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Data	  Quality	  

§ We	  are	  moving	  towards	  a	  data	  driven	  world	  	  
§  from	  healthcare	  to	  retail	  and	  finance,	  data	  is	  
collected,	  analyzed	  and	  used	  to	  make	  decisions.	  

§  Data	  Science	  involves	  collecHng,	  cleansing	  and	  
integraHng	  data	  prior	  of	  analysis.	  	  

§  The	  quality	  of	  data	  is	  criHcal	  and	  affects	  the	  
outcome	  of	  all	  data	  science	  related	  tasks.	  
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Library	  Data	  
§  Any	  type	  of	  digital	  informaHon	  that	  describes	  
resources	  or	  supports	  their	  discovery	  and	  is	  
produced	  or	  curated	  by	  libraries.	  	  

§  Catalogues,	  bibliographies,	  vocabularies	  and	  
metadata	  elements.	  	  

§  Diversity	  of	  metadata	  schemas,	  vocabularies.	  
§  Huge	  volumes	  of	  data	  due	  to	  aggregaHon	  
services	  	  
§  Europeana,	  Research	  Data,	  Research	  
Infrastructures.	  
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Library	  Linked	  Data	  

§  Library	  data	  published	  as	  Linked	  Data.	  	  
§  LLD	  exploit	  the	  benefits	  of	  the	  Web	  standards:	  	  

§  Uniform	  Resource	  IdenHfiers	  (URIs),	  which	  idenHfy	  and	  
address	  resources;	  	  

§  HTTP	  protocol	  for	  interlinking	  URIs	  so	  as	  users	  can	  discover	  
more	  resources;	  	  

§  RDF	  for	  describing	  and	  organizing	  the	  resources;	  	  
§  SPARQL	  to	  retrieve	  RDF	  data.	  	  
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Current	  situa9on	  

§  Significant	  efforts	  
§ W3C	  Library	  Linked	  Data	  Incubator	  Group	  
§  NaHonal	  Library	  of	  Spain	  
§  BriHsh	  Library	  
§  Library	  of	  Congress,	  Bibliographic	  Framework	  
IniHaHve	  

§  Library	  data	  models	  
§  FRBR,	  FRBRoo,	  EDM,	  BIBFRAME	  

§  Low	  level	  semanHc	  interoperability	  
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Requirements	  

§ Moving	  from	  Records	  to	  EnHHes,	  ProperHes	  
and	  RelaHonships.	  	  

§  Interlinking:	  improved	  capabiliHes	  for	  
discovering	  library	  and	  non-‐library	  
informaHon	  resources	  from	  other	  trusted	  
sources.	  	  

§  Interoperability:	  common	  vocabularies	  and	  
harmonizaHon	  with	  commonly	  accepted	  
conceptual	  models.	  
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Ques9ons	  

§  How	  effecHvely	  could	  MARC	  records	  to	  be	  
converted	  to	  instances	  of	  LLD	  models?	  

§  Assessment	  of	  conversion	  process.	  
§  Assessment	  of	  interoperability	  between	  the	  
LLD:	  
§  Facilitate	  interlinking.	  
§  Facilitate	  explore	  and	  navigaHon	  user	  tasks.	  	  



An	  Experiment	  in	  2016	  

§  Linked	  Datasets	  published	  by	  	  
§  Bibliothèque	  NaHonale	  de	  France	  (BNF),	  
§  BriHsh	  Library	  (BNB),	  	  
§  Biblioteca	  NaHonal	  De	  Espana	  (BNE),	  and	  	  
§  Deutsche	  NaHonalbibliothek	  (DNB).	  	  

§  The	  data	  follow	  in	  general	  the	  LOD	  standards.	  
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Transforming	  MARC	  records	  to	  LLD	  

§ Missing	  informaHon,	  	  
§  Accuracy	  issues,	  
§  Inconsistencies	  that	  generate	  	  

§ matching	  issues	  in	  URIs	  and	  	  
§  different	  RDF	  graph	  structures.	  
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Transforming	  MARC	  records	  to	  LLD	  
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These sets represent bibliographic data published by institutions sharing similar mandates and 

objectives and furthermore belong to the same metadata traditions, so it is also interesting to 

compare the bibliographic structures on a more detailed level. This part of the study reveals 

highly different practices regarding interlinking targets (Figure 5), vocabulary usage, and 

bibliographic entities. Of the interlinking targets, only one (viaf.org) is shared by all sets. Of the 

28 targets identified across the sets, only eight are shared by more than two sets. Regarding 

vocabulary usage, only three of 1,141 unique property and class terms are used by the four 

publishers (owl:sameAs, rdf:type, and dct:language). Thirteen terms are shared 

by three sets, and 34 by two sets. BNE and BNF include W/E/M entities from the FRBR model 

but implement them differently. Figure 6 shows how such entities are implemented across the 

sets. 

