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Real-time processing of event descriptions for partially- and fully-completed events:
Evidence from the visual world paradigm

Max Kaplan, Amulya Raju & Sudha Arunachalam”

Abstract. The current study investigated non-culminating accomplishments through
an experimental lens. We used a well-established paradigm for studying real-time
language processing using eye-tracking, the visual world paradigm. Our study was
modeled after Altmann and Kamide’s (2007) investigation of processing of aspectual
information contained in a perfect verb form (e.g., has eaten). We compared English-
speaking adults’ interpretations of sentences like ‘The girl has eaten a cookie’ and
‘The girl was eating a cookie’ in the context of one of two visual scenes. In the Full
Completion condition, the scene depicted two referents that were compatible with
the predicate: one was compatible with the expected end state of the event (e.g., an
empty plate), the other with an unrealized version of the event (e.g., an uneaten
cookie). In the Partial Completion condition, the scene depicted a referent that was
compatible with a partially-completed version of the event (e.g., part of a cookie on a
plate) and an unrealized interpretation (e.g., an uneaten cookie). For verb forms in
the perfect (e.g., has eaten) but not in the progressive, we found a difference between
conditions; listeners preferred to look at the fully-affected referent in the Full
Completion condition as compared to the partially-affected referent in the Partial
Completion condition. We take the results as suggestive in favor of a pragmatic
rather than semantic account of non-culmination interpretations in English.
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1. Introduction. In a paper famously titled, in part, “A language that can’t say, ‘I burned it, but
it didn’t burn’ and one that can,” Ikegami (1985) presented evidence that in Japanese, perfective
accomplishment and achievement predicates (e.g., I burned it) can describe events that have only
completed partially. This phenomenon, usually referred to as a non-culminating accomplishment,
has been described for typologically unrelated languages including Thai (Koenig & Muansuwan,
2000), Tamil (Pederson, 2008), Salish languages (e.g., Bar-el et al., 2005), and Hindi (Singh,
1998). Even in English, accomplishment and achievement predicates can sometimes describe
events that do not fully culminate. Although #I burned it, but it didn’t burn is odd in English,
consider (1a-b). A listener who knows that Infinite Jest is over 500,000 words long will infer that
the reader most likely only read part of the novel in (1a) (but finished it in 1b).

(1)  What did you do last night?
a. Iread Infinite Jest.
b. Iread The Cat in the Hat.
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Indeed, Arunachalam and Kothari (2011) found in an experimental study that English
speakers, like Hindi speakers, often accepted telic predicates as descriptions of events that did
not come to their natural culmination point—such as “She closed the door” to describe a door
left ajar, or “She ate the cookie” to describe a partially-eaten cookie. In this experiment, English-
speaking adults and Hindi-speaking adults watched videos of events performed by a human ac-
tor. In the cookie-eating video, for example, the actor picked up a cookie, ate approximately half
of it, and put the remaining half onto the plate, where it remained until the end of the video. Alt-
hough the event culminated, it did so at an odd, premature point given how eating events
typically unfold. In Hindi, such events are describable with a simple perfective construction
(Singh, 1998), and Hindi speakers in the experiment accepted such descriptions for these par-
tially-completed events about half the time (53%) (as contrasted with a serial verb construction
which does not permit, or only rarely permits, partial completion interpretations). Surprisingly,
Arunachalam and Kothari found that English speakers too accepted descriptions in the simple
past for these partially-completed events 47% of the time, nearly the same rate (see also Patt,
Wagner, & Arunachalam, 2020 for results from a graded acceptability judgment task).

But while these experimental results reveal the acceptability judgments that speakers ulti-
mately arrived at for these event descriptions, they do not reveal the processes underlying these
judgments. Experimental studies on the time-course of processing have shown that listeners use
aspectual information in real time to guide their interpretation of event descriptions (e.g., Alt-
mann & Kamide, 2007; Bott & Gattnar, 2015; Foppolo et al., 2018). For example, Altmann and
Kamide (2007), using a visual world eye-tracking paradigm, found that English speakers who
heard sentences in the perfect form (e.g., The woman has eaten...) preferred to look at a picture
of an empty plate as compared to a picture of an uneaten cake on a plate when the verb was ut-
tered, suggesting that they quickly computed the aspectual information in the verbal form and
looked to the picture compatible with a completed event. Given that English speakers also accept
partial completion interpretations for telic predicates, we can ask whether they, in real time, en-
tertain partial completion interpretations when the verb is uttered.! If so, this would suggest that
partial completion interpretations are compatible with the aspectual information available in the
English perfect verbal form. If not, it would suggest that listeners can ultimately accept partial
completion interpretations, but that doing so requires extra processing.

