
Figure 1: Top row (behavioral data): Fixation curves to the two objects averaged across items and participants in Experiment 2.
The predictive window extended from the onset of the possessive to the onset of the noun, adding 200 ms for saccade planning
(Salverda et al., 2014). The x-axis is time-locked to the possessive. Estimated prediction onsets and their 95% credible intervals
are overlaid on the fixation curves in each condition. Bottom row (model): Predictions of the model for fixation probabilities to
the target and competitor object (the button and bottle, respectively). Red bars denote the predicted divergence points between
the two curves.

tal conditions were identical to Experiment 1 and featured
a MATCH and a MISMATCH condition. The results were
consistent with those of Experiment 1 (Figure 2, top row).
First, a 59 [53, 66]% target-over-competitor advantage was
observed across the whole predictive window. Second, the
onset of the prediction effect was 106 ms [-56, 268] ms ear-
lier in the MATCH than in the MISMATCH conditions. The
direction of the effect suggested earlier predictions when the
antecedent of the possessive matched in gender with the target
object, despite the fact that the antecedent gender was syntac-
tically irrelevant for prediction purposes. However, the mag-
nitude of the between-condition difference was smaller than
in Experiment 2 (106 vs. 307 ms on average).

The assumptions of our model were kept constant in terms
of modeling the task. We also generate the predicted fixation
probabilities in the same manner. The only difference is that
declarative memory in the current model includes two extra
referents corresponding to the two additional objects shown
on screen: one for the gender competitor object (e.g. the bal-
loon) and one for the distractor object (e.g. the flower). We

examined whether the model was able to predict the effects
observed in Experiment 1 without additional assumptions.

Results and discussion

The model predictions are illustrated in Figure 2 (bottom
row). The predictions are generated using the same proce-
dure as in the previous model, with the only difference being
that here the predictions are generated also for the two ad-
ditional objects. The predicted fixation probabilities for the
two conditions show patterns comparable to those in the data.
The model partially captures the prediction advantage effect
in the data: the earlier onset of the target prediction between
the MATCH and MISMATCH conditions only when the pre-
diction of target vs. the color competitor is considered. The
model captures the other key effect in the data: the predic-
tion of the target object before hearing its name. However,
some predictions of the model do not correspond well to the
empirical patterns. First, the model predicts similar fixation
proportions to the target and gender competitor after the pro-
cessing of the pronoun. This was not observed in the em-

Figure 2: Top row (behavioral data): Fixation curves to the four objects averaged across items and participants in Experiment
1. The predictive window extended from the onset of the adjective to the onset of the noun, shifted 200 ms to the right. The
x-axis is time-locked to the adjective. Estimated predictive onsets and their 95% credible intervals are overlaid on the fixation
curves in each condition. Bottom row (model): Predictions of the model for fixation probabilities to the target (the button),
the color competitor (the bottle), the gender competitor (the balloon) and the distractor object (the flower). Red bars denote the
predicted divergence points between the curve for the target and the color competitor.

pirical data, in which fixations to the gender competitor were
very infrequent and patterned with the fixations to the distrac-
tor object. Moreover, the magnitude of the prediction advan-
tage (between the target and the color competitor) predicted
by the model was higher than in the data. The model pre-
dicted a prediction advantage of 400 ms, however, in the data
it was only 106 [-56, 268] ms. We discuss these issues in the
general discussion.

General discussion
This paper reports two modeling experiments that test the hy-
pothesis that the prediction advantage observed in Stone et al.
(2021) is due to similarity-based interference during the an-
tecedent retrieval of a possessive pronoun. Stone et al. (2021)
reported two dual-task experiments involving sentence pro-
cessing in the visual world paradigm. Participants listened to
German sentences with possessive pronouns and were asked
to select an appropriate object on a screen. German posses-
sive pronouns have a bi-directional pattern of gender agree-
ment: their stem encodes agreement with a previously men-

tioned antecedent but their suffix encodes agreement with a
following possessum. Stone et al. (2021) found that partic-
ipants predicted the target object faster when the possessum
and possessor matched in gender (MATCH condition) than
when they mismatched (MISMATCH condition).

