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Attraction? Example (note: not taken from the study)

Verbs ✔ The key to the cabinets is/*are on the table

Reflexives ✘ The key to the cabinets revealed itself/*themselves

Object Pronouns ✔ The key to the cabinets unlocked them/*it
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○ The stakes are high for pronoun form errors 

○ Pronoun attraction errors are (to our knowledge) uncommon “in the wild” 

○ Anaphor form may be derived from the message (e.g. Eberhard et al., 2005) 

○ Relevant features (for English) salient in the conceptual representation
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Roadmap
● Pronoun number attraction effect is reliable (though small) 

○ Persists across a number of settings 

○ Underlying process may occur even when no error is produced
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1. Choice to use a pronoun instead of a full NP 
● Relevant features might be salient in conceptual representation 
● Accessing the referent might activate the lemma (Schmitt et al, 1999) 

2. Choice of the pronoun’s features
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Our Study
● Referent is visible and obvious on screen 

● Constructing their own message/structure 

○ No preamble 

● Decision to pronominalize 

● Engages both pronoun planning processes
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Experiment 1 – Methods
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Condition Sub-Condition Example

Match SS the greeny above the pinky mimmed it

PP the greenies above the pinkies mimmed them

Mismatch PS the greenies above the pinky mimmed it

SP the greeny above the pinkies mimmed them

S = singular, P = plural“the greeny above the pinkies 
mimmed them”

● 98 target sentences of each type (reflexive, transitive) 

○ 24 trials per sub-condition; 48 match, 48 mismatch

Experiment 1 – Methods
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Experiment 2 – Methods
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○ Kandel et al. (2021): pauses before correct verbs parallel attraction errors 
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● What happens when speakers don’t make errors?

Experiment 3 – Timing Analysis

17/25    Introduction  ∙  Background  ∙  Exp 1  ∙  Exp 2  ∙  Exp 3  ∙  Exp 4 (in progress)  ∙  Discussion  ∙  Conclusion 

Used Montreal Forced Aligner (McAuliffe et al.,  2017)

***

Match Effect

Note: no timing effect for Exp 2 (unable to align Exp 1) 

● Non-intervening attraction less frequent than 
intervening attraction 

● Similar to verbs (e.g. Staub, 2010)

○ Interference even when no error occurs 

○ Errors underestimate attraction

Match Effect



Experiment 4 (in progress)
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1. The pinkies next to the greeny spun  

2. The greeny mimmed the pinkies next to the bluey 

3. The greeny mimmed the pinkies next to it
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Roadmap
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Smaller effect: 

● Uniform process that is less fragile than verb agreement 

● Less frequent process
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✔

✔

Smaller effect: 

● Uniform process that is less fragile than verb agreement 

● Less frequent process

Pronoun form doesn’t come directly from the message
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What representations are used for pronoun form?
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● Need to know linguistic label
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● Need to know linguistic label

Number (e.g. English)
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  “scissors"  “pair of scissors"

          them            it / them
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What representations are used for pronoun form?
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● Need to know linguistic label

Number (e.g. English)
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  “scissors"  “pair of scissors"

          them            it / them

“hond” (dog) “hondje" (little dog)

 common               neuter

Gender (e.g. Dutch)
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Why do speakers get mixed up?
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● Speakers access sentence representation 

○ Exp 1-2: The pinkies below the greeny mimmed it  

○ Exp 3: The greeny mimmed the pinkies below it
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● Speakers access sentence representation 

○ Exp 1-2: The pinkies below the greeny mimmed it  

○ Exp 3: The greeny mimmed the pinkies below it 

● May need to keep track of: 

○ Binding constraints (e.g. Chomsky, 1981) 

○ NP repetition (e.g. Gordon et al., 1993)
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● Speakers access sentence representation 
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Why do speakers get mixed up?

