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Aspect processing across
languages: A visual world
eye-tracking study

Serge Minor*, Natalia Mitrofanova, Gustavo Guajardo,
Myrte Vos and Gillian Ramchand

Department of Language and Culture, UiT-The Arctic University of Norway, Tromsa, Norway

The study employed a combination of a picture selection task and Visual World
eye-tracking to investigate the processing of grammatical aspect (perfective
vs. imperfective) in three languages: Russian, Spanish and English. In order
to probe into the cognitive representations triggered by the aspectual forms
we contrasted visual representations of different temporal portions of telic
events—a snapshot of the process stage (ongoing event) and a snapshot of
the immediate aftermath of the event/the result state (completed event). In
all three languages, the gaze patterns and offline responses revealed a strong
preference for representations of ongoing events in the imperfective condition.
This confirms that the imperfective forms in all the three languages draw
attention to the in-progress portion of a telic event. In the perfective condition,
however, we found robust differences. Russian uses verbal prefixes to mark
perfective aspect, and our results suggest that perfective telic verbs in Russian
strongly highlight the result state of an event. In Spanish, the perfective past
tense form (Preterite) also highlights event completion, but to a lesser extent
than in Russian—in line with its less restrictive semantics in not requiring an
inherent boundary. In contrast to Russian and Spanish, English speakers did not
show a preference for representations of completed events in the perfective
(Simple Past) condition. This suggests that the English Simple Past form does
not encode a preferential cognitive salience for either the activity portion of an
event or its result state, and lends support to the analysis of the English Simple
Past as a non-aspectual tense form.

KEYWORDS

grammatical aspect, perfectivity, grammatical processing, VW eye-tracking, cross-
linguistic comparison

1. Introduction

Grammars of many languages possess a means of encoding grammatical aspect,
drawing a distinction between perfective and imperfective verb forms. In the theoretical
literature, this opposition has been linked to the notions of event completion and/or
boundedness (Comrie, 1976; Dahl, 1985; Smith, 1991). On this view, perfective forms are
used to represent entire events including the endpoint, while imperfective forms focus
on internal portions of an event, possibly excluding the endpoint. Thus, for events that
possess a natural endpoint/internal boundary (telic events), the perfective form conveys
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that the natural endpoint was reached. This is illustrated below
with examples from Russian (1), Spanish (2) and English
(3), which all possess verbal forms that have been analyzed
as encoding the perfective/imperfective distinction. Examples
(1-a), (2-a), and (3-a) involve verb forms that have been analyzed
as perfective, and have been claimed to trigger entailments of
event completion (Dowty, 1979; Parsons, 1990; Smith, 1991;
Klein, 1994, 1995; Altschuler, 2014; Arche, 2014; Martin and
Gyarmathy, 2019). Upon hearing these sentences listeners are
expected to infer that Marta completed the drawing of the
castle. On the other hand, the minimally different sentences in
Examples (1-b), (2-b), and (3-b) involve verb forms that have
been analyzed as imperfective, and the sentences do not give
rise to inferences of event completion (Marta may have stopped
before she completed the drawing).

Marta na-risova-la zamok.
Marta PFV-draw-PST.F.SG castle

‘Marta drew a castle.’

(1) a.

b. Marta risova-la zamok.
Marta draw.IMP-PST.E.SG castle

‘Marta was drawing a castle.’

(2) a.  Marta dibuj-6 un castillo.
Marta draw-3S.PRET a castle
‘Marta drew a castle.

b. Marta dibuj-aba
Marta draw-3S.IMP a  castle

‘Marta was drawing a castle.’

un castillo.

(3) a. Marta drew a castle.

b. Marta was drawing a castle.

Previous behavioral studies on the processing of grammatical
aspect have confirmed the theoretical intuition that the
contrasting categories of perfective vs. imperfective have the
effect of “focusing” on different conceptual portions of the event
description. Imperfective aspect focuses on the in-progress,
activity stage of an event, while Perfective aspect triggers
a representation of the event as a completed whole, thus
highlighting the final stage and/or the result (goal) state of the
event (Madden and Zwaan, 2003; Ferretti et al., 2007; Madden
and Therriault, 2009; Zhou et al., 2014). Because Imperfective
aspect highlights the details of the activity stage of the event,
this leads to a higher availability of features associated with
the activity, including participants, instruments and locations
(Carreiras et al., 1997; Ferretti et al., 2007). Furthermore,
Bergen and Wheeler (2010) found that verbs in the Imperfective
aspect exhibit a congruency effect with the direction of motor
movement, suggesting that they trigger a motor simulation of
the described activity.