To explore this issue, we conducted an experiment designed to ask whether, and if so, when,
English speakers permit non-culminating construals of event descriptions. We adapted Altmann
and Kamide’s (2007) paradigm, but instead of depicting an empty plate and an untouched cake
as the possible referents, we depicted either a completely-eaten cake (i.e., empty plate) or a par-
tially-eaten cake alongside a whole untouched cookie (the non-target referent). Our logic was as
follows: If English speakers find descriptions in the perfect form (e.g., has eaten) to be appropri-
ate for non-culminating as well as culminating events, they should show just as strong a
preference to look at referents of partially-completed events as referents of fully-completed
events; given that the other relevant object in the scene is a completely unaffected referent
(whole cake), the partially-affected referent is the best referent given the visual scene. In Alt-
mann and Kamide’s study, even before the onset of the determiner in the direct object—that is,
during the time window including the auxiliary/modal and main verb—participants looked more

"'We acknowledge that there is a difference between the English simple past and perfect form. The simple past was
used in examples (1a) and (1b) and Arunachalam and Kothari (2011), but we chose the perfect form to permit close
alignment with Altmann and Kamide (2007).
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to the empty plate in the perfect condition than in the future condition; therefore, we too ex-
pected effects of aspectual processing to appear during the perfect form, before the direct object.

Like Altmann and Kamide, we presented participants with descriptions of events in the per-
fect and evaluated their gaze to visual scenes depicting the direct object referents of either a
fully-completed version (Full Completion condition) or a partially-completed version (Partial
Completion condition) of the event, as well as a depiction of the direct object referent in un-
touched form—before the event occurred. In a second (control) condition, participants saw
exactly the same visual stimuli, again with some trials in the Full Completion condition and oth-
ers in the Partial Completion condition, but the sentences used the past progressive form (e.g.,
was eating). For each aspectual condition, we examined preference for the partially- or fully-af-
fected referent, specifically during the time period from the onset of the verb to the onset of the
determiner in the phrase labeling the object. In the visual world paradigm (Allopenna, Tanen-
haus, & Magnuson, 1998), listeners look to upcoming referents at the earliest opportunity; their
gaze patterns are influenced not only by the auditory stream but also by how closely each visual
image on the screen matches that auditory stream. Thus, listeners’ gaze patterns reflect how well
the partially- or fully-affected referent is taken as the best match for the unfolding utterance.

With respect to the descriptions in the perfect, if speakers are happy to accept partially-com-
pleted events as their referents, then we expect no significant difference between their gaze to the
fully-affected referent in the Full Completion condition and the partially-affected referent in the
Partial Completion condition. This outcome would indicate that listeners entertain a partially-
completed interpretation as part of their initial processing of the verb form, rather than accepting
such an interpretation only later in processing. If, on the other hand, listeners have difficulty en-
tertaining this possibility, even though it is the best match for the unfolding sentence, they should
look to the fully-affected referent in the Full Completion condition significantly more than the
partially-affected referent in the Partial Completion condition during the verb, and only later,
perhaps after the sentence is complete, show equal preference for both event referents.

With respect to the progressive descriptions, the grammatical properties of the utterance it-
self do not lead to strong predictions about listeners’ gaze patterns. It may be that listeners most
easily entertain an “interrupted” event interpretation of the utterance as it unfolds, in which case
we would expect that they would prefer the partially-affected referent in the Partial Completion
condition as compared to the fully-affected referent in the Full Completion condition. But some
research has suggested that listeners do not do so (Madden & Zwaan, 2003), instead considering
both partially- and fully-completed referents as equally appropriate for event descriptions with
progressive verb forms. Nevertheless, the progressive condition can serve as a control, because
under no circumstance do we predict listeners to prefer partially-affected referents /ess than
fully-affected referents, as we do for the perfect verb form under one hypothesis.

