
 What can semantic ambiguity reveal about  underlying  

 language processing mechanisms? 
 

   Heuristic vs. algorithmic processing (Ferreria, 2003; Fodor, 1982) 
 

• Examine Quantifier Scope Ambiguity 

• Every N1 Verbed a N2 

Effects of semantic context on heuristic vs. algorithmic sentence processing 

Every kid climbed a tree 

Participants 

48 right-handed native English speakers 

from Brock University  

 

DISCUSSION – TAKE TWO 

PREVIOUS FINDINGS 

RESULTS 

METHOD 

Interpretation of QSA sentences examined across 2 experiments (see Dwivedi, 2013 for Exp 1) 

• Experiment 1, QSA context sentences heavily biased for plural interpretation, all trials have questions  

• Experiment 2, QSA context sentences heavily biased for plural interpretation with “pre-context”; all trials have 

questions. 
 

Predictions 

• The addition of questions and biased stimuli should facilitate algorithmic processing in Exp 1, that is, 

empirical difference between AS vs. CS but not AP vs. CP should be observed. 

• Furthermore, the addition of “pre-context” should allow for interpretation of “Every”, further facilitating 

grammatical interpretation (same empirical prediction). 

• On the other hand, if participants are processing such sentences heuristically, then only cues relevant to 

context are expected to affect interpretation; Exp 1 cue is Number, Exp 2 cue is Ambiguity. 
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Ambiguous  Control 

The kids spotted the park during the long walk. 

Every kid climbed a tree. 

The tree was in a playground. 

The kids spotted the oak during the long walk. 

Every kid climbed that tree. 

The tree was in a playground. 

The kids spotted the park during the long walk. 

Every kid climbed a tree. 

The trees were in a playground.  

The kids spotted the oaks during the long walk. 

Every kid climbed those trees. 

The trees were in a playground. 

How many trees were climbed?    1) several    2) one 

Ambiguous  Control 

Every kid climbed a tree.  

The tree was in the park. 

Every kid climbed that tree.  

The tree was in the park. 

Every kid climbed a tree.  

The trees were in the park.  

Every kid climbed those trees.  

The trees were in the park.  

How many trees were climbed?   1) one   2) several 

Materials 

• 24 target 2-sentence discourses (Exp 1) and 24 target 3-sentence discourses (Exp 2) with follow-up questions (Exps 1 & 2) 

• Stimuli separated into four lists so that each condition was equally represented and no two conditions from the same item appeared in the 

same list  

• Stimuli were pseudo-randomly intermixed with 128 fillers, also followed by questions 
 

Procedure 

• Non-cumulative self-paced reading task (Just, Carpenter & Woolley, 1982) 
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• Semantic ambiguity as exhibited in Quantifier Scope Ambiguous sentences allows for the unique opportunity of 

distinguishing between heuristic vs. algorithmic language processing. 

• At first glance conclude that language processing is a heuristic first, algorithmic second mechanism (Dwivedi, 

2013) 

• However, recent analyses indicate that individuals differ in terms of their primary processing strategy. 

CONCLUSION 

Every schoolgirl 
crossed a road.  

The roads were flat and paved.  

The road was flat and paved.  

• However, a recent ERP study by Dwivedi et al. 

(2010) showed no preference for plural vs. 

singular  interpretation 
 

• See midline ERP recordings at Verb in 

Continuation sentence 
 

• Shallow processing of QSA sentences, i.e., 

algorithmic computation did not apply 

immediately 
 

• CS? Also QSA (see Barker 2007, Carlson, 1987) 
 

• In addition, an off-line norming experiment was 

included where 32 participants circled the most 

appropriate continuation sentence 
 

• Questionnaire was 160 ambiguous sentences, 80 

unambiguous sentences, & 80 fillers 

 

• Participants chose the plural interpretation 74% of  

     the time (c.f., Kurtzman & MacDonald, 1993) 
 

• By-item analysis revealed  that some sentences  

    were heavily biased for the plural interpretation 

 

• Eg, Every kid climbed a tree was interpreted as  

     plural 100% of the time 
 

• whereas others were not 

• Eg, Every jeweler appraised a diamond was  

    interpreted as plural 66% of the time 
 

• Perhaps no EEG preference observed due to: 

mixed stimuli; lack of questions on critical trials 

(c.f., Kaan & Swaab, 2003); lack of context for 

“Every”. 

