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Outline	
  

•  Argumenta*ve	
  Wri*ng	
  /	
  Argument	
  Mining	
  
•  Algorithms	
  and	
  Applica6ons	
  
– Automated	
  Wri6ng	
  Assessment	
  
– Teaching	
  with	
  Diagramming	
  and	
  Peer	
  Review	
  

•  Summary	
  and	
  Current	
  Direc6ons	
  



Why	
  teach	
  argumenta6ve	
  wri6ng?	
  

•  Studies	
  show	
  students:	
  
–  lack	
  competence	
  in	
  argument	
  wri6ng	
  (Oostdam,	
  et	
  al.,	
  1994;	
  Oostdam	
  

&	
  Emmelot,	
  1991).	
  	
  
– do	
  not	
  integrate	
  their	
  arguments	
  into	
  a	
  high-­‐level	
  
structure	
  or	
  coherent	
  posi6on	
  (Keith,	
  Weiner,	
  &	
  Lesgold,	
  1991).	
  	
  

– Even	
  if	
  compose-­‐aloud	
  protocols	
  show	
  students	
  
mentally	
  connect	
  posi6on	
  statement	
  &	
  suppor6ng	
  
details,	
  connec,ons	
  not	
  evident	
  in	
  wri,ng	
  (Durst,	
  1987).	
  

Slide	
  modified	
  from	
  Kevin	
  D.	
  Ashley,	
  Ilya	
  Goldin.	
  2011	
  	
   3	
  



Research	
  Ques6on	
  

•  Can	
  argument	
  mining	
  be	
  used	
  to	
  beFer	
  teach,	
  
assess,	
  and	
  understand	
  argumenta*ve	
  wri*ng?	
  

•  Approach:	
  Technology	
  design	
  and	
  evalua6on	
  
– System	
  enhancements	
  that	
  improve	
  student	
  learning	
  
– Argument	
  analy6cs	
  for	
  teachers	
  
– Experimental	
  pla^orms	
  to	
  test	
  research	
  predic6ons	
  



Argument	
  Mining	
  
	
  

•  “…	
  exploits	
  the	
  techniques	
  and	
  methods	
  of	
  natural	
  
language	
  processing	
  …	
  for	
  semi-­‐automa6c	
  and	
  automa6c	
  
recogni6on	
  and	
  extrac6on	
  of	
  structured	
  argument	
  data	
  
from	
  unstructured	
  …	
  texts.”	
  [SICSA	
  Workshop	
  on	
  Argument	
  
Mining,	
  July	
  2014]	
  



Mining	
  a	
  College	
  
Essay	
  	
  for	
  
Argument	
  

Diagram	
  Ontology	
  
(i.e.,	
  node	
  and	
  arc	
  types)	
  

•  Current	
  Study	
  	
  
•  Claim	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
•  Cita5on	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
•  Hypothesis	
  	
  	
  	
  	
  	
  	
  
•  Supports	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
•  Opposes	
  	
  	
  	
  

•  None	
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Mining	
  a	
  Grade	
  School	
  Essay	
  for	
  Evidence	
  

11	
  

I	
  was	
  convinced	
  that	
  	
  winning	
  the	
  fight	
  of	
  poverty	
  is	
  achievable	
  	
  in	
  our	
  life6me.	
  Many	
  
people	
  couldn't	
  afford	
  medicine	
  or	
  bed	
  nets	
  to	
  be	
  treated	
  for	
  malaria	
  .	
  Many	
  
children	
  had	
  died	
  from	
  this	
  dieseuse	
  even	
  though	
  it	
  could	
  be	
  treated	
  easily.	
  But	
  now,	
  
bed	
  nets	
  are	
  used	
  in	
  every	
  sleeping	
  site	
  .	
  And	
  the	
  medicine	
  is	
  free	
  of	
  charge.	
  Another	
  
example	
  is	
  that	
  the	
  	
  farmers'	
  crops	
  are	
  dying	
  	
  	
  because	
  	
  	
  they	
  could	
  not	
  afford	
  the	
  
nessacary	
  fer6lizer	
  and	
  irriga6on	
  .	
  But	
  they	
  are	
  now,	
  making	
  progess.	
  Farmers	
  now	
  
have	
  fer6lizer	
  and	
  water	
  	
  to	
  give	
  to	
  the	
  crops.	
  Also	
  with	
  	
  seeds	
  and	
  the	
  proper	
  tools	
  .	
  
Third,	
  kids	
  in	
  Sauri	
  were	
  not	
  well	
  educated.	
  Many	
  families	
  couldn't	
  afford	
  school	
  .	
  
Even	
  at	
  school	
  there	
  was	
  no	
  lunch	
  .	
  Students	
  were	
  exhausted	
  from	
  each	
  day	
  of	
  
school.	
  Now,	
  school	
  is	
  free	
  .	
  Children	
  excited	
  to	
  learn	
  now	
  can	
  and	
  they	
  do	
  have	
  
midday	
  meals	
  .	
  Finally,	
  Sauri	
  is	
  making	
  great	
  progress.	
  If	
  they	
  keep	
  it	
  up	
  that	
  city	
  will	
  
no	
  longer	
  be	
  in	
  poverty.	
  Then	
  the	
  Millennium	
  Village	
  project	
  can	
  move	
  on	
  to	
  help	
  
other	
  countries	
  in	
  need.	
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Mining	
  a	
  High	
  School	
  Essay	
  for	
  a	
  Thesis	
  Statement	
  

	
   	
   	
   	
   	
   	
   	
  Violence	
  in	
  America	
  
	
  
In	
  the	
  spring	
  of	
  2011,	
  John	
  F.	
  Shick	
  met	
  a	
  man	
  in	
  a	
  New	
  Mexico	
  parking	
  lot	
  and	
  	
  
bought	
  two	
  pistols	
  for	
  $810,	
  along	
  with	
  extra	
  clips,	
  ammuni6on	
  and	
  a	
  holster.	
  	
  
This	
  is	
  one	
  reason	
  that	
  there	
  is	
  so	
  much	
  violence	
  in	
  America,	
  because	
  people	
  who	
  	
  
are	
  mentally	
  ill,	
  and	
  people	
  who	
  aren’t,	
  can	
  just	
  buy	
  a	
  gun	
  anywhere,	
  there	
  are	
  no	
  
laws	
  that	
  say	
  they	
  cant.	
  The	
  two	
  biggest	
  factors	
  that	
  contribute	
  to	
  America’s	
  violent	
  
society	
  are	
  relaxed	
  gun	
  laws	
  and	
  mental	
  illness.	
  	
  
	
  
There	
  are	
  numerous	
  accounts	
  on	
  which	
  people	
  with	
  mental	
  illness	
  don’t	
  receive	
  the	
  	
  
help	
  they	
  need	
  and	
  some6mes	
  do	
  things	
  to	
  things	
  to	
  hurt	
  people,	
  like	
  the	
  account	
  	
  
on	
  which	
  was	
  just	
  men6oned	
  John	
  Shick	
  bought	
  two	
  guns	
  and	
  shot	
  and	
  killed	
  a	
  
person…	
  
	
  



Argument	
  Mining	
  Subtasks	
  
[Peldszus	
  and	
  Stede,	
  2013]	
  

•  Scope	
  of	
  today’s	
  talk	
  
•  Even	
  par6al	
  argument	
  mining	
  can	
  support	
  useful	
  applica6ons	
  
•  Mostly	
  non-­‐structural	
  (e.g.,	
  no	
  rela,ons,	
  no	
  argument	
  schema)	
  
•  Applica6on-­‐dependent	
  roles	
  (e.g.,	
  no	
  premises)	
  
•  But,	
  real	
  data!!	
  



