
IIII evaluate answer 
ell evaluate instructor knowledge 
55 evaluate performance 
1111 explain next lesson 
ËII give assignment 

- IBB give example 
1111 give instruction 

0-0- j learner action 
BB act on references 
BB answer questicn 
88 comprehend and accept learning goal 
l ll comprehend and apply hints 
BB comprehend and do assignments 
BB comprehend directions 
111 comprehend instructions 
i ll comprehend question 
BB comprehend summary 

- BB diagnose lack Df knowledge and faults 
- BB evaluate learner knowledge 

Figuree 3-51 Examples of Instructor and Learner Action concepts. 

Instructorr Actions stand for everything the instructor does within a certain Instructional 
Activity ;; Learner Actions stand for everything the learner does within a certain Instructional 
Activity . . 
Thee choice of concepts for instructional descriptions of material and instructional design are 
subjectt to debate in the instructional design community. The instructional description and 
instructionall  design ontologies described in this chapter are derived from the literature 
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(Chen,, 1995; Gagné et al., 1992). Other taxonomies for sequencing structures exist, as des-
cribedd in Chapter 2 (IMS Learning Design Information Model, 2003; Merrill , 1997; Wiley, 2000). 
Sectionn 3.3 describes how the ontologies are used for segmentation of source material, indexing, 
thee specification of an instructional design and retrieval of fragments relevant for a design. 

3.33 Using ontologies for analysis, indexing, design and retrieval 

Fromm an indexing point of view, there are different ways to index fragments. Some index 
valuess can be derived automatically from the source, others need to be deduced using 
mappingss between ontologies and the content in material, combined with heuristics, while 
stilll  other value types can not be determined up-front and need to be added to fragments 
whilee using them. The way to index material depends on the time at which the information 
iss available: attributes about the physical aspects of the material itself and the domain can be 
determinedd before storage, whereas task-related aspects are determined while specifying the 
instructionall  design task. Concepts from different ontologies are connected in such a way 
thatt when the steps in an instructional design are specified, relevant fragments can be 
retrievedd based on physical and domain-related attributes. In this way, the designer's focus 
shiftss from the retrieval task to the work task of creating instructional material. Together the 
vocabulariess in these ontologies serve as a rich annotation structure allowing for flexible 
retrievall  from different perspectives. 

Thee role of ontologies in handling material is elaborated in the next sections. While auto-
mationn is possible to some extent, all ontologies can of course be used by a human actor to 
indexx and retrieve material. 

3.3.11 Automatic segmentation and indexing on syntactic aspects of material 
Segmentationn can be done manually or automatically, depending on the extent to which a 
sourcee document is structured. A novel, for example, is relatively unstructured as opposed to 
aa TV-guide. A TV-guide would be easier to analyze automatically because of its structure and 
becausee the individual segments still have meaning when lifted out of their original context. 
Ann unstructured document generally requires human interpretation and wil l have to be 
segmentedd manually. 

Dependentt on what is known about a document in advance, a top-down or bottom up 
approachh to discover the logical structure is possible. If a document contains systematic 
markupp explicitly expressed in a markup language, this markup can be used to discover the 
logicall  structure in a document. However, in practice this is problematic. Even though 
markupp languages such as HTML allow expressing a document structure and style, this is 
nott always expressed in markup in a systematic way. For example, a new chapter can be 
indicatedd by the HTML tag "heading 1", but often people use font face properties rather than 
taggingg to indicate that text is a heading. If "heading 1" is not explicitly expressed in HTML 
markup,, algorithms must be used to discover that text with a large font face can be a 
heading.. A bottom up approach is necessary if a document contains only layout information, 
ass for example in PDF. The layout information is analyzed to reconstruct the hierarchical 
documentt segments. 
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Too support segmentation of source material, ontologies can be used as a knowledge base in 
thee document analysis process. Automatic annotation can be achieved for syntactic aspects of 
material: : 

aa fragment's Medium Type and Format 
aa fragment's Representational Type 
aa fragment's Structural Type 

Conceptss that refer to the syntactic aspects of material that occur in the content of a 
fragmentt can be identified and be used for identifying the logical document structure. To 
findd the logical document structure, a document analysis system reasons about geometry 
andd formatting properties in a document. For example, parts of a document are classified as 
aa header or footer, or paragraphs are aggregated into sections. Once the logical document 
structuree is identified the constituting fragments are indexed accordingly with the concepts 
inn the ontologies. 

3.3.22 Automatic indexing on domain and semantic aspects of material 
Indexingg with ontologies can be done manually or automatically, depending on the 
attributess that have to be described. Automatic indexing can be achieved when the attribute 
valuess can be directly derived from the source document or deduced using additional know-
ledge.. Automatic indexing with ontologies is essentially defining a mapping between a 
conceptt in one of the ontologies and fragments in the document. The ontologies that can be 
usedd for automatic segmentation can also be used for automatic indexing. Attribute values 
off  Medium Type, Structural Type, and Representational Type can be derived automatically 
fromm the source and can be added as index to the fragment (see Section 3.3.1). Other general 
syntacticc attributes of which values do not come from ontologies, for example Size for text 
fragmentsfragments and Width and Height for images can also be derived from the source and added 
ass indexes. In addition, the domain topic as well as semantic attributes that characterize the 
materiall  can be added automatically to document fragments. Besides syntactic aspects of 
material,, automatic annotation can be achieved for: 
-- a fragment's domain Topic 

aa fragment's Description Type 
aa fragment's Description Scope 

Domainn ontologies can serve to identify and index fragments on Topic by matching terms in 
thee title of a fragment to terms in the ontology. If the title of a fragment maps onto a 
concept,, then the Topic of the fragment becomes the name of the concept and recursively all 
sub-fragmentss wil l also be indexed under this Topic. The idea is that if a section is about 
somee concept, all sub-sections wil l also be about that concept. 