5/2520/25    Introduction  ∙  Background  ∙  Exp 1  ∙  Exp 2  ∙  Exp 3  ∙  Exp 4 (in progress)  ∙  Discussion  ∙  Conclusion     Introduction  ∙  Background  ∙  Exp 1  ∙  Exp 2  ∙  Exp 3  ∙  Exp 4 (in progress)  ∙  Discussion  ∙  Conclusion 21/25

● Speakers access sentence representation 

○ Exp 1-2: The pinkies below the greeny mimmed it  

○ Exp 3: The greeny mimmed the pinkies below it 

● May need to keep track of: 

○ Binding constraints (e.g. Chomsky, 1981) 

○ NP repetition (e.g. Gordon et al., 1993)
Follow-up: 

Do we still get attraction 
across sentences?



How do errors arise?
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● Overlap between: 

a. Properties that lead to pronominalization 

b. Properties that make a representation likely to interfere 

● In focus discourse status cues pronoun                                                         
(e.g. Ariel, 1990, 2001; Gundel et al., 1993; Schmitt et al. 1999; Arnold, 2016)
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How do errors arise?
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Exp 1-2: the pinkies below the greeny mimmed _____ 

Exp 3: the greeny mimmed the pinkies below _____

👤
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Exp 1-2: the pinkies below the greeny mimmed _____ 

Exp 3: the greeny mimmed the pinkies below _____

👤
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[in focus]

USE PRONOUN!Exp 1-2: the pinkies below the greeny mimmed _____ 

Exp 3: the greeny mimmed the pinkies below _____

👤
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[in focus]

USE PRONOUN!Exp 1-2: the pinkies below the greeny mimmed _____ 

Exp 3: the greeny mimmed the pinkies below _____

👤



👤

How do errors arise?
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Linguistic 
Representation

[in focus]

[+ NP] 
[+ sg] 
[+ animate] 
… 

Exp 1-2: the pinkies below the greeny mimmed _____ 

Exp 3: the greeny mimmed the pinkies below _____

greeny



👤

How do errors arise?
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Linguistic 
Representation

[in focus]

Exp 1-2: the pinkies below the greeny mimmed _____ 

Exp 3: the greeny mimmed the pinkies below _____

greeny [+ NP] 
[+ sg] 
[+ animate] 
… 
[high activation]



👤

How do errors arise?
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Linguistic 
Representation

[in focus]

Exp 1-2: the pinkies below the greeny mimmed _____ 

Exp 3: the greeny mimmed the pinkies below _____

[+NP], [+animate], etc.
Get antecedent
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greeny [+ NP] 
[+ sg] 
[+ animate] 
… 
[high activation]
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How do errors arise?
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[+ NP] 
[+ sg] 
[+ animate] 
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Exp 1-2: the pinkies below the greeny mimmed _____ 

Exp 3: the greeny mimmed the pinkies below _____

[+NP], [+animate], etc.
Get antecedent

it
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greeny
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Linguistic 
Representation

[in focus]

Exp 1-2: the pinkies below the greeny mimmed _____ 

Exp 3: the greeny mimmed the pinkies below _____

[in focus]

them

24/25

greeny pinkiespinkies [+ NP] 
[+ pl] 
[+ animate] 
… 
[high activation]

[+ NP] 
[+ sg] 
[+ animate] 
… 
[high activation]
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● We are still learning the full scope of the effect 

○ What prompts speakers to use this process? 

○ How often does the process occur? 

○ What is the influence of our task?
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● We are still learning the full scope of the effect 

○ What prompts speakers to use this process? 

○ How often does the process occur? 

○ What is the influence of our task? 