Surface scope interpretation:  

consistent with linear order 

i) x ((x is a kid) y (y is a tree & 

                                               x climbed y)) 

 

Inverse scope interpretation:  

inverse linear order 

ii)  y (y is a tree) & x (x is a kid   

                                            x climbed y)) 

 

Experiment 1 

  Two possible meanings: 
 

   Meaning determined by the order of interpretation of quantifiers (i.e. scope)  

Disambiguation of QSA sentences 

•Relies on number interpretation 

•Previous work (Kurtzman and MacDonald,1993) showed that the plural interpretation 

was preferred. 

Experiment 2 

Participants 

48 right-handed native 

English speakers from 

Brock University  

 

DISCUSSION – TAKE ONE 
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Every kid climbed the same tree. 

The tree was in the park. 

Every kid climbed a tree. 

The tree was in the park. 

Every kid climbed a tree. 

The trees were in the park. 

Control Ambiguous  

Every kid climbed a different tree. 

The trees were in the park. 
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• No main effects associated with Context or 

Number (Fs<2) 

• Significant interaction of Number x Wordpos  
(F(5, 235) = 6.24, MSE = 9386; p < .001; ŋp

2=.117) 

• Final word (park) takes 61ms longer to read in 

Singular vs. Plural conditions 

 

 Evidence of heuristic ‘good enough’ 

processing; KID^CLIMB^TREE    

     (see Dwivedi & Curtiss, 2015) 

• No main effects associated with Context or 

Number (Fs<2) 

• Significant interaction of Context x Wordpos  

(F(5,235) = 6.27, MSE = 6948; p < 0.001; 

ŋp
2= 0.118) 

• Final word (playground) takes 45ms longer 

to read in Ambiguous vs. Control conditions 

 

 

• No between group subject differences were found (F<1) 

• CxNxExp was not significant  (F(1, 94) = 3.55; MSE = 

0.04; p = 0.063; ŋp
2 = 0.036); trend indicated that 

participants are more accurate for CP with pre-context 

• No other significant interactions with Exp, all Fs<1 

• Thus no statistical difference in accuracy across 

experiments 
 

• Responses indicate that AS condition is lowest (at close 

to chance) 

• This is expected for algorithmic process of scope 

computation 
 

• No relationship between Accuracy for the AS condition 

and WM was found; true for overall accuracy as well 

Experiment 1: No Pre-Context 

Experiment 2: With Pre-Context 

Experiment 1, no “pre-context” 

• With no “pre-context”, comprehender attends to inherent lexical-pragmatic (i.e.: heuristic) biases in the stimuli. 

• Therefore, for Every kid climbed a tree. The tree(s) was/were in the park., the reader attends to heuristic bias of the 

previous sentence, and is biased for PLURAL interpretation. 

• This is what is driving the Number effect for Experiment 1. 

 

Experiment 2, with “pre-context” 

• Now there is a “pre-context” sentence 

• The kids spotted a park/that/those oak(s). Every kid climbed a tree. The tree(s) was/were in a playground. 

• For Ambiguous context, there is a set for Every and tree, consistent with the scene established by park 

• The work of the comprehender now is in linking quantifier scope sentence with the previous context 

• So this is what is driving the Context effect for Experiment 2. 

• The Number effect is now irrelevant. In other words, the relevant Contextual cue has changed. 

Are we done? Who is driving the effects? 

• Examine Individual Differences  (cf. Gibson, 2011) 

• Specifically, investigate participants who answered at less than 50% accuracy for the AS conditions (called Poor 

Comprehenders) vs. those that answered at greater than and/or equal to 50% (called Good Comprehenders). 

