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Abstract

Worked-out examples serve an important role inetihécational process. In order to take advan-
tage of such carefully designed examples, studens to "make sense" of the examples and re-
trieve them whenever it is appropriate. This cflisa knowledge management process to be
conducted by the students; a process we implemastadearning task during a Knowledge-
Based Systems course. Students were requiredremieatally define and refine a metadata
scheme for representing and managing a growingfggpbgramming examples that were intro-
duced during the course. Our findings show thatesits' iterative processes of metadata creation
and modification, which were conducted both indirtly and collaboratively, supported reflec-
tion activities and brought students to revisithirgk and reinterpret the various code examples
and the relations between them. We discuss the@irehd the implications of having students
deal with issues of reusability, abstraction, matagand with the respective tradeoffs and di-
lemmas.

Keywords: Knowledge management, metadata creation, metadatame, worked-out examples,
community of practice.

Introduction

Worked-out examples serve an important role ineth@écational process. Learning from worked-
out examples is an important source of learningh(Mdin, 1996), and it is a learning mode pre-
ferred by novices (e.g. Anderson, Farrell, & Saug@84; Lefevre & Dixon, 1986). Furthermore,
research has shown that learning from worked-oaitrgatess is typically very effective (e.g.

Sweller & Cooper, 1985; Ward & Sweller, 1990). Seatamples are chosen and designed to pre-
sent not just a solution for a problem, but alseasoning process along with concepts and issues
that are of special importance for the respectilgext matter. In order to take the full advantage
of the careful design of such examples, students t@a"make sense" of the examples, retrieve
them, and relate to them whenever it is approprigtes calls for a knowledge management
process to be conducted by the students; andstiabat we tried to implement during a course

on Knowledge-Based Systems. We ex-
pected the students during this knowl-
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the course, students were expected to redefinmét@data scheme to accommodate the variety
of examples and relations among them and to exphesdifferences for efficient retrieval. Meta-
data created by a student for any learning matesrelway of representing the student's current
understanding of the material. The metadata sclusfiaition is expected to be a dynamic proc-
ess that captures the growing understanding anda@dsers the dynamic and subjective nature of
knowledge and information (Knox, 2007). We encoarhgollaboration among students in order
to bring up explicitly the dilemmas in defining appropriate metadata scheme that can be help-
ful for retrieval and reuse of previous exampledlevtnying to solve a given problem. While
managing, retrieving and re-examining worked-owtregles is a powerful learning activity for
many topics, it is of special importance for studesf information technology (and related sub-
jects). Enabling efficient retrieval brings up ieswof modeling, of abstraction and of reusability
that are of major importance for information teclogy specialists. An effort to define a meta-
data scheme for the worked-out examples elicitgtineent dilemmas of the semantic web re-
garding standard versus community-based ontoldgikert, 2004).

The following sections of this paper describe tiatriictional strategies and the learning tasks of
the course and the accompanying study. We conelittiea summary and a discussion regarding
the potential benefits of the suggested learninigiaes.

The Course -

Instructional Strategies and Learning Tasks

The course "Introduction to Expert Systems" is laatéve course for students in our Computer
Science and Information Systems department. Thesealeals with knowledge-based systems
emphasizing symbol processing, while other paradigre just briefly mentioned. During this
course students are introduced to issues of kn@eladquisition, knowledge representation and
expert systems design along with actual implemamtat he implementation part of the course
involves programming with CLIPS, which is an exmarstem shell
(http://www.ghgcorp.com/clips/CLIPS.htiiThis rule-based system with a declarative pro-
gramming paradigm is very different from programgparadigms that the students are familiar
with. The course includes a hands-on laboratorgreslive employ many programming exam-
ples. Some of the examples are solutions to exertigt involve various modifications of a
given program, each aims at achieving a differeal.g°rogram examples play an important role
in teaching programming and the use of a librargrofotated examples or templates is highly
advocated by computer science educators (Linn &d&lg, 1992; Schank, Linn, & Clancy,

1993). All the learning materials for our course available to the students through the web. We
have a mechanism that enables the teacher to ¢liskgos files from the students while they are
working on the laboratory tasks and expose themrmvitiie appropriate. Students find themselves
with a multitude of files of potentially useful ce@xamples, which they have difficulties to re-
trieve when needed. This is an example of a casgendtudents feel the need for a knowledge
management mechanism and the creation of metawlatd the retrieval does not seem artificial.