● Errors are rare, but important
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Effect of Antecedent Number – Errors
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Experiment 1 Experiment 2 Experiment 1Experiment 3

Plural                            Singular Plural                            Singular Plural                            Singular

● More errors for plural antecedents

***
******



Effect of Antecedent Number – Timing
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Experiment 2 Experiment 3

Plural                              Singular Plural                            Singular

● More pauses before the pronoun for plural antecedents

***

***



Effect Plots – Non-Intervening Attraction
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SS                            PS  PP                            SP

Experiment 1

SS                            PS  PP                            SP

Experiment 2

The greeny above the pinkies mimmed them 

Plural Attraction Singular Attraction Plural Attraction Singular Attraction

***

*

**

**

Interaction not significant (z = -1.81, p = 0.07) Interaction not significant (z = 1.39, p = 0.16) 



Effect Plots – Intervening Attraction
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Experiment 3

The greeny mimmed the pinkies above it 

SS                                  SP  PP                                  PS

Plural Attraction Singular Attraction

**

***

Interaction significant (z = -2.35, p = 0.02) 



Error Counts
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Condition Errors Response 
Count

Sub-
Cond.

Error 
Count

Response 
Count

Match 23 

(2%)

1523 SS 3 766

PP 20 757

Mismatch 67 

(5%)

1488 PS 19 747

SP 48 741

Condition Errors Response 
Count

Sub-
Cond.

Error 
Count

Response 
Count

Match 26 

(1%)

1890 SS 4 962

PP 22 928

Mismatch 84 

(4%)

1889 PS 29 940

SP 55 949

The greeny above the pinkies mimmed them 

Experiment 1 Experiment 2

110 errors out of 3779 responses 90 errors out of 3011 responses



Error Counts
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Condition Errors Response 
Count

Sub-
Cond.

Error 
Count

Response 
Count

Match 34 

(2%)

1542 SS 1 788

PP 33 754

Mismatch 109 

(7%)

1499 SP 30 759

PS 79 740

Experiment 3

The greeny mimmed the pinkies above it 

143 errors out of 3041 responses



Timing Analysis – Pause Rate Plots
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Timing Analysis – Effect Plots
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SS                             SP  PP                             PS

Experiment 3

**

Plural Attraction Singular Attraction

Interaction not significant (z = -0.06, p = 0.95) Interaction significant (z = -2.03, p = 0.04) 

p = 0.05

.

SS                             PS  PP                              SP

Experiment 2

n.s.

n.s.

Plural Attraction Singular Attraction



Timing Analysis – Gap Counts
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Experiment 3Experiment 2

saying it saying them

Cond. Count Percent Cond. Count Percent

match SS 29 (714) 4% PP 100 (677) 15%

mismatch PS 35 (677) 5% SP 103 (631) 16%

Total responses per sub-condition given in parentheses

saying it saying them

Cond. Count Percent Cond. Count Percent

SS 66 (709) 9% PP 16 (652) 2%

SP 69 (665) 10% PS 35 (595) 6%

Count Percent

match 129 (1391) 9%

mismatch 138 (1308) 11%

Count Percent

match 82 (1361) 6%

mismatch 104 (1260) 8%



Timing Analysis – Gap Counts
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SS                                SP  PP                                PS

Experiment 3

**

Plural Attraction Singular Attraction

p = 0.05

.

SS                                 PS  PP                                 SP

Experiment 2

n.s.

n.s.

Plural Attraction Singular Attraction

Sub-Condition Count Sub-Condition Count

SS 29 (714) PP 100 (677)

PS 35 (677) SP 103 (631)

Sub-Condition Count Sub-Condition Count

SS 66 (709) PP 16 (652)

SP 69 (665) PS 35 (595)

Total response per conditions in parentheses



Timing Analysis – Gap Duration Estimates
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Condition Duration 
(ms)

Sub-
Condition

Count Duration 
(ms)

Match 70 (SE = 17) SS 29 83 (SE = 21)

PP 100 66 (SE = 16)

Mismatch 73 (SE = 17) PS 35 113 (SE = 28)

SP 103 63 (SE = 15)

Experiment 3Experiment 2

Interaction b/w match and antecedent number (p = 0.04) 

SS–PS significant (p = 0.04) 

Overall effect of antecedent number (P longer; p < 0.0001)

Interaction b/w match and antecedent number (p = 0.04) 

Overall effect of antecedent number (S longer; p < 0.0001)

Condition Duration 
(ms)

Sub-
Condition

Count Duration 
(ms)