Abbreviations: PFV, perfective; IMP, imperfective/imperfect; PST, past

tense; PRET, preterite; SG, singular; 3S, third person singular; F, feminine.
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The perfective-imperfective distinction has also been argued
to play a role in discourse structuring (Hopper, 1979, 1982),
with perfective forms used to mark foregrounded events that
follow each other in the narrative sequence, and imperfective
forms used for backgrounded events that temporally overlap
with other events in the narrative. This property is illustrated in
the following Examples (4) for Russian, (5) for Spanish, and (6)
for English:

(4) a. Kogda ja po-tusi-1 kostér,
when I PFV-put.out-PST.M.SG campfire
natals/a dozd/.
start.PFV.PST.M.SG rain
‘When I extinguished the campfire, it began to rain.’
b. Kogda ja tusi-1 kostér,
when I put.out.IMP-PST.M.SG campfire
natals’a dozd/.
start.PFV.PST.M.SG rain
When I was extinguishing the campfire, it began to

rain.

(5) a. Cuando apagu-é la fogata, empez-6
when  put.out-1S.PRET the fire,  start-3S.PRET
a llover.
to rain

‘When I extinguished the fire, it began to rain.’
b. Cuando apag-aba
put.out-1S.IMP the fire

la fogata, empez-6 a
when start-3S.PRET to
lover.

rain

‘When I was extinguishing the fire, it began to rain.’

When I extinguished the campfire, it began to rain.
b.  When I was extinguishing the campfire, it began to

rain.

In Examples (4-a), (5-a), and (6-a) the verb forms in the when-
clauses are perfective, and the sentences are understood as
describing a sequence of events where the extinguishing of the
campfire precedes the event of the rain starting. In contrast, in
Examples (4-b), (5-b), and (6-b) the verbs in the when-clauses
are imperfective, and the fire-extinguishing event is understood
as overlapping with the event of the rain starting (i.e., the rain
started within the time period that the extinguishing event was
taking place).

An actively debated question concerns the nature and extent
of variation between aspectual systems across languages. Is
there a unified grammatical category of “perfective” that can be
applied to all forms that exhibit the characterisitic properties
described above (and similarly for “imperfective;” Dahl, 1985)?
For instance, do all perfective forms trigger entailments of
event completion in the same way, or is there variation in
the strength of such entailments? It has been noted that in
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some languages perfective forms of telic verbs are consistent
with non-completion (Li and Thompson, 1981; Singh, 1991;
Koenig and Muansuwan, 2000; Bar-el et al., 2005). This has
prompted a distinction between “strong” perfective forms that
entail event completion, and “weak” perfective forms that merely
convey that the event ceased, without necessarily reaching its
natural endpoint (Martin and Gyarmathy, 2019). In this study,
however, we were interested in exploring potential variation
between languages that have been classified as possessing strong
perfectives, focusing on Russian, Spanish and English.

In Russian, all verbs are marked as perfective or
imperfective. Morphologically, there are two main ways of
marking the aspectual contrast. Perfective verbs can be derived
from Imperfective verbs via the addition of a prefix (e.g.,

IMP> v, na-risova- “to draw’tV).”

risova- “to draw Conversely,
Imperfective verbs can be derived from Perfective verbs
via the addition of an imperfectivizing suffix (-va, -yva, -a)
that precedes the tense/agreement inflection (these verbs are
sometimes referred to as “secondary imperfectives,” e.g., ot-rky-

v IMP ”).1

“to open®FV” vs. ot-rkry-va- “to open

Previous offline judgement studies have shown that the
use of perfective telic verbs such as narisova- “to draw®"V”
Example (1), procita- “to read’™v” Example (4) and otrkry-

“to open’FV”

Example (12), in contrast to their imperfective
counterparts, trigger a representation of the event as a completed
whole, highlighting the final stage and/or the result state of the
event (Stoll, 1998; Vinnitskaya and Wexler, 2001; Kazanina and
Philips, 2007). These findings are consistent with the common
theoretical claim that such verbs strongly entail that the event
reached an internal boundary (Vinogradov, 1947; Forsyth, 1970;
Bondarko, 1983; Maslov, 1984; Timberlake, 2004).