We hypothesized that the prediction advantage in the
MATCH condition was due to the interaction between the
antecedent retrieval and the possessum prediction at the pro-
noun. We tested this hypothesis by modeling the dual-task
from Stone et al. (2021). The model is an extension of the
cue-based retrieval model of sentence processing in ACT-R.
The model captures the key effect of the prediction advan-
tage in MATCH condition in both the experiments. The pre-
diction advantage arises due to retrieval interference during
antecedent retrieval at the possessive pronoun — the overlap
of the gender feature between the antecedent and the posses-
sum boosts the activation level of the possessum which later
helps in predicting it faster.

Stone et al. (2021) also observed that the prediction advan-
tage is smaller and happens at a later stage when the visual

1. The model predicts the target object (the possessum) at 
each input word: This models participants’ goal during the 
experiment, since their task was to click on the target object 
as quickly as possible. Thus, we assume that they would try 
to predict the target object with each new bit of linguistic 
information.

2. Objects displayed on screen are stored as referents in 
ACT-R's declarative memory  the memory representations 
of Martin, Sara, button and bottle are referents that are 
accessible during sentence processing.

3. The prediction of the target object is implemented as a 
retrieval of the memory representation of its referent: 
motivated based on the model of sentence-picture matching 
task in Patil et al. (2016).

4. The prediction steps weight color cues higher than 
linguistic cues: models the saliency of visual features over 
linguistic features in a visual world task (Coco & Keller 2015).

5. When processing the possessive pronoun, the antecedent 
retrieval precedes the target prediction: reflects the linear 
order of the two agreement morphemes in the possessive.

6. The probability of fixating an object is directly proportional 
to the activation of the memory representations of the object 
— higher activation means higher probability of fixation (Patil 
et al. 2016).

RESULTS

CONCLUSIONS
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MODEL ASSUMPTIONS

We propose a retrieval interference-based explanation of a prediction 
advantage effect observed in Stone et al. (2021). They reported two eye-
tracking experiments in which participants listened to instructions involving 
German possessive pronouns, e.g. ‘Click on his blue button’, and were 
asked to select the correct object from a set of objects displayed on screen. 
Participants’ eye movements showed: (i) predictive processing such that the 
target object was fixated before its name was heard, and (ii) when the target 
and the antecedent of the pronoun matched in gender, predictions arose 
earlier than when the two genders mismatched — a prediction advantage. 
We propose that the prediction advantage arises due to similarity-based 
interference during antecedent retrieval: the overlap of gender features 
between the antecedent and possessum boosts the activation level of the 
latter and helps predicting it faster. We provide an ACT-R and cue-based 
retrieval model supporting this hypothesis. Our model also provides a 
computational implementation of the idea that prediction can be conceived 
as memory retrieval. In addition, we provide a preliminary ACT-R model of 
how linguistic processes could influence visual attention.

• The illusion of prediction advantage arises through similarity-based interference 
and the interaction between retrieval and prediction processes: the gender cue in 
the antecedent retrieval boosts the activation of the predicted target


• A computational implementation of the proposal “prediction is memory retrieval” 
(Chow et al. 2016) 

• Limitations & future work: with multiple competitors (Expt. 1) participants delay the 
prediction decision, whereas the model is rational — uses all the disambiguation 
information as soon as it is available to predict the target ➟ The model could be 
modified to use different combinations of weights for linguistic (e.g. agreement) and 
visual (e.g. color) cues
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Materials  

Possessive gender agreement in German 
 

 
 

Experimental context  
 

Martin and Sarah need to clean their very messy 
house. Help them find their belongings before their 
parents get home. Click on the object as quickly as 
possible! 
Post-trial question: Who does the object belong to? 
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Figure 1. Percentage of looks to each object in Experiments 1 and 2. Red circles denote the earliest point 
when target and competitor diverged together with bootstrapped 95% CIs.  
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Expt. 2 Expt. 1

Figure 2: Top row (behavioral data): Fixation curves to the four objects averaged across items and participants in Experiment
1. The predictive window extended from the onset of the adjective to the onset of the noun, shifted 200 ms to the right. The
x-axis is time-locked to the adjective. Estimated predictive onsets and their 95% credible intervals are overlaid on the fixation
curves in each condition. Bottom row (model): Predictions of the model for fixation probabilities to the target (the button),
the color competitor (the bottle), the gender competitor (the balloon) and the distractor object (the flower). Red bars denote the
predicted divergence points between the curve for the target and the color competitor.

pirical data, in which fixations to the gender competitor were
very infrequent and patterned with the fixations to the distrac-
tor object. Moreover, the magnitude of the prediction advan-
tage (between the target and the color competitor) predicted
by the model was higher than in the data. The model pre-
dicted a prediction advantage of 400 ms, however, in the data
it was only 106 [-56, 268] ms. We discuss these issues in the
general discussion.