The immediate goal of this experiment was to determine whether English speakers entertain
partial completion interpretations when processing a verb form in the perfect. However, the out-
come may also shed light on the nature of non-culminating accomplishments. Theoretical
accounts of non-culminating accomplishments have typically focused on either semantic or prag-
matic issues (see, e.g., Gyarmathy & Altshuler, for discussion). On a semantic account, the
semantics of the verb form itself permit partial completion interpretations (e.g., Singh, 1998); a
pragmatic account focuses on a cancellable implicature that the event comes to full completion.
Experimental evidence can shed light on this issue. Arunachalam and Kothari (2011) took their
experimental results as evidence for a pragmatic account for Hindi, in part because English
showed a similar pattern of judgments to Hindi despite differences in how perfective aspect is
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expressed in the two languages. Here, we suggest that experimental evidence from real-time sen-
tence processing can be particularly helpful: If the semantics of the verb form allow a non-
culminating event construal, then we would expect that such computation could occur incremen-
tally, during the verb phrase. If the evidence suggests that a non-culminating event construal only
becomes available after the sentence is complete, this would be less compatible with a semantic
account, and perhaps more compatible with a pragmatic account in which calculation or cancela-
tion of implicatures may occur after the fact. Pragmatic information can influence online
processing, but sometimes is integrated only later (Huang & Snedeker, 2009, 2018).

The inferences we can draw from experimental evidence are, however, limited. Pragmatic
information, if available, can sometimes influence processing early on, and can even constrain
the hypotheses that a listener or reader makes about how the sentence will unfold or what its in-
terpretation will be (e.g., Kaiser & Trueswell, 2004). Therefore, even if a particular result obtains
during incremental processing before the utterance is complete, a pragmatic explanation cannot
be ruled out. It is also the case that if multiple semantic interpretations are possible, a listener or
reader might initially only compute the one that is most salient or most frequent in their experi-
ence. Therefore, in our design, we make the non-culmination interpretation salient and plausible
by depicting the partially-affected referent in the visual scene. Further, we acknowledge that we
can only interpret our results if participants do not appear to compute the non-culmination inter-
pretation until after the verb phrase is fully complete—that is, not in an incremental fashion.

2. Method

2.1. PARTICIPANTS. Fifty-two adults (9 male, 43 female, mean age 21 years) participated. All
self-reported as monolingual native English speakers with normal or corrected-to-normal vision
and hearing. They received payment at a rate of $14/hr.

2.2. DESIGN. To determine whether native English-speaking listeners entertain partial completion
interpretations of perfect and progressive verb forms as the utterances unfold to the same extent
as they do full completion interpretations, we adapted Altmann and Kamide’s (2007) design us-
ing the visual world paradigm. We employed a 2 x 2 design, with aspect (perfect vs. progressive)
manipulated between-subject (participants were randomly assigned to the perfect or progressive
condition), and event completion (partial vs. full) manipulated within-subject. We chose this de-
sign because pilot testing for another similar study suggested that participants noticed that there
were two sentence types and tried to contrast them; we wanted to avoid this and so made this ma-
nipulation between-subject.

Participants viewed eight experimental trials in a fixed order. Each began with an introduc-
tion to a character; a picture of a person or animal appeared in the center of the screen
accompanied by an auditory carrier frame naming the character and introducing the trial (e.g.,
This one is about a girl). Then, they viewed the target scene, which depicted four images (Figure
1). Two of the images were of the same referent in varying stages of affectedness and the other
two were unrelated distractor images. The accompanying sentence conveyed an event description
that related to one of the pictures (e.g., The girl has eaten the cookie).

In the Full Completion condition, the two images depicted a referent that indicated the event
had not taken place at all—a whole cookie on a plate—and a referent that indicated the event had
completed to its natural culmination point—a plate with a few cookie crumbs on it. (We included
the crumbs to suggest that a cookie had indeed been there at some point. Of course, not all of the
predicates required that full culmination be depicted by an absent referent.) This condition was
parallel to the one used by Altmann and Kamide (2007).
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Figure 1. Visual stimuli for one experimental trial (has eaten/was eating the cookie), in (a) the
Partial Completion condition, and (b) the Full Completion condition.

In the Partial Completion condition, the first image was identical—whole cookie on a
plate—and the other depicted a partially-affected referent—part of a cookie on a plate. The par-
tially-affected referents depicted the event as approximately 75% complete. This is similar to
most other work on this topic except some recent studies (e.g., van Hout et al., 2017).

We refer to the fully- or partially-affected referent (e.g., plate with crumbs or partially-eaten
cookie in the Full Completion and Partial Completion conditions, respectively) as the target im-
age, and the unaffected referent (e.g., whole cookie) as the competitor image because it depicts
an object of the same basic level category as the target but is not the best referent given the utter-
ance. The two distractor images were implausible referents given the verb (e.g., were not edible).