Automaticc indexing becomes more complicated when the concepts in an ontology do not 
occurr in fragments but have to be identified using heuristic rules, as is the case for the type 
andd scope of a description or depiction. Additional knowledge is necessary to discover 
attributee values for Description Type and Description Scope. A way to derive Description 
Typee is to map the words in the body of a fragment to a set of terms that indicate a high 
probabilityy of a certain Description Type. For example, if combinations of terms such as 
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"weighss ... kilo" occur in the content of a fragment, the fragment is likely to be a "physical 
description".. The Description Scope of a fragment can often be found by considering the 
relativee position of the fragment, assuming that the style of the source document is such that 
generall  descriptions are followed by elaborations. Another general rule is that the deeper the 
nestingg the more detailed the content wil l be. For example, if a section heading is "threats to 
gorillas",, and a subsection heading is "illegal poaching", the first is expected to have general 
descriptionn scope while the latter wil l probably have an elaborate scope. The heuristic rules 
thatt support the derivation of semantic concepts like these do not always guarantee correct 
indexes. . 

3.3.33 Manual indexing on semantic aspects of material 
Thee attributes Knowledge Type and Instructional Role are closely related to a design task, 
butt reflect aspects of material that can be determined independent of a design task. To 
supportt the development of instructional material, these should also be added as indexes. 
Annotationn must be done manually for: 

aa fragment's Knowledge Type 
aa fragment's Instructional Role 

Thee Instructional Role attribute allows for multiple values because a single fragment can be 
usedd in different instructional contexts. 

3.3.44 Retrieval and re-use, manual task-based indexing "by doing" 
Ass noted in Chapter 2, a task ontology covering aspects of instructional design can serve as a 
blueprintt for the development of instructional material. This blueprint takes the form of a 
descriptionn of the task of the instructional designer. A task description of instructional 
designn starts with specifying learning goals. Learning goals, combined with the type of 
knowledgee that the learner should acquire, point to a certain instructional strategy. Sub-
sequently,, the instructional activities and the various instructor and learner actions that 
havee to be carried out are specified. For example, in the context of maintenance training a 
Learningg Goal is "recognition of normal/deviant appearance of components" for which 
"perceptuall  knowledge of structure" (Knowledge Type) is required and which is taught 
throughh "articulation" (Instructional Strategy). An Instructional Activity would be "presen-
ting""  the states of components. A teacher "presents" (Instructor Action) an "illustration" 
(Instructionall  Role); the learner "studies" (Learner Action) it. 

Inn Chapter 2 it was also noted that available standard annotation structures to some degree 
lackk knowledge-rich descriptions of semantic aspects of (information) fragments, which are 
necessaryy to support development of instructional material. The ontologies described here 
aree an example of a knowledge-rich annotation structure, allowing detailed and structured 
descriptionss of physical, domain-related, and task-related aspects of material. The task 
ontologyy for instructional design described in Section 3.2.3 supports constructing the pro-
cesss of creating instructional material. Development of instructional material is supported 
byy specifying each step in the instructional design, such that a blueprint is created that can 
bee filled with fragments suitable for each step. 
Sectionn 3.4 describes a case study that investigates how different types of ontologies can sup-
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portt the transformation of material between the processes, and support flexible, task-based 
retrievall  of material. 

3.44 IMAT: re-use of technical manuals in maintenance training 

Thee problem of analyzing content and organizing it in such a way that retrieval and re-use is 
supportedd was investigated in the IMAT (Integrating Manuals and Training) project. In this 
projectt technical manuals of complex industrial systems aree re-used in maintenance training 
design.. The aim of section 3.4 is to demonstrate how ontologies, implemented in tools, 
supportt the processes of handling material in practice. IMAT serves as a good example of all 
processess from analysis of source documents to re-use of fragments in instructional material. 
Figuree 3-10 again shows the processes of handling material, but with the tools that have 
beenn developed in IMAT to support the separate transformation stages. 

analysis s -**  retrieval 

Document t 
Analysiss and 
Indexingg Tool 

Authoring g 
Environment t 

Interface e 

Figuree 3-10 Tools supporting material handling processes. 

Thee tools make use of the ontologies that have been described earlier (see Table 3-2), that is, 
withh some extensions. AIDAS, a document analysis and indexing tool supports the analysis process. 
Thiss tool automatically carves up technical manuals into text and image fragments, indexes 
thesee fragments using the fragment, description and domain ontologies and exports them 
too an object-oriented database, which facilitates the storage process. An authority environment 
interfacee supports the retrieval process with extensive search possibilities and allows adding 
indexess such as Knowledge Type and Instructional Role manually. Retrieved fragments can 
bee transferred to an authoring environment of choice. A scenario tool is developed to support 
thee re-use process. This tool helps the instructional designer to define an instructional 
scenario,, and produces the characteristics of fragments that are relevant for the specified 
scenario,, which can be used for retrieval. 

