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Abstract: As part of a larger assessment of relationships in the Dewey Decimal Classification (DDC) system, this study investigates the semantic nature of relationships in the DDC notational hierarchy. The semantic relationship between each of a set of randomly selected classes and its parent class in the notational hierarchy is examined against a set of relationship types (specialization, class-instance, several flavors of whole-part). The analysis addresses the prevalence of specific relationship types, their lexical expression, difficulties encountered in assigning relationship types, compatibility of relationships found in the DDC with those found in other knowledge organization systems (KOS), and compatibility of relationships found in the DDC with those in a shared formalism like the Web Ontology Language (OWL). Since notational hierarchy is an organizational mechanism shared across most classification schemes and is often considered to provide an easy solution for ontological transformation of a classification system, the findings of the study are likely to generalize across classification schemes with respect to difficulties that might be encountered in such a transformation process.
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1. Introduction

This paper responds to a statement from the call for papers: “ontology-like representations of classifications are recognized as potentially important facilitators in creating a web of linked data (the semantic web).” The potential in universal classifications stems both from the breadth of their scope (the universe of recorded knowledge) and from the power of their structure. There is widespread hope that the predominantly hierarchical structure of classifications can be used to facilitate, if not support, reasoning. In order to do so, the structure of classifications must be harnessed in transforming a structure primarily intended to be applied by humans into an ontological knowledge base that can be applied by machines. Before this can happen, we need to understand better the semantic nature of the hierarchical structure of classifications.

We approach this task in the context of the Dewey Decimal Classification (DDC) system, now in its twenty-third edition (Dewey, 2011). We begin, in section 2, by surveying the nature of hierarchical relationships, first in knowledge organization systems (KOS), then in the DDC and finally in formal ontological structures. Section 3 presents an empirical study undertaken to examine the semantic nature of hierarchical relationships in the DDC, specifically as expressed in the notational hierarchy of the schedules and tables. Section 4 explores the transformation of the DDC notational hierarchy into an ontological formalism like OWL (Web Ontology Language). A concluding section summarizes what we have learned in the process of our investigation. 


2. Hierarchical relationships
2.1 Hierarchical relationships in KOS

Section 8.3 (pp. 46-51) of the ANSI/NISO Guidelines for the Construction, Format, and Management of Monolingual Controlled Vocabularies (NISO, 2005) recognizes three types of hierarchical relationships: generic, instance and whole-part. In the generic relationship, the subordinate class exists in a kind-of relationship vis-à-vis the superordinate class. This relationship is subject to an “all-and-some” test: at least some members of the superordinate class belong to the subordinate class, while all members of the subordinate class belong to the superordinate class.[footnoteRef:2] This type of relationship is also referred to as the IS-A, class/subclass or set/subset relationship or as inclusion, subsumption or hyponymy.  [2:  Discussing class inclusion, Soergel (1985) notes that “a logically narrower concept has all the characteristics of the broader concept, and, in addition, at least one further characteristic.” It is this property of the generic relationship that makes the all-and-some test work.] 


The instance relationship links “a general category of things or events, expressed by a common noun, and an individual instance of that category, often a proper name.” An instance may also be perceived as a specific example of a class. While the generic relationship links two classes, the instance relationship links a class and individual entities that belong to the class. 

The whole-part relationship is a compositional relationship in which the parthood of the subordinate class in the superordinate class is inherent. This type of relationship has various subtypes; the guidelines mention systems and organs of the body, geographic locations and hierarchical organizational, corporate, social or political structures, but notes that this list is not exhaustive. 


2.2 Hierarchical relationships in the DDC

Although classification systems and thesauri (which are addressed by the ANSI/NISO guidelines) differ in some regards, they are similar with respect to the types of hierarchical relationships they express. Specifically, “the DDC supports generic, whole-part, and instance relationships” (Mitchell, 2001: 214), the same three types of hierarchical relationships promulgated by the ANSI/NISO guidelines. In contrast to the guidelines for thesaural relationships, which suggest that these three types be coded in different ways (BTG/NTG, BTI,NTI and BTP/NTP) in thesauri, the DDC currently has no way of distinguishing among kinds of hierarchical relationship. (There are two distinct ways in which hierarchical relationships are expressed in the schedules and tables of the DDC—through notation or through see references—but this distinction does not correspond to a difference among types of hierarchical relationships, but instead to the distinction between a tree structure, in which a class may have only a single superordinate class, and a polyhierarchy, in which a class may have more than one superordinate class.)

