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Abstract 

 We investigated the retrieval of location information, and the deployment of attention 

to these locations, following (described) event-related location changes. In two visual world 

experiments, listeners viewed arrays with containers like a bowl, jar, pan, and jug, while 

hearing sentences like “The boy will pour the sweetcorn from the bowl into the jar, and he 

will pour the gravy from the pan into the jug. And then, he will taste the sweetcorn”. At the 

discourse-final “sweetcorn”, listeners fixated context-relevant “Target” containers most (jar). 

Crucially, we also observed two forms of competition: listeners fixated containers that were 

not directly referred to but associated with “sweetcorn” (bowl), and containers that played the 

same role as “Targets” (goals of moving events; jug), more than distractors (pan). These 

results suggest that event-related location changes are encoded across representations that 

compete for comprehenders’ attention, such that listeners retrieve, and fixate, locations that 

are not referred to in the unfolding language, but related to them via object or role 

information. 

Keywords: Competition, event comprehension, location, space, visual world paradigm 
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1. Introduction 

There is increasing interest in event comprehension (e.g., Radvansky & Zacks, 2011; 

Zwaan & Radvansky, 1998). In the current study, we investigated verbs like “move” and 

“transfer”, which describe events that result in location changes. Crucially, these events 

create a number of challenges for language comprehenders: for example, they have to update 

their representation of an object’s location, represent an object in multiple locations (before 

and after an event), and if necessary retrieve the situationally-appropriate location from 

memory at the expense of other locations. We used the visual world paradigm (Cooper, 1974; 

Tanenhaus, Spivey-Knowlton, Eberhard, & Sedivy, 1995) in order to investigate the 

consequences of location change on the retrieval of location information, and the deployment 

of attention to these locations. Our aim was to address whether the distinct event-relevant 

locations compete for comprehenders’ attention: when comprehenders retrieve a location 

from memory that is referred to in their language input, do they direct their attention 

exclusively to it, or do they divide their attention between it and other (e.g., event-related) 

locations? 

There is some evidence that locations may compete in this way. Hoover and 

Richardson (2008) presented listeners with a burrowing creature that moved between, and 

presented spoken facts at, different locations in a display (unrelated to location). When 

listeners were asked about one of the facts, they fixated the fact’s associated location more 

than unvisited locations. However, they also fixated the creature’s other visited locations, 

despite not being queried by the question. Creature locations that were not directly referred to 

thus competed with context-relevant ones, with listeners dividing their attention between the 

two. 

Altmann and Kamide (2009), however, observed a very different pattern with 

described, rather than (visually) perceived, location changes. Listeners viewed scenes with 
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objects like a glass (on the floor), table, and bookshelf, followed by a blank screen, and 

sentences like “The woman will put the glass onto the table. Then, she will pick up the bottle, 

and pour the wine carefully into the glass”. During the discourse-final “the glass”, listeners 

fixated the (prior position on the screen of the) table more than the glass, suggesting that they 

had “updated” their representation of its location. However, listeners showed no bias for pre-

“move” locations, which did not differ from distractors. These results suggest that object 

locations that were not directly referred to were suppressed, and that listeners were directing 

their attention exclusively to context-relevant ones.1 Intriguingly, they did observe more 

anticipatory fixations to pre-move locations than distractors during “the wine carefully into”; 

however, this effect preceded “the glass” and could reflect low-level priming of the 

(previously depicted) glass by “pour” or “wine”, rather than location competition.  

Further evidence that comprehenders’ representations of objects before and after 

event-related changes can generate competition comes from Hindy, Altmann, Kalenik, and 

Thompson-Schill (2012). They found in a series of fMRI studies that described state changes 

(e.g., “…crack the acorn” vs. “…sniff the acorn) generate brain-based competition: They 

found greater activation for event-related state changes in brain regions that were also highly 

activated during a colour Stroop task (a behavioural task that gives rise to signature conflict 

effects in frontal cortex). Hindy et al. argued that conflict arose in these brain regions because 

of the requirement to select between the before and after states of the changed objects. 

Although Hindy et al. found evidence for conflict, it is unclear whether there are behavioural 

consequences of such conflict. Moreover, unlike pure changes of state, changes in location 

entail a relationship between the object (which changes) and an external cue (which does 

not). The aim of the work we report below is to explore how event-related location changes 

                                                
1Conversely, when scenes and sentences were presented concurrently, listeners fixated the (depicted) glass more 
than the table, which they argue stems from listeners’ bias to fixate depicted locations. 
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impact on attention, and what the time course of event-related competition is. We address 

both of these issues in the current study. 