General discussion
This paper reports two modeling experiments that test the hy-
pothesis that the prediction advantage observed in Stone et al.
(2021) is due to similarity-based interference during the an-
tecedent retrieval of a possessive pronoun. Stone et al. (2021)
reported two dual-task experiments involving sentence pro-
cessing in the visual world paradigm. Participants listened to
German sentences with possessive pronouns and were asked
to select an appropriate object on a screen. German posses-
sive pronouns have a bi-directional pattern of gender agree-
ment: their stem encodes agreement with a previously men-

tioned antecedent but their suffix encodes agreement with a
following possessum. Stone et al. (2021) found that partic-
ipants predicted the target object faster when the possessum
and possessor matched in gender (MATCH condition) than
when they mismatched (MISMATCH condition).

We hypothesized that the prediction advantage in the
MATCH condition was due to the interaction between the
antecedent retrieval and the possessum prediction at the pro-
noun. We tested this hypothesis by modeling the dual-task
from Stone et al. (2021). The model is an extension of the
cue-based retrieval model of sentence processing in ACT-R.
The model captures the key effect of the prediction advan-
tage in MATCH condition in both the experiments. The pre-
diction advantage arises due to retrieval interference during
antecedent retrieval at the possessive pronoun — the overlap
of the gender feature between the antecedent and the posses-
sum boosts the activation level of the possessum which later
helps in predicting it faster.

Stone et al. (2021) also observed that the prediction advan-
tage is smaller and happens at a later stage when the visual

Figure 1: Top row (behavioral data): Fixation curves to the two objects averaged across items and participants in Experiment 2.
The predictive window extended from the onset of the possessive to the onset of the noun, adding 200 ms for saccade planning
(Salverda et al., 2014). The x-axis is time-locked to the possessive. Estimated prediction onsets and their 95% credible intervals
are overlaid on the fixation curves in each condition. Bottom row (model): Predictions of the model for fixation probabilities to
the target and competitor object (the button and bottle, respectively). Red bars denote the predicted divergence points between
the two curves.

tal conditions were identical to Experiment 1 and featured
a MATCH and a MISMATCH condition. The results were
consistent with those of Experiment 1 (Figure 2, top row).
First, a 59 [53, 66]% target-over-competitor advantage was
observed across the whole predictive window. Second, the
onset of the prediction effect was 106 ms [-56, 268] ms ear-
lier in the MATCH than in the MISMATCH conditions. The
direction of the effect suggested earlier predictions when the
antecedent of the possessive matched in gender with the target
object, despite the fact that the antecedent gender was syntac-
tically irrelevant for prediction purposes. However, the mag-
nitude of the between-condition difference was smaller than
in Experiment 2 (106 vs. 307 ms on average).

The assumptions of our model were kept constant in terms
of modeling the task. We also generate the predicted fixation
probabilities in the same manner. The only difference is that
declarative memory in the current model includes two extra
referents corresponding to the two additional objects shown
on screen: one for the gender competitor object (e.g. the bal-
loon) and one for the distractor object (e.g. the flower). We

examined whether the model was able to predict the effects
observed in Experiment 1 without additional assumptions.

Results and discussion

The model predictions are illustrated in Figure 2 (bottom
row). The predictions are generated using the same proce-
dure as in the previous model, with the only difference being
that here the predictions are generated also for the two ad-
ditional objects. The predicted fixation probabilities for the
two conditions show patterns comparable to those in the data.
The model partially captures the prediction advantage effect
in the data: the earlier onset of the target prediction between
the MATCH and MISMATCH conditions only when the pre-
diction of target vs. the color competitor is considered. The
model captures the other key effect in the data: the predic-
tion of the target object before hearing its name. However,
some predictions of the model do not correspond well to the
empirical patterns. First, the model predicts similar fixation
proportions to the target and gender competitor after the pro-
cessing of the pronoun. This was not observed in the em-
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