Argument	
  Mining	
  for	
  Educa6on	
  

•  Challenges	
  
– Noisy	
  data	
  (e.g.,	
  adult	
  learners,	
  children)	
  
– Real-­‐6me	
  algorithms;	
  robust	
  at	
  scale	
  
– Meaningful	
  	
  features	
  
	
  

•  Opportuni6es	
  
– Human	
  in	
  the	
  loop	
  (e.g.,	
  peer	
  review)	
  

•  Errors	
  as	
  student	
  reflec6on	
  opportuni6es	
  



Outline	
  

•  Argumenta6ve	
  Wri6ng	
  /	
  Argument	
  Mining	
  
•  Algorithms	
  and	
  Applica6ons	
  
– Automated	
  Wri*ng	
  Assessment	
  
– Teaching	
  with	
  Diagramming	
  and	
  Peer	
  Review	
  

•  Summary	
  and	
  Current	
  Direc6ons	
  



Why	
  Automa6c	
  Wri6ng	
  Assessment?	
  	
  

•  Essen6al	
  for	
  Massive	
  Open	
  Online	
  Courses	
  (MOOCs)	
  
and	
  tutoring	
  systems	
  

•  Even	
  in	
  tradi6onal	
  classes,	
  frequent	
  assignments	
  
can	
  limit	
  the	
  amount	
  of	
  teacher	
  feedback	
  

2	
  



An	
  	
  Example	
  Wri6ng	
  Assessment	
  Task:	
  	
  
Response	
  to	
  Text	
  (RTA)	
  

•  MVP,	
  Time	
  for	
  Kids	
  –	
  informa6onal	
  text	
  	
  



Excerpt	
  from	
  the	
  Scoring	
  Rubric	
  



Audience	
  Par6cipa6on:	
  	
  Evidence	
  Scoring	
  (1	
  or	
  4?)	
  	
  
Student	
  1:	
  Yes,	
  because	
  even	
  though	
  proverty	
  is	
  s6ll	
  going	
  on	
  now	
  it	
  does	
  not	
  mean	
  that	
  it	
  can	
  
not	
  be	
  stop.	
  Hannah	
  thinks	
  that	
  proverty	
  will	
  end	
  by	
  2015	
  	
  but	
  you	
  never	
  know.	
  The	
  world	
  is	
  
going	
  to	
  increase	
  more	
  stores	
  and	
  schools.	
  But	
  if	
  everyone	
  really	
  tries	
  to	
  end	
  proverty	
  I	
  believe	
  it	
  
can	
  be	
  done.	
  Maybe	
  star6ng	
  with	
  recycling	
  and	
  taking	
  shorter	
  showers,	
  but	
  no	
  really	
  short	
  that	
  
you	
  don't	
  get	
  clean.	
  Then	
  maybe	
  if	
  we	
  make	
  more	
  money	
  or	
  earn	
  it	
  we	
  can	
  donate	
  it	
  to	
  any	
  
charity	
  in	
  the	
  world.	
  Proverty	
  is	
  not	
  on	
  in	
  Africa,	
  it's	
  prac6clly	
  every	
  where!	
  Even	
  though	
  Africa	
  
got	
  beFer	
  it	
  didn't	
  end	
  proverty.	
  Maybe	
  they	
  should	
  make	
  a	
  law	
  or	
  something	
  that	
  says	
  and	
  
declare	
  that	
  proverty	
  needs	
  to	
  need.	
  There's	
  no	
  specic	
  date	
  when	
  it	
  will	
  end	
  but	
  it	
  will.	
  When	
  it	
  
does	
  I	
  am	
  going	
  to	
  be	
  so	
  proud,	
  wheather	
  I'm	
  alive	
  or	
  not

Student	
  2:	
  I	
  was	
  convinced	
  that	
  	
  winning	
  the	
  fight	
  of	
  poverty	
  is	
  achievable	
  	
  in	
  our	
  life6me.	
  Many	
  
people	
  couldn't	
  afford	
  medicine	
  or	
  bed	
  nets	
  to	
  be	
  treated	
  for	
  malaria	
  .	
  Many	
  children	
  had	
  died	
  
from	
  this	
  dieseuse	
  even	
  though	
  it	
  could	
  be	
  treated	
  easily.	
  But	
  now,	
  bed	
  nets	
  are	
  used	
  in	
  every	
  
sleeping	
  site	
  .	
  And	
  the	
  medicine	
  is	
  free	
  of	
  charge.	
  Another	
  example	
  is	
  that	
  the	
  	
  farmers'	
  crops	
  
are	
  dying	
  	
  	
  because	
  	
  	
  they	
  could	
  not	
  afford	
  the	
  nessacary	
  fer6lizer	
  and	
  irriga6on	
  .	
  But	
  they	
  are	
  
now,	
  making	
  progess.	
  Farmers	
  now	
  have	
  fer6lizer	
  and	
  water	
  	
  to	
  give	
  to	
  the	
  crops.	
  Also	
  with	
  	
  
seeds	
  and	
  the	
  proper	
  tools	
  .	
  Third,	
  kids	
  in	
  Sauri	
  were	
  not	
  well	
  educated.	
  Many	
  families	
  couldn't	
  
afford	
  school	
  .	
  Even	
  at	
  school	
  there	
  was	
  no	
  lunch	
  .	
  Students	
  were	
  exhausted	
  from	
  each	
  day	
  of	
  
school.	
  Now,	
  school	
  is	
  free	
  .	
  Children	
  excited	
  to	
  learn	
  now	
  can	
  and	
  they	
  do	
  have	
  midday	
  meals	
  .	
  
Finally,	
  Sauri	
  is	
  making	
  great	
  progress.	
  If	
  they	
  keep	
  it	
  up	
  that	
  city	
  will	
  no	
  longer	
  be	
  in	
  poverty.	
  
Then	
  the	
  Millennium	
  Village	
  project	
  can	
  move	
  on	
  to	
  help	
  other	
  countries	
  in	
  need.	
  
	
  



Automa6c	
  Scoring	
  via	
  Argument	
  Mining	
  
Student	
  1:	
  Yes,	
  because	
  even	
  though	
  proverty	
  is	
  s6ll	
  going	
  on	
  now	
  it	
  does	
  not	
  mean	
  that	
  it	
  can	
  
not	
  be	
  stop.	
  Hannah	
  thinks	
  that	
  proverty	
  will	
  end	
  by	
  2015	
  	
  but	
  you	
  never	
  know.	
  The	
  world	
  is	
  
going	
  to	
  increase	
  more	
  stores	
  and	
  schools.	
  But	
  if	
  everyone	
  really	
  tries	
  to	
  end	
  proverty	
  I	
  believe	
  it	
  
can	
  be	
  done.	
  Maybe	
  star6ng	
  with	
  recycling	
  and	
  taking	
  shorter	
  showers,	
  but	
  no	
  really	
  short	
  that	
  
you	
  don't	
  get	
  clean.	
  Then	
  maybe	
  if	
  we	
  make	
  more	
  money	
  or	
  earn	
  it	
  we	
  can	
  donate	
  it	
  to	
  any	
  
charity	
  in	
  the	
  world.	
  Proverty	
  is	
  not	
  on	
  in	
  Africa,	
  it's	
  prac6clly	
  every	
  where!	
  Even	
  though	
  Africa	
  
got	
  beFer	
  it	
  didn't	
  end	
  proverty.	
  Maybe	
  they	
  should	
  make	
  a	
  law	
  or	
  something	
  that	
  says	
  and	
  
declare	
  that	
  proverty	
  needs	
  to	
  need.	
  There's	
  no	
  specic	
  date	
  when	
  it	
  will	
  end	
  but	
  it	
  will.	
  When	
  it	
  
does	
  I	
  am	
  going	
  to	
  be	
  so	
  proud,	
  wheather	
  I'm	
  alive	
  or	
  not (SCORE=1)	
  

