
Agenda	
  
Today	
  

•  The	
  basics	
  of	
  experimenta5on	
  
	
  

Next	
  Monday	
  

•  Introduc5on	
  to	
  the	
  course	
  experiment	
  
•  Have	
  read:	
  Van	
  Berkum	
  et	
  al.	
  (2008)	
  	
  

Next	
  Wednesday	
  

•  Methods	
  and	
  measures	
  



EXPERIMENTAL	
  RESEARCH	
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Scien5fic	
  Method	
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Scien5fic	
  Method	
  
1.  Observa5on	
  	
  
2.  Develop	
  a	
  theory	
  or	
  hypothesis	
  
3.  Generate	
  a	
  testable	
  predic5on	
  
4.  Make	
  systema5c	
  observa5ons	
  
5.  Evaluate	
  the	
  evidence	
  
6.  Repeat	
  

	
  

	
  

	
  

	
  



Scien5fic	
  Method	
  
Step	
  1:	
  Observa8on	
  (Empiricism)	
  
	
  

•  Pay	
  aXen5on	
  to	
  the	
  world	
  around	
  you	
  and	
  look	
  for	
  generaliza5ons	
  
in	
  a	
  popula5on’s	
  behavior	
  

•  Two	
  classes	
  of	
  generaliza5ons	
  
•  Descrip8ve	
  –	
  Just	
  describe	
  how	
  it	
  was,	
  what	
  was	
  seen,	
  	
  
how	
  frequently	
  it	
  occurred,	
  without	
  making	
  predic5ons	
  

•  Cause	
  and	
  effect	
  –	
  Make	
  predic5ons	
  about	
  the	
  observed	
  
rela5onship	
  between	
  two	
  (or	
  more)	
  things	
  based	
  on	
  an	
  
assump5on	
  of	
  determinism,	
  that	
  phenomena	
  have	
  	
  
iden5fiable	
  causes	
  

Experimenta5on?	
  

✖	
  

✔	
  



Scien5fic	
  Method	
  
Step	
  2:	
  Develop	
  a	
  theory	
  or	
  hypothesis	
  
	
  

•  Iden5fy	
  the	
  variables	
  associated	
  with	
  your	
  observa5ons	
  
(i.e.,	
  the	
  characteris5cs	
  of	
  the	
  behavior	
  and	
  the	
  surrounding	
  context)	
  
	
  

•  Come	
  up	
  with	
  a	
  plausible	
  explana5on	
  for	
  the	
  observed	
  behavior(s)	
  
•  How	
  are	
  the	
  variables	
  related	
  to	
  one	
  another?	
  
•  Source	
  of	
  explana5ons	
  may	
  be	
  based	
  on	
  past	
  research,	
  common	
  sense,	
  
intui5on,	
  logic,	
  etc.	
  



Scien5fic	
  Method	
  
Step	
  3:	
  Generate	
  a	
  testable	
  predic8on	
  
	
  

•  Testable:	
  	
  Must	
  be	
  specified	
  in	
  a	
  way	
  that	
  can	
  be	
  assessed	
  via	
  observa5on	
  
•  The	
  relevant	
  variables	
  must	
  be	
  clearly	
  defined	
  and	
  observable	
  

•  Falsifiable:	
  	
  Scien5sts	
  don‘t	
  try	
  to	
  prove	
  theories,	
  they	
  try	
  to	
  refute	
  theories	
  	
  
•  Refutable	
  hypotheses	
  must	
  be	
  stated	
  in	
  a	
  way	
  that	
  allow	
  the	
  	
  
poten5al	
  for	
  it	
  to	
  be	
  wrong	
  

•  Focused:	
  	
  Is	
  the	
  idea	
  specified	
  enough	
  (opera1onalized)	
  to	
  be	
  manageable	
  

•  Replicable:	
  	
  Can	
  the	
  results	
  be	
  reproduced?	
  Or	
  is	
  it	
  a	
  “one	
  5me	
  only”	
  effect?	
  



Scien5fic	
  Method	
  
Step	
  4:	
  Make	
  systema8c	
  observa8ons	
  
	
  

•  Which	
  variables	
  will	
  we	
  examine?	
  
•  How	
  do	
  we	
  measure	
  these	
  variables?	
  
•  Which	
  variables	
  can	
  we	
  systema5cally	
  manipulate?	
  
•  What	
  variables	
  need	
  to	
  be	
  controlled?	
  
•  Where	
  (from	
  whom)	
  will	
  we	
  collect	
  the	
  observa5ons?	
  



Scien5fic	
  Method	
  
Step	
  5:	
  Evaluate	
  your	
  evidence	
  
	
  

•  Your	
  results	
  might:	
  

•  Refute	
  the	
  theory	
  
•  Support	
  the	
  theory	
  (but	
  does	
  NOT	
  “prove”	
  the	
  theory)	
  
•  Lead	
  to	
  revision	
  of	
  the	
  theory	
  
•  Lead	
  to	
  considera5on	
  of	
  alterna5ve	
  theories	
  

•  There	
  are	
  always	
  alterna5ve	
  explana5ons	
  for	
  the	
  results	
  
•  Parsimony:	
  Simpler	
  explana5ons	
  are	
  preferred	
  over	
  more	
  complex	
  ones	
  



Scien5fic	
  Method	
  
Step	
  6:	
  Repeat	
  



Psycholinguis5cs	
  as	
  a	
  Science	
  
How	
  is	
  psycholinguis8cs	
  different	
  from	
  the	
  physical	
  sciences?	
  