 

Figure 6. W/E/M entities implemented in the four corpus sets. 

The diversity of vocabulary usage and the structural levels in the implementation of multi-entity 

models introduce some interoperability challenges to the potential integration of data between the 

sets.  



Transforming	  MARC	  records	  to	  LLD	  
§  Low	  degree	  of	  interlinking	  (actual	  no	  LOD)	  

§  among	  the	  sets	  with	  the	  most	  links	  
§  fewer	  external	  links	  than	  the	  “top	  linkers”	  
worldwide	  	  

§  isolated	  sets,	  was	  quite	  high	  on	  a	  general	  level.	  	  
§  Only	  viaf.org	  is	  shared	  by	  all	  sets.	  	  
§  8	  targets	  are	  shared	  by	  more	  than	  two	  sets,	  from	  the	  
28	  idenHfied	  across	  the	  sets.	  	  

§  3of	  1,141	  unique	  property	  and	  class	  terms	  are	  used	  by	  
the	  4	  libraries	  (owl:sameAs,	  rdf:type,	  and	  
dct:language),	  13	  terms	  by	  3	  sets,	  and	  34	  by	  2.	  	  

11	  



Metadata	  Quality	  issues	  

§  Cataloguing	  pracHces.	  
§ Modeling	  and	  Cataloguing	  policies.	  
§  Generate	  Interoperability	  issues	  and	  Interlinking	  
issues.	  

§  Diversity	  of	  semanHcs	  between	  Library	  Data	  
Models:	  	  need	  for	  interoperability	  between	  
them.	  
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Metadata	  Quality	  

§  Quality:	  compliance	  to	  standards.	  	  
§ Metadata	  quality	  affects	  data	  discovery	  and	  
retrieval	  and	  other	  operaHons	  and	  workflows	  
that	  are	  metadata	  driven.	  	  	  
§  such	  as	  data	  integraHon	  

§  Data	  quality	  is	  determined	  in	  terms	  of	  a	  set	  of	  
specific	  criteria:	  completeness,	  validity,	  
consistency,	  Hmeliness,	  accuracy,	  etc.	  
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Metadata	  Quality	  Assessment	  
§ Metadata	  quality	  is	  context	  dependent:	  

§  a	  metadata	  record	  that	  is	  30%	  complete	  (according	  
to	  its	  corresponding	  schema)	  might	  be	  of	  bejer	  
quality	  for	  a	  specific	  applicaHon	  and	  domain	  than	  
another	  record	  that	  is	  70%	  complete.	  	  

§ MulH-‐dimenHonality:	  
§  Domain:	  each	  schema	  fits	  to	  more	  than	  one	  domain.	  	  
§  ApplicaHon:	  the	  usage	  of	  a	  metadata	  schema	  is	  
based	  on	  different	  user	  needs	  and	  applicaHons.	  

§  The	  structure:	  the	  schema,	  the	  mandatory	  and	  
opHonal	  elements.	  
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Metadata	  Quality	  Assessment:	  
Framework	  
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Metadata	  Quality	  Assessment	  
Criteria:	  Completeness	  
§  The	  percentage	  of	  compleHon	  of	  the	  elements	  of	  a	  
schema.	  	  
§  Element	  groups	  (i=1,…,N):	  mandatory	  elements,	  
recommended	  elements,	  opHonal	  elements.	  

§  Quanta	  (j=1,…,Q):	  (j1)	  completeness	  of	  the	  mandatory	  set	  
of	  elements,	  (j2)	  completeness	  of	  the	  ’recommended’	  
element	  set	  and	  (j3)	  completeness	  of	  opHonal	  elements.	  	  

§  γ(d,	  u,	  a)	  weighHng	  funcHon,	  depends	  on	  the	  context	  
classes	  domain	  (d),	  use	  (u)	  and	  applicaHon	  (a).	  	  
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Metadata	  Quality	  Assessment	  
Criteria:	  Accuracy	  
§  Ηow	  accurate	  is	  the	  informaHon	  provided	  to	  
describe	  a	  certain	  element.	  	  
§  An	  address	  is	  more	  accurate	  than	  a	  place	  label	  and	  less	  
accurate	  than	  a	  point	  (encoded	  in	  laHtude/longitude).	  	  

