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CLASSIFICATION SCHEMES for INTERNET RESOURCES REVISITED

Diane Vizine-Goetz

SUMMARY.  Library classification schemes have become increasingly available in electronic form and undergone many enhancements that make them attractive for web knowledge organization.  In fact, library professionals have been quite successful in applying library classification to Internet-based information services in a number of projects, both small and large.  Yet, many opportunities remain for improving our general knowledge organization tools and using them in new ways.  In this article, the DDC hierarchy structure is compared to the subject trees of Internet directory services in terms categories, hierarchies, and distributions of postings.  The schemes are also compared with respect to several general characteristics that support browsing.  The findings suggest that the prospects are very good for developing effective DDC-based browsing structures to large collections.
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INTRODUCTION

Approximately 6 years ago I assessed the potential of library classification schemes such as the Dewey Decimal Classification  (DDC) and the Library of Congress Classification (LCC) to provide access to Internet resources1. An examination of the content of selected categories, structure of hierarchies, and role of notation lead to the following observations:

· Library schemes compare favorably to Internet schemes in terms of overall coverage of topics

· Library schemes have hierarchies that are broad and deep enough to support effective browsing

· Library schemes, which contain class notations, have an advantage over Internet schemes since class numbers can be used to manipulate categories for browsing and retrieval.

That study also identified several improvements that should be made to library schemes (e.g., updated captions, new terminology, and more links to other vocabularies) if they were to become a major tool for providing access to both traditional collections and Internet resources.

Since then, library classification schemes have become increasingly available in electronic form and undergone many enhancements2-4.  Additionally, library professionals have been quite prolific in applying library classification to Internet-based information services.  The number of electronic resources classed by Dewey and LCC has also risen dramatically.  In 1996 there were fewer than 1,000 bibliographic records for Internet resources in the WorldCat database5.  Now there are more than 500,000 records6 with hundreds of thousands of DDC and LCC class numbers assigned to them7.  Improved access to web versions of the DDC and licensing of the database for research purposes have led to several Internet projects that are exploring end user applications of Dewey.  The projects serve a range of needs and audiences:

· BIOME8, which provides access to Internet resources in the health and life sciences, is aimed at students, academics and practitioners.  The DDC is used in two of its subject gateways (Agrifor and Natural World) to support browsing;

· BUBL LINK9, run by University of Strathclyde, is an Internet-based information service for the UK higher education community.  BUBL presents a directory style interface to web resources based on the DDC;

· Renardus10, a collaborative project involving several European subject gateways, is developing an academic subject gateway to support learning and research. The DDC is being used to provide a common browsing structure and switching language for the different subject vocabularies used by the project partners.  

With the advances have come opportunities for improving our general knowledge organization tools and using them in new ways.  For example, the hierarchy structures of library classification schemes are thought to have great potential as browsing structures. They are often compared to the subject trees of Internet directory services, which are now the norm on the web; however, research is needed to determine if library schemes require adaptations if they are to be used in a similar way to support browsing.  In this paper, the DDC scheme and its application in several million bibliographic records are compared to the subject trees of Yahoo and LookSmart.  It is reasonable to compare the DDC to these services since they employ extensive classificatory structures that have been applied to large numbers of resources11.  Their use of subject categorization is similar in scope and scale to the application of traditional classification schemes in library databases.  The schemes are also compared with respect to several general characteristics that support browsing.

LIBARAY CLASSIFICATION SCHEMES

 AND

 INTERNET SUBJECT TREES

Background

An article by Alan Wheatley12 published in 1999 provided the basis for the comparisons in this paper.  In his article, Wheatley gives estimates of the number of categories and postings (web sites, etc.) at various levels of hierarchy for the subject trees of major Internet directory services.  He describes several properties of the schemes based on these analyses and on accepted views of the schemes.  The following are relevant to this study:

· Subject trees have about 12-20 top level headings

· Top-level headings have almost no postings

· Two-thirds of the postings are concentrated at levels 4 or 5

· Subject trees provide the advantages of browsing without the complexities of traditional bibliographic classification schemes

· Subject trees provide alphabetical and hierarchical access without using the formal term relationships (broader terms, narrower terms, etc.) found in traditional thesauri

· Subject trees can be applied to multilingual collections

For this paper the DDC was analyzed in a similar way.  Statistics for total number of available categories, number of categories by level, distribution of resources across categories and levels, and average category size were computed for the categories in the DDC scheme and the postings in a large file of bibliographic resources.  The file consisted of 1.8 million bibliographic records with DDC numbers extracted from the OCLC WorldCat database13.