Student	
  2:	
  I	
  was	
  convinced	
  that	
  	
  winning	
  the	
  fight	
  of	
  poverty	
  is	
  achievable	
  	
  in	
  our	
  life6me.	
  Many	
  
people	
  couldn't	
  afford	
  medicine	
  or	
  bed	
  nets	
  to	
  be	
  treated	
  for	
  malaria	
  .	
  Many	
  children	
  had	
  died	
  
from	
  this	
  dieseuse	
  even	
  though	
  it	
  could	
  be	
  treated	
  easily.	
  But	
  now,	
  bed	
  nets	
  are	
  used	
  in	
  every	
  
sleeping	
  site	
  .	
  And	
  the	
  medicine	
  is	
  free	
  of	
  charge.	
  Another	
  example	
  is	
  that	
  the	
  	
  farmers'	
  crops	
  
are	
  dying	
  	
  	
  because	
  	
  	
  they	
  could	
  not	
  afford	
  the	
  nessacary	
  fer6lizer	
  and	
  irriga6on	
  .	
  But	
  they	
  are	
  
now,	
  making	
  progess.	
  Farmers	
  now	
  have	
  fer6lizer	
  and	
  water	
  	
  to	
  give	
  to	
  the	
  crops.	
  Also	
  with	
  	
  
seeds	
  and	
  the	
  proper	
  tools	
  .	
  Third,	
  kids	
  in	
  Sauri	
  were	
  not	
  well	
  educated.	
  Many	
  families	
  couldn't	
  
afford	
  school	
  .	
  Even	
  at	
  school	
  there	
  was	
  no	
  lunch	
  .	
  Students	
  were	
  exhausted	
  from	
  each	
  day	
  of	
  
school.	
  Now,	
  school	
  is	
  free	
  .	
  Children	
  excited	
  to	
  learn	
  now	
  can	
  and	
  they	
  do	
  have	
  midday	
  meals	
  .	
  
Finally,	
  Sauri	
  is	
  making	
  great	
  progress.	
  If	
  they	
  keep	
  it	
  up	
  that	
  city	
  will	
  no	
  longer	
  be	
  in	
  poverty.	
  
Then	
  the	
  Millennium	
  Village	
  project	
  can	
  move	
  on	
  to	
  help	
  other	
  countries	
  in	
  need.	
  (SCORE=4)	
  
	
  



Automa6c	
  Scoring	
  of	
  an	
  Analy6cal	
  	
  
Response-­‐To-­‐Text	
  Assessment	
  (RTA)	
  
[Rahimi,	
  Litman,	
  Corren6,	
  Matsumura,	
  Wang	
  &	
  Kisa,	
  2014]	
  

•  Long-­‐term	
  goals	
  
–  informa6ve	
  feedback	
  for	
  students	
  and	
  teachers	
  
–  large-­‐scale	
  research	
  on	
  the	
  impact	
  of	
  instruc6on	
  and	
  policies	
  

•  Current	
  work 	
  	
  
– wri6ng	
  assessment	
  via	
  meaningful	
  features	
  that	
  
opera6onalize	
  the	
  Evidence	
  rubric	
  of	
  RTA	
  

•  Argument	
  mining	
  subtasks	
  
–  segmenta5on:	
  spans	
  of	
  text	
  
–  segment	
  classifica5on:	
  evidence	
  from	
  text	
  (or	
  not)	
  

17	
  



Automa6c	
  Scoring	
  Approach	
  

15	
  

Experts	
  derive	
  
a	
  decision	
  tree	
  

from	
  the	
  
rubric	
  

Define	
  some	
  
features	
  based	
  
on	
  the	
  tree	
  
and	
  extract	
  

them	
  from	
  the	
  
essays	
  

Perform	
  
supervised	
  
machine	
  

learning	
  using	
  
extracted	
  
features	
  

Experts	
  
derive	
  a	
  

decision	
  tree	
  
from	
  the	
  
rubric	
  

Define	
  features	
  
based	
  on	
  the	
  
tree	
  and	
  

extract	
  them	
  
from	
  the	
  
essays	
  

Perform	
  
supervised	
  
machine	
  

learning	
  using	
  
the	
  extracted	
  

features	
  



Scoring	
  Essays	
  for	
  Evidence	
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Automa6c	
  Scoring	
  Approach	
  

15	
  

Experts	
  derive	
  
a	
  decision	
  tree	
  

from	
  the	
  
rubric	
  

Define	
  some	
  
features	
  based	
  
on	
  the	
  tree	
  
and	
  extract	
  

them	
  from	
  the	
  
essays	
  

Perform	
  
supervised	
  
machine	
  

learning	
  using	
  
extracted	
  
features	
  

Experts	
  
derive	
  a	
  

decision	
  tree	
  
from	
  the	
  
rubric	
  

Define	
  
features	
  based	
  
on	
  the	
  tree	
  
and	
  extract	
  

them	
  from	
  the	
  
essays	
  

Perform	
  
supervised	
  
machine	
  

learning	
  using	
  
the	
  extracted	
  

features	
  



Our	
  Features	
  

17	
  



Our	
  Features	
  

17	
  

Number	
  of	
  Pieces	
  of	
  Evidence	
  (NPE)	
  
•  Topics	
  and	
  words	
  based	
  on	
  the	
  text	
  and	
  experts	
  

	
  



Our	
  Features	
  

17	
  



Our	
  Features	
  

17	
  

Concentra6on	
  (CON)	
  
•  High	
  concentra6on	
  

essays	
  have	
  fewer	
  than	
  
3	
  sentences	
  with	
  topic	
  
words	
  (i.e.,	
  evidence	
  is	
  
not	
  elaborated)	
  



Our	
  Features	
  

17	
  



Our	
  Features	
  

17	
  

Specificity	
  (SPC)	
  
•  Specific	
  examples	
  

from	
  different	
  parts	
  
of	
  the	
  text	
  



Our	
  Features	
  

17	
  

Word	
  Count	
  (WOC)	
  
•  Poten6ally	
  helpful	
  fallback	
  

feature	
  (temporarily	
  )	
  



Example	
  Feature	
  Vectors	
  

Automa6c	
  Scoring	
  of	
  an	
  Analy6cal	
  RTA,	
  
Zahra	
  Rahimi	
   18	
  

•  Essay	
  with	
  Score=1	
  (from	
  audience	
  par6cipa6on)	
  

	
  
•  Essay	
  with	
  Score=4	
  (from	
  audience	
  par6cipa6on)	
  

NPE	
   CON	
   WOC	
   SPC	
  

4	
   0	
   187	
   0	
   0	
   1	
   4	
   3	
   3	
   5	
   1	
  

NPE	
   CON	
   WOC	
   SPC	
  

1	
   1	
   166	
   0	
   0	
   0	
   0	
   0	
   1	
   1	
   0	
  



Automa6c	
  Scoring	
  Approach	
  

15	
  

Experts	
  derive	
  
a	
  decision	
  tree	
  

from	
  the	
  
rubric	
  

Define	
  some	
  
features	
  based	
  
on	
  the	
  tree	
  
and	
  extract	
  

them	
  from	
  the	
  
essays	
  

Perform	
  
supervised	
  
machine	
  

learning	
  using	
  
extracted	
  
features	
  

Experts	
  
derive	
  a	
  

decision	
  tree	
  
from	
  the	
  
rubric	
  

Define	
  features	
  
based	
  on	
  the	
  
tree	
  and	
  

extract	
  them	
  
from	
  the	
  
essays	
  

Perform	
  a	
  
supervised	
  
machine	
  

learning	
  using	
  
the	
  extracted	
  

features	
  



Supervised	
  Machine	
  Learning	
  

•  Data	
  [Corren6	
  et	
  al.,	
  2013]	
  
– 1560	
  essays	
  wriFen	
  by	
  students	
  in	
  grades	
  4-­‐6	
  
•  Short,	
  many	
  spelling	
  and	
  gramma6cal	
  errors	
  



Experimental	
  Evalua6on	
  

21	
  

•  Baseline1	
  [Mayfield	
  13]:	
  one	
  of	
  the	
  best	
  methods	
  
from	
  the	
  HewleF	
  Founda6on	
  compe66on	
  
[Shermis	
  and	
  Hamner,	
  2012]	
  

– Features:	
  primarily	
  bag	
  of	
  words	
  (top	
  500)	
  	
  	
  

•  Baseline2:	
  Latent	
  Seman6c	
  Analysis	
  
– Based	
  on	
  the	
  scores	
  of	
  the	
  10	
  most	
  similar	
  essays,	
  
weighted	
  by	
  seman6c	
  similarity	
  [Miller	
  03]	
  



Results:	
  Can	
  we	
  Automate?	
  