	
  

“Hard”	
  sciences	
  vs	
  “sog”	
  sciences	
  
	
  

	
  	
  	
  	
  	
  	
  à	
  The	
  hard	
  sciences	
  are	
  rela5vely	
  easy.	
  It’s	
  the	
  sog	
  sciences	
  that	
  are	
  hard!	
  
	
  

	
  

•  Human	
  behavior	
  is	
  typically	
  much	
  more	
  variable	
  than	
  most	
  physical	
  systems	
  

•  Ogen	
  the	
  variable	
  of	
  interest	
  requires	
  indirect	
  measurement	
  	
  
(and	
  thus	
  conclusions	
  may	
  require	
  making	
  inferences)	
  

	
  



THE	
  BASICS	
  OF	
  EXPERIMENTATION	
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What	
  is	
  an	
  experiment?	
  
A	
  systema8c	
  inves8ga8on	
  of	
  the	
  cause-­‐and-­‐effect	
  rela8onship	
  between	
  two	
  	
  
(or	
  more)	
  variables	
  	
  

•  Given	
  a	
  hypothesis,	
  we	
  can	
  manipulate	
  some	
  variables	
  in	
  order	
  to	
  observe	
  	
  
their	
  influence	
  on	
  other	
  variables	
  

	
  

An	
  experiment	
  involves	
  

1.  Manipula5ng	
  some	
  variable(s)	
  
•  Independent	
  variables	
  (IV)	
  

2.  Observing	
  the	
  results	
  of	
  the	
  manipula5on	
  on	
  other	
  variable(s)	
  
•  Dependent	
  variables	
  (DV)	
  

3.  While	
  controlling	
  for	
  all	
  other	
  factors	
  
•  Extraneous	
  variables	
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Independent	
  Variables	
  (IVs)	
  
The	
  manipulated	
  variable(s)	
  (aka,	
  explanatory	
  variable	
  or	
  factor)	
  

•  Variable	
  that	
  is	
  being	
  studied	
  to	
  see	
  if	
  it	
  will	
  influence	
  behavior	
  
•  Called	
  a	
  ‘‘manipulated’’	
  variable	
  because	
  the	
  experimenter	
  	
  
has	
  complete	
  control	
  over	
  it	
  	
  

	
  

Each	
  IV	
  must	
  have	
  a	
  minimum	
  of	
  two	
  levels	
  (aka,	
  contrasts)	
  

•  The	
  point	
  of	
  an	
  experiment	
  is	
  comparison	
  	
  
•  At	
  the	
  very	
  least,	
  an	
  experiment	
  involves	
  a	
  comparison	
  between	
  two	
  things	
  

	
  

Condi8ons	
  

•  The	
  combina5on	
  of	
  all	
  levels	
  of	
  all	
  of	
  IVs	
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Exercise	
  
Research	
  Ques8on	
  

Are	
  focused	
  words	
  faster	
  to	
  iden2fy	
  than	
  non-­‐focused	
  words?	
  
	
  

•  IV	
  =	
  
•  Levels	
  =	
  	
  
	
  

Opera8onalizing	
  Variables	
  

•  Must	
  clarify	
  what	
  we	
  mean	
  by	
  “focus”:	
  	
  Syntac5c?	
  Prosodic?	
  Seman5c?	
  

•  How	
  will	
  syntac5c	
  focus	
  be	
  implementated:	
  	
  Cleging?	
  Fron5ng?	
  Other	
  devices?	
  

Focus	
  
focus,	
  non-­‐focus	
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Dependent	
  Variables	
  (DVs)	
  
The	
  variable(s)	
  that	
  are	
  measured	
  by	
  the	
  experimenter	
  (aka,	
  response	
  variables)	
  

•  The	
  outcome	
  of	
  the	
  experiment	
  
•  Called	
  “dependent”	
  because	
  the	
  outcome	
  will	
  depend	
  on	
  the	
  IVs	
  	
  
(assuming	
  that	
  the	
  hypothesis	
  is	
  correct)	
  	
  

•  Choice	
  of	
  DV	
  is	
  based	
  on	
  the	
  task	
  and	
  the	
  experimental	
  method	
  	
  
(e.g.,	
  Response	
  5me,	
  accuracy,	
  eye	
  movements,	
  brain	
  response,	
  etc.)	
  

	
  

Research	
  Ques8on	
  

Are	
  focused	
  words	
  faster	
  to	
  iden2fy	
  than	
  non-­‐focused	
  words?	
  

•  DV:	
  
	
  e.g.,	
  Response	
  5me,	
  reading	
  5me,	
  etc.	
  