One notable feature of our design is that in both the Partial and Full Completion conditions
the target referent is either partially or fully affected, and the competitor is not affected at all. We
did not pit the partially- and fully-affected referents against each other on the same trial. Natu-
rally we expected that given both partially- and fully-completed event referents in the same
display to choose from, listeners would prefer the fully-completed event referent; indeed, recent
evidence from Foppolo et al. (2018) in a similar design suggests that they would. Our design
choice was intended to “stack the deck” against finding differences between the conditions:
Whether or not the partially-completed event referent is the ideal interpretation of the unfolding
utterance, it is the only one that is compatible with the visual scene given the simple SVO struc-
ture of the sentences heard in the experiment (and barring less likely continuations like “has
eaten none of the cookie”). If participants do not strongly and immediately consider the partial
completion interpretation, they may look back and forth at the two cookie-related images, be-
cause both are associated with eating. Thus, we expect participants’ gaze to be affected by their
relative preference for the two referents on the screen that are most related to the event being de-
scribed—the target (whether partially or fully affected) and the unaffected competitor object.

Participants also viewed one warm-up trial at the beginning of the experiment that was de-
signed to expose them to the trial structure, as well as 10 filler trials interleaved with the
experimental trials. The warm-up and filler trials did not involve perfect or progressive forms
and did not depict referents affected by different degrees of event culmination. Eight of the filler
trials did depict two referents that formed a pair (e.g., a red hat and a blue hat; a peanut butter
and jelly sandwich and a cheese sandwich); on 5 of these one of these referents was the target
and on the other 3 it was not. We thus included 5 filler trials on which the target was a member
of a pair and 5 on which it was not; this was to ensure that participants did not expect that one
member of a pair would always be the referent being described.
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2.3. MATERIALS. Visual stimuli consisted of freely available clip-art images, digitally edited and
placed on a neutral background (these same stimuli were used by Patt et al., 2020). The auditory
stimuli were recorded by a female native speaker of American English, and were uttered with
slow prosody, with a mean utterance duration of 1900 ms. As in Altmann and Kamide (2007),
the critical sentences began exactly 1000 ms after the four images appeared on the screen on
each trial; this allowed participants to first view the scene in silence. The onsets and offsets of
the critical points in the sentence were identified for analysis using Praat (Boersma & Weenink,

2005). A description of the stimuli for all experimental trials is in Table 1.

Competitor
Sentence Target (Unaffected Object)
Partial Comple- Full Completion
tion Condition Condition

The girl has eaten/was eat-
ing the cookie.

Partially-eaten
cookie on a plate

Plate with crumbs

Full, uneaten cookie

The bgy has covered/was Pot with lid askew Pot fully covered Unpovgred pot next
covering the pot. by lid to its lid
The baby has drunk/was Baby bottle half- Baby bottle filled
drinking the milk filled with milk Pty baby bottle - Py
The lady has closed/was Half-closed card- Closed cardboard

. Open cardboard box
closing the box. board box box

The teacher has drawn/was
drawing a circle.

Partially-drawn cir-
cle with crayon

Fully-drawn circle
with crayon

Crayon without any-
thing drawn

The doctor has opened/was

Partially-opened

Open book

Closed book

opening the book. book
The kid has peeled/was Partially-peeled ba- Peeled banana next
. . Unpeeled banana
peeling the banana. nana to its peel
The man has filled/was fill-  Glass partially Glass fully filled
ing the glass. filled with marbles  with marbles Empty glass

Table 1. Auditory stimuli and description of target and competitor objects depicted on all trials.

2.4. APPARATUS. Stimuli were presented on a 24” widescreen Tobii T60XL eye tracking moni-
tor, which samples binocularly at 60 frames/second. The auditory stimuli played via integrated
stereo speakers in the monitor.

2.5. PROCEDURE. Participants sat in front of the eye tracking monitor, with their eyes between 60
and 70 mm from the display. Calibration took approximately 20 s, after which time participants
were simply asked to watch the video; they were not given an explicit task. Although many stud-
ies using the visual world paradigm require the listener to complete a task (e.g., moving physical
objects, answering questions), Altmann and Kamide (2007) found the effects we have described
with passive viewing. The entire experiment took less than 5 min.