§  Different	  accuracy	  quanta	  may	  correspond	  to	  each	  
element	  group.	  	  

§  A	  funcHon	  of	  accuracy	  assigns	  values	  0	  or	  1	  to	  each	  
element	  group	  that	  belongs	  to	  a	  quantum	  	  
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Metadata	  Quality	  Assessment	  
Criteria:	  Consinstency	  
§  The	  metadata	  values	  are	  consistent	  with	  the	  
acceptable	  types	  of	  the	  metadata	  elements	  
described	  by	  the	  metadata	  schema.	  	  

§  The	  elements	  of	  a	  schema	  are	  used	  in	  a	  consistent	  
manner	  across	  a	  metadata	  record.	  	  
§  For	  example,	  in	  an	  academic	  repository	  if	  the	  contributor	  
element	  (dc:contributor)	  is	  only	  used	  to	  define	  the	  
commijee	  of	  the	  reviewers	  of	  a	  thesis.	  

§  Manual	  assessment.	  
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…	  and	  other	  contextual	  measures	  

§  Appropriateness:	  whether	  the	  values	  provided	  are	  
appropriate	  for	  the	  targeted	  use.	  	  

§  Auditability:	  Indicates	  whether	  the	  record	  can	  be	  
tracked	  back	  to	  its	  original	  form.	  	  
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…	  Applica9on	  

§  Repox:	  hjp://repox.io	  	  
§  46	  repositories	  
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Completeness	  	  
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Accuracy	  
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dc:date	   dc:language	   dc:contributor	   dc:rights	  

2011	   English,Spanis	   340:	  ICOM	   4cc_by	  

Spring	  2001	   other	   Animal	  Sciences	   ?	  The	  Authors	  

1 917 -‐ 1976	   and	  
updated	  

EN.	   Digital	   Repository	  
at	   the	   University	   of	  
Maryland	  

Open	  

12-‐May	   	  	   	  	   31/12/2100	  

1-‐May-‐12	   	  	   	  	   T h i s 	   i t e m 	   i s	  
probably	   protected	  
b y 	   C o p y r i g h t	  
LegislaHon	  



Data	  Quality	  in	  Europeana	  
§  Data	  Quality	  Commijee	  (DQC):	  to	  specify	  funcHonal	  
requirements	  that	  define	  the	  purpose	  of	  the	  metadata	  
and	  guide	  data-‐quality	  evaluaHon.	  

§  MulHlinguality	  is	  an	  inherent	  aspect	  of	  these	  
requirements.	  	  
§  Language	  of	  the	  object:	  access	  to	  objects	  in	  preferred	  
language.	  

§  Language	  of	  the	  metadata:	  retrieval	  of	  items	  and	  
determining	  their	  relevance.	  	  

§  If	  several	  language	  tags	  in	  different	  languages	  exist,	  the	  
mulHlingual	  value	  can	  be	  considered	  to	  be	  higher.	  	  

§  Appropriateness:	  whether	  the	  values	  provided	  are	  
appropriate	  for	  the	  targeted	  use.	  	  

§  Auditability:	  Indicates	  whether	  the	  record	  can	  be	  
tracked	  back	  to	  its	  original	  form.	  	  

	  

23	  



Data	  Quality	  in	  Europeana	  
§  Completeness:	  The	  presence	  of	  fields	  with	  language	  
tags	  or	  the	  presence	  of	  the	  dc:language	  field.	  

§  	  Consistency:	  With	  regard	  to	  mulHlinguality,	  it	  assesses	  
the	  variety	  of	  language	  values	  in	  the	  dc:language	  field.	  	  
§  define	  a	  standard	  for	  language	  notaHons	  and	  normalize	  the	  
field	  in	  this	  regard.	  

§  Accessibility:	  the	  degree	  to	  which	  mulHlingual	  
informaHon	  is	  present	  in	  the	  data.	  	  
§  how	  easy	  or	  hard	  it	  is	  for	  users	  with	  different	  language	  
backgrounds	  to	  access	  informaHon.	  	  
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Results	  
§  Completeness	  

§  CollecHon	  level:	  904	  out	  of	  3548	  collecHons	  have	  no	  value	  in	  
the	  dc:language	  field	  

§  Record	  level:	  58,03%	  of	  the	  records	  have	  a	  dc:language	  field.	  	  
§  Consistency	  

§  Total	  values	  in	  the	  Europeana	  dataset:	  33,070,941	  
§  Total	  values	  already	  normalized	  (ISO-‐639-‐1,	  2	  lejer	  codes):	  
23,634,661	  	  

