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13 In this paper we present a preliminary theoretical framework for the design and implementation of instruc-
1 tional applicgtions for dynamic processes. These applicat.ions can be used e.g. to support the simulatgr-
based education. The framework is partly based on previous research on intelligent computer-aided in-
12 struction (ICAI), intelligent tutoring systems (ITS), electronic performance support systems (EPSS), and
13 adaptive hypermedia (AH) in general. We argue that the data mining methods can be used to analyse the
14 recorded dynamic process data to derive meaningful information which can be combined with pre-defined
15 formal information to create a dynamic narrative representing the user’s performance. The dynamic narra-
16 tive can be used to create context-aware views that support the instructional assessment of the user’s per-
17 formance in a dynamic process. We also argue that when both the derived and predefined information is
18 represented with Semantic Web (SW) technologies, a set of expressive open-source tools can be used to
19 creat.e the views in a pr.oductive way. We conclude t.hat th§ d§scribed fram§work can be useq to design
20 and 1mplement applications that support the pedagogical thinking and decision-making of the instructors
1 responsible for the assessment process.
22 Keywords modelling, assessment, adaptive hypermedia, intelligent computer-aided instruction, data min-
23 ing, Semantic Web
24
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26
;; 1. Introduction
29 The main idea in intelligent computer-aided instruction (ICAI), computer-based instruction (CBI), intel-
30 ligent tutoring systems (ITS), electronic performance support systems (EPSS), and adaptive hypermedia
31 (AH) in general is to select and present the right information to the user at the right time and in the most
32 appropriate format. We describe a preliminary theoretical framework for the design and implementation
33 of instructional assessment applications for dynamic processes. The goal is to introduce and integrate a
34 set of interesting concepts and theories related to the subject. ICAIL, CBI, ITS, and EPSS research is ex-
35 plored in order to find analogies and similarities that are useful in developing applications to support the
36 instructional assessment. In this paper ICAI, CBI, ITS, and EPSS are hereafter referred as computer-
37 aided support systems. Also the possibilities that the Semantic Web (SW) technologies and data mining
38 methods offer to the design and implementation of instructional assessment applications are explored.
39 We define a dynamic process as something that can be modelled in such a way that simulators can be
40 used to support the transfer of experienced actor’s operating models to students. In the instructional as-
41 sessment framework process data from the student’s actions is collected and analysed to create informa-
42 tion needed in the assessment in predefined cases. This information is then combined with learning mate-
43 rial about expert knowledge of the domain and the result is adapted according to the needs of the user
44 and the assessment process. Finally, a set of context-aware views visualising the performance are created
45 to support the assessment process and pedagogical decision-making of an instructor.
46 We see that it is almost impossible to support and guide somebody in something that exists only in
47 somebody’s mind and hence is invisible to the others. Therefore it is important that students express their
48 thoughts, plans, and decisions in a recordable way (cf. [1]). In this case this is done by using a simulator
49 to perform a specific task designed to reveal the student’s competency profile. It is possible to record the
2(1) performance in a simulator environment, where process data collecting systems are available.
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tions or by recording and analysing user’s actions [10]. These recorded actions are referred in this paper
as process data. Data mining methods can be used to analyse the process data (see e.g. [14]).

In Development Project for Simulator-based Training (ProForSim) Principal Component Analysis
(PCA) (see [15]) and Self-Organizing Maps (SOM) (see [16]) were successfully used to cluster the har-
vester operators on basis of process data collected from the harvester simulator. Seven operator clusters
were found. The operator’s competency profile was divided into five factors, Efficient crane use, Han-
dling skills of a trunk, Size of a working point, Optimisation of a tree, and Flexible crane use. General
Unary Hypotheses Automaton (GUHA) (see [17]), a method of automatic generation of hypotheses
based on empirical data, was used to analyse process data collected from the actual harvester. Several
regularities were found on basis of the analysis. [14]

Al methods have been applied to AH for at least 30 years now. At first, the attempt was to replace the
domain expert with Al-based hypermedia application designed to give direct answers, guidance, or feed-
back to the user. Bareiss et al. [18] argue that the knowledge of a domain expert can be useful in more
ways than many Al-based expert systems; expert can give user advice and describe relevant experiences
and, most importantly, offer a rich context to interpret the advices and experiences. According to Woolf
[19] computer-aided teaching systems can be divided into weak and strong systems. A weak system is
able to e.g. recognise insufficient answer or errors in user’s actions. A strong system is a combination of
an expert system and a teaching system. It is able to solve the problem in the same way as a domain
expert and also guide the student when he is solving the problem. Designing and implementing a strong
teaching system is much more complex compared to a weak system. [19]

The knowledge representation is often seen as the major restriction in building intelligent computer-
aided support systems (see e.g. [19]). Previously Al-applications were commonly implemented with
different procedural programming languages such as C, LISP, FORTRAN, and Prolog. Ontology is a
formal specification of conceptualisation that represents the concepts of a domain and the relationships
between the domain concepts [20]. Ontologies can be used to represent knowledge and hence the models
in an AH application. SW technologies introduce a standardised way to define and process the ontolo-
gies. We argue that the SW-based approach enables the applications to be built in a more productive and
generic way than with the programming languages.

