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Negation causes shifts in thought processes

“Not”s in your mind

Amuse me...
•A fire is hot.

•A car has eyeballs.

•Summer is not warm.

•Winter is not hot.

Amuse me...
•A fire is hot.

•A car has eyeballs.

•Summer is not warm.

•Winter is not hot.



Standard result

No negation Negation (“not”)

True False

RT

Sentence verification with negation

•Affirm or deny: “A fire is not hot.”

•“In summary, our experiments suggest 

that negation does involve an extra step, 

or mental operation, ...” 

! Wason & Johnson-Laird, 1972, p. 39
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cohort object). The bimodality coefficients rule out bimodality
in the distributions of trajectory curvatures. The Kolmogorov–
Smirnov tests of normality indicate borderline-significant devi-
ation from normality in the direction toward unusual ‘‘peaked-
ness’’ and away from bimodality, for both z distributions. Last,
the Kolmogorov–Smirnov comparison between equal-mean and
equal-variance cohort and control z distributions finds absolutely
no reason to treat their shapes differently. The results of these
analyses are consistent with the interpretation that each mouse
movement in the cohort condition is being partially attracted
toward the cohort object because the lexical representation
associated with that object is simultaneously partially active and
competing with the correct lexical representation.

Simulation
Methods. To map a linking hypothesis between hypothesized
partially active lexical representations in the brain and the
observed hand-movement trajectories across a mouse pad, a
computational simulation of the results was implemented by
interfacing the TRACE model of spoken-word recognition (14)
by using a lexicon of 14 words corresponding to the objects used
in the experiment, with a normalized-recurrence attractor net-
work (24). If we used TRACE alone, we would be forced to

summarily turn off lexical nodes in TRACE that correspond to
objects that are not present in a given visual display, to prevent
the simulation results from predicting movements toward objects
that are not there. This manipulation would be tantamount to
making the unrealistic claim that lexical activation is discretely
constrained by visual context, such that if a candle were not in
the visual field, then hearing ‘‘candy’’ would cause no activation
whatsoever of the lexical representation for ‘‘candle.’’ However,
because one of the vectors in the attached normalized recurrence
network represents objects in the visual scene, this graded
constraint allows us to feed all of the lexical activations of
TRACE over time into the normalized recurrence network and
allow the gradual competitive process of that network to induce
motor movement only toward objects that are actually present
and actionable.

Activations of lexical nodes over time in TRACE were fed
gradually into the lexical vector of a localist attractor network
composed of 14 lexical nodes, 14 visual nodes, and 14 integration
nodes, where the lexical vector (L) and the visual vector (V) are
each normalized so that their n nodes sum to 1.0 before being
averaged at the integration vector. In the normalized-recurrence
competition algorithm, cumulative feedback to a lexical or visual
node is based on multiplying the current activation of that node
by the activation of its corresponding integration node (which is
itself simply an average of the corresponding visual and lexical
nodes) and adding this product to the activation of that lexical
or visual node. At the next time step, t, the lexical and visual
vectors are normalized again, and the cycle continues.
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Because the feedback is multiplicative in normalized recurrence,
only the visual nodes that start out nonzero (because their
corresponding objects are present in the display) will exhibit
activation. For a simplified linking hypothesis of lexical activa-
tion patterns cascading to visual salience patterns that cascade to
motor output systems, the visual nodes were stochastically
sampled at each time step, based on their probabilistic activation,
to produce simulated changes in x, y mouse position.

The x and y increments in simulated mouse position were
calculated such that the mouse moved closer to the object
corresponding to that visual node. Thus, if the two active visual
nodes both elicited movements on a particular time step, then the
simulated mouse-position change would exhibit two y-axis in-
crements and zero x-axis increments (because the two opposite
horizontal movements would cancel each other out). In this
kinematically simplified simulation, the base increment for
horizontal (left and%or right) movements was 0.4 cm, and the
base increment for vertical (upward) movements was 2 cm. To
better mimic the temporal dynamics of the overall movement,
these x and y increments were scaled by two factors. Multiplying
each x and y change in position by an inverted Gaussian velocity
envelope over time, which approximated the observed U-shaped

Fig. 3. Distributions of trajectory curvature show no evidence of bimodality.
(A) Overlaid histograms of trajectory curvature in the cohort and control
conditions (z scored together within subject) as measured by the area be-
tween each trajectory and a straight line connecting its start and endpoint,
exhibit unimodal distributions. (B) When the cohort and control conditions
are z scored separately (within-subject), the shapes of their distributions are
statistically indistinguishable. (See text for details.)
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Sentential negation
•Affirm or deny: “A fire is not hot.”

•“In summary, our experiments suggest 

that negation does involve an extra step, 

or mental operation, ...” 

! Wason & Johnson-Laird, 1972, p. 39
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wheels.

TRUE FALSE

Sentence verification

A fire is hot
True, no negation

A fire is cold
False, no negation

A fire is not hot
False, negation

A fire is not cold
True, negation

12 item types total

Dale & Duran, under review
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p < .0001

Interaction: p < .0001
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Dale & Duran, in preparation

Summary
•Negation induces “jointy” or “shifty” 

trajectories, suggesting rapid “discrete-

like” structure of thinking.

•Negation appears to induce an initial 

directional bias towards false, potentially 

explaining interaction.



Broader implications
•Negation as “operator” on dynamics

•Kelso & Engstrøm, 2006: 

! ! continuous ~ discrete
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