Categories and Hierarchy

Built Numbers

The DDC has been described as a “number-building machine”14.  Built numbers represent categories not specifically named in the schedules.  They are created by combining listed topics according to instructions given in the Dewey classification schedules15. Although built numbers for many complex topics are included in the DDC, they account for only a fraction of the potential topics that can be represented.  The following example may help to illustrate.  The built number, 635.91531 for the category, propagating ornamental plants from seeds, is created by combining a class number in the schedules with a part of another schedule number (in this example, the numbers following 631 in 631.2-631.8) 

Flowers and ornamental plants

Specific techniques; apparatus, equipment, materials
635.91


Propagation from seeds





531

This is one of the many ways of building class numbers in the DDC.  In Figure 1, categories in bold and bold italic type represent schedule numbers and built class numbers that are included in the print and electronic version of the DDC. Categories in normal type represent additional built class numbers, created by librarians, found in the bibliographic file.

FIGURE 1.  Expanded array of Dewey Categories

	DDC Class
	Category Name
	Level

	
	
	

	635.9
	Flowers and ornamental plants
	4

	635.90*
	
Standard subdivisions and special topics
	5

	635.903
	

Gardening—Dictionaries
	6

	635.905
	

Gardening—Periodicals
	6

	635.90941
	

Gardening—Great Britain
	6

	635.90973
	

Gardening—United States
	6

	635.91
	
Specific techniques; apparatus, equipment, …
	5

	635.9152
	

Nurseries (For plants)—floriculture
	6

	635.91521
	

Seeds—nursery production
	6

	635.91526
	

Bulbs (Plants)—nursery production
	6

	635.91531
	

Seeds—sowing
	6

	635.91532
	

Bulbs (Plants)—planting
	6

	635.91541
	

Grafting (Plant propagation)
	6

	635.91542
	

Pruning
	6

	635.91546
	

Arbors—floriculture
	6

	635.92
	
Injuries, diseases, pests
	5


*Not a class in the DDC but indicates the location of standard subdivisions & special topics

Class numbers of the form 6xx were assigned to level 1, 63x to level 2, 635 to level 3, 635.9 to level 4, and so on.  Category levels were calculated on the length of the DDC notation except for standard subdivisions and built numbers, which received special processing.  Standard subdivisions were treated as an implied level of general topics (see 635.90* in Figure 2) under which categories for standard subdivisions were grouped at the next deeper level.  The hierarchy level for built numbers was calculated by adding 1 to the level of the base number.  Category levels for standard subdivisions and built numbers were calculated in this way to group related classes for the purpose of browsing when intermediate levels of hierarchy are not explicitly represented.  The categories 635.91531 Flowers and ornamental plants—Seeds—sowing and 635.91532 Flowers and ornamental plants— Bulbs (Plants)—planting are built number examples. The portion of the hierarchy for specific techniques in agriculture from which these numbers are built consists of the following categories: 

631.5

        Cultivation and harvesting

631.53

            Plant propagation

631.531
                Propagation from seeds (Sowing)

631.532
                Propagation from bulbs and tubers

Two of these topics, 631.531 Propagation from seeds, and 631.532 Propagation from bulbs and tubers, were combined with the topic 639.91 Flowers and ornamental plants—Specific techniques to form the built numbers 635.91531 Flowers and ornamental plants—Seeds—sowing and 635.91532 Flowers and ornamental plants—Bulbs (plants)—planting.  Built numbers for the topics, Cultivation and harvesting and Plant propagation, in the agricultural techniques hierarchy and the topic, Flowers and ornamental plants, did not occur in DDC itself or in the bibliographic records in this study.  If levels had been calculated on the length of the notation as they were for non-built numbers, the topic Seeds—sowing would have been separated from the topic Flowers and ornamental plants—Specific techniques by 2 levels of missing hierarchy (635.915 and 635.9153).  Supplying the intermediate levels to complete the hierarchies for built numbers was beyond the scope of this study.  The approach employed in this study had the effect of grouping some categories at a higher level than they would have been had the class numbers been fully analyzed.  Levels and postings for built vs. non-built numbers can be compared using Tables 1 & 2 and Appendix 2, which contains the statistics for non-built numbers in the DDC.  Further research is needed to determine how to code and present hierarchies for built numbers.