0	
  

0.1	
  

0.2	
  

0.3	
  

0.4	
  

0.5	
  

0.6	
  

0.7	
  

Accuracy	
   QW	
  Kappa	
  

Baseline1	
  

Baseline2	
  

Our	
  4	
  Features	
  

•  Proposed	
  features	
  outperform	
  both	
  baselines	
  



Other	
  Results	
  

•  Removing	
  features	
  significantly	
  degrades	
  
performance	
  

•  Wordcount	
  is	
  only	
  useful	
  for	
  discrimina6ng	
  score	
  
4	
  (where	
  no	
  rubric	
  features	
  were	
  defined)	
  

•  Features	
  also	
  outperform	
  baselines	
  on	
  essays	
  
from	
  grades	
  6-­‐8	
  

33	
  



Current	
  Direc6ons	
  
•  New	
  types	
  of	
  argument	
  mining	
  
– segmenta5on:	
  sentences	
  
– segment	
  classifica5on:	
  thesis	
  statement	
  	
  
–  rela5on	
  iden5fica5on:	
  supports	
  (evidence,	
  thesis)	
  

•  Evidence	
  
supports	
  the	
  key	
  
idea	
  	
  	
  	
  (i.e.,	
  the	
  
thesis	
  statement)	
  Evidence	
  supports	
  the	
  

key	
  idea	
  	
  (the	
  thesis	
  
statement)	
  



Current	
  Direc6ons	
  (con6nued)	
  
•  Addi6onal	
  argument-­‐related	
  rubric	
  dimensions	
  
– Organiza5on	
  

•  Evidence	
  
supports	
  the	
  key	
  
idea	
  	
  	
  	
  (i.e.,	
  the	
  
thesis	
  statement)	
  



Outline	
  

•  Argumenta6ve	
  Wri6ng	
  /	
  Argument	
  Mining	
  
•  Algorithms	
  and	
  Applica6ons	
  
– Automated	
  Wri6ng	
  Assessment	
  
– Teaching	
  with	
  Diagramming	
  and	
  Peer	
  Review	
  

•  Summary	
  and	
  Current	
  Direc6ons	
  



Author	
  creates	
  
Argument	
  
Diagram	
  

Peers	
  review	
  
Argument	
  
Diagrams	
  

Author	
  revises	
  
Argument	
  
Diagram	
  

Phase	
  I:	
  Argument	
  	
  
Diagramming	
  

ArgumentPeer	
  Project	
  	
  	
  

Joint	
  work	
  with	
  Kevin	
  Ashley	
  and	
  Chris	
  Schunn	
  	
  	
  



Example	
  Student	
  Argument	
  Diagram	
  	
  
(input	
  via	
  the	
  LASAD	
  system	
  [Pinkwart	
  et	
  al.])	
  	
  



Author	
  creates	
  
Argument	
  
Diagram	
  

Peers	
  review	
  
Argument	
  
Diagrams	
  

Author	
  revises	
  
Argument	
  
Diagram	
  Author	
  

writes	
  paper	
  

Peers	
  review	
  
papers	
  

Author	
  revises	
  
paper	
  Phase	
  II:	
  Wri6ng	
  

Phase	
  I:	
  Argument	
  	
  
Diagramming	
  

ArgumentPeer	
  Project	
  	
  	
  

Joint	
  work	
  with	
  Kevin	
  Ashley	
  and	
  Chris	
  Schunn	
  	
  	
  



Why	
  Diagram	
  before	
  Wri6ng?	
  

•  Argument	
  diagramming	
  can	
  improve	
  essays	
  
– more	
  support	
  and	
  opposi6on;	
  increased	
  relevance	
  of	
  
cita6ons	
  [Ashley	
  et	
  al.,	
  2014]	
  

– more	
  suppor6ng	
  premises,	
  evidence,	
  explicit	
  rela6ons;	
  
increased	
  accuracy	
  [Harrell	
  &	
  Wetzel,	
  2013]	
  

•  Features	
  extracted	
  from	
  argument	
  diagrams	
  can	
  
predict	
  essays	
  grades	
  [Lynch	
  et	
  al.,	
  2014]	
  

•  Our	
  research:	
  Can	
  argument	
  diagram	
  constructs	
  be	
  
mined	
  directly	
  from	
  essays?	
  

	
  



WriFen	
  Essay	
  Excerpt:	
  
There	
  have	
  been	
  many	
  
studies	
  which	
  indicate	
  that	
  
people	
  do	
  drive	
  differently	
  
at	
  different	
  6mes	
  of	
  day	
  
and	
  that	
  it	
  does	
  have	
  an	
  
impact	
  on	
  driving	
  risk.	
  
Reimer	
  et	
  al	
  (2007)	
  found	
  
that	
  6me	
  of	
  day	
  did	
  
influence	
  driving	
  speed,	
  
reac6on	
  6me,	
  and	
  speed	
  
variability	
  measures.	
  

Audience	
  Par5cipa5on:	
  Argument	
  Mining	
  

Argument	
  Diagram	
  Ontology:	
  
	
  
Node	
  Types	
  
•  Current	
  Study	
  
•  Hypothesis	
  
•  Claim	
  
•  Cita6on	
  

Arc	
  Types	
  
•  Supports	
  
•  Opposes	
  

	
  
	
  



There	
  have	
  been	
  many	
  
studies	
  which	
  indicate	
  
that	
  people	
  do	
  drive	
  
differently	
  at	
  different	
  
6mes	
  of	
  day	
  and	
  that	
  it	
  
does	
  have	
  an	
  impact	
  on	
  
driving	
  risk.	
  [Claim]	
  
Reimer	
  et	
  al	
  (2007)	
  
found	
  that	
  6me	
  of	
  day	
  
did	
  influence	
  driving	
  
speed,	
  reac6on	
  6me,	
  
and	
  speed	
  variability	
  
measures…	
  [Cita6on]	
  
	
  

Example	
  Argument	
  Mining	
  Output	
  



There	
  have	
  been	
  many	
  
studies	
  which	
  indicate	
  
that	
  people	
  do	
  drive	
  
differently	
  at	
  different	
  
6mes	
  of	
  day	
  and	
  that	
  it	
  
does	
  have	
  an	
  impact	
  on	
  
driving	
  risk.	
  [Claim]	
  
Reimer	
  et	
  al	
  (2007)	
  found	
  
that	
  6me	
  of	
  day	
  did	
  
influence	
  driving	
  speed,	
  
reac6on	
  6me,	
  and	
  speed	
  
variability	
  measures…	
  
[Cita6on]	
  
	
  
Cita6on	
  supports	
  Claim	
  

Example	
  Argument	
  Mining	
  Output	
  



Audience	
  Par5cipa5on:	
  	
  Essay	
  Scoring	
  (1	
  or	
  4?)	
  	
