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General	  RaConale	  

1.  Are	  generalized	  contextual	  inferences	  	  
–  E.g.	  scalar	  implicatures	  like	  “some”	  -‐>	  “some	  but	  not	  
all”	  

	  computed	  automaCcally?	  
	  
2.	  	  Is	  there	  a	  processing	  cost	  for	  going	  beyond	  the	  
	  literal	  meaning	  of	  uUerances?	  
	  (Implying	  a	  semanCcs/pragmaCcs	  disCncCon	  
	  reflected	  in	  processing)	  
	  Or	  are	  implicatures	  processed	  automaCcally	  (cf.	  
	  Levinson,	  2000)	  



Previous	  work	  on	  a	  sem/prag	  border	  

•  Evidence	  from	  acquisiCon,	  e.g.	  
– Noveck	  (2001):	  children	  accept	  “x	  might	  be	  true”	  
as	  a	  descripCon	  when	  “x	  must	  be	  true”	  

– Papafragou	  &	  Musolino	  (2003):	  children	  accept	  
“some	  of	  the	  horses	  jumped	  over	  the	  fence”	  when	  
all	  did.	  

•  Evidence	  from	  processing,	  e.g.	  
– BoU	  &	  Noveck	  (2004):	  judgments	  slower	  for	  
“some	  but	  not	  all”	  than	  “some	  and	  all”	  

– Breheny	  et	  al.	  (2006):	  reading	  Cme	  for	  “some”	  
higher	  when	  it	  is	  bounded	  by	  contexts	  



RaConale	  for	  current	  study	  

•  Previous	  studies	  rely	  on	  context	  manipulaCons	  
that	  are	  hard	  to	  match	  because	  they	  include	  
linguisCc	  material	  

•  Eye-‐tracking	  methods	  improve	  on	  RT	  	  
– Provide	  a	  more	  implicit	  measure	  of	  processing	  
– Give	  Cmecourse	  informaCon	  about	  potenCal	  
processing	  slowdowns	  

•  Matched	  comparison	  to	  numerals	  	  



Trial	  types	  (E1	  and	  E2)	  

Eye movements to the target in this condition were compared to those in trials asking for ‘‘all of the
socks” (in a context where one participant has all the socks and another has a proper subset of the
soccer balls). In this case, the Distractor character (the girl with some-but-not-all of the soccer balls)

Fig. 2. In Experiment 1, examples of visual-world displays for (A) some/two trials and (B) all/ three trials. Participants here were
instructed to ‘‘Point to the girl that has. . .of the socks.” The girl with socks was the Target while the girl with soccer balls was the
Distractor.
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all/three	  

“Point	  to	  the	  girl	  that	  has	  some	  of	  the	  socks”	  



Experiment	  1	  data	  

the meaning of the quantifier was insufficient for disambiguation, there was a delay in reference res-
olution, suggesting that the pragmatic upper-bound was not available during this time.3

During the Disambiguation phase, looks to the Target character increased rapidly for the some trials
(68%) suggesting that the phonological information allowed participants to close in on the correct ref-
erent even when the quantifier was referentially ambiguous (see Fig. 4). However, looks to the Target
for the some trials continued to lag behind those in the two (86%), three (85%), and all (89%) trials. This
difference lead to significant main effects of Quantifier Scale (F1(1,16) = 8.61, p < .05; F2(1,15) = 3.28,
p < .10) and Quantifier Strength (F1(1,16) = 12.39, p < .01; F2(1,15) = 3.70 p < .10), and critically a sig-
nificant interaction between these variables (F1(1,16) = 12.55, p < .01; F2(1,15) = 11.54, p < .01).
Unsurprisingly, during the period immediately preceding the onset of the action, subjects in all con-
ditions closed in on the Target. This lead to no differences across Scale (F1(1,16) = 0.43, p > .10;
F2(1,15) = .32, p > .10) or Strength (F1(1, 16) = 0.49, p > .10; F2(1,15) = 0.53, p > .10), and no interaction
between the two (F1(1, 16) = 2.50, p > .10; F2(1,15) = 2.82, p > .10).