Students were asked to use the CLIPS formalisnefin@la metadata scheme for the examples
they encounter along with instantiations and exaspf retrieval rules. The following is an ex-
ample of one student submitted scheme present@densplate in CLIPS with slots for the vari-
ous characteristics of the code examples. Someeelsnike type declarations were taken out for
reading convenience. The comments in parenthesgb@rauthor's comments for explaining the
formalism, while the other comments (the ones ngiarentheses) are the student's comments for
explaining mainly the roles of the slots and tlohiaracteristics. The student’s comments were
translated from Hebrew.
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(deftemplate unit ; (A CLIPS construct for adfig a general template)
(multislot demonstrationOf ) ;a list of CLIPS corands, constructs etc.
demonstraed by the code

(slot fileUse ;the fileas used as a demo in class or is a problem
solution
(allowed-symbols demo solution) ; (Possitliefeed values for this slot)
(default demo))
(slot name) ;name of the file

(slot lessonNumber  ;the lesson when it was intreduc
(range 1 13))

(slot resource
(allowed-symbols teacher me book studentsjthe

(slot isOrderedFacts ;whether the program empoysred facts or not
(allowed-symbols yes no)
(default no))

(multislot relatedFiles) ;a list of related files

(slot usingControlFact ;whether the program empéogsntrol fact or not
(allowed-symbols yes no)
(default no))

(slot usingDefFunction;whether the program inchidaiser-defined function
(allowed-symbols yes no)
(default no))

(multislot input ; Input mechanisms
(allowed-symbols interactive givenFact)))

The following code examples present several CLIRgams that deal with the calculation of
the area of a given square. The programs diffdr veigard to the use of user-defined functions,
the input mechanism, output mechanism and the caspeCLIPS constructs. Students were
asked to consider these examples for checking helwtheir suggested template (metadata
scheme) can differentiate between programs foubfather retrieval. These examples and a set
of additional examples were used for team discuassio class, discussions dealing with scheme
refinement for differentiating between exampleg #ra similar in the general goal but different

in the implementation, generality, input/outpultiliies etc.

(defrule area
(side ?s ?X)

=> (printout t "The area of the square " ?s " ig*' ?x ?X) crlf))

(deffacts data
(side A 6)(side B 2)(side C 10))
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deffunction square

(?a) (* ?a ?7a))

(defrule area
(side ?s ?X)

=> (printout t "The area of the square " ?s " igsquare ?x) crlf))

(deffacts data
(side A 6)(side B 2)(side C 10))

(deffunction square

(?a)(* ?a ?a))

(defrule length

(initial-fact)

=> (printout t "What is the side length? " crlf)
(assert (side (read))))

(defrule area
(side ?x)

=> (printout t "The area of the square is " (squéa?r) crlf))

The potential advantages for a learner defininfhbisown metadata scheme might be: a feeling
of “ownership”, better chance of objects being sdéed and reinterpreted, deeper understanding
through explicit refinement of concepts and relaicand an external representation of learning
that supports awareness and reflection of the ileguprocess. Comparisons between learners’
metadata schemes can provide an anchor for meahitigEussions as demonstrated in studies of
use of conflicts in collaborative learning (Consiiam-Gonzalez & Suthers, 2000; Or-Bach & van
Joolingen, 2001). The potential for stimulating oiggfion of meaning can support the develop-
ment of a community of practice (Wenger, 1998). tlea that learning involves a deepening
process of participation in a community of practies gained significant ground in recent years
and the collaborative refinement of a metadatarsehfesters this idea.

The Study — Research Tools and Findings

Methodology and Research Tools

Our Study is an exploratory case study with the @imxploring the educational benefits of hav-
ing students deal explicitly, through specificallgsigned tasks, with knowledge management of
worked-out examples. The expected benefits reteb®th content and to more general cognitive
and metacognitive skills. The content facet rel&aebe specific course as well as to the students
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intended profession (like issues of reusabilityje Dther facet relates to cognitive and metacog-
nitive skills such as categorization, abstractreflection and more. These issues were explored
in the context of individual work and in the corttex collaborative work.

The research tools we employed for investigatimgetiolving learning processes were: home-
work assignments that involved metadata definitiblizing the CLIPS formalism (definition of

a general template with respective slots); obsemsathat were conducted during labora-
tory/class assignments; and written reflection repihat students were required to submit along
with the homework assignments. The written reftactieports consisted of explanations about
the choices, the alternatives and the respectinsiderations that were employed while defining
the metadata scheme (the slots' names, the lissible values or the range of values, default
values for various slots etc.).

Findings

The submitted homework provided evidence abouviddal learning products and processes,
while observations during team discussions provilédence about both individual and collabo-
rative learning processes. Very soon students foheida simple tag or indication, such as in
which lesson the specific code example was givenot informative enough for further retrieval.

In the first assignment most of the templates vikesthe following:
(deftemplate program
(slot name)
(slot homework
(allowed-symbols yes no))
(slot class_work
(allowed-symbols yes no) (default yes))
(slot use_bind
(allowed-symbols yes no) (default no))
(slot use_deffunction
(allowed-symbols yes no) (default yes)))

The submitted retrieval rules dealt usually witle @niterion. As the course progressed and stu-
dents had to retrieve examples by several critand,more refined criteria they realized that they
need more general characteristics (representediltisiot) and then replaced and added mul-
tislots like the following:

(slot main_topic
(allowed-symbols use_slots use_of readhnfanction ))
(multislot more_topics)
(allowed-symbols ....... )
(slot similar_program))

(allowed-symbols ..... )
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An important issue that was discussed by studeasstiae gradual updating of the list of allowed
symbols and the need to keep consistency of teowabulary for meaningful retrieval. This re-
quired reinterpretation of the worked-out examples.