  
Human	
  Argument	
  Mining	
  
•  Hypothesis:	
  1,	
  Supports:	
  2,	
  Opposes:	
  1,	
  Cita5on:	
  7	
  (6	
  unique)	
  
	
  
Frequently,	
  people	
  encounter	
  situa6ons	
  in	
  their	
  environment	
  where	
  they	
  can	
  either	
  choose	
  to	
  be	
  prosocial	
  or	
  an6social.	
  It	
  is	
  therefore	
  of	
  great	
  
importance	
  to	
  study	
  what	
  makes	
  people	
  choose	
  either	
  response.	
  Previous	
  research	
  has	
  indicated	
  that	
  as	
  group	
  size	
  increases,	
  prosocial	
  
responses	
  decrease,	
  a	
  phenomenon	
  known	
  as	
  the	
  bystander	
  effect	
  (Fischer,	
  Krueger,	
  Greitemeyer,	
  Vogrincic,	
  Kastenmuller,	
  Frey,	
  Heene,	
  
Wicher,	
  Kainbacher,	
  2011).	
  In	
  our	
  par6cular	
  study,	
  a	
  par6cipant	
  sneezed	
  on	
  an	
  elevator	
  and	
  noted	
  whether	
  or	
  not	
  somebody	
  had	
  a	
  nice	
  
response	
  such	
  as	
  “God	
  bless	
  you.”	
  The	
  nice	
  response	
  would	
  be	
  equivalent	
  to	
  a	
  prosocial	
  behavior.	
  The	
  results	
  of	
  this	
  study	
  can	
  give	
  insight	
  into	
  
what	
  makes	
  people	
  more	
  or	
  less	
  likely	
  to	
  engage	
  in	
  prosocial	
  behavior	
  in	
  different	
  situa6ons,	
  so	
  this	
  study	
  has	
  good	
  external	
  validity.	
  This	
  
research	
  topic	
  is	
  worth	
  of	
  study	
  because	
  the	
  results	
  may	
  show	
  how	
  likely	
  people	
  are	
  to	
  help	
  others	
  in	
  a	
  more	
  cri6cal	
  situa6on,	
  such	
  as	
  somebody	
  
gezng	
  mugged,	
  etc.	
  It	
  is	
  important	
  to	
  realize	
  that	
  sneezing	
  on	
  an	
  elevator	
  is	
  not	
  necessarily	
  a	
  dangerous	
  situa6on	
  to	
  act	
  prosocially	
  in,	
  but	
  the	
  
result	
  will	
  lead	
  to	
  a	
  beFer	
  understanding	
  of	
  whether	
  or	
  not	
  gender	
  and	
  group	
  size	
  contribute	
  to	
  prosocial	
  responses.	
  	
  
Previous	
  research	
  has	
  shown	
  that	
  females	
  seem	
  to	
  be	
  more	
  likely	
  to	
  engage	
  in	
  prosocial	
  behavior	
  as	
  distance	
  decreases,	
  and	
  this	
  correlates	
  to	
  
the	
  hypothesis	
  of	
  this	
  par6cular	
  study	
  (McCullough,	
  Tabak,	
  2010).	
  From	
  this	
  same	
  previous	
  research,	
  it	
  seems	
  that	
  females	
  are	
  more	
  likely	
  to	
  do	
  
this	
  because	
  females	
  tend	
  to	
  behave	
  in	
  more	
  altruis6c	
  ways	
  than	
  males.	
  In	
  other	
  words,	
  females	
  should	
  give	
  a	
  nice	
  response	
  to	
  a	
  sneeze	
  more	
  
o{en	
  than	
  males,	
  and	
  this	
  was	
  part	
  of	
  our	
  hypothesis.	
  Previous	
  research	
  has	
  also	
  indicated	
  that	
  people	
  who	
  have	
  the	
  knowledge	
  of	
  how	
  to	
  
behave	
  prosocially	
  in	
  a	
  par6cular	
  situa6on	
  are	
  more	
  likely	
  to	
  do	
  so	
  (Anker,	
  Feeley,	
  2011).	
  If	
  somebody	
  in	
  the	
  elevator	
  is	
  from	
  a	
  certain	
  religion	
  
or	
  has	
  recently	
  moved	
  and	
  is	
  not	
  aware	
  of	
  what	
  to	
  say	
  a{er	
  somebody	
  sneezes,	
  then	
  they	
  most	
  likely	
  will	
  not	
  give	
  a	
  response	
  at	
  all,	
  and	
  this	
  was	
  
not	
  considered	
  when	
  puzng	
  together	
  the	
  results	
  of	
  the	
  study.	
  This	
  should	
  have	
  been	
  important	
  to	
  consider	
  because	
  knowledge	
  of	
  what	
  to	
  say	
  
a{er	
  a	
  sneeze	
  could	
  be	
  a	
  confounding	
  variable	
  in	
  the	
  results.	
  Lastly,	
  previous	
  studies	
  have	
  shown	
  that	
  moral	
  frames	
  o{en	
  determine	
  whether	
  or	
  
not	
  people	
  will	
  give	
  a	
  prosocial	
  response	
  (Thornberg,	
  2010).	
  Overall,	
  the	
  beFer	
  somebody’s	
  moral	
  frames	
  are,	
  the	
  more	
  likely	
  they	
  are	
  to	
  give	
  a	
  
prosocial	
  response.	
  This	
  correlates	
  to	
  our	
  par6cular	
  study	
  because	
  the	
  people	
  who	
  didn’t	
  give	
  a	
  response	
  could	
  possibly	
  have	
  nega6ve	
  moral	
  
frames.	
  A	
  future	
  experiment	
  could	
  study	
  this	
  and	
  the	
  results	
  would	
  be	
  interes6ng	
  and	
  could	
  give	
  addi6onal	
  informa6on	
  about	
  what	
  makes	
  
people	
  behave	
  prosocially.	
  
In	
  our	
  study,	
  it	
  was	
  hypothesized	
  that	
  as	
  group	
  size	
  increased,	
  the	
  likelihood	
  of	
  a	
  prosocial	
  response	
  would	
  increase,	
  and	
  that	
  females	
  were	
  
more	
  likely	
  to	
  give	
  a	
  prosocial	
  response	
  than	
  males.	
  Previous	
  research	
  from	
  McCullough,	
  etc	
  (2011)	
  conflicted	
  with	
  the	
  hypothesis	
  that	
  as	
  
group	
  size	
  increases,	
  prosocial	
  responses	
  should	
  increase.	
  McCullough’s	
  study	
  showed	
  this	
  to	
  be	
  the	
  opposite	
  –	
  as	
  group	
  size	
  increases,	
  
prosocial	
  behavior	
  decreases,	
  a	
  phenomenon	
  known	
  as	
  the	
  bystander	
  effect.	
  Previous	
  research	
  about	
  gender,	
  however,	
  showed	
  that	
  females	
  
are	
  more	
  likely	
  to	
  behave	
  prosocially	
  due	
  to	
  their	
  nature	
  and	
  altruis5c	
  characteris5cs;	
  this	
  evidence	
  supports	
  our	
  hypothesis	
  (Levine,	
  Cassidy,	
  
Jentzsch,	
  2010).	
  
	
  

	
  



	
  Human	
  Argument	
  Mining	
  
•  Hypothesis:	
  1,	
  Supports:	
  5,	
  Opposes:	
  3,	
  Cita5on:	
  15	
  (6	
  unique)
In	
  today’s	
  tough	
  economic	
  climate,	
  any	
  factors	
  that	
  may	
  contribute	
  to	
  a	
  successful	
  business	
  or	
  enterprise	
  have	
  become	
  increasingly	
  important.	
  
One	
  prevalently	
  researched	
  factor	
  is	
  prosocial	
  behavior	
  which	
  is	
  comparable	
  to	
  helping	
  behaviors.	
  Research	
  has	
  shown	
  that	
  prosocial	
  behaviors	
  
have	
  been	
  associated	
  with	
  job	
  sa6sfac6on,	
  produc6vity,	
  and	
  client	
  sa6sfac6on	
  (Danzis	
  &	
  Stone-­‐-­‐-­‐Romero,	
  2009).	
  Therefore	
  the	
  understanding	
  
of	
  what	
  situa6ons	
  support	
  and	
  encourage	
  prosocial	
  behaviors	
  could	
  be	
  an	
  asset	
  to	
  any	
  manager	
  or	
  business	
  (Danzis	
  &	
  Stone-­‐-­‐-­‐	
  Romero,	
  2009).	
  