In two experiments, listeners viewed visual arrays with containers like a bowl, jar, 

pan, and jug (see Figure 1), while they heard sentences like (1) followed by (2): 

(1a) The boy will pour the sweetcorn from the bowl into the jar, and he will pour the 

gravy from the pan into the jug. 

(1b) The boy will pour the sweetcorn into the jar from the bowl, and he will pour the 

gravy into the jug from the pan. 

(2) But first/And then, he will taste the sweetcorn/gravy. 

In (1), the movement of two critical referents (“sweetcorn” and “gravy”) was 

described. In (2), “But first” referred to the “source” location of the discourse-final noun 

before the event, and “And then” referred to its “goal” location after the event.2 Crucially, 

neither critical referent (the sweetcorn or the gravy) was depicted in the visual array; thus, 

listeners were not biased to fixate depicted locations, but had to rely exclusively on described 

information. Additionally, on half of trials the discourse-final noun was the first mentioned 

critical referent, and on the other half the second; thus, listeners could not anticipate which 

would be referred to. Consequently, the current experiments differed from Altmann and 

Kamide (2009) in two crucial ways: (1) there were no visual cues to critical referents to bias 

those locations; and (2) listeners could not anticipate the discourse-final noun, and potentially 

resolve any competition prior to reference to an object. Finally, on half of trials critical 

referents were described as moving from the source location into the goal location (1a), and 

on the other half into the goal location from the source location (1b); thus, order of mention 

was also not a cue to location. 

                                                
2“Location” information in the current experiments entailed both “spatial” (x, y-coordinates) and “entity” 
(containers at those coordinates) components. 
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Figure 1. Example visual array from Experiments 1 and 2. Listeners heard sentences like 

“The boy will pour the sweetcorn from the bowl into the jar, and he will pour the gravy from 

the pan into the jug. But first/And then, he will taste the sweetcorn”.  

 

During the discourse-final noun (“sweetcorn”), we expected most fixations to be to 

context-relevant “Target” locations. However, the current experiments also allowed us to 

address two forms of competition. First, whether listeners fixate object-associated 

(sweetcorn-associated) locations that are not directly referred to. We refer to this as object-

based competition, because the competing location (“Object competitor”) is associated with 

the same object as the Target. Second, whether listeners fixate other source locations when 

the Target is a source (after “But first”), and other goal locations when it is a goal (after “And 

then”). We refer to this as role-based competition, because the competing location (“Role 

competitor”) plays the same role as the Target (as source or goal). If both compete with 

Targets, we expect more fixations to Object and Role competitors than distractors during the 

discourse-final noun. Containers also rotated between types across lists, allowing for direct 
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comparison. In Experiment 1, both source and goal locations were referred to. In Experiment 

2, in order to address whether referring to both exaggerated competition, only goal locations 

were referred to. 

 

2. Experiment 1 

2.1. Methods 

2.1.1. Participants. Forty-eight English native speakers from the University of 

Dundee participated for course credit or £4.00. 

2.1.2. Materials. We constructed 48 discourses, with eight forms reflecting the 

crossing of movement description (from-into and into-from), conjunction (“But first” and 

“And then”), and discourse-final noun (“sweetcorn” and “gravy”). Sentences were associated 

with a visual array that depicted the containers in the four corners of the display. We 

collapsed across movement description and discourse-final noun type, which were not a focus 

of the current study, but were counterbalanced across lists. For each form (e.g., “And then, he 

will taste the sweetcorn”), one container was the Target (e.g., the jar, the sweetcorn’s goal); 

one was the Object competitor (e.g., the bowl, the sweetcorn’s source); one was the Role 

competitor (e.g., the jug, the gravy’s goal); and one was the distractor (e.g., the pan, the 

gravy’s source). Containers occurred as each type across forms, so differences in fixations 

cannot be attributed to visual salience. 

A male English native speaker recorded sentences in Praat (16-bit, 44.1 kHz). Visual 

arrays used clip-art images. Items were rotated across 8 lists in a Latin Square. Following two 

practice trials, participants heard 6 sentences of each form and 12 fillers (which described a 

single critical referent) in a pseudorandom order. 

2.1.3. Procedure. We used an SR Research EyeLink II head-mounted eye tracker 

sampling at 500 Hz and a “look-and-listen” task. Visual stimuli preceded spoken stimuli by 
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1,000 ms, and trials ended 3,000 ms after their offset. Calibrations occurred every eighth trial. 

The experiment lasted approximately 40 minutes. 