Two sets of statistics were computed for categories in the Dewey classification scheme.  The first set, called DDC Outline, includes all schedule numbers and built class numbers in the print and electronic versions of the DDC (categories in bold and bold italic in Figure 1).  The second set, called the Expanded DDC, includes all class numbers in the first set plus additional built class numbers in the bibliographic file (all categories in Figure 1).  The second set, which reflects the impact of number building, presents a more accurate picture of Dewey’s ability to represent topics than the set based only on the categories in the print and electronic version of the DDC.  

TABLE 1.  Distribution of categories by level for DDC, Yahoo and LookSmart

	Category

Level
	DDC

Outline
	Expanded

DDC
	Yahoo!
	LookSmart

	1
	10
	10
	14
	13

	2
	99
	99
	420
	160

	3
	897
	897
	3,509
	1,681

	4
	4,415
	8,121
	7,562
	8,604

	5
	8,574
	11,372
	11,058
	9,191

	6
	9,986
	12,360
	6,823
	1,021

	7
	5,590
	7,354
	15,352
	0

	8
	1,820
	2,917
	16,632
	0

	9
	535
	923
	2,376
	0

	10
	93
	248
	0
	0

	11
	20
	36
	0
	0

	12
	9
	11
	
	

	13
	0
	2
	
	

	Total
	32,048
	44,350
	63,746
	20,670*


* Wheatley reports a total of 20,675
Wheatley’s figures for Yahoo and LookSmart are given in Table 1 along with the distribution of DDC categories by level.  The total number of categories in the expanded DDC (44,350) falls midway between the total number of categories in Yahoo (63,746) and the number in LookSmart (20,670).  Despite differences at given category levels, the DDC appears to be both broad enough and deep enough to support browsing in the manner of Internet subject trees. The DDC has the deepest structure with 13 category levels and LookSmart the shallowest with only 6 levels.  Yahoo and DDC provide about the same number of topics at levels 4-7.  There are 40,795 for Yahoo and 39,207 for the Expanded DDC.  Yahoo provides about twice as many topics as the DDC at level 7, although some of the difference is likely due to the way hierarchies for built numbers were computed for the Dewey.  It would be interesting nonetheless to learn more about the categories at the lower levels of Yahoo.  Are they innovative subarrangements that could be adapted to library classification schemes; or, are they the alphabetical breakdowns referred to by Wheatley?  In fact, there is a hidden hierarchy at many levels in Dewey, not represented in Table 1, where subarrangement by instance is preferred.  It can be found in categories for computer language, name of TV program, make of car, etc., which are subarranged alphabetically.  

Categories and Postings

The DDC hierarchy when viewed as a browsing structure for bibliographic records fits the pattern observed by Wheatley for Internet subject trees where few resources are posted at the broadest category levels.  See Table 2, Distribution of resources by category level.  The counts of resources by level for Yahoo and Looksmart are again given alongside the counts for DDC.  The DDC’s broad-to-specific category structure is easily understood; but it is sometimes criticized for having some categories at lower levels that are as important or more important than categories at higher levels.  On the surface the DDC notation would appear to impose constraints on the browsing structure, but in reality it can provide a great deal of flexibility.  The notation can be manipulated to elevate whole branches of the tree to higher levels for display.  For example, various topics in engineering which occur at levels 4 and 5 of the DDC hierarchy could be presented at level 3 and also at their regular positions in the hierarchy

Technology > Engineering

Aerospace engineering  (level 4)

Automotive engineering (level 4)

Chemical engineering

Civil engineering 

Hydraulic engineering

Military and nautical engineering

Mining engineering

Nuclear engineering (level 5)  

Railroads and roads   

Sanitary, municipal, & environmental engineering   

Graphical browsing techniques also have the potential to facilitate hierarchy navigation.  The Renardus project, mentioned in the Introduction, is experimenting with a graphical display of the DDC that provides an overview of all categories that surround a given category.  The typical display shows all categories one level above and two levels below in the hierarchy.  This project will eventually provide the DDC browsing structure in some of the languages of the DDC translations (e.g., French and German).  The project currently provides access to a multilingual collection through an English language interface. 