	
  
Important	
  to	
  choose	
  an	
  appropriate	
  task	
  and	
  DV	
  in	
  order	
  to	
  be	
  able	
  to	
  	
  
answer	
  the	
  research	
  ques8on	
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We	
  need	
  a	
  measure	
  of	
  word	
  iden5fica5on	
  speed	
  	
  



Example	
  Experiment	
  
Instruc8ons	
  	
  	
  

•  You	
  will	
  see	
  a	
  list	
  of	
  scrambled	
  words	
  
•  Try	
  to	
  unscramble	
  as	
  many	
  words	
  as	
  you	
  can	
  
•  You	
  will	
  have	
  3	
  minutes	
  to	
  complete	
  the	
  task	
  	
  	
  



boueuyt	
  
naoazm	
  
rgiaastnm	
  
plpea	
  
umrtlb	
  
ohoya	
  
sntepriet	
  
tsargicsil	
  

kocbafoe	
  	
  
eiwdaipki	
  
tritewt	
  
xilfent	
  
ietdrd	
  
sotmcofir	
  
nlkneidi	
  
logego	
  

youtube	
  
amazon	
  
instagram	
  
apple	
  
tumblr	
  
yahoo	
  
pinterest	
  
craigslist	
  

facebook	
  
wikipedia	
  
twiXer	
  
nemlix	
  
reddit	
  
microsog	
  
linkedin	
  
google	
  



boueuyt	
  
naoazm	
  
rgiaastnm	
  
plpea	
  
umrtlb	
  
ohoya	
  
sntepriet	
  
tsargicsil	
  

kocbafoe	
  	
  
eiwdaipki	
  
tritewt	
  
xilfent	
  
ietdrd	
  
sotmcofir	
  
nlkneidi	
  
logego	
  

youtube	
  
amazon	
  
instagram	
  
apple	
  
tumblr	
  
yahoo	
  
pinterest	
  
craigslist	
  

facebook	
  
wikipedia	
  
twiXer	
  
nemlix	
  
reddit	
  
microsog	
  
linkedin	
  
google	
  

Social	
  networking	
  sites	
   Non-­‐Social	
  networking	
  sites	
  



boueuyt	
  
naoazm	
  
rgiaastnm	
  
plpea	
  
umrtlb	
  
ohoya	
  
sntepriet	
  
tsargicsil	
  

kocbafoe	
  	
  
eiwdaipki	
  
tritewt	
  
xilfent	
  
ietdrd	
  
sotmcofir	
  
nlkneidi	
  
logego	
  

youtube	
  
amazon	
  
instagram	
  
apple	
  
tumblr	
  
yahoo	
  
pinterest	
  
craigslist	
  

facebook	
  
wikipedia	
  
twiXer	
  
nemlix	
  
reddit	
  
microsog	
  
linkedin	
  
google	
  

Social	
  networking	
  sites	
   Non-­‐Social	
  networking	
  sites	
  



Exercise	
  
Hypothesis:	
  	
  People	
  who	
  feel	
  more	
  socially	
  connected	
  are	
  more	
  familiar	
  with	
  social	
  
networking	
  websites	
  than	
  people	
  who	
  do	
  not	
  feel	
  socially	
  connected	
  
	
  

•  How	
  many	
  factors	
  (IVs)	
  were	
  manipulated?	
  How	
  many	
  levels?	
  
•  How	
  many	
  condi5ons	
  were	
  there?	
  	
  
•  What	
  was	
  the	
  DV?	
  Why	
  do	
  you	
  think	
  it	
  was	
  chosen?	
  



Ceiling	
  and	
  floor	
  effects	
  	
  
Ceiling	
  effect	
  

•  Par5cipant	
  scores	
  are	
  so	
  high	
  that	
  no	
  differences	
  between	
  condi5ons	
  can	
  	
  
be	
  determined	
  	
  

•  Occurs	
  when	
  the	
  DV	
  is	
  so	
  easy	
  that	
  everyone	
  gets	
  a	
  high	
  score	
  	
  
	
  

Floor	
  effect	
  

•  All	
  scores	
  are	
  extremely	
  low	
  because	
  the	
  task	
  is	
  too	
  difficult,	
  	
  
producing	
  a	
  failure	
  to	
  find	
  any	
  differences	
  between	
  condi5ons	
  

	
  
To	
  avoid	
  floor	
  and	
  ceiling	
  effects,	
  pick	
  levels	
  of	
  IV	
  that	
  result	
  in	
  mid-­‐level	
  
performance	
  on	
  the	
  DV	
  

	
  



Variables	
  that	
  are	
  not	
  of	
  theore8cal	
  interest	
  but	
  which	
  might	
  influence	
  behavior	
  	
  
in	
  some	
  systema1c	
  way	
  (can	
  become	
  a	
  confound)	
  

Confound:	
  Co-­‐varies	
  with	
  the	
  IV	
  and	
  could	
  provide	
  alterna5ve	
  explana5on	
  of	
  results	
  	
  

	
  

	
  

Extraneous	
  variables	
  must	
  be	
  controlled	
  (held	
  constant	
  or	
  balanced	
  across	
  
condi8ons)	
  or	
  they	
  may	
  lead	
  to	
  incorrect	
  conclusions	
  

	
  

	
  

	
  

Extraneous	
  Variables	
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Poten5al	
  Confounds	
  

24	
  

Type	
   Examples	
   Can	
  be	
  controlled	
  via	
  	
  

Linguis5c	
   Word	
  frequency,	
  word	
  length,	
  word	
  
predictability,	
  verb	
  biases,	
  repe55on,	
  
ambiguity,	
  speech	
  rate,	
  etc.	
  

Corpus	
  analysis,	
  norming	
  
pre-­‐tests,	
  balancing	
  across	
  
condi5ons	
  

Situa5onal	
  	
   Environment	
  (5me	
  of	
  day,	
  noise,	
  
temperature,	
  ligh5ng,	
  etc.);	
  variability	
  
in	
  the	
  way	
  instruc5ons	
  are	
  given	
  

Standardized	
  procedures,	
  
standardized	
  instruc5ons	
  

Par5cipant	
   Language	
  skill,	
  reading	
  experience,	
  
intelligence,	
  mood,	
  anxiety,	
  gender,	
  
age,	
  socioeconomic	
  class,	
  cultural	
  
group,	
  etc.	
  