In Spanish, the perfective-imperfective distinction is
manifested in the opposition between preterite and imperfect
past tense forms (Bosque, 1990; Bybee, 1995; Borik and
Gonzdlez, 2001; Gonzalez, 2003; Fabregas, 2015). Verbs in the
preterite form indicate that the corresponding event reached
a final boundary, i.e., ceased to occur. In the case of telic
predicates, and in the absence of indications to the contrary, this
can be taken to mean that the event was completed. Thus, del
Real (2015) conducted a series of experiments on children’s L1
acquisition of Spanish aspectual contrasts, using adult speakers
as controls. In tasks matching sentences with pictures, adults
systematically associated preterite verb forms with completed
situations and imperfect forms with incomplete and ongoing
situations, in both narrative and out of the blue contexts.

However, in the case of the Spanish preterite, completion
is not a necessary entailment. For instance, Arche (2014)
reports that most Spanish speakers find the following sentence

1 Inthis latter case, the imperfective verb may carry both a prefix and a
suffix (e.g., ot-rkry-va- 'to open'™P). As a convention, in the examples we

will gloss the prefix as pfv and the suffix as imp, see e.g., Example (12).
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contradictory, indicating that the verb in the preterite is
interpreted as conveying completion of the castle-coloring event:

#Marta colore-6
Marta color-3S.PRET a castle

(7) un castillo, pero no lo
but not it
termin-o.

finish-3S.PRET

Marta colored a castle, but she did not finish it.’

However, in the presence of an adverbial that imposes a temporal
boundary on the duration of the event (e.g., for ten minutes), the
completion interpretation is easily canceled. Thus, the following
sentence no longer produces a contradictory effect:

Marta colore-6 un castillo durante diez minutos,

Marta color-3S.PRET a castle for

(8)

ten minutes

pero no lo termin-o6.

but not it finish-3S.PRET

‘Marta colored a castle for ten minutes, but she did not
finish it.’

In contrast, Russian disallows the use of perfective verbs

PFV>

like raskrasi- ‘to color in contexts such as (8) (Janda

and Féabregas, 2019). The corresponding imperfective verb

IMP>

raskrasiva- ‘to color must be used instead:

Marta des/at) minut  ras-kragi-va-la /

minutes PFV-color-IMP-PST.E.SG /

9)
Marta ten
*ras-krasi-la zamok.

PEV-color-PST.F.SG castle

‘Marta colored a castle for ten minutes.’

The cancellability of the completion entailment, as well as the
apparent existence of speaker- and verb-conditioned variation
in the judgements of examples like Example (7) (Arche, 2014),
suggests that verbs in the preterite form in Spanish do not
semantically entail that the event reached its result state/natural
endpoint. Instead, they entail the existence of a final boundary,
which in the case of telic predicates may by default pragmatically
implicate event completion. If this is the case, we can expect that
the emergence of the completion implicature may be influenced
by the lexical properties of particular verbs, as well as contextual
factors and world knowledge.

This contrast between Russian and Spanish may be linked
to the way the two languages formally encode perfective
aspect. Thus, in Russian perfectivizing prefixes on telic verbs
(e.g., na-risova- “to draw’™V” and pro-¢ita- “to read”™"”) have
been analyzed as directly encoding the result state within
a complex event structure (on a par with verb particles in
Germanic languages, see Ramchand, 2005; Svenonius, 2005). In
contrast, in Spanish perfectivity is bundled together with tense
in an inflectional/functional category less tightly linked to the
lexical verb.