Previous	
  research	
  has	
  focused	
  on	
  rela6onships	
  of	
  prosocial	
  behavior	
  between	
  gender	
  and	
  the	
  effect	
  of	
  group	
  size.	
  With	
  regards	
  to	
  gender,	
  there	
  
has	
  been	
  much	
  debate	
  over	
  whether	
  females	
  or	
  males	
  are	
  inherently	
  more	
  prosocial.	
  Research	
  has	
  been	
  done	
  on	
  gender	
  by	
  implemen6ng	
  a	
  
training	
  program	
  on	
  empathy	
  with	
  children	
  in	
  day	
  care	
  centers	
  between	
  the	
  ages	
  of	
  5-­‐-­‐-­‐6	
  Kallipuska,	
  1991).	
  The	
  results	
  of	
  this	
  study	
  concluded	
  
that	
  females	
  were	
  more	
  prosocial	
  than	
  males	
  based	
  on	
  teacher	
  appraisals	
  (Kallipuska,	
  1991).Other	
  research	
  supports	
  that	
  females	
  are	
  more	
  
prosocial	
  but	
  only	
  to	
  familiar	
  individuals	
  or	
  when	
  following	
  a	
  social	
  norm	
  (Danzis	
  &	
  Stone-­‐-­‐-­‐Romero	
  2009).	
  In	
  contrast,	
  males	
  were	
  
considered	
  to	
  be	
  more	
  “chivalrous”(p.722)	
  which	
  would	
  promote	
  them	
  to	
  exhibit	
  more	
  prosocial	
  behavior	
  toward	
  strangers	
  rela5ve	
  to	
  
females(Danzis	
  &	
  Stone-­‐-­‐-­‐Romero,	
  2009).	
  
In	
  addi6on	
  to	
  studies	
  on	
  the	
  rela6onship	
  between	
  prosocial	
  behavior	
  and	
  gender,	
  there	
  is	
  also	
  research	
  between	
  group	
  sizes	
  and	
  prosocial	
  
behavior.	
  One	
  of	
  the	
  most	
  well-­‐-­‐known	
  psychological	
  phenomena	
  is	
  the	
  bystander	
  effect	
  which	
  describes	
  a	
  diffusion	
  of	
  responsibility	
  as	
  group	
  
size	
  increases	
  (Garcia,	
  Weaver,	
  Darley,	
  &	
  Moskowitz,	
  2002).More	
  recent	
  studies	
  have	
  described	
  an	
  implicit	
  bystander	
  effect	
  which	
  claims	
  that	
  it	
  
is	
  even	
  possible	
  to	
  create	
  diffusion	
  of	
  responsibility	
  even	
  when	
  no	
  one	
  else	
  is	
  around	
  by	
  priming	
  par6cipants	
  about	
  group	
  mentality	
  (Garcia,	
  
Weaver,	
  Darley,	
  &	
  Moskowitz,	
  2002).	
  There	
  has	
  even	
  been	
  debate	
  over	
  the	
  implica6ons	
  of	
  the	
  implicit	
  iden6ty	
  effect.	
  One	
  research	
  study	
  
claimed	
  that	
  the	
  implicit	
  iden6ty	
  can	
  only	
  be	
  used	
  to	
  inhibit	
  prosocial	
  behavior	
  such	
  as	
  through	
  the	
  bystander	
  effect	
  (Garcia,	
  Weaver,	
  Darley,	
  &	
  
Moskowitz,	
  2002).	
  Yet,	
  conflic5ng	
  research	
  has	
  found	
  evidence	
  to	
  support	
  a	
  theory	
  that	
  the	
  implicit	
  iden5ty	
  effect	
  can	
  be	
  used	
  to	
  encourage	
  
prosocial	
  behavior	
  if	
  it	
  follows	
  the	
  group’s	
  social	
  norms	
  (Levine	
  &	
  Crowther,	
  2008).	
  Also,	
  a	
  study	
  by	
  Krupka	
  and	
  Weber	
  (2009)	
  found	
  that	
  even	
  
when	
  people	
  observe	
  others	
  ac5ng	
  selfishly,	
  on	
  average	
  this	
  produces	
  prosocial	
  behavior	
  due	
  to	
  the	
  focusing	
  effec5ng	
  of	
  norms	
  
(2009).Therefore	
  the	
  focusing	
  effect	
  of	
  norms	
  can	
  be	
  defined	
  as	
  being	
  aware	
  of	
  the	
  behavior	
  of	
  others	
  aroundKrupka	
  &	
  Weber,	
  2009).	
  
The	
  current	
  study	
  sought	
  to	
  find	
  rela6onships	
  between	
  prosocial	
  behavior,	
  gender	
  and	
  group	
  size.	
  Prosocial	
  behavior	
  was	
  defined	
  as	
  someone	
  
verbally	
  responding	
  to	
  the	
  observer’s	
  sneeze.	
  In	
  order	
  to	
  create	
  a	
  controlled	
  environment,	
  the	
  study	
  took	
  place	
  on	
  elevators	
  in	
  on-­‐-­‐-­‐campus	
  
buildings	
  only.	
  Unlike	
  previous	
  research,	
  our	
  study	
  did	
  not	
  prime	
  the	
  par6cipants	
  before	
  they	
  entered	
  the	
  elevator	
  so	
  it	
  was	
  comparable	
  to	
  the	
  
control	
  group	
  of	
  the	
  Krupka	
  &	
  Weber	
  study(2009).	
  I	
  predicted	
  that	
  females	
  would	
  respond	
  more	
  than	
  males	
  and	
  that	
  responses	
  would	
  be	
  
more	
  likely	
  in	
  a	
  group	
  of	
  more	
  than	
  two	
  other	
  people	
  on	
  the	
  elevator.According	
  to	
  the	
  Kallipuska	
  study,	
  females	
  appear	
  to	
  be	
  more	
  prosocial	
  
and	
  polite	
  than	
  males	
  and	
  would	
  be	
  more	
  likely	
  to	
  respond	
  to	
  a	
  sneeze(1991).	
  With	
  regards	
  to	
  group	
  size,	
  research	
  shows	
  that	
  the	
  focusing	
  
effect	
  of	
  norms	
  becomes	
  more	
  apparent	
  when	
  others	
  are	
  present(Krupka	
  &	
  Weber,	
  2009).One	
  contradic5on	
  to	
  this	
  hypothesis	
  would	
  be	
  the	
  
Garcia,	
  Weaver,	
  Darley,	
  &	
  Moskowitz	
  study	
  that	
  the	
  implicit	
  bystander	
  effect	
  can	
  cause	
  a	
  diffusion	
  of	
  responsibility	
  in	
  large	
  groups	
  which	
  
could	
  cause	
  no	
  one	
  to	
  respond	
  to	
  the	
  sneeze(2002).	
  	
  

Audience	
  Par5cipa5on:	
  	
  Essay	
  Scoring	
  (1	
  or	
  4?)	
  	