3. Coding and analysis. From the raw data output, we first determined where participants’ gaze
was directed on each frame: target image, competitor image, unrelated distractor images, else-
where (e.g., in the middle of the four images or off-screen), or track loss (e.g., blinks). We
planned to exclude participants with greater than 35% track loss over the experimental session,
but none met this criterion; the average percentage of track loss was 10% for participants in the
perfect condition and 8% for participants in the progressive condition.
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Next, we identified two windows of analysis for each trial. We identified for each trial the
onsets and offsets of the auxiliary/modal, the DP labeling the direct object, and the offset of the
utterance. For the first window of analysis, we assessed gaze from each trial’s onset of the auxil-
iary/modal to the onset of the DP labeling the direct object. We refer to this as the Verb window,
whose duration averaged 1 s. This is the window during which online processing of the verb
should affect gaze. For the second window of analysis, we assessed gaze for a period of the same
duration (1 s) beginning from the offset of the utterance. We anticipated that gaze behavior dur-
ing this period would reflect participants’ ultimate interpretation of the utterance (and that this
should accord with offline judgments). We refer to this as the Post-Utterance window.

We analyzed the perfect and progressive conditions separately. Our goal was to compare,
within each condition, whether participants showed a difference in their gaze to the target image
according to whether the images depicted Partial or Full completion. Therefore, our primary de-
pendent measure was looks to the target image across conditions; this was a binary variable with
a value of 1 for each frame on which participants looked to the target image, and a value of 0 for
each frame on which participants did not. We aggregated these data into ~50 ms bins of three
frames each, and then transformed them using an empirical logit function to reduce the effects of
eye-movement based dependencies (the eyes cannot shift from one scene to another in a single
frame) (Barr, 2008). We fit the data using a multi-level logistic regression model using the lmer()
function in the Ime4 package (Bates, Maechler, Bolker, & Walker, 2015) in R version 3.3.0 (R
Core Team, 2013). For each aspectual condition, the model included random effects of Partici-
pant and Trial and fixed effects of Condition (Partial vs. Full) and Time (in seconds).

As Altmann and Kamide (2007) pointed out, if this analysis reveals a difference between the
Partial and Full Completion conditions there are two possible interpretations. One is our intended
interpretation, that participants are affected by the relative fitness of the target and competitor as
referents for the event description. However, an alternate possibility is that the difference be-
tween conditions is unrelated to the competitor—perhaps participants look differently to the
unrelated distractor images in each condition. Therefore, to ensure that the results of our primary
analyses are due to gaze patterns to the target and competitor relative to each other, as opposed to
other areas, we included a secondary analysis also included by Altmann and Kamide: we com-
bined looks to the target and competitor, and again asked if there was a difference between
conditions. If, as we predict, there is no difference, it would indicate that any patterns in the ini-
tial analysis reflect a difference due to relative preference for the target and competitor.

4. Results. Participants’ gaze data is depicted in Figures 2 (Perfect condition) and 3 (Progressive
condition). In representing the data visually, we plotted the “target advantage”, or preference for
the target image relative to preference for the competitor, by subtracting the value for the com-
petitor from the value for the target at each frame. Thus, values above 0 reflect a preference for
the target as compared to the competitor, values below 0 reflect a preference for the competitor
as compared to the target, and values of 0 reflect no preference. This metric allows us to visually
depict participants’ gaze to the target in relation to their gaze to the competitor. The x-axis de-
picts time in seconds from when the visual scene appeared on the screen; recall that the auditory
stimuli began 1 second later. The figure delineates two time windows, one (Verb window) in-
cluding the auxiliary and verb until the onset of the determiner in the direct object and lasting on
average one second, and the other (Post-Utterance window) including one second beginning at
the offset of the entire utterance. For visual inspection, the windows are depicted using the mean
values of the onsets and offsets across all utterances, but the statistical analyses used time win-
dows that were adjusted for the onsets and offsets of each utterance/trial independently.
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4.1. PERFECT CONDITION. Inspection of Figure 2 reveals that participants who heard utterances in
the perfect form (e.g., “has eaten”) indeed showed a difference between trials on which they saw
a fully- vs. a partially-affected referent. During the Verb window, participants showed a greater
target advantage on Full completion trials than Partial completion trials. We infer that as the sen-
tence unfolded, during the point at which aspectual information was heard, fully-affected
referents are taken as better referents of the event description than partially-affected referents.
This is true despite that in the visual scene, the competitor image was unaffected by the event
and therefore the partially-affected referent was the best candidate available.

If this result carried over throughout participants’ processing of the sentence, we would infer
that adults do not accept partial completion interpretations of such sentences. However, at ap-
proximately 3.5 sec, the offset of the entire utterance, participants showed a spike in target
advantage on Partial completion trials. It appears that participants engaged in revision or post-
processing that led them to the partially-affected referent as the best candidate given the display.
By the end of the 6-sec period during which the scene was on the screen, we see no difference
between conditions, suggesting that participants ultimately converged on the partially-affected
referent (on Partial completion trials) or the fully-affected referent (on Full completion trials).