2.2. Results and discussion 

 

 

 Figure 2. Mean proportions of fixations (shaded bands show SE) to the sweetcorn 

(discourse-final noun) and gravy’s source and goal containers during “But first” (A) and 

“And then” (B) “he will taste the sweetcorn” in Experiment 1. Fixations were resynchronized 

at the onset of “But first/And then”, “he will taste the”, and “sweetcorn” (and its offset), and 
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extend to the mean offsets of each window. “Target” refers to the context-relevant container, 

and “Object C.” and “Role C.” refer to the Object and Role competitors, respectively. 

 

 

Figure 3. Experiment 1. Mean (SE) proportions of fixations during sentence-final 

“sweetcorn”, at its offset, and from sentence offset to 500 ms after sentence offset. 

 

Mean (SE) proportions of fixations to each container are plotted during “But first/And 

then, he will taste the sweetcorn” in Figures 2A and 2B (we use this example item 

throughout, although our results include all items). We analysed eye movements at three 

points in our sentences, which either included or directly followed the critical discourse-final 

noun: during “sweetcorn”, at the offset of “sweetcorn”, and from sentence offset to 500 ms 

after sentence offset. We excluded eye movements launched prior to the discourse-final noun, 

thus allowing us to test for effects at the critical point at which listeners were retrieving 

“Target” information. All analyses used a binomial outcome: trials were coded as either 

having (fixation = 1) or not having (fixation = 0) a fixation to each container within the 

relevant time window/point. Means and standard errors are plotted in Figure 3. 
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Est. (SE) 
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Est. (SE) 
 

z 
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eetcorn source 

 
 

 
 

 
 

 
 

 
 

 

  vs. sw
eetcorn goal 

-0.26 (0.16) 
 

-1.67 
 

-0.46 (0.19) 
 

-2.43
* 

 
-0.71 (0.20) 

 
-3.60

*** 

  vs. gravy source 
-0.76 (0.15) 

 
-5.24

*** 
 

-1.10 (0.18) 
 

-6.09
*** 

 
-1.70 (0.21) 

 
-7.97

*** 

  vs. gravy goal 
-0.88 (0.16) 

 
-5.62

*** 
 

-1.33 (0.20) 
 

-6.72
*** 

 
-1.98 (0.22) 

 
-8.93

*** 

sw
eetcorn goal 

 
 

 
 

 
 

 
 

 
 

 

  vs. gravy source 
-0.50 (0.12) 

 
-4.04

*** 
 

-0.62 (0.15) 
 

-4.17
*** 

 
-0.99 (0.17) 

 
-5.91

*** 

  vs. gravy goal 
-0.62 (0.12) 

 
-5.39

*** 
 

-0.86 (0.16) 
 

-5.53
*** 

 
-1.26 (0.14) 

 
-9.13

*** 

gravy source 
 

 
 

 
 

 
 

 
 

 
 

  vs. gravy goal 
-0.11 (0.12) 

 
-0.95 

 
-0.25 (0.16) 

 
-1.60 

 
-0.27 (0.12) 

 
-2.16

* 
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A
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Est. (SE) 

 
z 

 
Est. (SE) 

 
z 
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eetcorn goal 

 
 

 
 

 
 

 
 

 
 

 

  vs. sw
eetcorn source 

-0.52 (0.15) 
 

-3.47
*** 

 
-0.60 (0.17) 

 
-3.53

*** 
 

-0.84 (0.17) 
 

-4.94
*** 

  vs. gravy goal 
-0.74 (0.14) 

 
-5.45

*** 
 

-1.14 (0.19) 
 

-5.97
*** 

 
-1.67 (0.19) 

 
-8.64

*** 

  vs. gravy source 
-1.11 (0.17) 

 
-6.55

*** 
 

-1.32 (0.21) 
 

-6.37
*** 

 
-2.02 (0.22) 

 
-9.17

*** 

sw
eetcorn source 

 
 

 
 

 
 

 
 

 
 

 

  vs. gravy goal 
-0.23 (0.17) 

 
-1.32 

 
-0.52 (0.20) 

 
-2.65

** 
 

-0.83 (0.14) 
 

-5.92
*** 

  vs. gravy source 
-0.60 (0.14) 

 
-4.44

*** 
 

-0.73 (0.16) 
 

-4.68
*** 

 
-1.17 (0.16) 

 
-7.41

*** 

gravy goal 
 

 
 

 
 

 
 

 
 

 
 

  vs. gravy source 
-0.37 (0.15) 

 
-2.38

* 
 

-0.19 (0.17) 
 

-1.10 
 

-0.36 (0.14) 
 

-2.58
** 

*p < .05; **p < .01; ***p < .001.  
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We performed six pairwise comparisons, using mixed logit models (lme4 in R; see 

Jaeger, 2008), between the sweetcorn source, sweetcorn goal, gravy source, and gravy goal 

for both “But first” and “And then” contexts. We submitted eye movements (i.e., for two 

containers at a time) to 1-factor analyses with fixed effects of container type, and random 

intercepts and slopes by participants and items. Results are reported in Table 1 (the first 

container was deviation coded as -0.5, and the second as 0.5).3 

The results of Experiment 1 confirmed our three predictions. First, listeners fixated 

context-relevant Targets reliably more than all other containers by the offset of “sweetcorn.” 