3.4.11 Ontologies in IMAT 
Somee extensions of the physical and task ontologies were necessary to specifically describe 
thee type of source material of concern in IMAT: technical manuals, and to specifically suit 
thee type of instruction in IMAT: maintenance training. To this end, the Description Types 
aree refined in order to describe technical manuals. This also goes for detailed Knowledge 
Typess that are specific for maintenance training. A concept hierarchy of Learning Goals, 
whichh are specific for the maintenance training task, had to be developed from scratch. In 
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thee kind of technical training dealt with in IMAT, the following learning goals are defined to 
suitt the maintenance training task (see Figure 3-11). 

learningg goal 
EJH33 being able to do subsidiary tasks 

beingg able to perform all maintenance tasks 
beingg able to reason about a system 

functionall knowledge of a system 
-\_jj structural knowledge of a system 

E3-ÖÖ naming of subcomponents 
- f tt location of subcomponents 
- f tt perceptual knowledge about subcomponents/recognition 
- QQ recognition of normal/deviant appearance of components 
-1111 structural description of subcomponents 
- f tt structural lay-out of subcomponents 

Figuree 3-11 Examples of Learning Goal concepts. 

Inn addition, for each application domain in IMAT (weapon systems, cars and traffic control 
systems)) specific domain ontologies were developed. Such domain ontologies contain 
hierarchiess of components and functions, part—of relations, operations etc. These domain 
ontologiess were built from scratch using several aids. The generic description type ontology 
(seee Figure 3-5] served to identify perspectives from which a system can be described, for 
examplee physical and functional system descriptions. Furthermore a generic system 
ontologyy that identifies system components served as a skeleton for building specific 
ontologies.. For example, from a physical perspective a system can be decomposed at various 
levelss of aggregation. In abstract terms, a system can be decomposed into "compound 
system",, "equipment", "system", "subsystem", "unit", "subunit", "component", and so on. 
Inn specific terms, for example the car domain ontology, these physical descriptions would be 
somethingg like "car", "bodywork", "door", "door handle", and so on. The technical manuals 
oftenn offered very structured overviews, divided into physical, functional and operational 
parts,, used as starting points to create the specific domain ontologies. For example, a list of 
systemm parts served as a good representation of the physical elements of a system; the 
functionss of a system listed in the table of contents served as a good representation of a 
system'ss functions. Table 3-2 shows an overview of generic and specific levels of applicability 
off  the various ontologies, including example concepts. 

THEE ROLE OF ONTOLOGIES IN THE MATERIAL HANDLIN G PROCESSES 49 



o o 
Q Q 

.3 3 
£ £ 

_̂  ^ 

u u 
D D 

Generic c 

Appliess to systems ingeneral 

Topic: : 
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Mediumm Type: 

-- System, 

-- Subsystem, 

-- Unit, 

-- Component 

-- Image, 

-•Jpg g 

Structurall Type: - Figure 

Representationall Type: 

Descriptionn Type: 

Descriptionn Scope: 

Knowledgee Type: 

Instructionall Role: 

Appliess to instructional design 

Instructionall Strategy: 

Instructionall Activity: 

Instructorr Action: 

Learnerr Action: 

-- Pictorial representation 

-- Structured representation 

-Chart t 

-Structurall overview 

-- Single elaborate 

-- Procedural knowledge 

-- Learning block 

-- Illustration 

-- Example 

-- Modeling 

-- Giving examples 

-- Provide example. 

-- Comprehend example 

Specific c 

SpecificJorr cars 

Topic:: - Car, 

-- Body work. 

-- Headlight carrier panel 

-- Lamp 

Specific/orr technical manuals 

Descriptionn Type: 

-- Depiction of a component 

-- Cross section of a component 

Knowledgee Type: 

-- Procedural knowledge 

-- Knowledge in taking 

precautions s 

Specificc for maintenance training design 

Learningg Goal: 

-- Being able to maintain system X 

-- Skill in performing inspection 

-- Skill in taking precautions 

Tablee 3-2 Overview of abstraction levels of ontologies. 

Thee tools used in IMAT make use of the ontologies and are described in the next sections. 

3.4.22 The analysis process in IMAT 
Thee highly structured technical manuals allow for automatic segmentation. The document 
analysiss and indexing tool AIDAS supports segmentation and indexing of technical manuals 
(Anjewierden,, 2001; de Hoog et al., 2002a). The indexed fragments can be exported to an 
object-orientedd database. Additionally, AIDAS supports the creation of domain ontologies 
fromm overviews or from scratch. Document analysis techniques are combined with the use of 
ontologies,, to subsequently discover the layout structure in a document, the logical 
structuree (the fragments], and to index the logical structure. Segmentation is based on the 
originall document structure: the arrangement of chapters, sections, subsections and 
paragraphs,, resulting in both small fragments (for example an item in a list) and larger 
fragmentss (for example a list combined with a picture). One fragment can contain one or 
moree other fragments. AIDAS analyses text and images: sound and video source material is 
nott analyzed and segmented. Image analysis is performed on large schemas of electrical 
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systems.. Segmentation of these images is based on identification of lines, regions, boxes and 
thee like using image processing techniques and OCR for text. The logical analysis of an 
imagee attempts to identify semantically meaningful subparts to be re-used together with 
textt fragments about that particular subpart. The stages that are distinguished in AIDAS to 
analyzee and index the technical manuals are described below. 