Hierarchical relationships are also evident in the DDC through its implementation of “hierarchical force,” a principle by means of which specific kinds of notes in the upward hierarchy also govern subordinate classes. Hierarchical force is generally assumed to operate in all generic relationships.


2.3 Hierarchical relationships in ontologies

An ontology, according to Guarino’s (1998) classic definition, is the “commitment [of a formal vocabulary] to a particular conceptualization of the world.” This compact characterization, while not uncontroversial, permits a vast number of relationships to be defined for specific ontologies. Ontologies do not need to adhere to the classic paradigms of KOS, nor do they need to contain a shared notion of the relationships types explicated above. Different ontologies may define different types of relationships.

In his investigation of the IS-A relationship in early knowledge representation systems, Brachman (1983) identified a variety of different interpretations of the IS-A relationship in specific systems. This indistinctness led to the creation of knowledge representation languages with more explicit semantic commitments in terms of hierarchy and inheritance.

Therefore, an understanding of hierachical relationships in ontologies today must start with a formally defined language used for ontology building. The Web Ontology Language (OWL), with its growing adoption among practitioners, is a promising candidate.

OWL provides several axioms to establish relationships between class expressions, i.e., sets of individuals that are instances of that class by satisfying the conditions specified in the class expression. Hierarchical relationships are established by the fundamental subclass axiom. This axiom “allows one to state that each instance of one class expression is also an instance of another class expression, and thus to construct a hierarchy of classes” (OWL2, 2009). This definition also implies transitivity and reflexivity of the subclass relationship. 

This is the only hierarchical relationship recognized by OWL, which is surprising when compared to the relationship types used by KOS in general and the DDC in particular. The class-instance relationship in OWL is not a type of hierarchical relationship, being integral to the way OWL (and ontologies built with OWL) work. The fact that an individual is an instance of a particular class can be asserted, but is not considered a hierarchical relationship. All class-related axioms operate on sets of individuals, which are instances of classes, not on classes themselves. Therefore, an understanding of the individuals existing in the domain is often the starting point of ontology construction.

Also, OWL chose not to provide built-in primitives for part-whole relations, because no consensual interpretation of subtypes could be found. Yet OWL is expressive enough to allow the construction of most common interpretations as defined properties for specific ontologies (Simple part-whole relations, 2005).


3. Study
3.1 Methodology

We undertook an empirical study[footnoteRef:3] of hierarchical relationships in the DDC by examining the semantic relationships in a random sample of 200 parent-child pairs. In the course of two preliminary rounds, each involving 20–25 parent-child pairs, we determined certain types of records to exclude from our sample (e.g., summaries, invalid numbers, optional numbers) and worked out the set of hierarchical relationships to use for relationship assignments. In the main study, for each pair, the two author-judges independently identified the semantic nature of the relationship between the subordinate class and the class above it in the notational hierarchy.  [3:  This study is part of a larger, ongoing assessment of relationships in the DDC, whose purpose is to establish a more logical and powerful representation of the scheme.] 



3.2 Relationship types

Our base inventory of hierarchical relationships consisted of the following three relationship types—(1) specialization (a combination of genus-species and cross-facet or cross-entity-type combination), (2) class-instance and (3) whole-part—each subject to elaboration. For specialization, the elaboration was the specific differentiating property or additional facet/entity-type involved; for class-instance, the elaboration was either individual or subclass; for whole-part the elaboration was one of the following subtypes: mass/quantity, element/collection, component/complex, segment or portion. (In referring to relationship types and their elaborations, we will use the following syntax: relationship type: elaboration.)