Finally, in English the contrast between simple and
progressive past tense forms has been analyzed as manifesting
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the aspectual opposition between perfective (Simple Past) and
imperfective (Past Progressive), as illustrated in Examples (3)
and (6) (Smith, 1991; Klein, 1994). While it has been commonly
claimed in the theoretical literature that Simple Past forms of
telic predicates give rise to completion inferences (e.g., Dowty,
1979; Parsons, 1990), a varied range of counter-examples and
exceptions has been identified (Smollett, 2005; Hovav, 2008;
Pifion, 2008; Deo and Pinango, 2011; Martin and Schéfer, 2017;
Martin, 2019). Experimental studies have also yielded mixed
results. Madden and Zwaan (2003) report that participants
in a sentence-picture matching task displayed a relatively
strong preference (76% of the trials) for pictures of completed
events (as opposed to events in progress) when presented with
sentences involving telic predicates in the Simple Past form.
On the other hand, Jeschull (2007) found that in a sentence-
video matching task, adult English speakers selected videos
of completed events only 49% of the time when presented
with sentences containing non-particle simple past telic verbs
(compared to 91% for particle verbs). Similarly, in a study
comparing the interpretation of aspectual forms in English and
Hindi, Arunachalam and Kothari (2011) found that 47% of the
time English speakers accepted sentences with simple past telic
predicates as descriptions of videos depicting incomplete events.
This was comparable to the weak (simple) perfective in Hindi
(53%), but contrasted with the strong (complex) perfective
(29%). Finally, in a small-scale picture judgement task, van Hout
(2008) found that in 75% of the trials adult English speakers
accepted sentences with telic predicates involving non-particle
verbs in the Simple Past form (eat his/her cheese or drink his/her
coke) as descriptions of incomplete events (as compared to 29%
for particle verbs eat up/drink up).

Furthermore, the function of Simple Past forms to convey
event sequencing in a narrative is restricted to non-stative
predicates. Simple Past forms of statives pattern with progressive
forms in signaling event overlap:

(10)  When I owned those shares, the stock prices went up

and down many times.

In Example (10) the predicate in the when-clause is stative (own
those shares), and the event of stock prices going up and down is
understood as happening within the time period that this state
held—in contrast to Example (6-a) and in parallel to Example
(6-b). Thus, to retain an analysis of the English Simple Past form
as perfective we are forced into having two semantically different
(homophonous) past tense inflections (for states and for non-
states), or at least we have to stipulate that past tense statives
are somehow exceptional, e.g., “non-canonical” perfectives
(Smith, 1991).

The goal of the current study was to investigate the
interpretation of aspectual forms across multiple languages—
Russian, Spanish and English—while applying a unified
experimental paradigm. We were especially interested in the
semantic processing of forms that have been analyzed as “strong
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perfectives.” To probe deeper into the interpretation of these
forms we complemented offline judgements with an online
measure less subject to metalinguistic awareness—eye tracking
in the Visual World paradigm.

The Visual World paradigm (VWP) has been a richly
productive methodology in the area of linguistic processing
(Cooper, 1974; Tanenhaus et al., 1995; Allopenna et al.,
1998; Altmann and Kamide, 1999; Kamide et al., 2003; Lew-
Williams and Fernald, 2007). The usefulness of the paradigm
stems from the general fact that human eye movements track
the focus of linguistic attention, if that attention is given a
visual manifestation. The specific linking hypothesis between
the eye movement behavior and processing activity in the
brain is still controversial, with a number of subtly different
proposals contrasting mostly with respect to the relative timing
and interaction between top-down and bottom-up cues to
attention, and the relationship between the visual and linguistic
information inputs (see Huettig, 2015 for an overview). Overall,
however, the paradigm has proved to be highly sensitive
to aspects of linguistic input, with eye movements tracking
attention in a temporally fine grained way, beyond the conscious
control of the language user.