Students gradually found that code examples, andeheseful slots (metadata tags), might relate
to syntax issues, to the use of various constind® IPS, to different ways to solve a given
problem, to ways to extend a solution etc. Theyniébthat examples can be linked by a CLIPS
related issue, by a problem statement, by beiraytagb a bigger problem, by being one of sev-
eral possible solutions, by relating to a spedgfie-requisite etc. Findings show a shift from more
objective and general metadata towards more siNgesnd specific metadata: from issues like
date and lesson number towards issues like thegrotppic and the CLIPS constructs that are
involved; and then towards more subjective charesties such as expected contexts of use,
comparisons with other programs, associationg@tdings show also a shift towards more con-
sideration of retrieval during tags' definitiontead of just considering the storage. With regard
to the vocabulary we found terms that related éoftfiowing categories which are not mutually
disjunctive: CLIPS syntax, CLIPS knowledge congssuthe respective “problem story”, the
learning sequence, the origin (e.g. class examgkpected reuse, “part of” relation, input/output
mechanisms and value assignment procedures. Wevetdlggocesses of abstraction, when stu-
dents modified their scheme by replacing a sla)(ta more that has "exists"/"not exists" values
by a new slot with new respective values. For exantpe last slot in the student's deftemplate
presented before is an abstraction of a previalefiped slot "using the read function™ (for user
input) with values "yes" and "no". Observationswhd that negotiation of meaning had a major
impact on learning. It also showed the evolutiom @bmmunity of practice; giving students the
opportunity to experience processes similar to sy may encounter in future work situations.

Summary and Discussion

Our findings show that the learning task of metadaeation can be seen as a “mindtool”. The
term "Mindtools" (Jonassen, 1999) is used to dbedriformation technology formalisms that are
used to engage students in critical thinking. Tdétesdies of metadata creation brought students
to rethink and reinterpret the various code examate the various relations between them. As
many of the examples were worked-out examplegetpeired rethinking about these examples
helped students to take advantage of these wonkedxamples within the specific course in-
structional/learning goals. The collaborative matactreation provided an additional opportunity
to foster critical thinking as well as to practiogerpersonal communication and team skills. As
students tend to use superficial clues for rettiefaxamples (Lithner, 2003), a systematic ap-
proach for knowledge management can be benefmiahém.

We were especially interested in educational beéfat are more oriented towards students of
information systems and related areas. The ma@vaiat educational benefits relate to modeling
and abstraction; to understanding the nature ofviedige and information; and to reusability re-
lated issues. Abstraction activities received are¢nole during students' metadata definition
processes, reflecting the major role of abstradticany computing education and in modeling.
The on-going process of metadata definition indigity and collaboratively made students
aware of the dynamic and subjective nature of kedgé. While it is common practice to see
information and knowledge as different stagesspectrum (Bellinger, Castro, & Mills, 2004),
the appreciation of the central role of the hunmdarpreter (Knox, 2007) is important for both
concepts. This conceptualization is necessaryrfgbady interested in information, knowledge,
and the way they can be acquired, modeled, reosedpurposed. This also brings up the issue
of reusability and how metadata definition can suppfficient reusability processes. Reusability
is an important issue within software engineerind ane impediment to software reusability is
the difficulty in classifying software resourcessiuch a way that they can be retrieved by other
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people. Much of the students activities and comatitns echo the ones performed in E-learning
with regard to learning objects and metadata tblerthe retrieval of appropriate learning objects
by human teachers as well as virtual tutors (Ceé8agllow, & Oldfield, 2003, Friesen, 2002;
Recker & Wiley, 2001). .

Besides the educational benefits for a studenf@na community of students (or a student

within a community), the suggested learning adésientail also potential benefits for tutoring. A
student's series of metadata schema represenéinggdatual process of learning and understand-
ing can serve as input for relevant student modgdiocesses. The resulted student model can in
turn be utilized by a human or machine tutor fom@tdd tutoring interventions. This external rep-
resentation of the learning process can serveaslsm open student model to support students'
reflection processes (Dimitrova, 2003; Kay, 2001).

Our future plans include the employment of moraditired observations, interviews and surveys
in order to refine the analysis and hence the g#gun of the individual learning processes as
well as the community learning. We are currentijesggning the respective homework to capture
the ongoing learning process by refining the assigts and adding more specific requirements
regarding reflection on the respective processgtsir€ plans include also the use of the new re-
fined findings for designing adaptive interventidrased on the evolution stages of the metadata
scheme. The planned adaptive interventions shalfddtudents in modifying and restructuring
the metadata scheme and should support produdilaboration.
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