Random	
  assignment	
  to	
  	
  
condi5ons	
  	
  

Experimenter	
  
	
  

Age,	
  gender,	
  accent,	
  mood,	
  etc.;	
  
uninten5onally	
  provide	
  clues	
  

Standardized	
  procedures,	
  
naturalis5c	
  environment	
  

Task	
  Demands	
  	
   Order	
  effects,	
  clues	
  that	
  give	
  away	
  
experiment’s	
  purpose	
  

Counter-­‐balancing,	
  
naturalis5c	
  task	
  

à	
  	
  If	
  you	
  can’t	
  control	
  extraneous	
  variables,	
  	
  
	
  	
  	
  	
  	
  	
  be	
  sure	
  that	
  they	
  are	
  not	
  confounded	
  with	
  your	
  IV	
  



Exercises	
  

In	
  the	
  following	
  studies,	
  try	
  to:	
  

1.  Iden5fy	
  the	
  IV	
  and	
  number	
  of	
  levels	
  

2.  Iden5fy	
  the	
  task	
  and	
  the	
  DV	
  
	
  

3.  Consider	
  whether	
  other	
  factors	
  could	
  influence	
  the	
  results	
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Traxler,	
  Bybee	
  &	
  Pickering	
  (1997)	
  
Abstract	
  

An	
  eye-­‐tracking	
  experiment	
  inves5gated	
  whether	
  incremental	
  interpreta5on	
  applies	
  
to	
  interclausal	
  rela5onships.	
  According	
  to	
  Millis	
  and	
  Just’s	
  (1994)	
  delayed-­‐integra5on	
  
hypothesis,	
  interclausal	
  rela5onships	
  are	
  not	
  computed	
  un5l	
  the	
  end	
  of	
  the	
  second	
  
clause	
  […].	
  	
  

We	
  inves5gated	
  the	
  processing	
  of	
  causal	
  and	
  diagnos5c	
  sentences	
  […]	
  that	
  contained	
  
the	
  connec5ve	
  because.	
  Previous	
  research	
  […]	
  has	
  demonstrated	
  that	
  readers	
  have	
  
greater	
  difficulty	
  processing	
  diagnos5c	
  sentences	
  than	
  causal	
  sentences.	
  […]	
  	
  

	
  	
  	
  	
  	
  Diagnos8c	
  
	
  	
  	
  	
  	
  Heidi	
  could	
  imagine	
  and	
  create	
  things	
  because	
  she	
  won	
  first	
  prize	
  at	
  the	
  art	
  show.	
  

	
  	
  	
  	
  	
  Causal	
  	
  
	
  	
  	
  	
  	
  Heidi	
  felt	
  very	
  proud	
  and	
  happy	
  because	
  she	
  won	
  first	
  prize	
  at	
  the	
  art	
  show.	
  

26	
  



Traxler,	
  Bybee	
  &	
  Pickering	
  (1997)	
  
IV:	
  

•  Levels:	
  	
  	
  
	
  	
  	
  	
  (to	
  obtain	
  two	
  readings,	
  the	
  first	
  clause	
  was	
  manipulated)	
  

	
  

Task	
  and	
  experimental	
  method:	
  

DV:	
  	
  

	
  

Predic8ons	
  

•  Delayed-­‐integra5on	
  hypothesis:	
  	
  
Differences	
  should	
  emerge	
  only	
  at	
  end	
  of	
  second	
  clause	
  

•  Immediate-­‐integra5on	
  hypothesis:	
  
Differences	
  should	
  emerge	
  before	
  end	
  of	
  second	
  clause	
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Type	
  of	
  interclausal	
  rela5onship	
  

Causal,	
  Diagnos5c	
  

Read,	
  eye-­‐tracking	
  

Eye-­‐movements	
  (reading	
  5me)	
  –	
  in	
  which	
  region	
  did	
  the	
  differences	
  occur	
  



Traxler,	
  Bybee	
  &	
  Pickering	
  (1997)	
  
How	
  did	
  they	
  control	
  for	
  extraneous	
  variables?	
  
	
  

•  The	
  cri5cal	
  regions	
  were	
  held	
  constant	
  

	
  

	
  	
  	
  	
  	
  Diagnos8c	
  
	
  	
  	
  	
  	
  Heidi	
  could	
  imagine	
  and	
  create	
  things	
  because	
  she	
  won	
  first	
  prize	
  at	
  the	
  art	
  show.	
  

	
  	
  	
  	
  	
  Causal	
  	
  
	
  	
  	
  	
  	
  Heidi	
  felt	
  very	
  proud	
  and	
  happy	
  because	
  she	
  won	
  first	
  prize	
  at	
  the	
  art	
  show.	
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Sturt,	
  Pickering	
  &	
  Crocker	
  (1999)	
  

Abstract	
  

Many	
  theories	
  of	
  parsing	
  predict	
  that	
  the	
  difficulty	
  of	
  syntac5c	
  	
  
reanalysis	
  depends	
  on	
  the	
  type	
  of	
  structural	
  change	
  involved.	
  […]	
  

We	
  report	
  two	
  self-­‐paced	
  reading	
  experiments	
  which	
  demonstrate	
  	
  
clear	
  differences	
  in	
  the	
  magnitude	
  of	
  garden	
  path	
  effects	
  associated	
  	
  
with	
  different	
  types	
  of	
  structural	
  change.	
  	
