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Why	mathematics	is		challenging	for	bibliometrics?

1. Few	publications	and	references	àmetrics	are	sensitive	to	distortions

2. The	unusual	longevity	of	mathematical	research

3. The	diverse	nature	of	mathematics

à Quantitative	methods	like	bibliometric	analysis	are	prone	to	
misrepresentations!

Need	to	consider	subject	information	!!
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Mathematical	Subject	Classification	(MSC)

• Mathematical	Subject	Classification	(MSC)
• Classification	scheme	maintained	by	Mathematical	Reviews,	zbMATH
• Introduced	in	1970
• Revised	every	10	years
• Current	version:	MSC2010
• Linked	to	DBpedia
• Three-level	classification	tree	
• 63	first-level	nodes
• >400	second-level	nodes	
• >5000	leaf	nodes	
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zbMATH Data

• ZentralblattMATH	(zbMATH)	[1]:	service	for	abstracting	and	reviewing	
pure	and	applied	mathematical	documents.			

• Contains	>3.5	M	bibliographic	entries.
• Coverage	from	18th century	up	to	now!
• Available	online
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[1]:	https://zbmath.org/
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Statistical	Analysis	of	zbMATH Data	(I)
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Statistical	Analysis	of	zbMATH Data	(II)
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Citation	frequency	of	top	level	MSC	categories.

à Necessity	to	consider	 subject	information	 for	bibliometric	 studies	in	mathematics.

Highly	diverse	citation	frequency	 for	the	top	level	MSC	categories.



Page

Basic	Hierarchy	of	MSC2010	(SKOS	Core)
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Concept-
Scheme ConceptConcept

Concept

skos:narrower

skos:broader

skos:seeAlso
skos:inScheme

skos:hasTopConcept

skos:TopConceptOf

msc2010:53A40	a	skos:Concept ;
skos:inSchememsc:2010:	;
skos:broadermsc:53Axx	;
skos:preferedLabel “Other	special	
differential	geometries@en”	 ;
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MSC2010	links	to	DBpedia [Lange	et	al.	CICM’12]
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Concept-
Scheme ConceptConcept

Concept

DBpedia-
Entity

DBpedia-
Entity

skos:narrower

skos:broader

owl:sameAs

owl:sameAs

skos:seeAlso
skos:inScheme

skos:hasTopConcept

skos:TopConceptOf

970	MSC2010	subject	linked	to	2.960	
DBpedia entities.	
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Adjustments	on	links	to	DBpedia

• Replace	redirects	with	the	URI	of	the	original	DBpedia entity.

• Replace		the	URIs	of	DBpedia entities	changed from	previous	versions	.

• Extension	of	links	to	DBpedia.
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MSC2010	links	to	DBpedia -- Extended
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MSC2010	links	to	DBpedia -- Extended
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Concept-
Scheme ConceptConcept

Concept

DBpedia-
Entity

DBpedia-
Entity

skos:narrower

skos:narrower

skos:broader

owl:sameAs

owl:sameAs

skos:seeAlso

skos:seeAlso skos:broader

skos:inScheme

skos:hasTopConcept

skos:TopConceptOf

+	1.525	skos:narrower
+	234				skos:broader
+	283				skos:seeAlso

New	links
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Similarity	of	MSC2010	Categories

• Semantic	similarity:	wr.t.	DBpedia entities	corresponding	to	MSC2010	
categories.	
• Use	similarity	method	proposed	in	[Piao et	al.]
• Properties	of	the	resources
• Other	similarity	measures:	equal	self-similarity,	symmetry,	minimality

• Statistical	similarity: w.r.t MSC2010	categories	assigned	to	zbMATH paper	
collection.
• Symmetric

• Asymmetric
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Jaccard(cata, catb) =
cata\catb
cata[catb

Jaccard(cata ! catb) =
cata\catb

cata



Page

Experimental	Setup	- Results

• Statistical	similarity:		zbMATH collection	of	papers	a.k.a.	100K	papers.	

• Semantic	similarity:	Top	10K	category	pairs	from	statistical	similarity.
• Symmetric:	937	mapped	to	DBpedia via	owl:sameAs.
• Asymmetric:	672	mapped	to	DBpedia via	owl:sameAs.

• Correlations	coefficient	of	semantic	and	statistical	similarities
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Similarity measures r
Semantic	– Jaccard 0.34

Semantic	– asymmetric	Jaccard -0.04
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Issues	in	MSC2010	(1/2)

• Structural	Issues
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Super-category Sub-category Label

13Gxx 13G05 Integral	domains

14Txx 14T05 Tropical	geometry

22Cxx 22C05 Compact	groups

45Qxx 45Q05 Inverse	problems

62Qxx 62Q05 Statistical	tables

65Axx 65A05 Tables

85-XX 85Axx Astronomy	and	astrophysics

… … …
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Issues	in	MSC2010	(2/2)

• Imprecise	owl:sameAs links
• Links	to	redirects resources	to	DBpedia.

• Erroneous links	between	the	MSC2010	and	DBpedia.	
• E.g.	:
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msc:65A05 dbr:tablets
owl:sameAs

“tables@en”

skos:preferedLabel
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Issues	in	MSC2010	(2/2)

• Imprecise	owl:sameAs links
• Links	to	redirects resources	to	DBpedia.

• Erroneous links	between	the	MSC2010	and	DBpedia.	
• E.g.	:
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msc:65A05 dbr:tablets

dbr:tables
owl:sameAs

“tables@en”

skos:preferedLabel

owl:sameAs
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Conclusions

• Correct,	upgrade,	and		extend	existing	MSC2010	mappings	to	DBpedia.

• Computation	of	MSC	categories	similarity		through	statistical	and	semantic	
measures.

• Detection	of	inconsistencies	in	MSC2010.	
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Thank you !

We are hiring! 
Come and talk to us!
ISE group @AIFB KIT

Questions?
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