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The Elevator Pitch

Previously on This Topic

I N400 insensitive to truth-value (Fischler et al. 1983);

I N400 modulated by truth-value when controlling for
pragmatically unnatural uses of negation (Nieuwland &
Kuperberg 2008).

In This Talk We (Aim To) ...

... unequivocally disambiguate truth-value and priming by
examining the processing of simple quantified sentences.

We Also Discuss ...

I Early prediction effects tied to the truth-conditional properties
of quantifiers;

I ERP markers of quantifier complexity.
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Truth-value/Negation and the N400

Fischler et al. (1983)

Is the N400 modulated by falseness, or by semantic mismatches?
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⇒ N400 modulated by subject/predicate relatedness.
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Nieuwland & Kuperberg (2008)

Aim

Disentangle effects of truth-value and pragmatic licensing.
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In This Study

Aim

We want to disambiguate N400 effects of truth-value and priming.

All of the squares are blues
All of the squares are reds

None of the squares are blues
None of the squares are reds

ALL

NONE

Most of the squares are blues
Most of the squares are reds

Some of the squares are yellows
Some of the squares are reds

MOST

SOME

All of the squares are blues
All of the squares are reds

None of the squares are blues
None of the squares are reds

ALL

NONE

Most of the squares are blues
Most of the squares are reds

Some of the squares are yellows
Some of the squares are reds

MOST

SOME

I Shape/color combinations yield 8 conditions;

I Contrast ratio 7 : 7 (ALL/NONE) or 5 : 2 (MOST/SOME);

I False conditions: unprimed color/shape-predicates (i.e. red)

I Adult native English speakers (N = 10) asked for (mis)match
judgments after each trial.
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Hypothesis Table

All of the squares are blues
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Most of the squares are blues
Most of the squares are reds
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Some of the squares are reds
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N400 modulated by truth-value

I All ... Red (F>T)

I Some ... Red (F>T)

I Most ... Red (F>T)

I None ... Blue(F>T)

N400 modulated by visual prime

I All ... Red (UP>P)

/F>T)

I Some... Red (UP>P)

/F>T)

I Most ... Red (UP>P)

/F>T)

I None... Red (UP>P)

/T>F)
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N400 Effects of Truth-Value and Priming
I ERPs (F−T) time-locked to predicate onset
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Interim Summary: Priming and Truth-Value

N400 modulated by truth-value

I All ... Red (F>T)

I Some ... Red (F>T)

I Most ... Red (F>T)

I None ... Blue(F>T)

N400 modulated by visual prime

I All ... Red (UP>P/F>T)

I Some... Red (UP>P/F>T)

I Most ... Red (UP>P/F>T)

I None... Red (UP>P/T>F)

I Truth-value does not modulate N400 amplitude.

I N400 is driven by priming the expected continuation;
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A Closer Look: N200 Effects
I ERPs (F−T) time-locked to predicate onset

9



N400 & Truth-value Experimental Design N400&Priming Prediction Effects Conclusions

Prediction Effects on the N200

Hypothesis

Prediction Effects on N200:

I Phonological Mismatch Negativities (Connolly&Phillips,1994).
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Quantifiers and Early Prediction Effects (1/4)
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Quantifiers and Early Prediction Effects (2/4)
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(McMillan et al. 2005;
Szymanik, 2016)

I Time-locking signals (F−T)
to the onset of the
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Hypothesis: MOST doesn’t cue early prediction effects ...

... due to additional working memory resources recruited in the
processing of proportional quantifiers.
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I PMMNs → anticipatory effects + truth-conditional properties
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Encoding vs. Verification

+ +

RT

<Q> dots are <C>

500 ms 4000 ms

of the quantifier “many,” for example, as compared to its close relatives like “more than
half,” is greater in terms of interindividual variability. Hackl (2009) in his investigation
put forth that the proportional quantifier “most” triggers a distinct behavioral strategy when
compared to “more than half,” which can be attributed to the semantic differences between
them. “Most” can be assumed to be the superlative form of “many” while “more than half”
is its comparative form. From a numerical perspective, for “more than half” there is a
fixed reference to compare between sets, namely, “half.” Therefore, although the compre-
hension strategy for “more than half” triggers complex strategies, one could assume simi-
larity in the processing steps across individuals. However, for “many” no such reference is
provided externally and thus could depend on the subjective interpretation of each individ-
ual regarding its meaning. It is conceivable that participants might adopt the most common
strategy to focus on the reference set, that is, the target color mentioned in the quantifier

(A)

(B)

Fig. 1. Experimental design of the study (A). Auditory stimulus sentences included numerical quantifiers (at
least seven, at least thirteen, at most seven, and at most thirteen) or proportional quantifiers (many, few) and
were of the type “<Quantifier> of the circles are <color>,” followed by a visual display, showing varied
proportions of yellow and blue circles with a constant total (n) of 20. The proportion of yellow circles and
blue circles was systematically varied, characterized by the number of circles (c) to be estimated in the target
color (TarCol) and ranging from 5 up to 15, as well as the complementary non-target color characterized by
the estimation parameter (r) ranging from 15 to 5. Time course of individual trials (B). Each trial starts with
a fixation cross, followed by the auditory sentence for 2.6 s. Then a visual display with the parametrically
varied proportions is presented for 1 s, followed by a visual mask for 2 s. Participants are asked to respond
per trial, if the auditory sentence matches the visual display or not, via a button press on one of two response
keys. RTs are recorded from the onset of the visual display until the offset of the visual mask (maximum
time for response: 3 s). The overall duration of a trial is 6.6 s.

S. Shikhare et al. / Cognitive Science 39 (2015) 1511

<Q> of the dots

Initial encoding Verification
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Neurobehavioral studies (McMillan et al. 2005)

Differences in brain activity.

I All quantifiers are associated with numerosity:
→ recruit right inferior parietal cortex.

I Only higher-order activate working-memory capacity:
→ recruit right dorsolateral prefrontal cortex.
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Semantic Automata (Szymanik & Zajenkowsky 2009)

{All, Some} < {Even, Odd} < {At least n, At most n} < {Less than half, More than half, Most}

FSA PDA
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