Finally, we see that the design and implementation of specific instructional assessment applications
can be supported by utilising the results of previous research in e.g. computed-aided support system
development (see [21]), structured hypermedia design ([22]), ontology-based knowledge-engineering
(see [23]), and agile software development (see [24]).

3. Instructional assessment framework for dynamic processes

In this section we present our suggestion for the instructional assessment framework for dynamic proc-
esses. We begin with a fictional example scenario related to the simulator-based training of the managed
mechanical logging process and continue by introducing the framework skeleton.

3.1 Example scenario

Michael is a harvester operator with two years of work experience. He takes part in a two-day training
course. The goal of the course is to learn to minimise the strain of the harvester. Course instructor Lesley
has prepared a preliminary task designed to reveal possible weaknesses in the operator’s competence
regarding the machine strain. Michael performs the task with simulator. The collected process data is
analysed and a dynamic narrative representing Michael’s performance is created.

Dynamic narrative is used to create appropriate views that visualise Michael’s performance. With the
views Lesley and Michael can reflect Michael’s performance in several ways. The can, e.g. watch the
video clip of the recorded performance. Machine strain measures are visualised and attached to the
video. Lesley and Michael can also use an index of time-sensitive links ordered according to the machine
strain level. With the help of the index Lesley and Michael can jump to view specific scenes where they
can also view appropriate learning material, e.g. video material of the expert’s performance in a similar

© FORMATEX 2005



O 001N W B WK =

DN DBABDMBEPAEDNPAEDNDBEDWLLLWLWOLWLWLWLWNDRNDDNDNDNDNDNDNDND — = m = =
N OOV TAANDNHE WD, OOUXNTANANNDDEWNDL,OOVHOITANNDEWND—= OOV A WND—O

4 Huhtamaki, J. et al.: On the modelling-based framework for the instructional assessment of dynamic processes

situation and in similar conditions. The dynamic narrative can also be saved so that Michael can return to
his performance later if needed.

3.2 Framework skeleton

Figure 1 introduces the skeleton of the instructional assessment framework for dynamic processes.
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Fig. 1 Skeleton of the instructional assessment framework for dynamic processes

A predefined task is a part of the dynamic process, say, the felling of a tree with a harvester or a simple
fault diagnosis. The task can be designed e.g. by the instructor or by the developers of the application.
The task designer defines also a reference model for the task. In complex dynamic processes the refer-
ence model is a representation of the objectives, limits of measures, and other factors significant from the
viewpoint of the assessment process. In less complex cases an expert model representing the perfect
performance of the task can be used as the reference model.

User performs the task with simulator and the process data is recorded e.g. to a log-file or a database.
The recorded process data is then analysed with PCA, SOM, GUHA, or other appropriate data mining
methods in order to create a competency profile representing the user’s unique performance in the task.
The competency profile is compared to task’s reference model and on the basis of comparison, a feed-
back model is created. At the next stage an overlay model is created by combining the feedback model,
the user model and the domain model. The user model can be used e.g. to store user’s assessment history
and preferences. The domain model is used to select the appropriate additional information to the user.
The information may include e.g. learning material about the expert knowledge and predefined instruc-
tions specific to the predefined task.

Finally, a structured dynamic narrative is created from the overlay model. The structured dynamic
narrative enables the creation of context-aware views containing the information needed in the assess-
ment process. The views can include learning material in various formats, pre-defined instructions and
comments, and visualisations of interesting indicators.

4. Conclusions

The use of rich, expressive models together with the analysis of the process data enables the visualisation
of the user’s performance in a dynamic process. Instead of building a strong system, a more realistic
approach is to support the instructor by creating a weak system capable of automating the routines of the
assessment process so that the instructor can focus on such aspects of assessment that insist human rea-
soning, expert knowledge, and creativity.
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We see that the significant steps in the research and state-of-the-art solutions of simulator technology,
knowledge representation and processing, and data mining enable a more straightforward way to design
and implement instructional assessment applications. We argue that the applications designed and im-
plemented according to the presented framework support the instructor’s work in a way that can he con-
centrate on the assessment process at a higher level than he could without using any assistive tools.
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