


Methods for Eliciting Declarative Knowledge (Tables)��The methodologies below were compiled by Cannon-Bowers, & Blickensderfer (1993) in cooperation with NATO Defense Group. 





Card Sorting�(Method for Eliciting Declarative Knowledge)�
�



Description�
Knowledge engineer obtains sets of concepts that broadly cover the domain (derived from glossary, text, or gleaned from introductory tutorial talk), then transfer each concept to a card. Subject matter expert (SME) then sort the cards into common groups/functions according to similarity. The SME creates the sorting criteria. The groups themselves are grouped until eventually a hierarchy is formed.�
�
Type of Representation�
Hierarchical Cluster Diagram. This method yields a tree of related concepts, with the bottom level holding basic components of the domain and progressing through different levels of abstraction to higher order concepts relating to them. �
�
Subprocess in Decision Making/Application�
Knowledge Structures: concepts/categories, goals, principles, values and relationships. This method is applicable when a large set of concepts exists, and concepts range across the whole domain, and require a suitable structuring to become manageable. �
�
Knowledge Type/Nature�
Declarative/Indirect method�
�
Strengths�
Gives structure to large concepts sets, and easy to do (Converse & Kahler, 1992). Appropriate for systems with natural hierarchical organization (Tullis, 1985). Apart from detailed knowledge which experts bring to bear on specialized areas, experts are likely also to have a more global structuring of the domain. Concept/card sorting helps identify this metaknowledge (Gammock & Young, 1985).�
�
Limitations�
Requires prep work to create concepts. Requires knowledge engineer trained in interpretation. Requires computer. Hierarchy may be too restrictive. Permits only one view per sort. Some aspects may be distorted and lost (Converse & Kahler, 1992) �
�
Other Sources�
McDonald, Dearholt, Paap, Schvanevedt, (1986)�
�



Cognosis (software)�(Method for Eliciting Declarative Knowledge)�
�



Description�
Expert uses software to identify concepts, problem-solving, and tasks used to achieve domain objectives. Data used to create a conceptual graph.�
�
Type of Representation�
Conceptual graph.�
�
Subprocess in Decision Making/Application�
Knowledge structures: principles/values, goals, schema, concepts/categories, relationships�
�
Knowledge Type/Nature�
Declarative (concept graph is taxonomic, spatial region hierarchy, or causal network). Procedural (concept graph is goal hierarchy ) / Direct �
�
Strengths�
Can use this method to build a domain model before using specific knowledge acquisition tools.�
�
Limitations�
Requires cognosis software and computer hardware.�
�
Sources�
Woodward (1990)�
�



Data Flow Modeling�(Method for Eliciting Declarative Knowledge)�
�



Description�
Expert interviewed. Knowledge engineer draws data flow diagram using data gathered from interview. Expert verifies diagram. �
�
Type of Representation�
Data flow diagram defines the processes which are required to be part of the elicited knowledge base; the data or knowledge which exists within the knowledge base �
�
Subprocess in Decision Making/Application�
Knowledge structures: goals, schema, concepts, categories, strategies, relationships �
�
Knowledge Type/Nature�
Declarative (input and outputs). Procedural (processing flow of inputs and outputs) / Direct�
�
Strengths�
Method defines boundary between knowledge that needs to be explicit and knowledge that doesn't.�
�
Limitations�
Expert's task being modeled may not have a sequential flow. Requires two knowledge engineers; one to interview, one to draw the diagram (Swaffield & Knight, 1990). Requires training in data flow diagram methodology (Converse & Kahler, 1992). �
�
Other Sources�
Gane & Sarson (1977).�
�



Document Analysis�(Method for Eliciting Declarative Knowledge)�
�



Description�
Knowledge engineer translates information from a document into a conceptual graph. Propositions are translated into nodes and arcs of the conceptual graph ..�
�
Type of Representation�
Conceptual graph.�
�
Subprocess in Decision Making/Application�
Knowledge structures: goals, schema, concepts/categories, rules�
�
Knowledge Type/Nature�
Declarative (conceptual graph is taxonomic, spatial region hierarchy, or causal network). Procedural (goal hierarchy)/ Direct�
�
Strengths�
Method can detect missing information, inconsistent information, and ambiguous statements.�
�
Limitations�
 �
�
Sources�
Gordon, Schmierer, & Gill (1993)�
�



Entity-Relationship Modeling�(Method for Eliciting Declarative Knowledge)�
�



Description�
Expert uses software to identify concepts, problem-solving, and tasks used to achieve domain objectives. Data used to create a conceptual graph.�
�
Type of Representation�
Conceptual graph.�
�
Subprocess in Decision Making/Application�
Knowledge structures: principles/values, goals, schema, oncepts/categories, relationships�
�
Knowledge Type/Nature�
Declarative (concept graph is taxonomic, spatial region hierarchy, or causal network). Procedural (concept graph is goal hierarchy ) / Direct �
�
Strengths�
Can use this method to build a domain model before using specific knowledge acquisition tools.�
�
Limitations�
Requires cognosis software and computer hardware.�
�
Sources�
Woodward (1990)�
�



Entity Life Modeling�(Method for Eliciting Declarative Knowledge)�
�



Description�
Expert is interviewed. Knowledge engineer draws entity life cycle diagram using data gathered from interview. Expert verifies diagram.�
�
Type of Representation�
Entity life cycle diagram. Represents the allowable status changes of an entity and the events which cause those changes. �
�
Subprocess in Decision Making/Application�
Knowledge structures: goals, schema, concepts/categories, rules, relationships�
�
Knowledge Type/Nature�
Declarative (allowable entity status changes). Procedural (events which cause those changes ) / Direct �
�
Strengths�
 �
�
Limitations�
Difficult to represent inheritance through control relationships. Requires two knowledge engineers; one to interview and one to create diagrams (Swaffield & Knight, 1990). Requires knowledge engineers to be trained in entity life cycle modeling (Converse & Kahler, 1992) �
�
Other Sources�
Swaffield & Knight (1990)�
�



Interviewing�(Method for Eliciting Declarative Knowledge)�
�



Description�
Most familiar method of elicitation. In a fairly simple manner, it generates quickly a lot of knowledge that indicates the terminology and main components of the domain.�
�
Type of Representation�
Varies depending upon knowledge engineer.�
�
Subprocess in Decision Making/Application�
Knowledge structures: principles/values, goals, schema, concepts/categories, rules, strategies and relationships.�
�
Knowledge Type/Nature�
Declarative / Direct �
�
Strengths�
 �
�
Limitations�
Knowledge may not be directly communicable in interview situations. Instead, it must be inferred using other techniques (Cammock & Yound, (1985) �
�
Other Sources�
Cammock & Yound (1985); Graessar & Gordon (1991); Evans (1988); Visser & Morals (1991); Gordon, Schmierer, & Gill (1993)�
�



Laddered Grids�(Method for Eliciting Declarative Knowledge)�
�



Description�
Elicitors question the expert. Domain concepts and relations are graphed.�
�
Type of Representation�
Rules; graphs of nodes and labeled arcs�
�
Subprocess in Decision Making/Application�
Knowledge structures: concepts/categories, goals, relationships�
�
Knowledge Type/Nature�
Declarative / Direct �
�
Strengths�
Highly similar to interview format�
�
Limitations�
Requires knowledge engineers trained in rule analysis (Converse & Kahler, 1992) �
�
Other Sources�
Shadbolt & Burton (1989)�
�



Object Oriented Modeling (Software)�(Method for Eliciting Declarative Knowledge)�
�



Description�
Expert fills in computer forms detailing objects and events. Data collection includes scripts, types, aspects, relations, and attributes. Network of objects is created.�
�
Type of Representation�
Network of objects (types, aspects, attributes). �
�
Subprocess in Decision Making/Application�
Knowledge structures: schema, concept/categories, relationships�
�
Knowledge Type/Nature�
Declarative / Direct �
�
Strengths�
 �
�
Limitations�
Experts must be comfortable in terms of objects. Requires specific computer software and hardware (Converse & Kahler, 1992) �
�
Other Sources�
Riekert (1991)�
�



Proximity Analysis (Analysis by Pathfinder)�(Method for Eliciting Declarative Knowledge)�
�



Description�
Once data are gathered, computer creates network representation of domain concepts and indicates meaningful links, ions, and attributes. Network of objects is created.�
�
Type of Representation�
Network of objects (types, aspects, attributes)�
�
Subprocess in Decision Making/Application�
Knowledge structures: schema, concepts/categories, relationships�
�
Knowledge Type/Nature�
Declarative / Direct �
�
Strengths�
 �
�
Limitations�
Experts must be comfortable in terms of objects. Requires specific computer software and hardware (Converse & Kahler, (1992) �
�
Other Sources�
Riekert (1991)�
�



Ranking Augmented Conceptual Ranking�(Method for Eliciting Declarative Knowledge)�
�



Description�
Ranking is a scaling technique that produces an ordering of the objects of interest. This ordering can then be converted into scale values using one of a number of techniques (See Chignell & Peterson, 1988).�
�
Type of Representation�
Conceptual Ranking�
�
Subprocess in Decision Making/Application�
Knowledge structures: conceptual categories, relationships�
�
Knowledge Type/Nature�
Declarative / Indirect �
�
Strengths�
 �
�
Limitations�
 �
�
Sources�
Chignell & Peterson (1988); Chignell & Patty (1987); Kagel (1986); Whaley (1979)�
�



Ratings Analyzed by Pathfinder�(Method for Eliciting Declarative Knowledge)�
�



Description�
Expert rating similarity between concept pairs. Algorithm creates network diagram of concept similarity distance.�
�
Type of Representation�
Link-weighted networks�
�
Subprocess in Decision Making/Application�
Knowledge structures: concepts/categories, relationships�
�
Knowledge Type/Nature�
Declarative / Indirect �
�
Strengths�
Pathfinder extracts latent structures. This better reflects the pairwise (local) psychological proximity than do data transformations (Converse & Kahler, 1992)�
�
Limitations�
Global information not included (Schvaneveldt, et al, 1985). Requires advance identification of concepts. Requires knowledge engineer to be trained in link-weighted networks. Requires Pathfinder software and computer (Converse & Kahler, 1992)�
�
Other Sources�
Schvaneveldt, et. Al. (1985)�
�



Ratings Analyzed by Multidimensional Scaling�(Method for Eliciting Declarative Knowledge)�
�



Description�
Expert rates similarity between concept pairs. MDS algorithm assigns set of spatial coordinates for each concept. It considers the relationship of each concept to all other concepts and places the concepts along dimensions of space in a way that reflects these relationships. MDS summarizes data into a spatial configuration. Expert identifies dimensions of MDS graph.�
�
Type of Representation�
Spatial Structure. MDS focuses on global information about the conceptual structure that cannot be gleaned from the original ratings nor from other scaling techniques (Schvaneveldt, et al, 1985)�
�
Subprocess in Decision Making/Application�
Knowledge structures: concepts/categories, relationships�
�
Knowledge Type/Nature�
Declarative / Indirect �
�
Strengths�
MDS captures inter-concept global relationships. MDS creates a metric (distance between concepts in multidimensional space) that has useful applications (Gammock & Young, 1985)�
�
Limitations�
MDS can distort local distance relationships (within a concept pair). MDS requires expert interpretation. Requires MDS algorithm (Schvaneveldt, et.al, 1985). Requires advance identification of concepts (Converse & Kahler, 1992) �
�
Other Sources�
Schvaneveldt, et. Al. (1985)�
�



Repertory Grid (General)�(Method for Eliciting Declarative Knowledge)�
�



Description�
Method of deriving object descriptions. Expert makes comparisons among groups of selections (typically triadic). These comparisons are used to identify attributes. A repertory grid is then constructed with attributes as rows and selections as columns. Using a rating scale, the expert rates the match between each selection and attribute pair on the grid (Chignell & Peterson, 1988).�
�
Type of Representation�
Repertory grids. Can be analyzed with cluster analysis, Pathfinder or multidimensional scaling�
�
Subprocess in Decision Making/Application�
Knowledge structures: concepts/categories, relationships. Repertory grid method is appropriate when numerous closely related concepts require expertise to discriminate among them (Gammock & Young, 1985)�
�
Knowledge Type/Nature�
Declarative / Indirect �
�
Strengths�
Validated by using grid analysis results to predict performance on cognitive tasks within the domain. Statistical techniques identify hidden patterns, grid permits expert to compare his/her understanding to the analysis results to evaluate agreement level. Experts may make adjustments for special cases. Appropriate when numerous closely related concepts require expertise to discriminate among them (Gammock & Young, 1985) �
�
Limitations�
Memory drain on expert (Converse & Kahler, 1992). Little procedural knowledge provided (Evans, 1988). �
�
Other Sources�
Mitta (1989); Evans (1988); Mitchell (1987); Gardner (1990); Gammock & Young (1985); McCloskey, Geiwitz & Kornell (1991) �
�



Semantic Nets (Software)�(Method for Eliciting Declarative Knowledge)�
�



Description�
Expert interacts with software (KNACK) to build a semantic net. Data collected includes relationships among objects.�
�
Type of Representation�
Semantic Nets�
�
Subprocess in Decision Making/Application�
Knowledge structures: concepts/categories, relationships �
�
Knowledge Type/Nature�
Declarative / Direct �
�
Strengths�
Domain expert not required to know any programming language, artificial intelligence schema, rule semantics or other computer science abstractions. KNACK increased productivity of potential expert system users 30 times than that of previous methods�
�
Limitations�
Requires KNACK software and compatible hardware (Converse & Kahler, 1992)�
�
Other Sources�
Atkins (1990)�
�
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