• No main effect of Context (F<1) 

• Main effect of Number (F(1,18)=4.85, MSE=12735; 

p=0.041, ŋp
2 =0.212) 

• Number x WordPos effect (F(5,90)=4.06, MSE=9796; 

p=0.008, ŋp
2 =0.184) 

• Park takes 88ms longer in Singular vs Plural 

• No main effect of Context or Number (Fs<1) 

• Context x Number approaches significance 

(F(1,18)=3.24, MSE=9144; p=0.089, ŋp
2 =0.153) 

• No main effect of Context or Number (Fs<2) 

• Context x WordPos effect (F(5,90)=4.49, MSE=12094; 

p=0.009, ŋp
2 =0.200) 

• Playground takes 70ms longer in Ambiguous vs. Control  

• No main effect of Context (F<1) 

• Main effect of Number (F(1,18)=4.82, MSE=4482; p=0.041, 

ŋp
2 =0.211) 

• Cost for representing plural for Poor Comprehenders; 

this is likely what drives spillover effect 

• Context x WordPos effect (F(5,90)=2.96, MSE=4622; 

p=0.03, ŋp
2 =0.141) 

What are the Poor comprehenders doing in Exp. 1? They are processing sentences algorithmically!  

What are the Poor comprehenders doing in Exp. 2 (with pre-context)?  

• It’s harder to see  Exp 1 effect at S2 because the front end of the sentence is affected by spillover from pre-context 

• However, if we look at the end of S2 only, e.g. the playground, a similar effect is observed as in Exp 1: 

With the Poor comprehenders: 

AS: 411 ms. vs CS: 389 ms 

AP: 386 ms. vs. CP: 396 ms 

Compare the Good comprehenders:  

AS: 399 ms. vs CS: 399 ms 

AP: 387 ms. vs. CP: 364 ms 

With the Poor comprehenders: 

AS: 406ms. vs  CS: 372 ms 

AP: 393 ms. vs. CP: 393 ms 

Compare the Good comprehenders:  

AS: 480 ms. vs CS: 423 ms 

AP: 469 ms. vs. CP: 437 ms 

• Observe an overall Context effect for Good comprehenders but  algorithmic effect for Poor comprehenders 

Barker, C. (1997). Parasitic scope. Linguistics and Philosophy, 30(4), 407-444.; Carlson, G. N. (1987). Same and different: Consequences for syntax and semantics. 

Linguistics and Philosophy, 10, 531-565.; Chwilla, D. J. & Kolk, H. H. J. (2005). Accessing world knowledge: Evidence from N400 and reaction time priming. Cognitive Brain 

Research, 25, 289-606.; Dwivedi, V. (2013). Interpreting quantifier scope ambiguity: Evidence of heuristic first, algorithmic second processing. PLoS ONE, 8(11), 1-20.; 

Dwivedi, V. & Curtiss, K. E. (2015). Heuristics in Language Comprehension. Manuscript submitted for publication.; Dwivedi, V., Phillips, N. A., Einagel, S. & Baum, S. R. 

(2010). The neural underpinnings of semantic ambiguity and anaphora. Brain Research, 1311, 93-109.; Ferreira, F. (2003). The misinterpretation of noncanonical 

sentences. Cognitive Psychology, 47, 164-203.; Fodor, J. D. (1982). The mental representation of quantifiers. In S. Peters & E. Saarinen (Eds.), Processes, Beliefs, and 

Questions (pp. 129-164). Synthese Language Library Volume 16. Dordrecht: Reidel.; Gibson, E., Fedorenko, E., Piantadosi, S. & Gualmini, A. (2011). Inter-subject  

variability in the ability to use context during language comprehension. Poster session presented at the annual meeting of the CUNY Sentence Processing Conference, 

Stanford, CA.; Just, M. A., Carpenter, P.A. & Woolley, J. D. (1982). Paradigms and processes in reading comprehension. Journal of Experimental Psychology: General, 

111(2), 228-238.; Kaan, E. & Swaab, T. Y. (2003). Electrophysiological evidence for serial sentence processing:: A comparison between non-preferred and ungrammatical 

continuations. Cognitive Brain Research, 17, 621-635.; Kim, A. & Sikos, L. (2011). Conflict and surrender during sentence processing: An ERP study of syntax-semantics 

interaction. Brain and Language, 119, 15-22.; Kuperberg, G. (2007). Neural Mechanisms of Language Comprehension: Challenges to Syntax. Brain Research, 1146, 23-