3.4.2.11 Discovering the layout structure: interpreting PDF 
Thee technical manuals in IMAT are available in PDF (Portable Document Format). The 
approachh in IMAT is to use layout information in PDF documents. PDF is a page description 
languagee that is powerful in terms of the rendering capabilities it provides and is widely 
usedd for document exchange. PDF represents a document as a set of instructions for a 
renderingg engine. When these instructions are processed a bitmap is generated which can be 
displayedd on a graphics device. The instructions in PDF fall into four categories: (1) control 
instructionss which work on the image model and produce no output; (2) text instructions 
renderr glyphs; (3}  graphics instructions render lines, curves and rectangles etc.; and (4) image 
instructionss render images. The stream of PDF-instructions is converted to a set of text, 
graphicss and image objects. There are about ten different classes of layout objects (line, 
rectangle,, text, image, curve etc.]. Each of these classes has about ten features (position, font 
face,, font size, color, line width etc.). This information is used in the next step in the analysis 
process. . 

3.4.2.22 Discovering the logical structure 
Thee fragments that need to be stored correspond to elements in the logical document 
structuree (sections, tables, images, items, etc.). To discover the logical structure, the layout 
structuree is interpreted: a set of layout objects is converted to a single logical structure 
object.. To this end, AIDAS reasons about geometry (the positioning of objects on a page); 
markupp (fonts and styles), and sometimes lexical information, for example to recognize that (a) 
iss the start of an item in an itemized list. The approach in AIDAS is based on the idea that 
layoutt objects represent not only their layout features, but that these features also contain 
cuess about the role in the logical structure. For example, a text object in a large bold font 
couldd play the role of a section title, and a text object containing an asterix could play the role 
off  a bulleted item. AIDAS uses this idea by assigning a set of possible roles to each layout 
object.. This process is performed incrementally until thee logical structure is produced. 
Figuree 3-12 shows a page from a technical manual after AIDAS has analyzed it. At the left, 
subsequentt pages can be browsed; at the right the colored lines correspond to the discovered 
logicall  structure. Additionally the textual PDF fragments are reproduced in HTML format. 
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Figuree 3-12 AIDAS tool: result o/text analysis. 

Thee buttons at the bottom of the AIDAS tool, from left to right, allow to set a context (for 
examplee car repair); set a document (for example a manual of a certain type of car); perform 
textt and image analysis (segmentation and indexing); and to expott the indexed fragments to 
aa database. The drop down menu "Storage" allows either clearing the database before 
storage,, or overwriting changed fragments. 

Clickingg on the "Image analysis" button performs the analysis of the images in the source 
materiall  (Worring et al., 2001). This process converts the images to SVG, which are stored in 
thiss format in the database. The transformation to SVG makes it possible to search rhe con-
tentt of an image, something that is not possible with bitmap images. Figure 3-13 shows the 
resultss of analyzing a wiring schema. 
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Figuree 3-13 A1DAS tool: result of image analysis. 

Thee lines in Figure 3-13 are colored and indicate what has been recognized, shown in the list 
off  elements in the upper right hand corner. Components in the drawings are identified as 
boxess with text and (directed) lines associated with text labels. Text is recognized using OCR 
techniques,, and mapped onto concepts in fragment and domain ontologies. By means of 
colorss it is indicated how reliable the OCR is, as this is not 100% certain for documents 
havingg a low quality of the source. As no mistakes are allowed in technical diagrams the user 
mustt have a clue about the quality of the OCR. 
Additionall  functionalities in the AIDAS tool include a search facility with which the user can 
havee a look at the created fragments, and a functionality to build and maintain ontologies. 

3.4.2.33 Indexing the fragments 
Duringg this stage ontologies are used to index the text and image fragments. The logical 
structuree is analyzed and various techniques are used to define a mapping between the logi-
call  and the semantic structure in a document. Each mapping found between a concept in 
onee of the ontologies and the content of a fragment becomes an index on the fragment. 
Thee fragment ontology is used for indexing the fragments on general syntactic properties 
suchh as Size for text fragments and Width and Height for images, and on Medium Type, 
Structurall  Type, and Representational Type. The attribute values are derived automatically 
fromm the source. 
Specificc domain ontologies serve to index fragments on Topic by matching terms in the title 
off  a fragment to terms in the ontology. Titles in technical manuals are often similar to con-
ceptss in the domain ontology. For example when a section describes how a particular 

THEE ROLE OF ONTOLOGIES IN THE MATERIAL HANDLIN G PROCESSES 53 3 



componentt works or how it can be replaced, the titl e wil l at least include the name of the 
component.. AIDAS uses a procedure that takes a title, normalizes it to a set of relevant words 
andd then compares this list of words with the concepts in the domain ontology. Although 
thiss process may seem trivial, knowledge about language is required, for example about 
inflectionss and conventions used in particular languages (deleting d' in d'ecoulement in 
French).. If the titl e of a fragment maps onto a concept, then the Topic of the fragment 
becomess the name of the concept and recursively all sub-fragments wil l also get this Topic. 
Thee idea is that if a section is about some concept, all sub-sections wil l also be about that 
concept,, at least indirectly. Technical manuals basically contain text and drawings that are 
oftenn physically separated in the document. A convention that is often used in titles is 
"Generall  theory of operation (Fig. 14-15A)". Before this can be properly indexed a number of 
inferencess need to be made. First, a picture fragment must be found which has "14-15A" in 
thee caption and then extract a Topic from the caption. The domain ontology should contain 
att least abbreviations and the most important synonyms of components for matching titles 
ontoo concepts to work well. 