Second, listeners fixated Object competitors, which were not directly referred to but were 

associated with the object, reliably more than distractors across all analysis points. This 

object-based competition suggests that listeners’ representations of the sweetcorn in one 

location at one point in time competed with its representation in another location at another 

point in time. Third, listeners also fixated Role competitors, which played the same role as 

Targets, reliably more than distractors by the final analysis point. This role-based competition 

suggests that listeners’ representations of locations compete based on similarities in their 

event-related roles (pre-/post-event). However, this effect emerged later in the “But first” 

than “And then” context, where the effect was also reliable during “sweetcorn.” Potentially, 

this difference may stem from the fact that with “But first”, role-based competition had to 

reverse the initial bias for goal locations earlier in the sentence (compare goal vs. source 

fixations before “sweetcorn” in Figures 2A and 2B; see also Kukona, Altmann, & Kamide, 

2013). 

In Experiment 1, source and goal locations were referred to equally often. Potentially, 

doing so may have exaggerated competition effects, by requiring listeners to (perhaps 

unnaturally) track both sources and goals. By contrast, in many real world situations knowing 

                                                
3Analyses using participant/item t-tests yielded similar results. 
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where an object is is sufficient (e.g., for interaction), and knowing where it was confers no 

benefit. Thus, in Experiment 2 our events always proceeded linearly forward: listeners 

always heard “And then”, and never “But first”, thus never requiring them to retrieve source 

locations. 

 

3. Experiment 2 

3.1. Methods 

3.1.1. Participants. Twenty-four English native speakers from the University of 

Dundee participated for course credit or £4.00. 

3.1.2. Materials. Materials were identical to Experiment 1, except that the second 

sentence always used “And then”, which referred to the goal location of the discourse-final 

noun. Sentences included four forms, reflecting the crossing of movement description and 

discourse-final noun, which we again collapsed across in our analyses. Items were rotated 

across 4 lists in a Latin Square. Participants heard 12 sentences of each form in a 

pseudorandom order. 

3.1.3. Procedure. The procedure was identical to Experiment 1. 

3.2. Results and discussion 

Mean (SE) proportions of fixations to each container are plotted during “And then, he 

will taste the sweetcorn” in Figure 4. Analyses were conducted as for Experiment 1. Means 

and standard deviations in each analysis point are plotted in Figure 5. Pairwise comparisons 

between containers, again using mixed logit models, are reported in Table 2. 
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Figure 4. Mean proportions of fixations (shaded bands show SE) to the sweetcorn (discourse-

final noun) and gravy’s source and goal containers during “And then, he will taste the 

sweetcorn” in Experiment 2. 

 

Figure 5. Experiment 2. Mean (SE) proportions of fixations during sentence-final 

“sweetcorn”, at its offset, and from sentence offset to 500 ms after sentence offset. 
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Table 2. 
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“sw
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s 

Est. (SE) 
 

z 
 

Est. (SE) 
 

z 
 

Est. (SE) 
 

z 

sw
eetcorn goal 

 
 

 
 

 
 

 
 

 
 

 

  vs. sw
eetcorn source 

-1.01 (0.19) 
 

-5.32
*** 

 
-1.17 (0.21) 

 
-5.53

*** 
 

-1.23 (0.19) 
 

-6.41
*** 

  vs. gravy goal 
-1.02 (0.16) 

 
-6.57

*** 
 

-1.63 (0.22) 
 

-7.25
*** 

 
-2.09 (0.21) 

 
-10.00

*** 

  vs. gravy source 
-1.40 (0.21) 

 
-6.73

*** 
 

-1.72 (0.23) 
 

-7.46
*** 

 
-2.20 (0.24) 

 
-9.14

*** 

sw
eetcorn source 

 
 

 
 

 
 

 
 

 
 

 

  vs. gravy goal 
-0.03 (0.14) 

 
-0.19 

 
-0.46 (0.19) 

 
-2.38

* 
 

-0.86 (0.14) 
 

-6.00
*** 

  vs. gravy source 
-0.40 (0.14) 

