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Online	  Scholarly	  Digital	  Libraries	  

•  Digital	  libraries	  store	  and	  index	  scienHfic	  documents	  
– Make	  it	  easier	  for	  researchers	  to	  search	  for	  scienHfic	  
informaHon	  	  

•  Examples	  of	  online	  scholarly	  digital	  libraries:	  
–  CiteSeerX,	  MicrosoT	  Academic	  Search,	  arXiv,	  ArnetMiner,	  
ACM	  DL,	  Google	  Scholar,	  and	  PubMed.	  

•  The	  size	  of	  online	  digital	  libraries	  has	  grown	  from	  
thousands	  to	  many	  millions	  of	  scienHfic	  documents	  



Online	  Scholarly	  Digital	  Libraries	  
•  Proven	  as	  powerful	  resources	  in	  many	  applicaHons	  
that	  analyze	  scienHfic	  documents	  on	  a	  Web-‐wide	  
scale,	  including:	  	  	  
– Document	  and	  citaHon	  recommendaHon	  	  
–  Expert	  search	  	  
–  Topic	  evoluHon	  	  
–  Collaborator	  recommendaHon	  	  

•  These	  applicaHons	  require	  accurate	  and	  
representaHve	  collecHons	  of	  research	  documents.	  	  
– Depends	  on	  the	  quality	  of	  a	  classifier	  that	  idenHfies	  the	  
type	  of	  documents	  crawled	  from	  the	  Web,	  e.g.,	  papers,	  
slides,	  books,	  etc.	  



Research	  QuesHon	  on	  Classifying	  ScienHfic	  
Documents	  from	  Large	  Focused	  Crawls	  

•  How	  can	  we	  design	  features	  that	  capture	  the	  
specifics	  of	  documents	  and	  result	  in	  models	  that	  
accurately	  classify	  documents	  crawled	  from	  the	  
Web	  into	  classes	  such	  as	  research	  papers,	  
theses,	  books,	  slides,	  and	  curriculum	  vita?	  	  



AutomaHc	  ScienHfic	  Document	  ClassificaHon	  
Methodology	  

•  Classify	  documents	  as	  research	  papers	  if	  they	  contain	  any	  of	  
the	  words	  references	  or	  bibliography	  in	  text	  
–  Current	  method	  in	  CiteSeerx	  
–  Drawback:	  	  

•  Will	  mistakenly	  classify	  documents	  such	  as	  CV	  or	  slides	  as	  research	  arHcles	  
if	  they	  contain	  references	  in	  them	  

•  Will	  miss	  to	  idenHfy	  research	  arHcles	  that	  do	  not	  contain	  any	  of	  the	  two	  
words	  

–  Example:	  



AutomaHc	  ScienHfic	  Document	  ClassificaHon	  
Methodology	  

•  Classify	  documents	  using	  “bag	  of	  words”	  features	  
– Drawback:	  	  
•  May	  not	  capture	  the	  specifics	  of	  documents,	  e.g.,	  due	  to	  the	  
diversity	  of	  topics	  covered	  in	  digital	  libraries	  or	  the	  diversity	  of	  
document	  types.	  	  

– Examples:	  
•  An	  arHcle	  in	  HCI	  may	  have	  a	  different	  vocabulary	  space	  
compared	  to	  a	  paper	  in	  IR,	  but	  some	  essenHal	  terms	  may	  
persist	  across	  the	  papers,	  e.g.,	  “references”	  or	  “abstract.”	  

•  A	  paper,	  its	  slides,	  and	  a	  thesis	  containing	  the	  paper	  may	  have	  
similar	  or	  same	  words	  or	  word	  distribuHons,	  but	  the	  BoW	  does	  
not	  necessarily	  disHnguish	  between	  the	  document	  types.	  	  



AutomaHc	  ScienHfic	  Document	  ClassificaHon	  
Methodology	  

•  Classify	  documents	  using	  URL-‐based	  features	  
– Drawback:	  	  
•  Could	  result	  in	  poor	  performing	  classifiers	  due	  to	  the	  
uncontrolled	  nature	  of	  document	  names	  or	  the	  lack	  of	  any	  
hints	  or	  discriminaHve	  words	  in	  URLs.	  	  

•  Beaer	  methods?	  
	  



Proposed	  Features	  for	  Document	  Type	  ClassificaHon	  

•  We	  propose	  a	  set	  of	  structural,	  text	  density,	  and	  
layout	  features	  for	  classifying	  documents	  
crawled	  from	  the	  Web	  into	  several	  classes.	  
– The	  task	  will	  aid	  indexing	  of	  documents	  in	  digital	  
libraries	  and	  will	  lead	  to	  improved	  results	  in	  many	  
applicaHons:	  

– Examples:	  	  
•  Retrieval	  systems	  when	  need	  to	  retrieve	  a	  thesis	  on	  a	  
parHcular	  topic	  rather	  than	  a	  research	  paper	  
•  Can	  also	  benefit	  downstream	  processes:	  it	  helps	  to	  avoid	  
calculaHng	  an	  author’s	  citaHon	  count	  from	  the	  citaHon	  
menHons	  in	  the	  references	  lists	  of	  presentaHon	  slides.	  