Thee description ontology is used for indexing fragments on semantic properties that regard 
thee Description Type and Scope of the material, by mapping terms in the text to terms in the 
ontology,, while making use of heuristics. A way to derive Description Type is to map the 
wordss in the body of a fragment to a set of terms that indicate a high probability of a certain 
Descriptionn Type. For example, a fragment is indexed as a "structural description" if the 
termss or sets of terms like "component", "consists of' occur in the body. The Description 
Scopee of a fragment can often be found by considering the relative position of the fragment. 
AA simple rule is that if a chapter has a certain Topic and the first section of the chapter is 
calledd "Introduction" or "General" then the section can be indexed on the Topic with a 
Descriptionn Scope of "general". Another way to derive the Description Scope is by looking at 
thee occurrences of a certain Topic in a larger context. For example, by checking if more 
fragmentsfragments about the same Topic occur, the value for the Description Scope attribute can be 
derived.. If for instance two fragments occur, both with the concept "CWAR-radar" (or any of 
itss synonyms or abbreviations) in the title of the fragment, the first is likely to have a general 
Descriptionn Scope, while the second probably has an elaborate Description Scope. This, of 
course,, depends on the document structure. 

AIDASS demonstrates that a mapping between layout and logical document structure with 
supportt of ontologies allows identifying document fragments and indexing them on 
syntacticc properties, and that a mapping between logical and semantic structure is feasible 
withh the support of ontologies, allowing indexing the fragments on semantic properties. 

3.4.33 The storage process in IMAT 
Inn the storage process, fragments are stored in an object-oriented multi-media database 
(Jasminee ®). Fragments can be stored in the database three ways: by hand; they can be 
exportedd from the AIDAS tool; or they can be re-/ed into the database from the Authoring 
Environmentt Interface (see Section 3.4.4). Fragments exported from the AIDAS tool result 
fromfrom segmentation and contain automatically derived indexes. Fragments re-fed into the 
databasee may be enhanced with instructional editing and with additional, manually added 
indexes.. In addition, "bags" of possible relevant fragments for a certain instructional 
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scenarioo can be stored. An example of a stored indexed fragment is shown in Figure 3-14. 
Automaticallyy derived attribute values are printed in italics. 

Domainn Topic: 
Fragmentt Medium Type: 
Fragmentt Representational Type 
Fragmentt Structural Type: 
Description n 

Descriptionn Type: 

Descriptionn Scope 
instructionall Description 

Knowledgee Type: 

instructionall Rote: 

HeadlightHeadlight carrier panel 
Image;Image; .bmp 
Drawing Drawing 
Figure Figure 

StructuralStructural description; Cross section 
off a component 

SingleSingle detailed 

Perceptuall knowledge of structure; 
Identificationn of parts 

illustration;; Explanation 

Figuree 3-14 Example of an annotated imagefragment. 

Managingg the database consists of two parts: creating contexts for applications and managing 
fragments.. Creating contexts is done by loading ontologies that are relevant for the context 
(orr domain) from which the fragments in the technical manual are extracted. In addition, 
versionss of fragments can be created, so that for instance a fragment containing a mistake 
cann be edited and the modified fragment stored as a draft. In technical domains, manuals can 
containn mistakes that are discovered during use, but the cycle time between the detection of 
aa mistake and an official update from the manufacturer is often very long. In the mean time 
itt is necessary to store the mistake without changing the "official" content of the technical 
documentation. . 

Thee structure of concepts, attributes and relations in the ontologies is represented in a data-
modell  (Kabel & Wielinga, 1999). A datamodel defines a placeholder for the content that is to 
bee stored, which means objects, with attributes, their possible values and relations between 
objects.. Figure 3-15 shows the structure of concepts, attributes and relations is represented 
inn a datamodel. 

11 + 

elabors elabors 

11 + 

description n 

has-description has-description 

1++ 1 + 

tes tes 

fragment t 

11 + 

Ass-frsfl l 

11 + 

fragment t 

has-mstructionat-has-mstructionat-
description description 

1++ 1 + 

ment-part ment-part 

instructional l 

description n 

11 + 

etabon etabon 

11 + 

instructional l 

description n 

tes tes 

FigureFigure 3-15 Datamodel. 
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Thee rectangles represent objects. The lines represent relations and the italic text indicates 
thee name of the relation. One fragment, textual or pictorial, can contain one or more other 
fragments,fragments, be it textual or pictorial. This design implicates that besides atomic fragments 
(thee most elementary fragments as defined in Chapter z), larger fragments can be stored, in 
suchh a way that larger fragments contain atomic fragments. Each fragment has a description 
andd an instructional description. One (instructional) description may elaborate another, 
accountingg for different levels of granularity. 
Ontologiess are represented in the Conceptual Modeling Language (CML), (Schreiber et al., 
2000).. In the fragment ontology, the concept "fragment" is defined as the fundamental 
placeholderr for the indexing of an information element (see Figure 3-16). 