  

	
  

NP/S	
  	
  	
  

The	
  woman	
  saw	
  the	
  famous	
  doctor	
  had	
  been	
  drinking	
  quite	
  a	
  lot.	
  

NP/Z	
  	
  	
  

Before	
  the	
  woman	
  visited	
  the	
  famous	
  doctor	
  had	
  been	
  drinking	
  quite	
  a	
  lot.	
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Sturt,	
  Pickering	
  &	
  Crocker	
  (1999)	
  
Types	
  of	
  Structural	
  Change	
  

NP/S	
  	
  	
  The	
  woman	
  saw	
  the	
  famous	
  doctor	
  had	
  been	
  drinking	
  quite	
  a	
  lot.	
  

30	
  

difference between NP/S and NP/Z ambiguities.
First, consider Fig. 1, which shows how the tree
representation changes in the reanalysis of the
NP/S ambiguity (1). The top panel of Fig. 1
represents the state of the parse at which the
famous doctor has been attached as the direct
object of saw. Notice that there is a dominance
relation between the verb phrase (VP) node
headed by saw and the noun phrase (NP) node
dominating the famous doctor. The bottom
panel represents the state of the parse after
reanalysis. Notice also that this structural rela-
tion continues to hold even though there is now
a sentence (S) node between the VP node and
the NP node. This means that the set of domi-
nance relations can be updated simply by add-
ing new relations rather than by deleting any
existing relations. We call such operations
monotonic (i.e., nondestructive).
In contrast, consider Fig. 2, which shows how

the tree representation changes in the reanalysis
of the NP/Z ambiguity (2). The upper panel
represents the state of the parse immediately
following the attachment of the famous doctor

as the object of visited. There is a dominance
relation between the VP node headed by visited
and the NP node dominating the famous doctor.
Again, the bottom panel represents the state of
the parse after reanalysis. Here, the VP node no
longer dominates the NP node. This means that
existing dominance relations have been deleted
in this process. We call such operations non-
monotonic (i.e., destructive).
These theories assume that processing diffi-

culty accompanies parsing behavior that is non-
monotonic. In contrast, monotonic reanalysis is
assumed to be comparatively easy. See Sturt
and Crocker (1996) for a processing account
which implements this distinction.

REANALYSIS AND EXPERIMENTAL
EVIDENCE

A serious weakness of most structural change
theories is that they have not been tested exper-
imentally and thus rely on intuitive data alone.
For instance, Pritchett (1988, 1992) divided re-
analysis into two discrete categories, defined in
terms of whether the processing difficulty in-
volved is available to conscious introspection.

FIG. 1. Monotonic update of structural relations in the
reanalysis of an NP/S ambiguity.

FIG. 2. Nonmonotonic update of structural relations in
the reanalysis of an NP/Z ambiguity.
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Sturt,	
  Pickering	
  &	
  Crocker	
  (1999)	
  
	
  

IV:	
  

•  Levels:	
  	
  	
  
•  NB:	
  	
  To	
  obtain	
  two	
  readings,	
  the	
  first	
  clause	
  was	
  manipulated	
  

	
  

Task:	
  

DV:	
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Type	
  of	
  structural	
  change	
  (verb	
  subcategoriza5on)	
  

NP/S,	
  NP/Z	
  

Self-­‐paced	
  reading	
  

Reading	
  5me	
  



Sturt,	
  Pickering	
  &	
  Crocker	
  (1999)	
  
Pre-­‐Tests	
  for	
  Possible	
  Confounds	
  
	
  

Verb	
  Bias	
  	
  

•  Assessed	
  via	
  corpus	
  study	
  
•  Balanced	
  across	
  condi5ons	
  
•  Each	
  item	
  paired	
  verbs	
  which	
  
had	
  similar	
  preference	
  for	
  the	
  
NP-­‐reading	
  over	
  alterna5ve	
  

	
  

Sentence	
  Plausibility	
  	
  

•  Assessed	
  via	
  judgment	
  task	
  
•  NP-­‐reading	
  was	
  equally	
  plausible	
  
in	
  each	
  condi5on	
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in the discussion below. Second, we wanted
each item to use a verb pair which was as
closely balanced as possible in terms of the
degree to which the NP analysis was preferred
over the alternative analysis. To check this, we
ran the CORSET corpus search tools (Corley,
Corley, & Crocker, 1997) on the 100-million-
word British National Corpus3 to obtain a ran-
dom sample of sentences containing one of a
preselected set of NP/S and NP/Z verbs in the
past tense. We removed sentences in which the
complements of the verb appeared in nonca-
nonical positions due to extraposition, heavy
NP shift, or long-distance dependencies. The
sentences were then categorized according to
the complements appearing with the verb. If the
verb appeared with an NP direct object and no
other complement, the sentence was classified
as NP. If it appeared with a tensed clausal
complement and no overt complementizer, it
was classified as S. If it appeared with no overt
complement at all, it was classified as Z. For
each NP/S verb, the NP bias was calculated as
the following ratio, where !NP! represents the
number of NP sentences in the sample and !S!
represents the number of S sentences in the
sample:

!NP!

!S! ! !SP!