  



Actual	
  Expert	
  Essay	
  Scores	
  (via	
  rubric)	
  

SCORE	
  =	
  1	
  
•  Sentences/Words:	
  22/564	
  
•  Hypothesis:	
  1	
  
•  Supports:	
  2	
  
•  Opposes:	
  1	
  
•  Cita6on:	
  7	
  (6	
  unique)	
  

SCORE	
  =	
  4	
  
•  Sentences/Words:	
  26/610	
  
•  Hypothesis:	
  1	
  
•  Supports:	
  5	
  
•  Opposes:	
  3	
  	
  
•  Cita6on:	
  15	
  (6	
  unique)	
  
	
  

	
  



Ontology-­‐Based	
  Argument	
  Mining	
  and	
  
Automa6c	
  Essay	
  Scoring	
  

[Ong,	
  Litman	
  &	
  Brusilovsky,	
  2014;	
  Nguyen	
  &	
  Litman,	
  submiFed]	
  

•  System	
  recognizes	
  diagram	
  ontology	
  in	
  essays	
  	
  
•  System	
  scores	
  essays	
  using	
  recognized	
  ontology	
  	
  
•  Argument	
  mining	
  subtasks	
  
– Segmenta5on:	
  sentences	
  	
  
– Segment	
  classifica5on:	
  diagram	
  ontology	
  tags	
  
•  E.g.,	
  Study,	
  Hypothesis,	
  Opposes,	
  Supports,	
  Claim,	
  Cita6on	
  

	
  (instructor-­‐defined)	
  
•  None	
  



Ini6al	
  Data	
  
•  52	
  first-­‐dra{	
  essays	
  from	
  two	
  undergraduate	
  
psychology	
  courses	
  	
  
– WriFen	
  a{er	
  diagramming	
  and	
  peer-­‐feedback	
  
– Average	
  length:	
  5.2	
  paragraphs,	
  28.6	
  sentences	
  
– Expert	
  scores:	
  Average	
  =	
  3.03	
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  Scores	
  



Essay	
  Processing	
  Pipeline	
  
1.  Discourse	
  Processing	
  
–  Tag	
  essays	
  with	
  discourse	
  connec6ve	
  senses	
  

•  Expansion,	
  Con,ngency,	
  Comparison,	
  Temporal,	
  Non-­‐discourse	
  
•  Tagger	
  from	
  Upenn	
  

2.  Argument	
  Ontology	
  Mining	
  	
  
–  Tag	
  essays	
  with	
  diagram	
  ontology	
  elements	
  

•  Rule-­‐based	
  algorithm	
  

3.  Ontology-­‐Based	
  Scoring	
  
– Use	
  the	
  mined	
  argument	
  to	
  score	
  the	
  essays	
  

•  Rule-­‐based	
  algorithm	
  



Experimental	
  Results:	
  Extrinsic	
  Evalua6on	
  
[Ong,	
  Litman	
  &	
  Brusilovsky,	
  2014]	
  

•  Spearman	
  Correla6on	
  trend	
  between	
  
automa6cally	
  generated	
  and	
  expert	
  scores	
  	
  
•  number	
  of	
  automa6cally	
  generated	
  tags	
  for	
  diagram	
  

elements	
  are	
  posi6vely	
  correlated	
  with	
  score	
  
	
  

•  These	
  ranking	
  results	
  can	
  focus	
  teacher	
  or	
  peer	
  
reviewer	
  aFen6on	
  on	
  par6cular	
  types	
  of	
  papers	
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Current	
  Direc6ons:	
  Intrinsic	
  Evalua6on	
  
(with	
  H.	
  Nguyen)	
  

•  Argument	
  annota6on	
  of	
  116	
  first-­‐dra{	
  essays	
  
(Kappa	
  >	
  .6)	
  
– Hypothesis:	
  186	
  sentences	
  
– Support/Opposi,on:	
  460	
  sentences	
  
– None:	
  2208	
  sentences	
  

•  Features	
  for	
  supervised	
  learning	
  
– Persuasive	
  essays	
  [Stab	
  &	
  Gurevych,	
  2014]	
  
– Academic	
  wri6ng	
  style	
  
– LDA-­‐enabled	
  features	
  and	
  constraints	
  	
  
•  Ontology	
  seeding	
  to	
  extract	
  argument	
  vs.	
  domain	
  words	
  



Post-­‐Processed	
  LDA	
  Output	
  

•  New	
  Features:	
  #	
  domain	
  words,	
  #	
  argument	
  words,	
  
argument	
  unigrams	
  

•  New	
  Constraints:	
  	
  e.g.	
  selected	
  dependency	
  rela6ons	
  



Evalua6on	
  Results	
  
•  10-­‐fold	
  cross-­‐essay	
  valida6on	
  
–  .56	
  Kappa	
  (versus	
  .51	
  for	
  Stab14	
  baseline)	
  

•  Holdout	
  valida6on	
  with	
  unseen	
  topics	
  
–  	
  .58	
  Kappa	
  (versus	
  .50	
  for	
  Stab14	
  baseline)	
  

•  New	
  features	
  significantly	
  improve	
  performance,	
  
generalize	
  beFer,	
  and	
  compact	
  the	
  feature	
  space	
  

•  Current	
  work:	
  	
  argument	
  rela6ons;	
  essay	
  scoring;	
  
use	
  of	
  diagrams	
  



Author	
  creates	
  
Argument	
  
Diagram	
  

Peers	
  review	
  
Argument	
  
Diagrams	
  

Author	
  revises	
  
Argument	
  
Diagram	
  Author	
  

writes	
  paper	
  

Peers	
  review	
  
papers	
  

Author	
  revises	
  
paper	
  

AI:	
  Guides	
  
reviewing	
  

Phase	
  II:	
  Wri6ng	
  

Phase	
  I:	
  Argument	
  	
  
Diagramming	
  

ArgumentPeer	
  Project	
  	
  

Joint	
  work	
  with	
  Kevin	
  Ashley	
  and	
  Chris	
  Schunn	
  	
  	
  



Why	
  Peer	
  Review?	
  

•  Pros	
  
– Quan6ty	
  and	
  diversity	
  of	
  review	
  feedback	
  
– Students	
  learn	
  by	
  reviewing	
  

•  Cons	
  
– Reviews	
  are	
  o{en	
  not	
  stated	
  in	
  effec6ve	
  ways	
  
– Reviews	
  and	
  papers	
  do	
  not	
  focus	
  on	
  core	
  aspects	
  

•  E.g.,	
  no	
  discussion	
  of	
  thesis	
  statements	
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Audience	
  Par6cipa6on:	
  Argument	
  Mining	
  
	
  (Detect	
  the	
  Thesis)	
  

Violence	
  in	
  America	
  
	
  

In	
  the	
  spring	
  of	
  2011,	
  John	
  F.	
  Shick	
  met	
  a	
  man	
  in	
  a	
  New	
  Mexico	
  parking	
  lot	
  and	
  
bought	
  two	
  pistols	
  for	
  $810,	
  along	
  with	
  extra	
  clips,	
  ammuni6on	
  and	
  a	
  holster.	
  
This	
  is	
  one	
  reason	
  that	
  there	
  is	
  so	
  much	
  violence	
  in	
  America,	
  because	
  people	
  who	
  
are	
  mentally	
  ill,	
  and	
  people	
  who	
  aren’t,	
  can	
  just	
  buy	
  a	
  gun	
  anywhere,	
  there	
  are	
  no	
  
laws	
  that	
  say	
  they	
  cant.	
  The	
  two	
  biggest	
  factors	
  that	
  contribute	
  to	
  America’s	
  
violent	
  society	
  are	
  relaxed	
  gun	
  laws	
  and	
  mental	
  illness.	
  	
  
	
  
There	
  are	
  numerous	
  accounts	
  on	
  which	
  people	
  with	
  mental	
  illness	
  don’t	
  receive	
  
the	
  help	
  they	
  need	
  and	
  some6mes	
  do	
  things	
  to	
  things	
  to	
  hurt	
  people,	
  like	
  the	
  
account	
  on	
  which	
  was	
  just	
  men6oned	
  John	
  Shick	
  bought	
  two	
  guns	
  and	
  shot	
  and	
  
killed	
  a	
  person.	
  Another	
  account	
  was	
  the	
  sandy	
  hook	
  shoo6ng,	
  Adam	
  Lanza	
  who	
  
was	
  mentally	
  ill	
  took	
  the	
  guns	
  from	
  his	
  mother’s	
  house	
  and	
  killed	
  her	
  and	
  a	
  bunch	
  
of	
  liFle	
  kids.	
  The	
  shoo6ng	
  at	
  the	
  midnight	
  screening	
  of	
  Batman,	
  James	
  Holmes	
  
has	
  been	
  trying	
  to	
  commit	
  suicide	
  and	
  probably	
  had	
  a	
  mental	
  illness	
  .…	
  

Reviewer	
   Comment	
   Back	
  Evalua5on	
  

#1	
   The	
  two	
  biggest	
  factors	
  that	
  contribute	
  to	
  America	
  violent	
  
society	
  are	
  relaxed	
  gun	
  laws	
  and	
  mental	
  illness...	
  I	
  think	
  it’s	
  
an	
  okay	
  thesis	
  statement	
  because	
  they	
  teacher	
  gave	
  of	
  us	
  this	
  
one	
  and	
  you	
  didn't	
  change	
  it	
  up	
  any.	
  