EfKjll fragment entity 
Cp-if!! fragment 

- E ll pictorial fragment 
L g jj t e x f fragment 

S-CJJ fragment medium 
|l-CDD fragment representational type 

G~JJ fragment structural type 

Figuree }-i6 Structure of concepts in the/rogment ontology. 

Al ll  fragments in the database are represented as instances of the concept "fragment" (see 
Figuree 3-17). A fragment can be a text fragment or a pictorial fragment, which inherit attri-
butess from fragment and have additional attributes specific for pictures (for example, start X, 
startt Y, width, height). 

CONCEPTT fragment, 
DESCRIPTION N 

"A"A fragment is a unit of information"; 
SUB-TYPE-OPP fragment entity', 
ATTRIBUTES S 

sourcee { string }; 
"datee created': { string }; 
size;; { number}; 
url:: { string }. 
medium:: { fragment medium'}; 
'structurall type': { fragment structural type'}, 
"representationall type': { fragment representational type'}: 
descriptionss { description}; 
Instructionall descriptions': {'instructional description'}; 
parts:: {fragment }; 

ENDD CONCEPT fragment; 

Figuree 3-17 Concept "fragment" with attributes. 
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Thee terms in curly brackets refer to the possible values that the attribute can have. The values 
off  attributes Source, Date Created, Size and URL are standard data types and are not derived 
fromm ontologies. 
Forr the attributes Medium Type, Structural Type and Representational Type, possible values 
comee from branches of the fragment ontology. For example, the possible values for the 
Structurall  Type attribute come from the structural type branch in the fragment ontology. 
Thee attributes Descriptions, Instructional Descriptions and Parts represent relations to 
otherr objects. The Descriptions attribute represents a relation to an object "description". In 
thee description ontology a concept description is defined as the placeholder for a description 
(seee Figure 3-5]. A "description" object has two attributes, Description Type and Description 
Scope,, the possible values come from the description type and scope branches in the 
descriptionn ontology. Likewise, the Instructional Descriptions attribute represents a relation 
too an object "instructional description". In the instruction ontology, a concept instructional 
descriptionn is defined as the fundamental placeholder for an instructional description (see 
Figuree 1-6). An "instructional description" object has two attributes, Knowledge Type and 
Instructionall  Role, the possible values come from thee knowledge type and instructional role 
branchess in the instructional description ontology. The Parts attribute also represents a rela-
tionn to another object, fragment, allowing a fragment to contain one or more other fragments. 

3.4.44 The retrieval process in IMAT 
Thee Authoring Environment Interface (de Hoog et al., 2002b] supports the retrieval process. 
Thee tool operates on the database, serving as a mechanism for transferring selected fragments 
fromfrom the database to the "authoring environment" that is used to create instructional 
materiall  (for instance Microsoft Word). The main functionalities of this tool are to compose 
queries,, browse and view results, add additional indexes, and copy fragments to an 
authoringg environment of choice, which can be any application that supports the copy/paste 
facilityy in Microsoft Windows. 
Inn the window in Figure 3-18 the user can specify what is searched for. 
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Figuree 3-18 Authoring Environment Interface -jra.gment retrieval window. 

Att the top of this window, the otigin of the fragments can be selected. Fragments either 
comee from technical manuals (the source document fragments), or from user customized 
contentt (fragments enhanced with instructional editing), or both. One can also search for 
fragmentss coming from one particular manual by specifying its title in "Source title". The 
slotss in the window in Figure 3-18 represent the search terms that can be used: Topics, 
Keywords,, Description Type, Knowledge Type and Use (Instructional Role). The "+" and "-" 
pushh buttons open lists of predefined terms, which are derived from the ontologies, that can 
bee selected by the user.'After filling all or only a few of the slots, the user clicks on the 
"Retrieve"" button, after which the search is started. In the "Search log" section, a count is 
givenn of the number of fragments matching the query. After the search is over a "Display" 
buttonn appears, which after being pushed, shows a list of retrieved fragments, each of which 
cann be displayed. Figure 3-19 displays a picture that has been retrieved. 
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Figuree 3-15) Authoring Environment Interface - main window displaying retrieval results. 

Thee "tabs" in Figure 3-19 make it possible to display the four main types of fragment (text, 
pictures,, video, sound), but simultaneous retrieval can be done activating the set boxes to the 
leftt under "Search". By clicking on "Set criteria" the user can specify queries, as shown in 
Figuree 3-18. The retrieved fragments are listed at the top, clicking the set boxes displays a 
fragmentt on the canvas. For pictures, the tool offers possibilities to scale it, to show thumb-
nailss when many pictures are retrieved, as well as cutting out a part of a picture. When the 
picturee is an analyzed diagram present in SVG in the database, search can also be performed 
onn the content of the picture. Thus searching for a particular component with "text" and 
"pictute""  selected would return all fragments (text and pictures] containing this component. 
Transferr to an authoring environment can be done by using the Clipboard (copy-paste) 
facilityy or by storing the fragment as a file. 
Inn the Authoring Environment Interface a retrieved fragment can be given additional indexes 
usingg the instructional description ontology. This is shown in Figure 3-20. 
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Figuree 3-20 Authoring Environment Interface - window/or additional manual indexing. 