The NP bias for the NP/Z verbs was calculated
in a completely analogous way except that !NP!
was compared with !Z! (i.e., the number of Z
sentences in the sample). The mean NP bias was
0.89 for both the NP/Z and the NP/S verbs (F "
1). Table 1 shows the the NP bias of each verb
pair used in the experiment.
Plausibility pretest. As we have seen above,

reanalysis difficulty can be affected by the plau-
sibility of the misanalysis. To control for this,
we conducted a norming study in which 20
further participants rated the plausibility of sen-
tences created from the misanalysis of the NP/S
and NP/Z items (e.g., The Australian woman
saw the famous doctor and The woman visited

the famous doctor) on a scale from 1 (least
plausible) to 7 (most plausible). The pretest
included 40 fillers, including extremely implau-
sible sentences and mildly implausible sen-
tences. There was no significant difference in
the mean ratings for the NP/S and NP/Z sen-
tences (NP/S: 6.66; NP/Z: 6.69; both Fs " 1).

Procedure
The sentences were divided into four regions.

The first region boundary was placed immedi-
ately before the first verb. The second region
boundary was placed immediately before the
first disambiguating word. The critical third re-
gion contained 2–4 words, and the fourth region
contained a final phrase, which was also 2–4
words in length (see the Appendix for region
breaks).
The items were divided into four lists each of

which contained exactly one condition of each
experimental item so that each list had an equal
number of items in each condition. In addition
to the experimental items, we included 96 filler
sentences. The fillers included eight NP/S am-
biguities and eight NP/Z ambiguities, which

3 See http://info.ox.ac.uk/bnc/ for documentation of the
British National Corpus.

TABLE 1

NP Bias of Each Verb Pair in Experiment 1

NP/S verb NP bias NP/Z verb NP bias

understood .92 negotiated .94
accepted .93 polished .93
recalled .87 scratched .91
heard .89 packed .89
confirmed .81 typed .86
maintained .98 built .97
forgot .89 painted .94
mentioned .94 debated .90
found .94 lost .90
announced .91 investigated .93
discovered .71 watched .68
noticed .65 knitted .67
saw .97 visited .98
acknowledged .97 questioned .99
remembered .97 attacked .97
remembered .97 invaded .95
read .99 edited .98
revealed .79 washed .77
revealed .79 followed .78
doubted .83 typed .86
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Sturt,	
  Pickering	
  &	
  Crocker	
  (1999)	
  
Condi8ons	
  

	
  

NP/S	
  –	
  Ambiguous	
  	
  

The	
  Australian	
  woman	
  saw	
  the	
  famous	
  doctor	
  had	
  been	
  drinking	
  quite	
  a	
  lot.	
  

	
  

NP/S	
  –	
  Unambiguous	
  

The	
  Australian	
  woman	
  saw	
  that	
  the	
  famous	
  doctor	
  had	
  been	
  drinking	
  quite	
  a	
  lot.	
  

	
  

NP/Z	
  –	
  Ambiguous	
  	
  

Before	
  the	
  woman	
  visited	
  the	
  famous	
  doctor	
  had	
  been	
  drinking	
  quite	
  a	
  lot.	
  

	
  

NP/Z	
  –	
  Unambiguous	
  

Before	
  the	
  woman	
  visited,	
  the	
  famous	
  doctor	
  had	
  been	
  drinking	
  quite	
  a	
  lot.	
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Summary	
  
	
  	
  IVs:	
  

•  Ambiguity	
  (ambiguous,	
  unambiguous)	
  
•  Type	
  of	
  structure	
  (NP/S,	
  NP/Z)	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  à	
  	
  	
  2	
  X	
  2	
  design	
  –	
  two	
  factors,	
  each	
  with	
  two	
  levels	
  

	
  

Task:	
  	
  Self-­‐paced	
  reading	
  

DV:	
  	
  Reading	
  5me	
  

Controlled	
  variables	
  

•  Verb	
  biases	
  
•  Plausibility	
  of	
  misanalysis	
  

	
  

35	
  



Types	
  of	
  Design	
  
Single	
  factor	
  design	
  

•  One	
  IV	
  with	
  two	
  or	
  more	
  levels	
  	
  
(e.g.,	
  Word	
  length:	
  1,	
  2,	
  or	
  3	
  syllables)	
  

Factorial	
  design	
  

•  Mul5ple	
  IVs,	
  each	
  with	
  two	
  or	
  more	
  levels	
  
•  2x2	
  design	
  	
  
•  3x2	
  design	
  	
  
•  2x2x2	
  design	
  
•  3x2x2x2	
  design	
  (difficult	
  to	
  interpret!)	
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Factor	
  A	
  

Cond	
  1	
   Cond	
  2	
  

Factor	
  A	
  

Cond	
  1	
   Cond	
  2	
   Cond	
  3	
  

Factor	
  A	
  

Factor	
  
B	
  

Cond	
  1	
   Cond	
  2	
  

Cond	
  3	
   Cond	
  4	
  

Factor	
  A	
  

Factor	
  
B	
  

Cond	
  1	
   Cond	
  2	
   Cond	
  3	
  

Cond	
  4	
   Cond	
  5	
   Cond	
  6	
  



Between-­‐Subjects	
  Design	
  
Each	
  par8cipant	
  is	
  tested	
  in	
  only	
  a	
  subset	
  of	
  condi8ons	
  

	
  

	
  

	
  

Advantage	
  

•  Par5cipants	
  are	
  less	
  likely	
  to	
  guess	
  the	
  purpose	
  of	
  the	
  experiment	
  	