Match 75 (SE = 16) SS 66 156 (SE = 47)

PP 16 57 (SE = 13)

Mismatch 76 (SE = 13) SP 69 174 (SE = 38)

PS 35 55 (SE = 10)



Example Scenes
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“the greeny mimmed the pinkies below it”“the greeny above the pinkies mimmed it”



Experiment 4 Scenes
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“the pinkies next to the greeny 
spun”

“the greeny mimmed the pinkies 
next to the bluey”

“the greeny mimmed the pinkies 
next to it”

Filler 1 Filler 2 Pronoun



Models of Verb Agreement Attraction
• Different sources of error:

‣ Retrieval models: retrieval of the subject number feature  

‣ Representational models: representation of the subject 
number feature (incorrect/ambiguous)

the key

to the cabinets
 are

S

Subj

PP

VP

V

+plural

NPP

NP

+singular



‣ Retrieval models: retrieval of the subject number feature  

‣ Representational models: representation of the subject 
number feature (incorrect/ambiguous)

Models of Verb Agreement Attraction

the key

to the cabinets
 are

S

Subj

PP

VP

V

+plural

NPP

NP

+singular

• Different sources of error:

○ Cue-based memory retrieval                                                       
(e.g. McElree et al., 2003; Lewis et al., 2006; Martin & McElree, 2009; Vasisth et al. 2008, 
2009; Lewis & Vasishth 2005) 

○ Errors when items match similar cues                                          
(e.g. Badecker & Kuminiak, 2007; Badecker & Lewis, 2007; Dillon et al., 2013; Solomon & 
Pearlmutter, 2004; Wagers et al., 2009)



‣ Retrieval models: retrieval of the subject number feature  

‣ Representational models: representation of the subject 
number feature (incorrect/ambiguous)

Models of Verb Agreement Attraction

the key

to the cabinets
 are

S

Subj

PP

VP

V

+plural

NPP

NP

+singular

• Different sources of error:

○ Percolation (cf. Bock & Eberhard, 1993; Franck et al., 2002; Vigliocco & Nicol, 1998; 
Nicol et al., 1997) 

○ Encoding error (cf. Gillespie & Pearlmutter, 2011) 

○ Marking & Morphing (cf. Bock et al., 2004; Eberhard et al., 2005)

○ Cue-based memory retrieval                                                       
(e.g. McElree et al., 2003; Lewis et al., 2006; Martin & McElree, 2009; Vasisth et al. 2008, 
2009; Lewis & Vasishth 2005) 

○ Errors when items match similar cues                                          
(e.g. Badecker & Kuminiak, 2007; Badecker & Lewis, 2007; Dillon et al., 2013; Solomon & 
Pearlmutter, 2004; Wagers et al., 2009)



‣ Retrieval models: retrieval of the subject number feature  

‣ Representational models: representation of the subject 
number feature (incorrect/ambiguous)

Models of Verb Agreement Attraction

○ Percolation (cf. Bock & Eberhard, 1993; Franck et al., 2002; Vigliocco & Nicol, 1998; 
Nicol et al., 1997) 

○ Encoding error (cf. Gillespie & Pearlmutter, 2011) 

○ Marking & Morphing (cf. Bock et al., 2004; Eberhard et al., 2005)

• Different sources of error:

the key

to the cabinets
 are

S

Subj

PP

VP

V+singular

+plural

NPP

NP

○ Cue-based memory retrieval                                                       
(e.g. McElree et al., 2003; Lewis et al., 2006; Martin & McElree, 2009; Vasisth et al. 2008, 
2009; Lewis & Vasishth 2005) 

○ Errors when items match similar cues                                          
(e.g. Badecker & Kuminiak, 2007; Badecker & Lewis, 2007; Dillon et al., 2013; Solomon & 
Pearlmutter, 2004; Wagers et al., 2009)



‣ Retrieval models: retrieval of the subject number feature  

‣ Representational models: representation of the subject 
number feature (incorrect/ambiguous)