The individual vs. subclass elaboration for the class-instance relationship may seem to run contrary to the basic character of this relationship, which exists between a class and a specific instance of the class. How can an instance be a subclass? In a preliminary round, we encountered the relationship between 634.33 Citron group and 634.337 Limes, where limes, even though a class, could be interpreted as a specific instance of citrons. Such a relationship could be identified as class-instance: subclass.

While it is commonly agreed that the whole-part relationship has various subtypes, consensus on which subtypes to recognize is lacking. For instance, different sets of whole-part relationship subtypes have been proposed by Winston, Chaffin & Herrmann (1987), Gerstl & Pribbenow (1995) and Keet & Artale (2008). We used the set of whole-part subtypes proposed in Gerstl & Pribbenow because of its “common-sense” basis. Three of its subtypes relate to the compositional structure of the whole: mass/quantity is the relationship between a quantity and a homogenous mass; the element/collection relationship relates parts that function in a uniform manner to the whole; the component/complex relationship exists between parts that contribute differently to the function of the whole, as is typical with the parts of systems. The other two subtypes are not characterized on the basis of the compositional structure of the whole: segments pertain to the application of an external perspective, usually spatial, as expressed in “the upper part of the house”; portions use a dimension, e.g., time, space, color, to select the part from the whole.

A set of guidelines was developed to help facilitate consistency in making relationship type assignments. The guidelines captured large-scale decisions made in previous rounds, for example, the decision to treat spatial regions within larger spatial regions or time spans within larger time spans as whole-part: portion relationships, no matter how they were expressed.[footnoteRef:4] But the guidelines also extrapolated from specific difficult cases, without, as we later found, always capturing tenable generalizations. [4:  For example, if relationship assignment is based on a literal reading of captions, the relationship between 2—4921 Northeastern provinces of Netherlands and 2—49218 Gelderland is class-instance. But if 2—4921 and 2—49218 are conceived as spatial regions, the relationship is whole-part: portion.] 



3.3 Results

In assigning relationship: elaboration values to the parent-child pairs of the random sample, both judges encountered cases where two relationships appeared to operate in tandem; where the relationship could be conceived in multiple ways; where the relationship type seemed clear, but the elaboration did not; or where the relationship itself was unclear. (But in no case did we identify additional hierarchical relationship types.) Because of these anomalies, it is best to present the results where only one definitive assignment was made by each judge (constituting set 1) separate from the results where multiple, incomplete and/or uncertain assignments were made (constituting set 2).

Just over 80% of the parent-child pairs received a single definitive relationship assignment from both judges. The results from this set are presented in tables 1, 2 and 3, broken down by whether the judges agreed totally, agreed partially, or disagreed completely: agreement on both relationship and elaboration is shown in table 1; agreement on relationship, but not elaboration, is shown in table 2; total lack of agreement is shown in table 3. As can be seen in the minimal frequencies in tables 2 and 3 contrasted with the higher frequencies in table 1, when both judges were able to make a single, definitive relationship assignment, total agreement ran high (almost 90%).

Indeed, as seen in table 1, in just over 70% of all parent-child pairs, the judges agreed on a single definitive relationship assignment. While the generic/specialization relationship is generally regarded as the prototypical hierarchical relationship, it was eclipsed in our data by whole-part: portion. Why this is so stems from the assignment of whole-part: portion for spatial regions as parts of larger spatial regions and time spans as parts of longer time spans. All but one of the 44 parent-child pairs from Table 2. Geographic Areas, Historical Periods, Biography were spatial regions within larger spatial regions, while all but one of the 22 parent-child pairs from 900 History, geography, and auxiliary disciplines were time spans within longer time spans; all of these received whole-part: portion assignments from both judges. If this subset of set 1 assignments is discounted, then specialization is the predominant hierarchical relationship found.

The absence of two whole-part elaborations (mass/quantity and segment) from table 1 should be noted. (They are also missing from the corresponding table for set 2.) We suspect whole-part: mass/quantity has no relevance for classification systems. While whole-part: segment received minimal use on the part of both judges, it was never assigned by both judges to the same parent-child pair.