  

Disadvantages	
  

•  Larger	
  number	
  of	
  par5cipants	
  needed	
  	
  
•  Differences	
  between	
  condi5ons	
  could	
  reflect	
  individual	
  differences	
  	
  
between	
  groups	
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Group	
  A	
   Group	
  B	
  

Cond	
  1	
   Cond	
  2	
  



Individual	
  Differences	
  
People	
  vary	
  along	
  mul8ple	
  dimensions	
  

•  “Naturally	
  defined”	
  variables	
  (not	
  manipulated	
  by	
  experimenter)	
  
•  Language	
  skill,	
  reading	
  experience,	
  intelligence,	
  mood,	
  anxiety,	
  gender,	
  	
  
age,	
  socioeconomic	
  class,	
  cultural	
  group,	
  etc.	
  

•  If	
  groups	
  differ,	
  we	
  cannot	
  determine	
  whether	
  results	
  are	
  	
  
due	
  to	
  our	
  manipula5on	
  or	
  to	
  differences	
  between	
  groups	
  

	
  

Solu8on:	
  Create	
  equivalent	
  groups	
  	
  

•  Random	
  assignment	
  of	
  par5cipants	
  
•  Confirm	
  that	
  individual	
  differences	
  are	
  balanced	
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Within-­‐Subject	
  Design	
  

Each	
  par8cipant	
  is	
  tested	
  in	
  each	
  condi8on	
  (also	
  called	
  repeated	
  measure	
  design)	
  

	
  

Advantages	
  

•  More	
  control	
  on	
  individual	
  differences	
  
•  Less	
  subjects	
  are	
  needed	
  

Disadvantages	
  

•  Par5cipants	
  are	
  more	
  likely	
  to	
  guess	
  purpose	
  of	
  experiment	
  
•  Carry-­‐over	
  effects,	
  order	
  effects	
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Carry-­‐Over	
  Effects	
  
Occur	
  when	
  tes8ng	
  under	
  one	
  condi8on	
  affects	
  how	
  par8cipants	
  behave	
  in	
  	
  
another	
  condi8on	
  

The	
  Australian	
  woman	
  saw	
  the	
  famous	
  doctor	
  had	
  been	
  drinking	
  quite	
  a	
  lot.	
  
The	
  Australian	
  woman	
  saw	
  that	
  the	
  famous	
  doctor	
  had	
  been	
  drinking	
  quite	
  a	
  lot.	
  

	
  

•  If	
  you	
  present	
  par5cipants	
  with	
  very	
  similar	
  sentences	
  such	
  as	
  (a)	
  and	
  (b)	
  	
  
(in	
  this	
  order),	
  they	
  may	
  be	
  faster	
  to	
  read	
  (b)	
  because	
  they	
  remember	
  (a)	
  

	
  

Solu8on	
  	
  

•  Counterbalancing	
  (e.g.,	
  La1n	
  Square)	
  

40	
  



Order	
  Effects	
  	
  
Presen8ng	
  condi8ons	
  in	
  the	
  same	
  order	
  to	
  all	
  par8cipants	
  may	
  affect	
  performance	
  
	
  

•  Prac8ce	
  effects	
  
Par5cipants	
  get	
  beXer	
  at	
  a	
  task	
  the	
  more	
  they	
  become	
  familiar	
  with	
  it	
  
	
  

•  Fa8gue	
  effects	
  
The	
  longer	
  par5cipants	
  do	
  a	
  task,	
  the	
  more	
  5red	
  they	
  will	
  get	
  and	
  the	
  	
  
less	
  aXen5on	
  they	
  will	
  give	
  	
  
	
  

•  Catching-­‐on	
  
The	
  longer	
  par5cipants	
  do	
  a	
  task,	
  the	
  more	
  likely	
  they	
  will	
  figure	
  out	
  	
  
the	
  manipula5on	
  

	
  



Counterbalanced	
  Lists	
  (La5n	
  Square)	
  

Ensures	
  that	
  each	
  item	
  is	
  tested	
  equally	
  ogen	
  in	
  each	
  condi5on	
  and	
  	
  
each	
  par5cipant	
  “sees”	
  an	
  equal	
  number	
  of	
  items	
  in	
  each	
  condi5on	
  	
  
	
  

	
  	
  	
  	
  	
  Simple	
  1x3	
  design:	
  	
  	
  N	
  items	
  (sets	
  of	
  sentences)	
  in	
  3	
  condi5ons	
  

	
  
	
  
	
  	
  	
  	
  	
  	
  	
  à	
  	
  Par5cipants	
  are	
  randomly	
  assigned	
  to	
  lists	
  

List	
  1	
   List	
  2	
   List	
  3	
  

Item	
  1	
   Cond	
  1	
   Cond	
  2	
   Cond	
  3	
  

Item	
  2	
   Cond	
  2	
   Cond	
  3	
   Cond	
  1	
  

Item	
  3	
   Cond	
  3	
   Cond	
  1	
   Cond	
  2	
  

Item	
  4	
   Cond	
  1	
   Cond	
  2	
   Cond	
  3	
  

…	
  

Item	
  n	
   Cond	
  3	
   Cond	
  1	
   Cond	
  2	
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List	
  1	
   List	
  2	
   List	
  3	
  