Statistical analysis of these patterns revealed that during the Verb window, there was, as pre-
dicted, a significant effect of condition (Partial vs. Full). See Table 2. There was also a
significant interaction between Time and Condition, reflecting the fact that over the course of the
time window, the Partial Completion condition showed a negative spike while gaze in the Full
Completion condition remained steady. In the Post-Utterance window, however, encompassing a
1-second window from utterance offset, we found no effect of condition and no interaction.

In Figure 2, the difference between conditions appears to begin even before the Verb win-
dow. Such a difference could not plausibly be attributed to the linguistic stimuli. Therefore, in a
post-hoc analysis we evaluated gaze during the approximately 600 ms after the utterance began
but before onset of the auxiliary. This regression analysis revealed that the apparent difference in
the pre-verb window is not statistically significant (p = 0.64). Trial-by-trial post-hoc analyses in-
dicate that the trend is driven by the last four trials and not the first four; despite interleaved
fillers, it is likely that participants could anticipate the sentence type as the session proceeded.

For the secondary analysis combining looks to target and competitor, we found no signifi-
cant effect of condition in either the Verb or Post-Utterance window. Thus, the significant effect
of Condition in the Verb window in the previous analysis should be seen as a result of the influ-
ence of the competitor image. That is, during the Verb window, participants in the Partial
Completion condition entertained the possibility that the unaffected competitor image was the
best referent to a greater extent than participants in the Full Completion condition.
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Figure 2. Target advantage (looks to the target minus looks to the competitor) over time in the

perfect condition. The left two dotted lines indicate the boundaries of the Verb time window and
the right two indicate the Post-Utterance time window (averaged across trials).

Verb window

Looking to target as dv Looking to target or competitor as
dv
Estimate  SE t-value Estimate  SE t-value
Intercept 1.53 0.058 26.28 1.66 0.074 22.51
Condition  0.26* 0.059 4.47 0.24 0.13 1.83
Time (sec) 0.061 0.046 1.33 0.043 0.032 1.34
Condition -0.28 0.088 -3.17 -0.093 0.062 -1.51
x Time in-
teraction
Post-utterance window
Looking to target as dv Looking to target or competitor as
dv
Estimate  SE t-value Estimate = SE t-value
Intercept 1.82 0.11 17.08 1.87 0.11 17.80
Condition  -0.29 0.19 -1.51 -0.24 0.20 -1.22
Time (sec) -0.0069 0.025 -0.27 -0.0099 0.025 -0.39
Condition  0.070 0.048 1.47 0.055 0.048 1.15
x Time in-
teraction

*model comparison indicates that the parameter contributes significantly at an alpha level of .05
Table 2. Parameter estimates for logistic regression models for the perfect condition

4.2. PROGRESSIVE CONDITION. The progressive condition (e.g., was eating), whose results are de-
picted in Figure 3, shows a different pattern. Participants showed no difference in target
advantage for Partial vs. Full completion trials during the Verb window. There is a trend toward
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greater target advantage in the Partial Completion condition in the Post-Utterance window and
beyond, as we might expect if participants tend to favor an ongoing interpretation for the pro-
gressive form, but it is small. There is also no evidence of an early target preference in this
condition, which indicates that the apparent—though not statistically significant—early prefer-
ence in the perfect condition was due to the linguistic stimulus heard over the course of the
experiment and not simply to features of the visual stimulus.

Statistical analyses confirm these patterns. See Table 3. We found no effect of condition in
either window, and again, the control analyses collapsing target and competitor into a single
dependent variable also showed no effect in either window. The trend toward a greater prefer-
ence for the target in the Partial Completion as compared to the Full Completion condition
during the Post-Utterance window evinces in the direction of the parameter estimate for Condi-
tion in this analysis, given that Condition was coded with Partial Completion as -0.5 and Full
Completion as 0.5. However, this parameter did not contribute significantly, indicating that
there was no reliable difference between conditions.
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Figure 3. Target advantage (looks to the target minus looks to the competitor) over time in the
progressive condition. The left two dotted lines indicate the boundaries of the Verb time win-
dow and the right two indicate the Post-Utterance time window (averaged across trials).