Inn Figure 3-20 a retrieved picture (not shown) is going to be indexed with a particular Know-
ledgee Type: perceptual knowledge of structure with visual identification of parts. 
Inn the retrieval process, of course all ontologies can be used. The distinction between various 
perspectivess on content has obvious advantages with respect to retrieval: search and retrieval 
cann be performed based on combinations of physical, domain, and task related properties. 
Forr example, an instructional designer may look for a picture of some component, using it 
forr "illustration" in the lesson material. The vocabulary in the instructional descriptions 
ontologyy wil l serve to find all illustrations, while the domain ontology wil l provide the topic. 
Additionally,, so called instructional material bags with fragments relevant for an instruc-
tionall  scenario can be saved, and annotations concerning organizational memory (user ex-
periences)) can be added to the material 

3.4.55 The re-use process in IMAT 
Thee re-use process is supported with the Scenario Tool (Barnard, Kabel, Riemersma, 
Desmoulinss & Grandbastien, 2000; de Hoog et al., 2002b). The Scenario Tool (see Figure 3-21) 
supportss constructing a skeletal lesson in order to retrieve those fragments suitable for a 
certainn training scenario. 
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Figuree 3-21 Scenario Tool. 

Inn Figure 3-21 the top-level bars from left (Learning Goal] to right (Material Use), are the 
sequentiall  steps in constructing a skeletal lesson, which in turn follow the instructional 
designn ontology. First a Learning Goal is selected and the tool automatically selects the fit-
tingg fragment description (for example "definition; location of component"). Next the user 
selectss a Knowledge Type (for instance "declarative knowledge, knowledge of structure, 
composition")) and an Instructional Strategy. The options are constrained by previous 
choices.. After choosing a particular Instructional Strategy the remaining columns are 
derivedd automatically. The content of the column Instructional Activities contains the 
skeletall  lesson consisting of a sequence of things that have to be done. At the top is the 
activityy that has to be carried out first (for example "setting goals"), and at the bottom is the 
onee that has to be carried out last (for example "explanation of next lessons"). The column I/L 
Actionss specifies which kinds of activities are expected from instructors and learners during 
aa phase of the skeletal lesson. The final column Material Use indicates what role the material 
usedd plays in the related phase. For example, during the Presentation activity the material 
usedd plays mainly a definitional role. After the skeletal lesson has been identified it can be 
savedd to file as an instructional material bag in the Authoring Environments Interface. This 
"bag""  can be opened and then it shows the structure of the skeletal lesson developed using 
thee Scenario Tool. The user can now employ the characterizations from the skeletal lesson, 
forr example Knowledge Type and Material Use, together with a Topic or keyword to guide 
thee retrieval, that is setting search criteria just as in Figure 3-18. The retrieved and selected 
fragmentss can now be stored as files in the relevant sections of the bag, ready to be copied to 
ann authoring environment. 
Inn the re-use process the benefit of discriminating between physical, domain, and task-
relatedd aspects of fragments is found in the shift of the instructional designer's focus from 
thee retrieval task to the goal task of instructional design. By specifying the task-related 
aspectss and a topic, an instructional designer is provided with a set of potentially useful 
fragmentss for some learning goal and is supported in sequencing the fragments. 

3.4.66 Evaluation of the ontologies in IMAT 
AA formative evaluation (Kabel, Riemersma & Wielinga, 2001) was performed at the three 
IMA TT user sites: RNLAF (Royal Netherlands Airforce), AFPA (Association Nationale pour la 
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Formationn Professionnelle des Adultes) and ETRA. At the RNLAF the focus is to learn the 
learnerss to reason about a (weapon-)system; the most important learning goal at AFPA is 
gearedd towards corrective maintenance (of a car); at ETRA all learning goals would be 
suitable,, but the instructional strategies mainly are exploration and coaching (to learn 
solvingg problems with traffic control systems]. The goal of the evaluation was to provide 
directionss for improvement of three ontologies, description, instructional description and 
instructionall  design, in terms of completeness and correctness, specificity level and com-
prehensibility.. To evaluate the ontologies, the three user partners composed lesson material 
fromm their database with indexed fragments using the ontologies in the Scenario Tool and 
thee Authoring Environment Interface, and filled out a questionnaire. 

3.4.5.11 Completeness and correctness 
Userss were asked if they would add or remove top-level concepts. The resulting comments 
aree listed below. 

Despitee the inclusion of an extensive corrective maintenance branch in all relevant 
partss of the ontologies, users missed "problem solving" to deal with problems that are 
nott covered by the standard fault-tree or dealing with unexpected situations (for 
examplee during exercises). They would like to have this represented in a Learning Goal, 
Knowledgee Type, Instructional Strategy ("problem-based and/or case-based learning") 
andd Instructional Role ("problem" and "case"). 
Thee difference between installation and configuration, mainly in those systems with 
embeddedd software, should be explicit. The first one would relate to physical instal-
lationn of the equipment and its components, the second one (configuration) to the 
preparationn of the system to carry out a given functionality. Users would add a Lear-
ningg Goal "being able to configure a system", and add Description Types "overview of 
installationn task", "overview of configuration task" and "overview of programming 
task",, and lastly they would add a Knowledge Type "knowing how to configure a system". 
Thee Learning Goal "being able to perform inspection tasks" is seen as a sub-goal of 
bothh preventive and corrective maintenance. 