The second analysis explored the critical interaction in greater detail. The proportion of fixations to
the Target was calculated for 200 ms intervals beginning from the onset of the quantifier and contin-
uing until but not including 1200 ms following quantifier onset. Each time window is defined by the
period from the labeled time point to the frame prior to the onset of the next interval. Unlike the
coarse-grain analyses, these intervals correspond to the real-time onset of speech information and
were not shifted by 200 ms. Table 2 displays the proportion of looks to the Target for each quantifier
type during each of these time windows. There was a significant Quantifier Scale by Strength interac-
tion approximately 200 ms after the onset of the first phoneme of the quantifiers (F1(1,16) = 8.29,
p < .05; F2(1,15) = 7.69, p < .05) which continued through the 1000 ms time window
(F1(1,16) = 29.67, p < .01; F2(1,15) = 13.85, p < .01). During the initial time window, the proportion
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Fig. 3. In Experiment 1, the time-course of looks to Target for the four trial types.

3 Careful readers (and an anonymous reviewer) have questioned whether we can attribute these differences across conditions to
differences in the quantifiers, rather than differences in the displays. In our design the two are confounded: some and two refer to
sets of two items while all and three refer to sets of three. Note however, that if the differences in the eye-movements were driven
by the differences in the visual scenes, then we would expect looks in the two condition to pattern with looks in the some
condition, but they do not. Instead they pattern with looks in the three and all conditions. Thus we ascribe these differences to the
quantifiers. This conclusion is supported by the tight temporal relation between the quantifier onset and the emergence of the
critical interaction.
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Note:	  no	  “some	  but	  not	  all”	  reading	  unCl	  phoneCc	  material	  
disambiguates!	  



E1	  issues/raConale	  for	  E2	  

•  General	  slowness	  of	  “three”	  contexts	  might	  be	  
due	  to	  weirdness	  of	  “three	  of	  the	  X”	  when	  3	  =	  
all	  of	  the	  x	  
– Two	  and	  three	  trials:	  boy	  with	  none	  now	  has	  one	  
– QuanCfier	  trials:	  unchanged	  



Experiment	  2	  data	  

In the coarse-gained time windows, there were no reliable effects of Quantifier Scale or Strength
during the Baseline and Gender phases (all F’s < 4.00, all p’s > .05). This changed during the Quantifier
phase where fixations to the Target character increased when participants heard two (66%), three
(72%), and all (72%) but not when they heard some (45%). During this period, there were both main
effects of Quantifier Scale (F1(1,16) = 5.16, p < .05; F2(1,15) = 6.39, p < .05) and Quantifier Strength
(F1(1,16) = 16.86, p < .01; F2(1,15) = 18.29, p < .01). Critically, there was also the predicted significant
interaction between these variables (F1(1,16) = 6.58, p < .05; F2(1,15) = 5.25, p < .05). Planned com-
parisons within the levels of Quantifier Strength revealed that looks to the Target in the some trials
were significantly lower than in the two trials (t1(19) = 3.22, p < .01; t2(15) = 3.11, p < .01) but there
was no reliable difference between the all and three trials (t1(19) = 0.01, p > .50; t2(15) = 0.04,
p > .50). Comparisons within the Quantifier Scales revealed that there was no difference between
two and three trials (t1(19) = 1.08, p > .20; t2(15) = 0.98, p > .30) but a reliable difference between
the some and all trials (t1(19) = 3.93, p < .01; t2(15) = 4.15, p < .01).

However, unlike Experiment 1, this pattern quickly disappeared after the onset of the final pho-
neme (see Fig. 6). Fixations to the Target character during the Disambiguation phase increased for
all trial types (82% for the two trials, 91% for the three trials, 86% for the all trials, and 71% for the some
trials). In this region there was a significant effect of Quantifier Strength (F1(1,16) = 15.65, p < .01;
F2(1,15) = 23.66, p < .01) but no effect of Quantifier Scale (F1(1,16) = 3.19 p > .05; F2(1,15) = 3.20,
p > .05) and no interaction (F1(1,16) = 0.73, p > .10; F2(1,15) = 0.63, p > .10). Finally, during the End
phase, total fixations closed in unsurprisingly on the Target leading to no effect of Quantifier Scale
(F1(1,16) = 0.24, p > .10; F2(1,15) = 0.07, p > .10) and Strength (F1(1,16) = 0.78, p > .10;
F2(1,15) = 0.48, p > .10), and no interaction between them (F1(1,16) = 0.32, p > .10; F2(1,15) = 0.29,
p > .10).

