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Background

A considerable amount of research into the processing of negation
employed sentence-picture-verification tasks (for an overview, see e.g.,
Carpenter & Just, 1975).

(1) The star is above the plus. (True Affirmative)
(2) The plus is above the star. * (False Affirmative)
(3) The plus is not above the star. (True Negative)
(4) The star is not above the plus. [::::I (False Negative)

Very stable results were obtained with respect to the response-slowing
Impact of the negation operator. Results were less clear with respect to
the impact of the sentence's truth value. In some studies, false sentences
were generally harder to process than true sentences:

main effect of truth value: rt(1) < rt(2) and rt(3) < rt(4)
The majority of the studies, however, produced a

negation-by-truth-value interaction: rt(1) < rt(2) and rt(3) > rt(4).

Two different explanations

Classical account: Comprehenders encode sentences and pictures in
a propositional format, in which negation is an explicitly represented
operator. The two representations are then compared constituent by
constituent, with each detected incongruency prolonging the verification
time. The different response-time patterns reflect different strategies:
Comprehenders sometimes convert negative sentences into affirmative
ones with the same truth values prior to the verification process (for
details, see Carpenter & Just, 1975, Clark & Chase, 1972).

main effect of truth value
(with conversion)

negation-by-truth-value interaction
(without conversion)

(3) | not (above (plus, star)) | | above (star, plus) above (star, plus) above (star, plus)

= 2 incongruencies = conversion time + 0 incongruencies

above (star, plus) above (plus, star)

= conversion time + 1 incongruency

above (star, plus)

(4) | not (above (star, plus))

= 1 incongruency

There are still no definite criteria for when comprehenders employ one or the other strategy.

Bl representation of sentence B representation of picture

An experiential-simulations account: Comprehenders mentally
simulate the situation described in the sentence (Barsalou, 1999; Zwaan,
2004). Comprehending a negative sentence involves two simulations, a
simulation of the negated situation and a simulation of the actual situation.
At first, the focus of attention is on the negated situation. Later, attention is

shifted towards the actual situation (see Kaup, Zwaan, & Ludtke, in press).

Verification times are affected by these simulation processes: Picture
identification is facilitated in case the picture matches the focussed
simulation, but not if it mismatches this simulation. The different
respone-time patterns emerge at different stages in the comprehension
process.

main effect of truth value

The focus of attention is on the
simulation of the negated situation.

negation-by-truth-value interaction

The focus of attention is shifted
towards the actual situation.
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Conclusions

Predictions

If the experiential-simulations account is correct, the results obtained with
sentence-verification tasks should generalize to tasks that do not require
verification. Moreover, the two different response-time patterns should be
observed at different points in the comprehension process: When the
picture is presented without delay, a negation-by-truth-value interaction is
expected. With a delay, a main effect of truth value should be observed.

Experiment

Participants were presented with sentences of the form The X is (not)
above/below the Y followed by pictures of two objects, one above the
other. The participants' task was to decide as quickly as possible whether
or not both objects had been mentioned in the sentence. The picture was
either presented immediately, or with a delay of 1500 ms.

(1) True Affirmative The pineapple is above the chicken.
(2) False Affirmative The chicken is above the pineapple.
(3) True Negative The chicken is not above the pineapple.
(4) False Negative The pineapple is not above the chicken.

Participants: 124 undergrades of TU Berlin (without delay: N=64; with delay: N=60).

Materials: 40 experimental and 40 filler items. The experimental items were available in
8 versions each: 2(negation) x 2(truth-value) x 2(preposition). Collapsing across preposition
yielded four versions, as illustrated in (1) - (4).

Procedure: Sentence presentation was self-paced. Participants responded to the pictures by
pressing a 'yes'- or 'no'-key, depending on whether both of the objects had been mentioned
In the sentence just read. In experimental trials, the correct response was always 'yes'.

Results and Discussion

As predicted, a negation-by-truth-value interaction obtained in the 'without-
delay' condition, and a main effect of truth-value obtained in the 'with-delay’
condition. This difference manifested itself in a significant three-way
interaction of delay, negation, and truth-value.
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Analyses: 2(Delay) x 2(Negation) x 2 (Truth value) x 4/8(List) with Negation and Truth value as within subject variables, Delay as between
subject variable, and List as counterbalancing Latin square factor.

Main effects Delay: F1(1,110) = 3.9, p = .05; F2(1,32) = 62.0, p < .01; negation-by-truth-value interaction: F1(1,110) = 16.3, p < .01;
Main effects of Negation: F1(1,110)=11.4, p <.01; F2(1,32) = 7.2, p < .05; F2(1,32) = 8.6, p < .01,
Main effects of Truth value: F1(1,110) =6.2, p <.05; F2(1,32) = 2.1, p = .16;

three-way interaction of delay, truth value and negation (F1(1,110) = 5.1, p <.05; F2(1,32) = 6.4, p < .05

Separate analyses for the delay conditions:

short delay condition: main effect of negation: F1(1,55) = 8.4, p < .01; F2(1,32) = 4.2, p < .05,

main effect of truth value: F1(1,55) = 1.9, p = .17; F2 < 1, interaction F1(1,55) = 20.6, p <.01; F2(1,32) = 16.7, p < .01
long delay condition:  main effect of negation: F1(1,55) = 3.6, p = .06; F2(1,32) = 2.0, p = .17),

main effect o truth value: (F1(1,55) =4.4, p < .05; F2(1,32) = 1.3, p = .28), interaction: F1(1,55) = 1.5, p = .22; F2<1

Planned Comparisons:
short delay condition: (1)-(2): F1(1,55) =14.4, p <.01; F2(1,32) = 9.23, p < .01;
long delay condition: (1)-(2): F1(1,55) = 4.7, p < .05; F2(1,32) = 2.1, p = .16;

(3)-(4): F1(1,55) = 6.5, p < .05; F2(1,32) = 7.5, p = .01
(3)-(4): both Fs < 1

The results show that the two response-time patterns that are typically
observed in sentence-verification tasks do not depend on verification.

The results also indicate that temporal characteristics of the task

are an important variable when it comes to explaining when one or the
other response-time pattern is being observed. Both aspects of the results
are in line with the experiential-simulations account.
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The experiential-simulations view of language comprehension offers an alternative explanation to propositional accounts for why and when a negation-
by-truth-value interaction or a truth-value main effect is being observed in sentence-picture-verification tasks. According to this explanation, differences
In response time reflect the degree to which the processing of the picture is primed by the simulation processes carried out when comprehending the
sentence. The two different response-time patterns can be attributed to different stages of one and the same processing mechanism: Shortly after the
processing of a negative sentence, the negated situation is relatively available, and accordingly one observes a negation-by-truth-value interaction.
Later, the actual situation becomes available, and accordingly, one then observes a main effect of truth value.