 
-2.84

** 
 

-0.55 (0.14) 
 

-4.05
*** 

 
-0.97 (0.15) 

 
-6.52

*** 

gravy goal 
 

 
 

 
 

 
 

 
 

 
 

  vs. gravy source 
-0.38 (0.14) 

 
-2.69

** 
 

-0.12 (0.18) 
 

-0.69 
 

-0.10 (0.14) 
 

-0.70 

*p < .05; **p < .01; ***p < .001. 
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The results of Experiment 2 closely paralleled Experiment 1. Crucially, listeners 

fixated both Object competitors (by the offset of “sweetcorn”) and Role competitors (during 

“sweetcorn”) reliably more than distractors, despite the fact that discourse-final nouns always 

referred to goal locations. These results suggest that object- and role-based competition 

persists even in situations, typical of the real world, in which events proceed linearly forward. 

 

4. General discussion 

In two experiments, we observed both object- and role-based competition following 

(described) event-related location changes. Listeners fixated Object competitors, that were 

not directly referred to but were associated with critical referents, more than distractors. 

When hearing about the sweetcorn pouring from the bowl into the jar, both the bowl and jar 

become associated with the sweetcorn; is the Object competitor effect we observed (looks to 

the bowl after “and then he will taste the sweetcorn”) simply an effect of association? If so, 

perhaps these looks do not entail any representational commitment to this location having 

been the location of the sweetcorn in a prior event-time. However, the fact that when that 

different time is referenced this location becomes the more activated (after “But first, he will 

taste the sweetcorn”) suggests that whatever the status of this associative relationship, it is 

bound in event-time, and referencing event-time retrieves the time-appropriate location. 

Whatever the underlying mechanism, our data complement findings from both Hoover and 

Richardson (2008) and Hindy et al. (2012), suggesting that representations of objects in one 

state (which includes location) at one point in time compete with their representations in 

other states at other points in time. Listeners also fixated competitors that played the same 

role as Targets more than distractors, extending findings from Hoover and Richardson 

(2008). In some respects, this is akin to objects that share affordances priming one another 

(cf. Myung, Blumstein, & Sedivy, 2006); in this case, it is not simply that the jar and the jug 
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(into which the sweetcorn and gravy were respectively poured) afford containment, but that 

they have each in fact become a container (i.e. they contain something). Finally, our results 

are also novel in revealing that described location changes generate competition that impacts 

overt (eye movement) behaviours. Our data thus extend, behaviourally, the effects observed 

by Hindy et al. (2012). 

Relatedly, Radvansky and Copeland (2010) have investigated spatial “shifts” in texts 

(“She left the dining room and walked into the garage...” vs. “She thought about leaving…”). 

Response times to location probes (“GARAGE”) were faster in “movement” than “thought” 

conditions, consistent with the hypothesis that readers rapidly update their situation models 

with information about, amongst other things, location (e.g., Zwaan & Radvansky, 1998). In 

their formulation, multiple situation models are constructed, bound to event-time and 

distinguished by event boundaries (or “horizons”). Accordingly, we might hypothesize that 

our listeners were forming situation models corresponding to source and goal locations/times. 

However, we instead hypothesize that information corresponding to object states (including 

location) is encoded at object-level, rather than situational-level, representations: We propose 

that what enters into competition is objects, not situations. Further research will be required 

to distinguish between these alternatives. 

Finally, we have previously referred to an object’s episodic trace (Altmann, 2004; 

Altmann & Kamide, 2009), a memory representation integrating auditory, visual and spatial 

information (see also Richardson & Spivey, 2000; Richardson & Kirkham, 2004; Knoeferle 

& Crocker, 2007). We conjecture here that objects in fact have episodic traces, which 

together encode object changes across event time. We propose that each episodic trace 

encodes an object’s physical location, intrinsic state, affordances, and role (i.e. situation-

specific relationships to other objects), at specific temporal locations on the event timeline. 

The episodic traces that encode an object’s distinct states (broadly construed) across time are 
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bound to a single object representation, maintaining identity across event time (and across 

changes in state, location, or role), but allowing different object “versions” to be retrieved as 

a function of event time. Crucially, our results suggest that when comprehenders retrieve an 

object’s location from memory, activation of that object’s traces leads to the activation of 

other object locations, and conceptually-overlapping (e.g., role-overlapping) representations 

associated, possibly, with other object traces. 

In summary, our results suggest that event-related location changes are encoded 

across representations that compete for comprehenders’ attention: When comprehenders must 

retrieve the appropriate location from memory, they divide their attention between the 

intended location and others related via object or role information.  
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