§  Total	  values	  already	  normalized	  (ISO-‐639-‐3,	  three	  lejer	  
codes):	  4,831,534	  	  
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Interoperability	  

§  Real	  example.	  
§  Don	  Quijote	  de	  la	  Mancha	  

§ mulHpart	  monograph	  	  
§ published	  in	  a	  single	  volume,	  
§ published	  as	  individual	  volumes	  too.	  
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Test	  case:	  Don	  Quijote	  de	  la	  Mancha	  
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FRBR	  representa9on	  
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BIBFRAME	  representa9on	  
§  Enable	  the	  transiHon	  of	  MARC21	  data	  to	  the	  
web	  of	  data	  



Interoperability:	  Explore	  
§  To	  discover	  resources	  using	  the	  rela9onships	  
between	  them	  and	  thus	  place	  the	  resources	  in	  a	  
context.	  	  

§  Content	  relaHonships	  
§  Equivalence	  
§  Deriva9ons	  
§  DescripHve	  
§  Whole-‐part	  
§  Accompanying	  
§  SequenHal	  
§  Shared	  characterisHc	  
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Complexity:	  Deriva9ons	  in	  FRBR	  
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Work	  to	  Work	  
	  

Expression	  to	  Expression	  
	  

Expression	  to	  Work	  

SummarizaHon	  
	  

Abridgement	  
	  

SummarizaHon	  

AdaptaHon	  
	  

Revision	  
	  

AdaptaHon	  

TransformaHon	  
	  

TranslaHon	  
	  

TransformaHon	  

ImitaHon	  
	  

Arrangement	  (music)	  
	  

ImitaHon	  

SummarizaHon	  
	  

AdaptaHon	  
	  

TransformaHon	  
	  

ImitaHon	  
	  



Complexity:	  Deriva9ons	  in	  BIBFRAME	  
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§  DerivaHve	  relaHonships	  are	  mostly	  evolved	  in	  translaHons,	  
adaptaHons,	  abridgements,	  dramaHzaHons.	  

bf:relatedTo	  

bf:derivaHveOf	  

bf:originalVersion	   Bf:otherEdiHon	   bf:translaHonOf	  

bf:hasDerivaHve	  

bf:originalVersionOf	   bf:translaHon	  



Interoperability	  
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§ Would	  be	  possible	  to	  map	  all	  these	  
properHes?	  
§ From	  FRBR	  or	  LRM	  to	  BIBFRAME	  
§ From	  BIBFRAME	  to	  FRBR	  and	  LRM	  

§ Preserve	  Bibliographic	  families	  between	  
models.	  



Bibliographic	  Family	  

§  ‘a	  set	  of	  related	  bibliographic	  works	  that	  are	  somehow	  
derived	  from	  a	  common	  progenitor’	  	  	  	  	  	  	  	  	  
(coined	  by	  Prof.	  Smiraglia)	  
§  Works	  or	  Expressions	  within	  the	  same	  bibliographic	  family	  may	  
share	  the	  same	  intellectual	  content	  and	  be	  related	  to	  the	  
progenitor	  through	  different	  types	  of	  relaHonships	  

§  Expresses	  how	  a	  Work	  (its	  ideas)	  is	  influenced	  by	  or	  
influences	  other	  works	  in	  Hme	  
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A	  bibliographic	  family	  in	  BIBFRAME	  	  
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§  Homer.	  Iliad	  	  

bf:otherEdition 

Iliad, Sound recording 

bf:Audio 

Iliad, English text 
(abridged) 

bf:Work 
bf:otherEdition 

Iliad, French text 

bf:Work 

Iliad, English text 
(Arthur Hall Esquire) 

bf:Work 

Iliad, Latin text 

bf:Work 

Iliad, English text  
(George Chapman) 

bf:Work 

bf:translation bf:translation 

Iliad, English text  
(Stanley Lombardo) 

bf:Work 

Iliad, Braille  

bf:Work 



Mapping	  Evalua9on	  Methodology	  
§  Evaluate	  the	  efficiency	  of	  mappings	  using	  Gold	  
Standard	  datasets	  

§  Two	  Gold	  Standard	  Datasets	  
§  Gold	  FRBR	  
§  Gold	  BIBFRAME	  	  

§ Mapping	  Gold	  FRBR	  to	  BIBFRAME	  (BIBF1	  
dataset)	  

§  Compare	  BIBF1	  against	  Gold	  BIBFRAME	  
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Records	  per	  family	  