Table 1: Agreement between judges on relationship and elaboration (set 1)

	Relationship + Elaboration
	Freq

	Specialization + [property/entity]
	37

	Class-instance + Individual
	12

	Class-instance + Subclass
	9

	Whole-part + Component/complex
	8

	Whole-part + Element/collection
	12

	Whole-part + Portion
	64




Table 2: Agreement between judges on relationship, but not elaboration (set 1)

	Relationship
	Elaboration 1
	Elaboration 2
	Freq

	Specialization
	[varies]
	[varies]
	2

	Class-instance
	Individual
	Subclass
	2

	Whole-part
	Component/complex
	Element/collection
	1

	Whole-part
	Portion
	Segment
	1

	Whole-part
	Portion
	Element/collection
	1




Table 3: Disagreement between judges on relationship and elaboration (set 1)

	Relationship 1
	Elaboration 1
	Relationship 2
	Elaboration 2
	Freq

	Specialization
	[varies]
	Class-instance
	Subclass
	1

	Specialization
	[varies]
	Whole-part
	Component/complex
	4

	Specialization
	[varies]
	Whole-part
	Element/collection
	2

	Class-instance
	Individual
	Specialization
	[varies]
	1

	Class-instance
	Individual
	Whole-part
	Component/complex
	2

	Class-instance
	Subclass
	Whole-part
	Component/complex
	1

	Class-instance
	Subclass
	Whole-part
	Element/collection
	1




Results from set 2 (seen in tables 4, 5 and 6 and again broken down by degree of agreement) contrast sharply with those from set 1. Where multiple, incomplete and/or uncertain assignments were made by one or both judges, disagreement among relationship assignments was much higher. This is perhaps exacerbated by including in set 2’s results comparisons of each combination of assignments. (Assignments that agreed on relationship type, but that included a missing elaboration assignment, contributed a count of one-half.)
Even under the less-than-ideal circumstances of set 2, total agreement is found between some relationship assignments, as seen in table 4. Two things stand out: the very low frequencies for class-instance and whole-part: portion, on the one hand, and the relatively higher frequency for whole-part: element/collection, on the other hand. The reason for the low frequency of total agreement on class-instance relationships in set 2 is not immediately clear, but it is clear why only one whole-part: portion assignment shows up: the context for this relationship-and-elaboration in the DDC is both restricted and clear. The higher frequency for whole-part: element collection is addressed in section 3.4.

The story of set 2 is also discerned in comparing tables 3 and 6. First, a significantly higher proportion of set 2 assignments are in table 6 than set 1 assignments in table 3; that is, multiple, incomplete and/or uncertain assignments tend to be associated with total lack of agreement. While this is not necessarily so, neither is it surprising. Second, a significantly higher proportion of whole-part: element/collection assignments and lower proportion of whole-part: component/complex assignments occur in table 6 than in table 3. Again, whole-part: element/collection is a relationship type needing further investigation. 


Table 4: Agreement between judges on relationship and elaboration (set 2)

	Relationship + Elaboration
	Freq

	Specialization + [property/entity]
	9.5

	Class-instance + Individual
	1

	Class-instance + Subclass
	1

	Whole-part + Component/complex
	2

	Whole-part + Element/collection
	10

	Whole-part + Portion
	1




Table 5: Agreement between judges on relationship, but not elaboration (set 2)

	Relationship
	Elaboration 1
	Elaboration 2
	Freq

	Specialization
	[varies]
	[varies]
	3.5

	Class-instance
	Individual
	Subclass
	2.5

	Whole-part
	Component/complex
	Element/collection
	2

	Whole-part
	Element/collection
	Segment
	1

	Whole-part
	Portion
	Component/complex
	1




Table 6: Disagreement between judges on relationship and elaboration (set 2)