  In spite of efforts to make navigation easier, if a majority of resources are categorized at lower levels, users still might have to browse down several levels of the hierarchy before reaching relevant information.  Interestingly, the results for the DDC were very much in line with Wheatley’s findings.  Like Internet subject trees, approximately two thirds of DDC postings were at level 5 and above.  As shown in Table 2, 69.3% of DDC postings were at level 5 and above as compared to 68.6% for Yahoo.  This percentage holds even when built class numbers are removed from the DDC statistics. See Appendix 2.  Although, Yahoo and Dewey both have deep hierarchies (a maximum of 7 and 13 levels, respectively) only 13% of DDC categorized items are at level 7 or below as compared to 22% for Yahoo.  Because directory services often list web sites in more than one category and categories at more than one level, users of Yahoo may not necessarily have to browse as deep as the figures imply.

TABLE 2.  Distribution of resources by category level

	Category

 Level
	Expanded

DDC
	%
	Yahoo!
	%
	LookSmart
	%

	1
	0
	0.0%
	12
	0.0%
	0
	0.0%

	2
	0
	0.0%
	11,209
	2.5%
	243
	0.1%

	3
	220,786
	12.2%
	79,764
	17.7%
	30,514
	6.6%

	4
	635,790
	35.1%
	132,782
	29.4%
	183,519
	39.5%

	5
	399,097
	22.0%
	86,114
	19.1%
	243,391
	52.4%

	Subtotal
	
	69.3%
	
	68.6%
	
	98.5%

	6
	326,187
	18.0%
	43,072
	9.5%
	7,147
	1.5%

	7
	156,204
	8.6%
	51,174
	11.3%
	0
	0.0%

	8
	57,122
	3.2%
	38,015
	8.4%
	0
	0.0%

	9
	13,884
	0.8%
	9,504
	2.1%
	0
	0.0%

	10
	2,848
	0.2%
	0
	0.0%
	0
	0.0%

	11
	598
	0.0%
	0
	0.0%
	0
	0.0%

	12
	126
	0.0%
	0
	0.0%
	0
	0.0%

	13
	49
	0.0%
	
	
	
	

	Total
	1,812,691
	*100.1%
	451,646
	100.0%
	464,814
	100.0%

	Ave. Items/

 Category
	41
	
	7.1
	
	22.5
	


     * Total is greater than 100% due to rounding

Collection Size

The figures in the Table 2 indicate that category size may be a more significant impediment to effective browsing than depth of hierarchy, especially for a very large collection of resources.  The DDC, with 4 times as many resources as the other collections, had the highest average number of items per category at 41.  LookSmart followed with 22.5.  The average number of items per category by level was also computed for the three schemes (Table 3).  Again the DDC had the highest average number of items per category at any level, 246.1 at level 3.  The second highest was Yahoo with 26.7 at level 2.  Lists of 2 to 27 items (the low for LookSmart and high for Yahoo) can be scanned without much difficulty by users, but a list of over 200 items is unmanageable, even if presented across several pages.  We know that for the DDC many of the groups are much larger than what is indicated by the averages.  This is no doubt true for the subject trees as well.  For the DDC collection the largest group, American fiction—1945-1999, contained 60,578 items.  Appendix 1 contains the top 25 categories by category size in the DDC collection.  Although the DDC was not designed to provide a further subarrangement for many of these categories, links to other knowledge structures can provide some options.

TABLE 3.  Average number of items per category by level

	Category

Level
	Expanded

DDC
	Yahoo!
	LookSmart

	1
	
	0.9
	0.0

	2
	
	26.7
	1.5

	3
	246.1
	22.7
	18.2

	4
	78.3
	17.6
	21.3

	5
	35.1
	7.8
	26.5

	6
	26.4
	6.3
	7.0

	7
	21.2
	3.3
	

	8
	19.6
	2.3
	

	9
	15.0
	4.0
	

	10
	11.5
	
	

	11
	16.6
	
	

	12
	11.5
	
	

	13
	24.5
	
	


For several years the Dewey editors and researchers at OCLC have been mapping Dewey classes and Library of Congress subject headings through a variety of editorial and statistical techniques.  About 87,000 mappings have been made.  Many of the LCSH are added to the electronic version of the DDC to provide additional indexing vocabulary for topics in the classification.  The mapped headings could be used just as well to provide additional subject breakdowns for highly posted classes.  For example, hundreds of headings for fictitious characters have been mapped to 813.54:

Durell, Sam (Fictitious character)  

Duvall, Cheney (Fictitious character)  

Eaton, Jake (Fictitious character) 

Eckert, James (Fictitious character)  

Edmund (Fictitious character: Jackson)  

Eldridge, Louise (Fictitious character) 

Elliot Moose (Fictitious character)

Elliott, Maggie (Fictitious character)  

Elliott, Scott (Fictitious character) 

Ellis, Trade (Fictitious character) 

Elminster (Fictitious character) 

Epps, Margalo (Fictitious character)

Fairchild, Faith Sibley (Fictitious character)  

Fansler, Kate (Fictitious character)

Numerous other helpful mappings have been made for highly posted categories.  When systematic approaches aren’t applicable, large categories could be ordered by date, popularity of the resource or some combination of the two.

CONCLUSIONS

The analyses in this paper indicate that the DDC’s category structure and Internet subject trees have many common properties.  Both Internet subject trees and the DDC provide hierarchical and alphabetical access to collections.  Both have category structures that can be applied in a multilingual environment.  The DDC would seem to have an advantage here since it has been translated into 30 languages.  And, like the postings in Internet subject trees, more than two-thirds of the postings of a DDC categorized collection were at level five or above, meaning that the majority of relevant resources are located in the upper third of the DDC’s hierarchy structure.  Overall, the findings suggest that the prospects are very good for developing effective DDC-based browsing structures to large collections.
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APPENDIX 1

TOP 25 Categories by Category Size

	Rank
	Class
	Count
	Caption

	1
	813.54
	60,578
	American fiction—1945-1999

	2
	811.54
	23,009
	American poetry—1945-1999

	3
	929.20973
	22,252
	Family histories—United States

	4
	823.914
	21,958
	English fiction—1945-1999

	5
	813.52
	9,903
	American fiction—1900-1945

	6
	823.912
	9,360
	English fiction—1900-1945

	7
	843.914
	8,004
	French fiction—1945-1999

	8
	863
	7,283
	Spanish fiction

	9
	823
	6,261
	English fiction

	10
	861
	5,966
	Spanish poetry

	11
	821.914
	5,102
	English poetry—1945-1999

	12
	822.33
	4,978
	William Shakespeare

	13
	823.8
	4,439
	English fiction—1837-1899

	14
	812.54
	4,104
	American drama—1945-1999

	15
	510
	4,068
	Mathematics

	16
	641.5
	3,678
	Cooking

	17
	841.914
	3,625
	French poetry—1945-1999

	18
	821
	3,499
	English poetry

	19
	895.135
	3,486
	Chinese fiction—1912-

	20
	759.13
	3,444
	Painting, American

	21
	811.52
	3,141
	American poetry—1900-1945

	22
	843.912
	3,134
	French fiction—1900-1945

	23
	248.4
	3,029
	Christian life and practice

	24
	081
	2,987
	Quotations, American

	25
	833.914
	2,943
	German fiction—1945-1990


APPENDIX 2

Statistics for DDC without Built Numbers

	Level
	Categories
	Postings
	%

Postings/

Level
	Cum %
	Ave.

Postings/

Category

	1
	10
	0
	0.0%
	0.0%
	0.0

	2
	99
	0
	0.0%
	0.0%
	0.0

	3
	897
	220,786
	20.9%
	20.9%
	246.1

	4
	2,711
	232,601
	22.1%
	43.0%
	85.8

	5
	6,462
	272,381
	25.8%
	68.8%
	42.2

	6
	7,053
	204,709
	19.4%
	88.2%
	29.0

	7
	3,666
	94,535
	9.0%
	97.2%
	25.8

	8
	1,255
	23,698
	2.2%
	99.4%
	18.9

	9
	315
	5,051
	0.5%
	99.9%
	16.0

	10
	72
	764
	0.1%
	100.0%
	10.6

	11
	14
	172
	0.0%
	
	12.3

	12
	7
	79
	0.0%
	
	11.3

	13
	0
	0
	0.0%
	
	

	Total
	22,561
	1,054,776
	100.0%
	
	


PAGE  
9