Models of Verb Agreement Attraction

○ Percolation (cf. Bock & Eberhard, 1993; Franck et al., 2002; Vigliocco & Nicol, 1998; 
Nicol et al., 1997) 

○ Encoding error (cf. Gillespie & Pearlmutter, 2011) 

○ Marking & Morphing (cf. Bock et al., 2004; Eberhard et al., 2005)

• Different sources of error:

the key

to the cabinets
 are

S

Subj

PP

VP

V
NPP

NP

+plural

+singular

+plural ○ Cue-based memory retrieval                                                       
(e.g. McElree et al., 2003; Lewis et al., 2006; Martin & McElree, 2009; Vasisth et al. 2008, 
2009; Lewis & Vasishth 2005) 

○ Errors when items match similar cues                                          
(e.g. Badecker & Kuminiak, 2007; Badecker & Lewis, 2007; Dillon et al., 2013; Solomon & 
Pearlmutter, 2004; Wagers et al., 2009)



‣ Retrieval models: retrieval of the subject number feature  

‣ Representational models: representation of the subject 
number feature (incorrect/ambiguous)

Models of Verb Agreement Attraction

○ Percolation (cf. Bock & Eberhard, 1993; Franck et al., 2002; Vigliocco & Nicol, 1998; 
Nicol et al., 1997) 

○ Encoding error (cf. Gillespie & Pearlmutter, 2011) 

○ Marking & Morphing (cf. Bock et al., 2004; Eberhard et al., 2005)

• Different sources of error:

the key

to the cabinets
 are

S

Subj

PP

VP

V
NPP

NP

+plural

+singular

○ Cue-based memory retrieval                                                       
(e.g. McElree et al., 2003; Lewis et al., 2006; Martin & McElree, 2009; Vasisth et al. 2008, 
2009; Lewis & Vasishth 2005) 

○ Errors when items match similar cues                                          
(e.g. Badecker & Kuminiak, 2007; Badecker & Lewis, 2007; Dillon et al., 2013; Solomon & 
Pearlmutter, 2004; Wagers et al., 2009)



Example Sentences

5/2520/25    Introduction  ∙  Background  ∙  Exp 1  ∙  Exp 2  ∙  Exp 3  ∙  Exp 4 (in progress)  ∙  Discussion  ∙  Conclusion 

The greeny above the pinkies mimmed them 

The greeny mimmed the pinkies above it 



Reflexive Pronouns

5/2520/25    Introduction  ∙  Background  ∙  Exp 1  ∙  Exp 2  ∙  Exp 3  ∙  Exp 4 (in progress)  ∙  Discussion  ∙  Conclusion 

n.s.

itself          
themselves

SS               SP               PP              PS

Participant Error Rates  (N = 43) ○ 47 errors out of 3784 responses 

○ Overall effect of match not significant                  
(z = 1.13, p = 0.26) 

○ Overall effect of antecedent number significant 
(z = 4.02, p < 0.0001) 

○ Interaction not significant                                     
(z = 0.51, p = 0.61)n.s.

The greeny above the pinkies mimmed itself 



Prior Examples of Pronoun Attraction

5/2520/25    Introduction  ∙  Background  ∙  Exp 1  ∙  Exp 2  ∙  Exp 3  ∙  Exp 4 (in progress)  ∙  Discussion  ∙  Conclusion 

Agreement Type Example

Pronoun number (reflexive) 
Bock et al., 1999 
Bock, Cutler et al., 2004 

> but cf. Kandel & Phillips (in prep)

*The actor in the soap operas watched themselves.

Pronoun number (tag) 
Bock et al., 1999 
Bock, Cutler et al., 2004 
Bock, Eberhard et al., 2004

*The actor in the soap operas rehearsed, didn’t they?

Pronoun gender 
Meyer & Bock, 1999 

Kijk, daar ligt een ardappelC bij een badpakN. #HetN is gaar. 

Look, there is a potato[common] by a backpack[neuter]. #It[neuter] is cooked.