Additional analyses of 200 ms intervals following the quantifier onset confirmed the difference in
time it took participants to reliably fixate on the Target character across the four terms. Table 3 dis-
plays the proportion of looks to the Target for each quantifier type during each of these time windows.
There was a significant Quantifier Scale by Strength interaction that began approximately 400 ms after
the onset of the quantifier (F1(1,16) = 6.78, p < .05; F2(1,15) = 7.18, p < .05) and continued into the
600 ms time window (F1(1,16) = 11.09, p < .01; F2(1,15) = 14.19, p < .01). During this period, the pro-
portion of looks to the Target on the two (t1(19) = 4.77, p < .001; t2(15) = 3.62, p < .01), three
(t1(19) = 4.20, p < .001; t2(15) = 4.76, p < .001), and all (t1(19) = 2.82, p < .05; t2(15) = 3.22, p < .01) tri-
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Fig. 5. In Experiment 2, the time-course of looks to Target for the four trial types.
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Switch/stay	  

to the Target were significantly lower during the some trials than during the all, three, and two trials
(all p’s < .05).

A similar pattern emerged in the Target initial trials (Table 5). The pattern of fixations across the
four trial types began to differ about 200 ms after the onset of the quantifiers (F1(1,16) = 4.59,
p < .05; F2(1,15) = 7.73, p < .05). Following the onset of two, three, and all, participants adhered to their
initial looks to the Target, presumably because the Distractor was inconsistent with the semantics of
these terms. Planned comparisons again revealed no differences in switches to the Target for the num-
ber words (two vs. three) or for the strong terms (three vs. all, all p’s > .15). In contrast, following the
onset of some, participants often abandoned their initial looks to the Target, suggesting that a scalar
implicature was not initially available to restrict looks to the subset. As a result, the proportions of
switches off the Target were significantly higher during the some trials than during the all, three,
and two trials (all p’s < .05).

Thus the analyses of both the Target initial trials and the Non-Target initial trials confirm that while
listeners rapidly use the meanings of all, three and two to restrict reference, they do not use the prag-
matic upper bound of some to guide their initial interpretation of the utterance.
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Fig. 7. In Experiment 2, trials were separated based on fixations prior to the onset of the quantifier (A) Non-Target initial trials:
the proportion of switches to the Target and (B) Target initial trials: the proportion of switches off the Target.
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Experiment	  3	  raConale	  

•  AlternaCve	  
explanaCon:	  lexical	  
ambiguity	  

•  Perhaps	  two	  words:	  
–  some	  =	  some	  |	  all	  
–  some	  =	  some	  &	  ¬all	  

•  Might	  compete,	  
producing	  slowdown	  

•  We	  should	  see	  this	  
compeCCon	  
independent	  of	  
context	  

these ‘‘1-referent trials” because there is only one referent that is consistent with the semantics of
some (see Fig. 8). In the 1-referent trials, unlike the 2-referent trials, the Target can be resolved by
the lower-bounded semantics of the quantifier alone, rather than by a pragmatic inference. Thus if
pragmatic processing is delayed relative to semantic processing we should expect that participants
will be considerably faster at disambiguating the Target of some in the 1-referent trials. If, however,
lexical ambiguity accounts for the slower resolution of the referent in the some trials, and pragmatic
inference is not involved, then this delay should be present in the 1-referent trials and we should ex-
pect similar performance for the two trial types.

4. Experiment 3

4.1. Methods

4.1.1. Participants
Twenty undergraduate students at Harvard University participated in this study. They received

either course credit or $5 for their participation. All were native monolingual English speakers who
had not participated in the previous experiments.

4.1.2. Procedure
The procedure was identical to the previous experiments.

4.1.3. Materials
The materials compared the interpretation of the scalar quantifier some in two different referential

contexts. For the 2-referent trials, we again introduced participants to displays that contrasted a sub-
set quantity of one item with the total set of another. Like previous experiments, participants saw two
sets of objects distributed between boy–girl pairs using four stories like (8) above. These displays were
presented with one minor modification: we equated the number of objects given to the Target and
Distractor character in these critical trials in order to balance their visual salience. One set of six items

Fig. 8. Example of a visual-world display for some/none trials in Experiment 3. Participants here were instructed to ‘‘Point to the
girl that has some of the socks.”

Y.T. Huang, J. Snedeker / Cognitive Psychology 58 (2009) 376–415 399

“Point	  to	  the	  girl	  with	  some	  of	  the	  
socks”	  

	  
(one-‐referent)	  



Experiment	  3	  data	  

p’s > .15). This changed during the Quantifier phase: when some was contrasted with none fixations to
the Target character increased (87%) but when some was contrasted with all looks to Target remained
at chance (45%), resulting in a reliable difference between these conditions, t1(19) = 6.48, p < .001;
t2(15) = 7.58, p < .001. This difference between 1-referent and 2-referent trials persisted throughout
the Disambiguation phase (Target preference 95% and 74%, respectively) (t1(19) = 5.01, p < .001;
t2(15) = 3.77, p < .01) and into the End phase where the difference in looks was significant by subjects
(t1(19) = 2.36, p < .05) but not by items (t2(15) = 1.41, p > .10). However, since the Target fixations in
this final period were near ceiling (99% in the 1-referent trials and 96% in the 2-referent trials), there
was limited variability. Thus we followed up on the t-test with a non-parametric Wilcoxon signed-
rank test and confirmed that the difference in Target preference during the End phase was significant
by subjects (W = 45, Z = 2.61, p < .005) and marginally significant by items (W = 19, Z = 1.68, p < .10).