We	
  didnt	
  have	
  to	
  

#2	
   A	
  possible	
  solu6on	
  could	
  be	
  to	
  get	
  the	
  people	
  the	
  help	
  they	
  
need.	
  But	
  the	
  solu6on	
  might	
  not	
  work	
  because	
  people	
  don’t	
  
want	
  to	
  pay	
  to	
  get	
  treatment,	
  and	
  there	
  is	
  no	
  cure	
  

This	
  is	
  not	
  my	
  thesis	
  

#3	
   I'm	
  really	
  confused	
  on	
  what	
  the	
  thesis	
  statement	
  is,	
  "The	
  two	
  
biggest	
  factors	
  that	
  	
  contribute	
  to	
  America"	
  violent	
  society	
  
are	
  relaxed	
  gun	
  laws	
  and	
  mental	
  illness."	
  

That’s	
  obviously	
  my	
  
thesis	
  because	
  its	
  
the	
  last	
  sentence	
  

#4	
   Good	
  thesis.	
   thanks	
  



Iden6fying	
  Thesis	
  and	
  Conclusion	
  Statements	
  
in	
  Student	
  Essays	
  to	
  Scaffold	
  Peer	
  Review	
  
[Falakmasir,	
  Ashley,	
  Schunn,	
  Litman	
  2014]	
  

•  How	
  well	
  can	
  machine	
  learning	
  dis6nguish	
  thesis	
  
or	
  conclusion	
  sentences	
  from	
  other	
  sentences	
  in	
  
student	
  essays?	
  
– Feature	
  extrac6on	
  via	
  natural	
  language	
  processing	
  

•  Argument	
  mining	
  subtasks	
  
– Segmenta5on:	
  sentences	
  
– Segment	
  classifica5on:	
  	
  probability	
  of	
  being	
  thesis,	
  
conclusion,	
  …	
  



Data	
  
•  432	
  high	
  school	
  essays	
  from	
  8	
  assignments	
  
– 18,081	
  sentences	
  

•  Thesis/conclusion	
  manually	
  iden6fied	
  by	
  experts	
  
– AP	
  English	
  Language	
  &	
  Composi6on	
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Features	
  for	
  Machine	
  Learning	
  
•  3	
  feature	
  sets	
  inspired	
  by	
  [Burstein	
  et	
  al.	
  2003]	
  
– Posi5onal:	
  paragraph	
  number,	
  sentence	
  number	
  in	
  
the	
  paragraph,	
  type	
  of	
  paragraph	
  (first,	
  body,	
  last)	
  

– Sentence	
  Level:	
  syntac6c,	
  seman6c,	
  frequent	
  words	
  
– Essay	
  Level:	
  number	
  of	
  keywords	
  among	
  the	
  most	
  
frequent	
  words	
  of	
  the	
  essay,	
  number	
  of	
  words	
  
overlapping	
  with	
  the	
  assignment	
  prompt,	
  and	
  a	
  
sentence	
  importance	
  score	
  based	
  on	
  Rhetorical	
  
Structure	
  Theory	
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Argument	
  Mining	
  Results	
  
•  F-­‐Measure	
  on	
  unseen	
  test	
  set	
  
–  Thesis	
  Sentences	
  

•  Posi6onal	
  Baseline:	
  .57	
  
•  Machine	
  Learning:	
  .74	
  

–  Conclusion	
  Sentences	
  
•  Posi6onal	
  Baseline:	
  .55	
  
•  Machine	
  Learning:	
  .67	
  

•  Even	
  with	
  a	
  small	
  training	
  corpus,	
  NLP	
  features	
  can	
  
detect	
  core	
  argument	
  sentences	
  in	
  essays	
  beFer	
  
than	
  the	
  baseline	
  



Scaffolding	
  During	
  Peer	
  Review	
  
[Falakmasir,	
  Jabbari	
  et	
  al.,	
  in	
  progress]	
  

When	
  argument	
  mining	
  cannot	
  find	
  a	
  thesis	
  
sentence,	
  the	
  first	
  peer	
  review	
  prompt	
  is:	
  

When	
  argument	
  mining	
  iden6fies	
  a	
  thesis	
  
sentence,	
  the	
  first	
  peer	
  review	
  prompt	
  is:	
  



Evalua6on	
  in	
  High-­‐School	
  Classrooms	
  

Argument	
  mining	
  performance	
  	
  
•  E.g.,	
  how	
  many	
  actual	
  theses	
  had	
  highest	
  score?	
  

Educa6onal	
  performance	
  
•  impact	
  of	
  scaffolding	
  for	
  peer	
  review	
  comments	
  



Outline	
  

•  Argumenta6ve	
  Wri6ng	
  /	
  Argument	
  Mining	
  
•  Algorithms	
  and	
  Applica6ons	
  
– Automated	
  Wri6ng	
  Assessment	
  
– Teaching	
  with	
  Diagramming	
  and	
  Peer	
  Review	
  

•  Summary	
  and	
  Current	
  Direc*ons	
  



Summary	
  
•  NLP-­‐supported	
  argument	
  mining	
  for	
  teaching	
  and	
  
assessing	
  wri6ng	
  
–  Feature	
  /	
  Algorithm	
  Development	
  

•  Noisy	
  and	
  diverse	
  data	
  
•  Meaningful	
  features	
  
•  Real-­‐6me	
  performance	
  	
  

–  Experimental	
  Evalua6ons	
  
•  Response-­‐to-­‐Text	
  Assessment	
  (grade	
  school)	
  
•  Ontology-­‐Guided	
  Essay	
  Ranking	
  (university	
  undergraduates)	
  
•  Intelligent	
  Scaffolding	
  for	
  Peer	
  Review	
  (high	
  school)	
  

•  Even	
  non-­‐structural	
  and	
  applica6on-­‐dependent	
  
argument	
  mining	
  can	
  support	
  useful	
  applica6ons!	
  



New	
  Work:	
  	
  Temporal	
  Argument	
  Mining	
  
[Zhang	
  and	
  Litman,	
  2014]	
  

•  How	
  are	
  arguments	
  changed	
  during	
  paper	
  revision?	
  

–  1st	
  Drak:	
  The	
  fi{h	
  level	
  of	
  Hell	
  “contains	
  the	
  Wrathful”	
  (110).	
  	
  Wrathful	
  people	
  want	
  to	
  
inten6onally	
  harm	
  others.	
  	
  Saddam	
  Hussein	
  and	
  Osama	
  Bin	
  Laden	
  come	
  to	
  mind	
  when	
  
men6oning	
  wrathful	
  people.	
  

–  2nd	
  Drak:	
  The	
  fi{h	
  level	
  of	
  Hell	
  “contains	
  the	
  Wrathful”	
  (110).	
  	
  Wrathful	
  people	
  want	
  
to	
  inten6onally	
  harm	
  others.	
  	
  Fidel	
  Castro	
  comes	
  to	
  mind	
  when	
  men6oning	
  wrathful	
  
people	
  

–  Revision	
  modifies	
  evidence	
  	
  
•  Rather	
  than	
  come	
  -­‐>	
  comes	
  

	
  
•  Argument	
  mining	
  subtasks	
  

–  Segmenta5on:	
  sentences	
  	
  
•  Alignment	
  needed	
  between	
  1st	
  and	
  2nd	
  paper	
  dra{s	
  

–  Segment	
  classifica5on:	
  argumenta6on	
  purpose	
  of	
  revision	
  (if	
  any)	
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Thank	
  You!	
  

•  Ques6ons?	
  

•  Further	
  Informa6on	
  (and	
  downloads!)	
  
– hFp://www.cs.piF.edu/~litman	
  