Too Knowledge Types, users would add "knowledge about responsibilities and compe-
tenciess of different staff members/organizational units" and they would remove 
"attitudee with respect to organizational goals" and "attitude with respect to teamwork". 
Userss would like to be able to define their own Instructional Strategies, for example 
"collaborativee learning". They would also like to choose a combination of two instruc-
tionall  strategies instead ofjust one. 

Inn general, improvements with respect to correctness and completeness would lie in ex-
tendingg the ontology with a problem solving branch; differentiating between installation 
andd configuration of a system; and in extending the number of Instructional Strategies. 

3.4.6.22 Specificity level 
Too evaluate the specificity level of concepts, users were asked if they would split or merge 
detailedd concepts. The idea behind this is that when users want to split a single concept into 
twoo or more concepts itt is regarded as being too large, and if they want to merge two or more 
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conceptss into one, it is regarded as being too small. The comments on this question are listed 
below. . 

Withh respect to Learning Goal, the difference between "structural description of (sub) 
components""  and "structural layout of (sub)components" is not clear, nor is the dif-
ferencee between "goals of the function" and "function". According to the users, the 
conceptss are too detailed and should be merged. 
Thee specificity level of Knowledge Type concepts is generally regarded to be too 
detailed.. The detailed Knowledge Type concepts are suitable for an expert (a learning 
psychologist)) but not for instructors as in their own education they do not learn much 
moree detail than the distinction between knowledge, skills and attitudes. 
Thee list of actions is considered a form of guidance or a reminder for the instructors 
(sincee it is automatically generated). It may be very detailed for many instructors but it 
iss valuable as a checklist. 

Somee distinctions between concepts in Instructional Role require differentiating 
definitions,, for example "feedback" and "answer"; "hint", "guideline" and "reminder". 

Inn general, the specificity level of concepts is sometimes considered to be too detailed. Either 
thee differences between concepts have to be made clear or concepts have to be merged. 
Sometimess not all detailed concepts are used, but they are useful serving as a checklist. 

3.4.6.33 Comprehensibility 
Too evaluate if users comprehend the ontologies, they were asked if they understand the 
meaningg of the detailed concepts. Comments are listed below. 

Learningg Goal concepts are regarded to be complex and formulated in theoretical terms, 
forr example learning the learner to recognize (sub)components in larger (subcomponents 
orr units. 
Knowledgee Type concepts too are found quite theoretical and abstract. 
Withh respect to Instructional Strategy concepts users say they are unfamiliar with the 
termm "exploration", and that "articulation" is a non-standard term. In general they 
needd more explanation to understand these strategies. 

Generall  improvements lie in reducing the complexity of mainly Learning Goal and Know-
ledgee Type concepts, and in a better explanation of Instructional Strategy concepts. 
Thee evaluation aimed to highlight directions for improvement. The ontologies that are at 
thee core of the Scenario Tool could be improved in terms of completeness and correctness, 
specificityy level and comprehensibility. However, the evaluation also showed that users were 
ablee to perform the task of creating instructional material with the Scenario Tool. Beside this 
evaluation,, the tools were used in the daily practice of the people who created training 
materiall  and give maintenance courses. When asked, users confirm that the tools have added 
valuee in their work. 
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3.55 Conclusions 

Thee IMAT approach to re-use technical documentation for training purposes is based on the 
ideaa of dispensing with the traditional sequential structure of documents and to replace it 
withh a much richer structure that allows retrieval and re-use of material in a variety of 
instructionall  contexts. In essence, the technical documents are converted into a large collec-
tionn of information fragments stored and indexed in a database. Each information fragment 
iss described by a number of attributes to which values are assigned from a collection of onto-
logies.. These descriptions concern the subject matter in the application domain; syntactic 
propertiess of the material such as the medium type, structural and representational 
properties;; semantic properties of the material such as the description type and scope; and 
semantic,, task-related properties of the material such as the type of knowledge and the role 
off  the material in instruction. These properties provide flexible access to fragments. The task 
off  developing instructional material is not always well understood and the diversity of 
learningg goals and learning tasks requires flexibilit y in instructional material design. A rich 
sett of ontologies appears to be a crucial means of achieving this flexibilit y of (re-)use of source 
materials. . 

AA "proof of concept" of using ontologies in the material handling processes was demon-
stratedd in the IMAT project. Ontologies have a number of advantages that are an improve-
mentt with respect to other methods: they solve a number of terminological problems, they 
supportt the (semi-) automated segmentation of source documents, they enable a rich, multi-
facettedd description of document fragments, and their modular structure allows retrieval 
fromm multiple viewpoints. Retrieval is even more extensively supported when the context of 
re-usee is taken into account: instructional designers are able to create instructional material 
fromm a collection of information fragments, fully based on task specifications. 
Havingg shown the feasibility of using ontologiess for the processes, the next question to be 
addressedd regards the effect of using ontologies for indexing with respect to other methods. 
Semanticc annotations are important to provide meaningful information to retrievers, but 
manuallyy added annotations may contain inconsistencies, which would undermine the 
powerr of retrieval based on these annotations. The next chapter investigates whether using 
ontologiess leads to higher consistency between annotations made by different indexers 
whenn compared to a bag of keywords. 
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