Proposed	  Features	  

•  File	  specific	  features	  
•  SecHon	  specific	  features	  
•  Text	  specific	  features	  
•  Containment	  features	  



File	  Specific	  and	  SecHon	  Specific	  Features	  



Text	  or	  Document	  Specific	  Features	  



Containment	  Features	  



Datasets	  
•  Two	  independent	  sets	  of	  documents	  sampled	  from	  CiteSeerX:	  

–  Each	  set	  with	  1,000	  docs	  sampled	  from	  the	  crawled	  docs	  (Train,	  
Test)	  

•  Manual	  labeling	  into	  6	  classes:	  
–  Paper,	  Book,	  Thesis,	  Slides,	  Resume/CV,	  and	  Others	  

•  Datasets	  descripHon:	  

–  We	  supplemented	  the	  Train	  set	  with	  ≈	  500	  -‐	  700	  documents	  for	  
each	  under-‐represented	  category	  (Train+)	  

•  Missing	  text	  mostly	  from	  scanned	  documents	  -‐	  used	  PDFBox	  



Results	  and	  ObservaHons	  



Performance	  of	  Classifiers	  Trained	  on	  Structural	  Features	  	  

Support	  Vector	  Machine	  
LogisHc	  Regression	  
Naïve	  Bayes	  
Decision	  Trees	  
Random	  Forest	  

•  Compared	  Str	  features	  with	  “bag	  of	  words”	  and	  URL	  based	  features	  
–  43	  structural	  features	  	  
–  61,655	  words	  (F-‐idf)	  	  
–  2,692	  URL	  features	  	  

•  We	  tuned	  model	  hyper-‐parameters	  in	  10-‐fold	  cross-‐validaHon	  
experiments	  on	  Train+	  (e.g.,	  the	  C	  parameter	  in	  SVM	  and	  the	  number	  
of	  trees	  in	  RF).	  	  
	  

Results	  on	  Train+	  and	  Test	  with	  best	  classifiers	  for	  
each	  feature	  type.	  	  



Confusion	  Matrices	  

Confusion	  matrices	  for:	  (a)	  BoW	  with	  Decision	  Trees	  (DT),	  (b)	  URL	  with	  Support	  Vector	  	  
Machines	  (SVM),	  and	  (c)	  Str	  with	  Random	  Forest	  (RF),	  obtained	  on	  the	  Test	  dataset.	  	  



URL	  Analysis	  



URL	  Analysis	  



URL	  Analysis	  



URL	  Analysis	  



Features	  Cloud	  for	  Document	  Type	  ClassificaHon	  

•  The	  feature	  cloud	  obtained	  using	  all	  43	  structural	  features	  
with	  informaHon	  gain	  scores	  as	  feature	  weights.	  	  



Comparison	  with	  Rule-‐Based	  Learning	  on	  the	  
“Paper”	  Class	  

•  We	  sampled	  another	  set	  of	  1000	  documents	  from	  the	  
CiteSeerx	  crawl	  data	  	  
–  Each	  document	  contains	  at	  least	  one	  occurrence	  of	  either	  
“references”	  or	  “bibliography.”	  	  

–  7	  books,	  8	  slides,	  26	  theses,	  831	  papers,	  0	  CVs,	  and	  128	  others.	  

	  
–  Note	  that	  the	  Recall	  for	  the	  rule-‐based	  learner	  is	  less	  than	  1	  be-‐	  
cause	  the	  words	  “references”	  and	  “bibliography”	  are	  not	  
correctly	  extracted	  from	  the	  PDF	  of	  a	  few	  documents	  by	  PDFBox	  



Summary	  

•  Proposed	  novel	  features	  for	  classifying	  documents	  crawled	  
from	  the	  Web	  into	  several	  classes:	  paper,	  slides,	  book,	  
thesis,	  resume/CV,	  and	  others:	  

–  Our	  structural,	  text	  density,	  and	  layout	  features	  are	  designed	  to	  
incorporate	  aspects	  specific	  to	  research	  documents.	  	  

– Models	  based	  on	  the	  proposed	  features	  outperform	  “bag	  of	  
words”	  and	  URL	  based	  models	  as	  well	  as	  a	  rule-‐based	  learner	  
that	  uses	  the	  presence	  of	  “references”	  or	  “bibliography”	  to	  
idenHfy	  research	  papers.	  



Future	  DirecHons	  

•  The	  document	  type	  classificaHon	  will	  be	  soon	  integrated	  in	  
the	  CiteSeerx	  digital	  library	  

•  Ensemble	  methods	  for	  improved	  classificaHon	  
•  Hierarchical	  document	  classificaHon,	  e.g.,	  slides	  
corresponding	  to	  an	  invited	  talk	  and	  lecture	  slides	  	  



Thank	  you!	  
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