Item	
  1	
   Cond	
  1	
   Cond	
  2	
   Cond	
  3	
  

Item	
  2	
   Cond	
  2	
   Cond	
  3	
   Cond	
  1	
  

Item	
  3	
   Cond	
  3	
   Cond	
  1	
   Cond	
  2	
  

Item	
  4	
   Cond	
  1	
   Cond	
  2	
   Cond	
  3	
  

…	
  

Item	
  n	
   Cond	
  3	
   Cond	
  1	
   Cond	
  2	
  

Hiding	
  the	
  Manipula5on	
  
Include	
  Filler	
  items	
  (e.g.,	
  sentences	
  with	
  different	
  structure)	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

•  Number	
  of	
  fillers	
  depends	
  on	
  experiment	
  	
  
•  Rule	
  of	
  thumb:	
  Use	
  at	
  least	
  twice	
  the	
  number	
  of	
  items	
  

43	
  

List	
  1	
   List	
  2	
   List	
  3	
  

Item	
  1	
   Cond	
  1	
   Cond	
  2	
   Cond	
  3	
  

Filler	
  1	
   Filler	
  1	
   Filler	
  1	
   Filler	
  1	
  

Filler	
  2	
   Filler	
  2	
   Filler	
  2	
   Filler	
  2	
  

Item	
  2	
   Cond	
  2	
   Cond	
  3	
   Cond	
  1	
  

Filler	
  3	
   Filler	
  3	
   Filler	
  3	
   Filler	
  3	
  

Filler	
  4	
   Filler	
  4	
   Filler	
  4	
   Filler	
  4	
  

Item	
  3	
   Cond	
  3	
   Cond	
  1	
   Cond	
  2	
  

…	
  

Item	
  n	
   Cond	
  3	
   Cond	
  1	
   Cond	
  2	
  



Dealing	
  with	
  Order	
  Effects	
  
Randomiza8on	
  

•  Randomize	
  the	
  order	
  of	
  items	
  so	
  that	
  condi5ons	
  are	
  not	
  predictable	
  

Pseudo-­‐randomiza8on	
  

•  Adjust	
  the	
  „true“	
  random	
  order	
  to	
  avoid	
  poten5al	
  issues:	
  
•  Begin	
  list	
  with	
  2-­‐3	
  filler	
  items	
  
•  Remove	
  „runs“	
  (more	
  than	
  X	
  number	
  of	
  same	
  condi5on	
  in	
  a	
  row)	
  

Reversed	
  Lists	
  

•  Avoids	
  any	
  poten5al	
  order	
  effects	
  that	
  may	
  remain	
  

Breaks	
  

•  Minimizes	
  fa5gue	
  



Exercise	
  
What	
  was	
  the	
  design	
  of	
  this	
  study?	
  

•  Depends	
  on	
  number	
  of	
  factors	
  (IVs)	
  	
  
and	
  within-­‐	
  vs	
  between-­‐subjects	
  

•  2x2	
  design	
  
•  With	
  one	
  within-­‐subjects	
  factor	
  
•  And	
  one	
  between-­‐subjects	
  factor	
  
	
  

	
   Factor	
  A	
  (within)	
  

Factor	
  
B	
  

(btwn)	
  

Cond	
  1	
   Cond	
  2	
  

Cond	
  3	
   Cond	
  4	
  



Summary	
  
General	
  Design	
  Principles	
  	
  
	
  

1.  Formulate	
  your	
  research	
  ques5on	
  clearly	
  	
  

2.  Choose	
  appropriate	
  independent	
  and	
  dependent	
  variables	
  	
  
	
  

3.  Control	
  or	
  balance	
  all	
  other	
  factors	
  

4.  Use	
  a	
  within-­‐subject	
  design	
  whenever	
  possible	
  

5.  Counterbalance	
  and	
  (pseudo)randomize	
  your	
  materials	
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Agenda	
  
Today	
  

•  The	
  basics	
  of	
  experimenta5on	
  
	
  

Next	
  Monday	
  

•  Introduc5on	
  to	
  the	
  course	
  experiment	
  
•  Have	
  read:	
  Van	
  Berkum	
  et	
  al.	
  (2008)	
  	
  

Next	
  Wednesday	
  

•  Methods	
  and	
  measures	
  



Reading	
  for	
  Monday	
  



Reading	
  for	
  Monday	
  
Focus	
  on	
  the	
  following	
  ques8ons	
  and	
  come	
  prepared	
  to	
  discuss	
  them	
  
	
  

1.  What	
  was	
  the	
  theore5cal	
  basis/mo5va5on	
  for	
  the	
  study?	
  
2.  What	
  was	
  the	
  specific	
  research	
  ques5on?	
  

3.  What	
  was	
  the	
  Independent	
  Variable(s)	
  and	
  levels?	
  
4.  What	
  was	
  the	
  Dependent	
  Variable(s)?	
  

5.  What	
  was	
  the	
  task	
  (what	
  did	
  the	
  par5cipant	
  have	
  to	
  do)?	
  
6.  Was	
  it	
  a	
  within-­‐subjects	
  or	
  between-­‐subjects	
  design?	
  

7.  What	
  steps	
  were	
  taken	
  to	
  eliminate	
  poten5al	
  confounds	
  and	
  order	
  effects?	
  
8.  What	
  poten5al	
  confounds	
  were	
  not	
  controlled	
  for?	
  

9.  What	
  did	
  they	
  find?	
  
10. What	
  did	
  they	
  conclude	
  based	
  on	
  these	
  findings?	
  