Verb window

Looking to target as dv Looking to target or competitor as dv

Estimate SE t-value Estimate SE t-value
Intercept 1.64 0.072 22.81 1.84 0.091 20.07
Condition  -0.13 0.067 -1.93 -0.21 0.17 -1.19
Time (sec) -0.16 0.062 -2.61 -0.039 0.044 -0.088
Condition  0.26 0.12 2.21 0.11 0.086 1.23
x Time in-
teraction

127



Post-utterance window

Looking to target as dv Looking to target or competitor as dv
Estimate SE t-value Estimate SE t-value
Intercept 1.75 0.11 15.63 1.86 0.072 26.01
Condition  -0.096 0.21 -0.46 -0.010 0.14 -0.071
Time (sec) 0.0059 0.030 0.20 -0.0042 0.019 -0.22
Condition  0.021 0.058 0.36 0.0013 0.039 0.032
x Time in-
teraction

Table 3. Parameter estimates for logistic regression models for the progressive condition.

5. Discussion. The results of this study contribute to our understanding of how aspectual infor-
mation is integrated during online processing, specifically with respect to partial culmination
readings. We pursued a finding from Altmann and Kamide (2007) that listeners expect verbs in
perfect forms (e.g., has eaten) to refer to fully completed events rather than events that have not
yet occurred. Our question was whether this finding would extend to event referents that had
only partially completed, rather than fully completed. This investigation was inspired by the fact
that English speakers sometimes accept partial completion interpretations of telic predicates with
perfect verb forms—although perhaps to a lesser extent than speakers of certain other languages.
We investigated whether these partial culmination interpretations arise online, even as the verb
form unfolds, or whether they are arrived at later in processing when it is clear that there are no
other (better) interpretations available given the context; this work therefore has implications for
understanding non-culminating accomplishments in English and other languages.

We used a task similar to Altmann and Kamide’s, except that on each trial, participants
viewed the outcome of either a fully-completed event (e.g., a plate with crumbs on it) or a par-
tially-completed event (e.g., the remains of a partially eaten cookie on a plate), with a pristine
unaffected object as the critical distractor (e.g., a whole cookie on a plate). They heard either per-
fect forms (e.g., has eaten) or progressive forms (e.g., was eating).

For perfect forms, a difference between completion types surfaced during the verb; partici-
pants looked more at the fully-affected referent in the full completion condition than they looked
at the partially-affected referent in the partial completion condition during the time window en-
compassing the auxiliary and verb. Although the partial completion interpretation was the best
one given the visual scene, participants did not immediately entertain this interpretation as
strongly as they did the fully-affected referent in the Full condition. Then, toward the end of the
utterance, participants appeared to reevaluate their initial interpretation and settle on the par-
tially-affected referent. From one second after the offset of the utterance, there was no difference
between the partial and full completion conditions, indicating that ultimately, participants arrived
at the intended interpretation in both. The finding that at the end of the sentence, participants
converged on the partially- and fully-affected referents to the same extent, aligns with Arunacha-
lam and Kothari’s (2011) results in an offline judgment task for sentences in the simple past—
English speakers do ultimately accept partial completion interpretations of telic predicates at a
relatively high rate.

For progressive forms, which served as a control, participants showed no difference in gaze
patterns between trials on which the affected referent was partially affected and when it was fully
affected, suggesting that they did not have a strong preference for either partial or full comple-
tion interpretations for the unfolding utterance. This lack of difference between completion types
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surfaced both during the verb form itself, as well as in a time window of comparable length after
the utterance was completed. We interpret this null result cautiously, however, as we only had a
small number of items and we may not have had sufficient power to detect a small effect.

We suggest that these findings indicate that arriving at a partial completion interpretation for
a perfect form requires some kind of extra calculation: If listeners examined the visual scene and
noted that only one referent was compatible with a description using the perfect form (because
the competitor object was not at all affected), they should have been able to compute the partial
completion interpretation online, as the sentence unfolded. What kind of calculation might this
be, and why might it require extra time? We have suggested that although pragmatic information
can be integrated incrementally and influence processing in real-time, it is more likely that an af-
ter-the-fact calculation would be a pragmatic one rather than a semantic one, particularly for
English speakers for whom non-culminating accomplishments are relatively rare.