§  Cien	  años	  de	  soledad	  (15	  records)	  
§  Crime	  and	  Punishment	  (29	  records)	  
§  Don	  Quijote	  (11	  records)	  
§  Faust	  (28	  records)	  
§  Iliad	  (25	  records)	  
§  Karamazov	  Brothers	  (21	  records)	  
§  Madame	  Bovary	  (32	  records)	  
§  Odyssey	  (20	  records)	  
§  The	  Scarlet	  leHer	  (24	  records)	  
§  Tom	  Sawyer	  (31	  records)	  
§  Wuthering	  Heights	  (20	  records)	  
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Total: 256 records 



Development	  of	  datasets:	  Quality	  Issues	  
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§  Homer.	  Iliad	  	  

bf:otherEdition 

Iliad, Sound recording 

bf:Audio 

Iliad, English text 
(abridged) 

bf:Work 
bf:otherEdition 

Iliad, French text 

bf:Work 

Iliad, English text 
(Arthur Hall Esquire) 

bf:Work 

Iliad, Latin text 

bf:Work 

Iliad, English text  
(George Chapman) 

bf:Work 

bf:translation bf:translation 

Iliad, English text  
(Stanley Lombardo) 

bf:Work 

Iliad, Braille  

bf:Work 

…	  Some	  relaHonships	  are	  lost!	  	  
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§  ConverHng	  MARC	  records	  to	  BF	  	  
§  How	  effecHvely	  could	  	  MARC	  to	  BF	  conversion	  track	  down	  
Content	  RelaHonships	  and	  Bibliographic	  Families?	  

§  Assessment	  of	  conversion	  process	  	  

bf:otherEdition 

Iliad, Sound recording 

bf:Audio 

Iliad, English text 
(abridged) 

bf:Work 

bf:otherEdition 

Iliad, French text 

bf:Work 

Iliad, English text 
(Arthur Hall Esquire) 

bf:Work 

Iliad, Latin text 

bf:Work 

Iliad, English text  
(George Chapman) 

bf:Work 

bf:translation bf:translation 

Iliad, English text  
(Stanley Lombardo) 

bf:Work 

Iliad, Braille  

bf:Work 



Mapping	  Results	  
§  Core	  enHHes	  

40	  

Gold	  FRBR	   Gold	  BIBFRAME	  
	  

BIBF	  1	  
	  

Expressions	   ManifestaHons	   Works	  
	  

Instances	  	   Works	  
	  

Instances	  	  

229	   257	   230	   257	   229	   257	  



Mapping	  Results	  
§  RelaHonships	  
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FRBR	   BIBFRAME	  
Work-‐is	  realized	  	  through-‐Expression	   bf:Work	  
ManifestaHon	   bf:Instance	  

has	  a	  translaHon	   bf:translaHon	  

has	  a	  revision	  

bf:hasDerivaHve	  	  

has	  an	  abridgement	  	  
has	  adaptaHon	  

has	  a	  	  transformaHon	  
has	  an	  imitaHon	  



Mapping	  Results	  
§  RelaHonships	  
§ Mappings	  	  with	  high	  accuracy	  from	  FRBR	  to	  BF	  

§  Core	  enHHes	  
§  TranslaHon	  
§  NOT	  for	  other	  derivaHve	  relaHonships	  
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Gold	  FRBR	   Gold	  BIBFRAME	  
	  

BIBF	  1	  
	  

TranslaHon	  
( k n o w n	  
s o u r c e	  
expression)	  

	  
L i t e r a l	  

TranslaHon	   DerivaHon	   TranslaHon	   DerivaHon	   TranslaHon	   DerivaHon	  
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	  126	   77	   126	   77	   43	   622	  



Conclusions	  

§ Mappings	  	  with	  high	  accuracy	  from	  FRBR	  to	  BF	  
§  Core	  enHHes	  
§  TranslaHon	  
§  NOT	  for	  other	  derivaHve	  relaHonships	  

§ Mappings	  could	  be	  more	  accurate	  when	  
preprocess	  MARC	  records	  or	  post	  process	  
convertor	  results	  

43	  



Outlook	  

§  The	  creaHon	  of	  a	  testbed	  for:	  
§  HosHng	  LLD	  datasets	  following	  different	  data	  
models.	  

§  Algorithms	  for	  assessing	  the	  quality	  of	  legacy	  
(MARC)	  data.	  

§  Algorithms	  for	  generaHng	  LLD.	  
§  Algorithms	  for	  mapping	  LLD.	  
§  Assessment	  of	  mapping	  quality:	  new	  metrics,	  new	  
processes.	  

44	  
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