	Relationship 1
	Elaboration 1
	Relationship 2
	Elaboration 2
	Freq

	Specialization
	[varies]
	Class-instance
	Individual
	4

	Specialization
	[varies]
	Class-instance
	Subclass
	6

	Specialization
	[varies]
	Whole-part
	Component/complex
	5

	Specialization
	[varies]
	Whole-part
	Element/collection
	8

	Class-instance
	Individual
	Whole-part
	Component/complex
	1

	Class-instance
	Individual
	Whole-part
	Element/collection
	7

	Class-instance
	Individual
	Whole-part
	Portion
	1

	Class-instance
	Subclass
	Whole-part
	Element/collection
	1




3.4 Case studies

The degree to which relationship assignments were made consistently across judges and the lack of perceived need for additional relationship types combine to suggest a relatively satisfactory—but not necessarily perfect—relationship inventory. For instance, it was not always possible to distinguish between specialization and class-instance: subclass, both of which are IS-A relationships; specialization relates superordinate and subordinate classes in which both are classes, while with class-instance the subordinate class is an individual entity. However, with class-instance: subclass, the subordinate class is a class treated as an individual entity. The potential for confusion is clear. Consider, for example, the relationship between 324.245023 (Italian) Rightist parties and 324.2450238 (Italian) Fascist parties. Are fascist parties a subclass of rightist parties, or are they (treated as) an instance of rightist parties? The problem is that these two questions are not exclusive: whether or not the answer to the second question is yes, the answer to the first question is yes. The solution may be to restrict the class-instance relationship to (true) individuals.

Two other relationships that did not always seem clearly distinguishable are whole-part: element/collection and class-instance. Consider, for example, the relationship between 234.13 Spiritual gifts and 234.132 Speaking in tongues (Glossolalia). Is speaking in tongues an instance of a spiritual gift or an element of the collection of spiritual gifts? The answer relies on whether or not the subordinate is of the same kind as the superordinate. Since speaking in tongues is a spiritual gift, class-instance applies. Unfortunately, our guidelines were not clear on this distinction and were guilty sometimes of leading us astray. The solution here involves applying the IS-A test.

Given the potential for confusion between class-instance and specialization, on the one hand, and between class-instance and whole-part: element/collection, on the other, it is not surprising that we also encountered a high degree of disagreement between specialization and whole-part: element/collection. An example is the relationship between 636.73 Working and herding dogs and 636.737 Herding dogs. The multitopic caption at 636.73 is a common phenomenon in the DDC. Sometimes a multitopic caption names topics, all of which are found in subordinate classes. At other times, as is the case here, one or more of the topics mentioned stay in the superordinate class while one or more other topics belong to subordinate classes. At 636.73 we have the note, “Standard subdivisions are added for working and herding dogs together, for working dogs alone,” which indicates that working dogs are classed in 636.73 while herding dogs are classed more specifically in 636.737. In general, herding dogs are considered a subclass of working dogs; thus, in general, the IS-A relationship operates between herding dogs and both parts of the caption at 636.73. In that sense, the relationship between 636.73 and 636.737 is a specialization relationship (with a function = herding elaboration). But multitopic captions can also be considered collections of topics, as in 618 Gynecology, obstetrics, pediatrics, geriatrics, with subordinate classes 618.1 Gynecology, 618.2 Obstetrics and 618.9 Pediatrics and geriatrics. If the superordinate class has a multitopic caption, should its relationship to subordinate classes vary between specialization and whole-part: element/collection based on how its standard-subdivisions-are-added note is worded? (How) Can the IS-A test be applied to multitopic captions? Resolution of this issue will require further consideration.


4. Transforming the notational hierarchy of the DDC into a shared formalism 

Structural differences between KOS and formalism-based ontologies have been highlighted regularly in the past. Recently, two principal ways of dealing with such difficulties as encountered while transforming a KOS into an ontology have emerged.

A first approach would use OWL to construct a metalanguage, a vocabulary, with which a KOS of a specific type, e.g., a classification system, can then be described. The distinctly defined semantic relationships of OWL are only used for building the metalanguage, not for the classification itself. The SKOS element vocabulary (SKOS Reference, 2009) is a particular example of this approach. OWL has been used to build SKOS, while SKOS can now be used to construct a specific classification.

