
Pronouns such as “he” and “she” are frequently used in every day language.

Pronouns are virtually void of meaning and are mainly employed to establish 
co-reference relations.

Example:

Difficulty during the resolution of pronouns has been shown to result in a 
sustained frontal negativity, commonly known as the Nref (e.g., Van Berkum, 
Brown, & Hagoort, 1999;2003).

Previous research has shown that:
 relative to unambiguous pronouns, ambiguous pronouns result in greater 

Nref amplitudes.

 a weaker contextual bias towards one referential interpretation increases 
Nref amplitudes. (Nieuwland & Van Berkum, 2006)

 individuals with greater WM capacity exhibit increased Nref amplitudes.

Previous studies have also shown that:
 Pronoun resolution necessarily involves retrieval of the memory 

representation associated with the referent. 

 Ease of retrieval from memory influences pronoun processing (e.g., 
Karimi & Ferreira, 2016).  

Thus, we can distinguish resolution difficulty from retrieval difficulty.

Research Question
Could retrieval difficulty influence referential processing independent of 
resolution difficulty? 

Previous research has shown that semantic enrichment facilitates memory 
retrieval (e.g., Hofmeister, 2011; Karimi et al., 2014; Troyer et al., 2016).

Sentence 1:
Baseline: The actor walked away from the cameraman.
Representationally Rich:  The actor who was visibly upset walked away from 
the cameraman who was critical of the show.

Sentence 2:
After a while, he realized it was getting late and took a taxi home.

Are the sentences biased in favor of one referential interpretation?

24 participants provided continuations for the sentences and explicitly 
indicated which referential candidate the pronoun refers to (actor or 
cameraman).

The actor walked away from the cameraman. After a while, he …

Choice of Referent Probabilities:

Baseline: actor = 63%, cameraman = 37% 

Representationally Rich: actor = 60%, cameraman = 40%

A mixed effect regression model revealed no reliable difference in choice of 
referent between the two conditions (p = .18)

Procedure and measure = same as Experiment 1. 48 participants took part.

Analysis windows = same as E1.

We found:
A main Representational Richness effect both in the first (p = .001) and the second (p < 
.001)
An effect of Pronominal Ambiguity, only in frontal electrodes (FP1,F3,F7,FP2,F4,F8) and 
only in the second time window (p = .02)

Nref seems to be sensitive to retrieval difficulty independent of resolution difficulty.

Evidence for the effect of general memory operations during language processing 
(Lewis, Vasishth & Van Dyke, 2006).

Two potential mechanisms for the Representational Richness effect:

1. Memory reactivation 
2. Distinctiveness

The Nref is not only sensitive to resolution difficulty but also to retrieval difficulty.

Rather than being a dichotomous measure, the Nref seems to be a graded ERP 
component, sensitive to degrees of referential processing difficulty.
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Thus, contextual bias and ambiguity, and by extension resolution difficulty, predict no 
difference between the Representationally Rich relative to the Baseline condition.

However, a memory retrieval account predicts easier processing following the 
Representationally Rich condition.

36 (other) participants read Sentence 1 (presented all at once), and then Sentence 2 
(RSVP) while their brain activity was recorded. Nref amplitudes following the pronoun 
were measured.

Representationally Richer condition  greater burden on WM  quick and strategic
referential commitment to relieve burden.
We added unambiguous pronouns to rule out this possibility.

Sentence 1
Baseline_Ambiguous: The actor walked away from the cameraman. 
Baseline_Unambiguous: The actor walked away from the actress. 
Representationally Rich_Ambiguous: The actor who was visibly upset walked away 
from the cameraman who was critical of the show.
Representationally Rich_Unambiguous: The actor who was visibly upset walked away 
from the actress who was critical of the show.

Sentence 2
After a while, he realized it was getting late and took a taxi home. 

Procedure = identical to Experiment 1. N = 24.
Choice of Referent Probabilities:

Baseline_Ambiguous: actor = 78%, cameraman = 22% 
Representationally Rich_Ambiguous: actor = 70%, cameraman = 30% 

Mixed effect regression models revealed a reliably greater probability of referring to NP1 
(actor) following the Baseline than Representationally Rich condition (p < .001).

Since the contextual bias is significantly weaker in the Representationally Rich condition, 
resolution difficulty predicts greater Nref amplitudes on ambiguous pronouns following 
representationally richer referential candidates. 

For unambiguous pronouns, resolution difficulty predicts a null effect.

But, the memory retrieval account predicts smaller Nref amplitudes for representationally 
richer referential candidates for both ambiguous and unambiguous pronouns.
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The witch/knight argued with the wizard […] he
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Analysis windows = 
1) 400ms-600ms, 
2) 800ms-1200ms 
after pronoun onset.

Nref amplitudes 
were reliably 
smaller following 
representationally 
richer referential 
candidates, both in 
the first (p = .04), 
and the second 
window (p = .02),
suggesting that 
retrieval difficulty 
can modulate Nref 
amplitudes 
independent of 
resolution difficulty.
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