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Overview. Since Wason (1959), it is known that sentences containing the explicit negation             
not take more time to process than their affirmative counterparts. In a recent study,              
Deschamps et al. (2015) show that the same effect also holds for the processing of implicit                
negation (e.g. less than half, semantically ¬ ≥½, as opposed to more than half, semantically               
>½). There are two ways to explain these two findings in a uniform manner: increased               
processing cost (IPC) arises (i) from performing the negation operation regardless of how it is               
expressed (explicitly or implicitly), or (ii) from processing downward monotonicity          
regardless of how it is induced. We designed an experiment to adjudicate between (i) and (ii).                
Specifically, we study whether stacking the two types of negation in the upward monotone              
quantifier not less than half induces IPC relative to the downward monotone less than half.               
Hypothesis (i) predicts that the IPC induced by explicit negation and the IPC induced by               
implicit negation accumulate, while hypothesis (ii) predicts no IPC to arise since the             
quantifier not less than half is upward monotone. To forecast, we found that subjects perform               
in a manner incompatible with hypothesis (i) and compatible with hypothesis (ii), i.e., IPC              
follows monotonicity. Our results further show a deviation from the predictions of hypothesis             
(ii), which we aim to explain with reference to the cost of implicature computation. 
Experimental design. To adjudicate between hypothesis (i) and (ii), we used a speeded             
verification task, where each trial consisted of an auditorily presented sentence followed by             
an image. Subjects were asked to decide whether the sentence and the image matched. The               
design was 2(quantifier type)  2(± explicit negation), as listed in (1a-d). 
 Table 1: (1) Quantifier Explicit Neg. # of Neg. Monotonicity 
 a. Yoter me-chazi me-ha-’igulim hem kchulim/ zehubim 
    ‘More than half of the circles are blue/yellow.’ more No 0 upward 

 b. Pachot me-chazi me-ha-’igulim hem kchulim/ zehubim 
    ‘Less than half of the circles are blue/yellow.’ less No 1 downward 

 c. Lo yoter me-chazi me-ha-’igulim hem kchulim/ zehubim  
    ‘Not more than half of the circles are blue/yellow.’ more Yes 1 downward 

 d. Lo pachot me-chazi me-ha-’igulim hem kchulim/ zehubim 
    ‘Not less than half of the circles are blue/yellow.’ less Yes 2 upward 

The images comprised of blue and yellow circles (in         
different proportions). We measured error rate and       
reaction time (RT) to evaluate the effect of the         
combination of polar quantifiers and negation. 
Hypotheses and predictions. What cost metric is        
correct with respect to the processing of negation? If         
hypothesis (i) is correct, we expect that a sentence         
which contains more negations, whether explicit or       
implicit, would be more costly to process. In this case,          
(1d), which comprises 2 negations, would feature the        
longest RT and (1a), which contains no negations,        
would be the shortest (Fig. 1). Hypothesis (ii) predicts         
that downward monotone sentences would take longer       
to process relative to upward monotone ones. That is,         
RT(1b),(1c) > RT(1a),(1d) (Fig. 2). 
Results. We analyzed the data of 25 subjects (Fig. 3).          
RTs were not proportional to the number of negations:         
RT(1b) > RT(1a), and RT(1c) > RT(1d), producing a pattern          
that resembles the prediction of hypothesis (ii).       
However, we can see that this pattern deviates from         



 

expectation, as the (+)Neg conditions produces RTs that        
are higher than expected. We return to this issue below. 
Analysis. We ran a 2-way ANOVA on the RT data and           
found a main effect of ±negation factor (p=0.007), but not          
for the quantifier type factor (p=0.654). A significant        
quantifier type × negation interaction effect was also found         
(p=0.046). We also used R and lme4 (Bates et al. 2012) to            
perform a linear mixed effects analysis of the relationship         
between RT, quantifier type and negation. Using quantifier        
type and negation as fixed effects, the linear mixed effects          
model found that: negation increased RT by 103ms        
(p<2.2e-16); quantifier type increased it by 20ms       
(p=0.034); the interaction of negation and quantifier type        
had significant effect, too (p<2.2e-16). To test whether        
learning confounds these effects, we plotted the declines of         
RTs over trials, which show a similar minor trend across          
all conditions (Fig. 4). More results will be discussed in          
our talk. 
Discussion. Based on Wason (1959), Just & Carpenter        
(1971), and Deschamps et al. (2015), we know that to process a sentence containing negation               
is costly, regardless of the form of the negation. However, the IPC has more than one                
possible source: the cost of performing the negation operation, or, the cost of processing              
downward monotonicity. By combining the two types of negation in our experiment, the             
contrast between RT(1c) and RT(1d) shows that the processing cost of downward monotonicity             
is the dominant factor, rather than the cost of negation itself, suggesting a             
monotonicity-dependent verification procedure (Barwise and Cooper 1981). We’ll discuss         
this issue in detail, and also, break down our data by truth value. Next, we already noted that                  
RT(1c) and RT(1d) are higher than predicted by hypothesis (ii). To account for that, we’ll               
consider the possibility that it is due to an implicature, induced by the negated quantifiers.               
Consider the first sentence of (2a), which contains a non-negated quantifier. It can be              
followed by a stronger one. However, the same second sentence cannot follow one that              
contains a negated quantifier (2b). 
(2) a. John had less than six cookies. In fact, he had exactly three cookies. 
      b. John had no/not more than five cookies. # In fact, he had exactly three cookies.  
Arguably, the incoherence of the follow-up sentence in (2b) is caused by an implicature,              
either a scalar implicature in the case of no (⇝ exactly 5; Nouwen 2008) or an ignorance                 
implicature in the case of not (⇝ the speaker is ignorant about where John had five or fewer                  
than five; cf. Büring 2008). Either way, an implicature must be present, increasing processing              
difficulty in (1c) and (1d). Our experiment was done in Hebrew, which does not distinguish               
between no and not, hence we are not in the position to tell which implicature subjects                
compute. But in either case, implicature computation explains the deviation from hypothesis            
(ii) in our results.  
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