The semantic relationships recognized by SKOS (e.g., skos:narrower) do not have the distinct implications or characteristics of their OWL “relatives” (e.g., owl:subclassOf). The “broader” relationship in SKOS makes no assumptions about class membership of individuals (in fact, concepts are individuals in this conceptualization). At the same time, their definition is more compatible with the less distinctly defined relationships in existing KOS (not surprisingly: this is the domain SKOS was constructed for).

With this approach, SKOS itself becomes the ontology, not the KOS described by SKOS. The KOS is treated as mere instance data, which severely limits the benefits that can be gained from using a formalism like OWL in the first place. Regarding the specific case of relationships in the DDC, this approach does not seem to be viable beyond relatively restricted applications (Panzer & Zeng, 2009).

A stricter approach uses OWL itself as the metalanguage for describing the KOS directly. This may be a better option for classification systems, as they share with OWL the general and somewhat related notion of “classes”[footnoteRef:5] as a basic entity.  While this could add powerful capabilities like automatic reasoning to the classification, it would also require an alignment of the semantic relationships present in the classification with those present in OWL. As our study has shown, even the identification of the generic/specialization relationship (the only one with a directly corresponding relation in OWL) in a system like the DDC is not trivial. Other relationship types and instances would probably need to be revised in order to be translatable into OWL constructs. [5:  As the Green & Panzer (2010) study showed, classes in the DDC are often best characterized as topic neighborhoods, making topics basic entities as well. The same hierarchical relationships studied here exist between DDC topics; in many cases, the relationships between classes directly reflect and are derived from relationships between topics. While comprehensive treatment of this parallel set of hierarchical relationships is beyond the scope of this study, topic relationships provide additional data opportunities for automated functions.] 


While it seems unrealistic to align all semantic relationships with OWL completely, the relationships observed in the DDC’s notational hierarchy are a promising start. Using OWL’s strong interpretation of subclasses could successfully be applied to the specialization relationship. A specific whole-part relationship type could also be created to accommodate the whole-part: element/collection relationship. In both cases, great care must be taken to distinguish class-instance relationships from the above, in order to satisfy the formally defined meanings of the OWL constructs. 

This stronger “typing” of some DDC relationships could yield great rewards. Chains of DDC classes connected by generic relationships, even if other relationship types intervene, could be more easily used for automatic classification, more sophisticated retrieval, automatic manipulation of captions, etc., by exploiting semantic features like transitivity, members of a subclass inheriting all characteristics of the superclass, etc.

While not unproblematic in our study, it also seems worthwhile to indicate the characteristic used in constraining the extension of a subclass, whether by entity combination or property restriction. Giving this information would not only serve as justification for the creation of a specific class, but would also help isolate “facets.” These could be recombined within a specific generic class hierarchy, adding flexibility to information discovery with DDC numbers.


5. Conclusion and future work

While we enjoyed a high level of agreement in relationship assignments, we have identified several areas (e.g., relationship inventory, relationship assignment guidelines) where changes would probably improve our ability to identify the operative hierarchical relationship type in a particular context. We have identified hierarchical relationships involving multitopic captions as a particular phenomenon needing investigation; a parallel study of hierarchical relationships between topics in hierarchically-related classes is called for as well.

We assume that relationship identification difficulties would arise even after these improvements are made. The possibility of bad structure in portions of the schedules or tables must be acknowledged. Difficulty in hierarchical relationship identification could be a way of locating areas in the classification needing revision.

Building on our pre-adoption of whole-part: portion for spatial regions within spatial regions and time spans within time spans, we would do well to examine other areas of the DDC (e.g., Table 5. Ethnic and National Groups, Table 6. Languages) for relationships that structure extended portions of the tables or schedules. Where these exist and especially where they are not always expressed uniformly, we would want to pre-determine the most appropriate hierarchical relationship.

Ultimately, the goal of consistent identification of relationships in the DDC is to transform the system into a formalism where the power of those relationships can facilitate better knowledge organization and end-user discovery.
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