However, two features of this data complicate the interpretation of these analyses. First, there were
systematic preferences for particular quantities prior to the quantifier onset. In the 1-referent display,
looks to the Target in the some trials (57%) were significantly higher than in the none trials (40%) dur-
ing the Gender phase, t1(19) = 2.16, p < .05; t2(15) = 2.16, p < .05. In contrast, looks in the 2-referent
some trials (48%) were no different from looks in the all trials (51%) during the same period,
t1(19) = 1.48, p > .15; t2(15) = 1.05, p > .30. This pattern suggests that prior to the onset of the quan-
tifier participants preferred to look at characters with items rather than those with nothing.

Second, we found that looks to the Target in the all trials were slow to rise after the onset of the
quantifier. Target preference during the Quantifier phase (55%) was significantly lower than in the
comparable trials of Experiments 1 (66%) and 2 (72%), F1(2,57) = 3.68, p < .05; F2(2,45) = 3.27,
p < .05. This could reflect differences in how the sets are construed across the two types of displays.
In the none trials, participants heard instructions that quantify over a single set distributed among
the four characters while in the all trials, there were two sets (socks and soccer balls) and the critical
term only quantified over one of these sets. Perhaps, on some proportion of the all trials, participants
were confused by this and attempted to interpret all as referring to the total set of objects. Since nei-
ther the Target nor the Distractor character had ‘‘all of the things” this should result in no reliable pref-
erence for either character. When these trials were averaged with trials in which participants limited
the possible domains of quantification to the two basic level sets, we would expect to see a slight pref-
erence for the Target which would emerge more slowly across the trial.
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Fig. 9. In Experiment 3, the time-course of looks to Target for the four trial types.
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4.2.2. Analyses of eye movements initiated after the quantifier
We again attempted to clarify how eye movements changed in response to the quantifier by divid-

ing the trials into Non-Target initial and Target initial. In Experiment 2, we used this method of anal-
ysis to factor out initial perceptual biases. However, it has the added advantage of splitting the data in
a way that allows us to isolate and examine two processes which may be distinct: the process of rec-
ognizing that the currently fixated object is the referent and holding fixation and the process of rec-
ognizing that the currently fixated object is not the correct referent and switching to the Target. For
each of these subsets of data we analyzed looking time in 100 ms intervals from the onset of the quan-
tifier until 1000 ms after quantifier onset (Fig. 10). Each time window was analyzed with one-way AN-
OVAs with all four trial types as within subject and item variables, and list/item group as a between
subjects and items variable.

Table 7 illustrates that on the Non-Target initial trials, the pattern of fixations across the four trial
types began to differ about 400 ms after the onset of the quantifiers (F1(3,48) = 5.88, p < .01;
F2(3,45) = 8.60, p < .001). This effect is driven by switches to the Target in the some and none 1-referent
conditions, suggesting that participants were able to rapidly use the semantics of the quantifier to rule
out the Distractor character. In all of the time windows, there were no differences between the some and
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Fig. 10. Experiment 3, trials were separated based on fixations prior to the onset of the quantifier (A) Non-Target initial trials:
the proportion of switches to the Target and (B) Target initial trials: the proportion of switches off the Target.
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types began to differ about 400 ms after the onset of the quantifiers (F1(3,48) = 5.88, p < .01;
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the proportion of switches to the Target and (B) Target initial trials: the proportion of switches off the Target.
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Discussion	  

•  Processing	  cost	  for	  making	  a	  pragmaCc	  
inference	  that	  goes	  beyond	  the	  semanCcs	  
– Consistent	  with	  previous	  developmental	  and	  
processing	  evidence	  

•  AlternaCve	  explanaCons	  
– “VerificaCon	  condiCons”:	  quanCfiers	  hard?	  
– Simultaneous	  lexical	  ambiguity	  for	  some	  

•  As	  with	  Breheny’s	  results,	  results	  constrain	  
theories	  that	  posit	  automaCcity	  of	  implicature	  
–  (Even	  if	  implicatures	  are	  some-mes	  fast…)	  