Therefore, we suggest that although these experimental results cannot by themselves be
taken as evidence for a pragmatic account over a semantic account of non-culminating accom-
plishments, to the extent that this processing is delayed, it is more likely to be compatible with a
pragmatic than a semantic explanation. Several studies suggest that aspectual coercion takes time
(e.g., Pinango, Winnick, Ullah, & Zurif, 2006; Todorova, Straub, Badecker, & Frank, 2000), and
accepting non-culminating interpretations for verb forms in the perfect may require similar kinds
of processing. It could also be that the correct account is a semantic one, but one in which there
is a certain ‘looseness’ permitted in the interpretation that is assigned (Lasersohn, 1999).

Of course, these findings for English may not carry over to languages in which non-culmina-
tion interpretations are easier to arrive at, and for which particular grammatical constructions are
associated more strongly with these interpretations than others. In languages like Hindi, listeners
may find it easier to entertain partial completion interpretations for single verbs in perfective
form, and may do so early in processing. For Hindi, this could be, for example, because their lan-
guage uses a different grammatical construction, the serial verb construction, to unambiguously
signal full culmination, or because the semantics of the perfective are inherently different and
permit partial completion interpretations. We have reason to expect strong differences in pro-
cessing that are attributable to cross-linguistic differences in how completion is grammatically
encoded (e.g., Flecken, Stutterheim, & Carroll, 2014; Sakarias & Flecken, 2017). Future work
investigating how these processes unfold in other languages may shed light on whether any
cross-linguistic differences are semantic or pragmatic.

Another consideration for future work is how affected the affected referents must be. In our
experiment, the partially-affected referent appeared as though the event was at least 50% com-
plete, and in most cases approximately 75% complete. Would even less affected referents show a
different pattern, perhaps a difference between the partial and full completion conditions even at
the end of the utterance? Conversely, would more affected referents (e.g., reflecting 90% com-
pletion) show no difference between conditions even during the verb? The choice of sentences
may matter as well; although the phenomenon of non-culminating accomplishments is typically
illustrated by canceling the expected culmination (e.g., ... but not completely), we opted not to
study processing of cancelations, instead depicting the possibility of cancelation in the visual
stimuli. Adding an explicit cancelation to the sentence might, however, reveal an interesting pro-
cessing timecourse as listeners make and cancel the culmination implicature.

A second consideration is the particular verbs/predicates that are chosen. We chose predi-
cates that were used in similar prior work and that could be clearly depicted in the simple images
we used for the experimental stimuli. However, verbs differ in how likely they are to yield telic
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and atelic interpretations. The definiteness of the verb’s object plays a role as well (e.g., Ogiela,
Schmitt, & Casby, 2014). We used only definite determiners for the current stimuli, except with
the verb of creation draw (has drawn / was drawing a circle). Further work in this vein can exam-
ine how features of the predicate (such as the lexical semantics of the verb) affect not only
telicity also partial vs. full completion interpretations.

This work increases our understanding of what kinds of information comprehenders have
access to and make use of online, as linguistic information unfolds. Comprehension involves cre-
ating a mapping between the unfolding utterance and a mental representation of an event as it is
expected to take place in the real world (see Altmann & Mirkovi¢, 2009; McRae & Matsuki,
2009 for reviews). For example, Bicknell et al. (2010) found that English-speakers hearing a
SVO sentence integrate the agent and verb and make predictions about the upcoming patient
based on their real-world knowledge about plausible events, and Altmann and Kamide (1999)
found that comprehenders use a verb’s semantic properties to predict what kind of direct object
will be heard next. The study we most closely followed on, Altmann and Kamide (2007), broad-
ened these findings to say that aspects of the event representation like future events and states are
also accessible to the parser online, as the verb phrase unfolds (see also Altmann & Kamide,
2009). Our study is the only one of these to claim that listeners do not always predict an upcom-
ing referent with equal facility, and in doing so it identifies a limitation on what interpretations
listeners are able to entertain as tense and aspectual information unfold, specifically related to the
extent to which the event comes to its natural culmination point.

In ongoing work, we are examining the developmental origins of event culmination interpre-
tations (Arunachalam, 2017; He & Arunachalam, 2017). In infancy, there are tight links between
linguistic knowledge and conceptual knowledge, including knowledge about how events unfold
(see, e.g., He & Arunachalam, 2017, for review), suggesting that by examining the developmen-
tal trajectory of (non)-culmination interpretations, we will obtain powerful insight into how
children conceptualize events. During the preschool years, children map the linguistic forms of
their language onto these event concepts, and must learn whether their language is like Hindi or
English (see van Hout, 2018 for a recent review). Cross-linguistic developmental investigations
will further reveal whether, and if so, when, children acquiring languages that differ along these
lines diverge in their assignment of non-culmination interpretations to telic predicates.
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