49.; Kurtzman, H. S. & MacDonald, M. C. (1993). Resolution of quantifier scope ambiguities. Cognition, 48, 243-279.;  Moss, H. E., Ostrin, R. K., Tyler, L. K. & Marslen-

Wilson, W. D. (1995). Accessing different types of lexical semantic information: Evidence from priming. Journal of Experimental Psychology, Learning, Memory and 

Cognition, 21, 863-883.; Patson, N. D. & Warren, T. (2010). Evidence for distributivity effects in comprehension. Journal of Experimental Psychology, 36(3), 782-789.; 

Rumelhart, D. E. (1976). Understanding and summarizing brief stories. In D. LaBerge and S. J. Samuels (Eds.), Basic processes in reading: Perception and 

comprehension (265-303). Hillsdale, NJ: Lawrence Erlbaum Associates.; Schank, R. C. & Abelson, R. P.(1977). Scripts, Plans, Goals and Understanding. Hillsdale, NJ: 

Lawrence Erlbaum Associates.; Simon, H. A. (1956). Rational choice and the structure of environments. Psychological Review, 63, 129-138.; Zwaan, R. A. (1999). 

Embodied cognition, perceptual symbols, and situation models. Discourse Processes, 28(1), 81-88.  
 

Acknowledgements: This work was supported by             Research Funds awarded to V. Dwivedi.  

SELECTED REFERENCES 
      ▄  

      ▄  

      ▄  

      ▄  

AS 
 

CS 
 

AP 
 

CP 

http://images.google.ca/imgres?imgurl=http://www.fis.utoronto.ca/phd/paquette/tree cartoon.gif&imgrefurl=http://www.fis.utoronto.ca/phd/paquette/consulting.htm&h=191&w=172&sz=4&tbnid=NQM-KZcvfFcJ:&tbnh=97&tbnw=87&hl=en&start=1&prev=/images?q=tree+cartoon&svnum=10&hl=en&lr=&sa=G
http://images.google.ca/imgres?imgurl=http://www.fis.utoronto.ca/phd/paquette/tree cartoon.gif&imgrefurl=http://www.fis.utoronto.ca/phd/paquette/consulting.htm&h=191&w=172&sz=4&tbnid=NQM-KZcvfFcJ:&tbnh=97&tbnw=87&hl=en&start=1&prev=/images?q=tree+cartoon&svnum=10&hl=en&lr=&sa=G
http://images.google.ca/imgres?imgurl=http://www.fis.utoronto.ca/phd/paquette/tree cartoon.gif&imgrefurl=http://www.fis.utoronto.ca/phd/paquette/consulting.htm&h=191&w=172&sz=4&tbnid=NQM-KZcvfFcJ:&tbnh=97&tbnw=87&hl=en&start=1&prev=/images?q=tree+cartoon&svnum=10&hl=en&lr=&sa=G
http://www.healthandwelfare.idaho.gov/_Rainbow/images/Children/ECIC/cartoonboy.jpg
http://www.healthandwelfare.idaho.gov/_Rainbow/images/Children/ECIC/cartoonboy.jpg
http://www.healthandwelfare.idaho.gov/_Rainbow/images/Children/ECIC/cartoonboy.jpg
http://images.google.ca/imgres?imgurl=http://www.fis.utoronto.ca/phd/paquette/tree cartoon.gif&imgrefurl=http://www.fis.utoronto.ca/phd/paquette/consulting.htm&h=191&w=172&sz=4&tbnid=NQM-KZcvfFcJ:&tbnh=97&tbnw=87&hl=en&start=1&prev=/images?q=tree+cartoon&svnum=10&hl=en&lr=&sa=G
http://www.healthandwelfare.idaho.gov/_Rainbow/images/Children/ECIC/cartoonboy.jpg
http://www.healthandwelfare.idaho.gov/_Rainbow/images/Children/ECIC/cartoonboy.jpg
http://www.healthandwelfare.idaho.gov/_Rainbow/images/Children/ECIC/cartoonboy.jpg