In this study, we apply the VWP to experimentally probe
into the cognitive representations triggered by the processing
of grammatical aspect (perfective vs. imperfective) in three
languages: Russian, Spanish and English. As we have discussed,
grammatical aspect has been analyzed as a category that controls
which perspective is being taken on the event described by the
verb in combination with its arguments. Events or situations
in the world are arguably more complex than objects in that
they involve a temporal dimension and express relationships
among objects/participants. In language, events are typically
evoked by means of verbs, but the identity criteria for (even
concrete) events are more difficult to characterize than for
concrete objects. For example, the event of “eating” contains
many temporal phases, each of which can look quite different
qualitatively from the other. Using a static visual representation
to image an event faces choices not found with object
imageability, in that the event looks different at different points
during its temporal unfolding. Aspect marking on lexical verbs
is a linguistic device that is thought to be relevant to precisely
the question of which portion of the event is being singled out in
the description.

To represent a verbal concept in its entirety, a dynamic
representation would theoretically be more satisfactory. The
present study (and others that are interested in aspectual
distinctions) deliberately uses two different types of static visual
representation which focus on different temporal portions of
the depicted event— a snapshot of the ongoing event, or a
snapshot of the immediate aftermath of the event. If aspectual
marking makes salient a particular dimension of an event, we
expect eye tracking in a picture matching paradigm to track (i)
the nature of that focus, and (ii) the time course of when that
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choice is made. This has previously been demonstrated by Zhou
et al. (2014) who employed the VWP to investigate the time
course of grammatical aspect processing by Mandarin-speaking
children and adults. The participants were shown two pictures:
one representing an ongoing event (e.g., an old lady planting a
flower) and the other representing the corresponding completed
event (e.g., an old lady having planted a flower). While looking
at the pictures, the participants heard sentences involving either
a perfective or a durative (imperfective) morpheme, which in
Mandarin always immediately follows the verb. Zhou et al. found
that all groups of participants launched significantly more looks
to the completed event picture in the perfective condition, and
conversely significantly more looks to the ongoing event picture
in the durative condition. Moreover, the results showed that the
participants reacted to aspect immediately after they heard the
aspectual morpheme, before all of the verbs arguments were
introduced (see also Foppolo et al, 2021 for a VWP study
of grammatical aspect in Italian involving a slightly different
design and research questions). The present study capitalizes on
these results to further investigate the processing of aspectual
categories in three languages with typologically distinct systems
of aspectual marking (Dahl, 1984; Bybee and Dahl, 1989). We
address the following research questions:

e Do speakers of Russian, Spanish and English show offline
and online preference for representations of ongoing events
when hearing sentences involving verbs marked with
imperfective aspect?

e Conversely, do speakers of Russian, Spanish and English
show offline and online preference for representations of
completed events when presented with sentences involving
verbs marked with perfective aspect?

e Do the preferences triggered by perfective verb forms differ
between the three languages?

2. Materials and methods

2.1. Participants

The study included three experiments with adult speakers
of Russian, Spanish and English. For the first experiment,
124 adult Russian speakers (m.a. = 22) were recruited and
tested in Moscow (Russia). For the second experiment, 32
adult speakers of Argentinian Spanish (m.a. = 38.25) were
recruited and tested in Bahia Blanca (Argentina). For the third
experiment, 66 adult English speakers (m.a. = 26.47) were tested
in Edinburgh (Scotland), Trondheim and Tromse (Norway). All
the participants tested in Trondheim and Tromse had spent <2
years in Norway prior to the experiment.

All participants had normal or corrected-to-normal vision.
Informed consent was obtained from all participants prior
to participation. The participants of the Russian and English
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experiments received money, gift cards or cinema vouchers
worth $6-13 as compensation.

2.2. Materials

The experiment included 24 test items consisting of a visual
display and an audio stimulus. The visual display involved two
pictures presented on a screen side by side, representing two
stages of the same event. One picture represented an ongoing
event (e.g., a girl in the process of drawing a vase), while the
other represented the corresponding completed event (e.g., the
result state that obtained when the girl finished drawing the vase,
Figure 1).2

The audio stimuli included a preamble and a test sentence,
and were recorded by female native speakers of Russian,
Spanish and English. The preamble sentence provided a short
description of a scene in the past tense (e.g., It was a bright and
sunny day, It was the first period at school, etc.), and was intended
to create a narrative context for the test sentence. The use of the
preamble allowed us to restrict Perfective and Imperfective verbs
to their narrative readings, e.g., to exclude habitual readings, as
well as so-called ‘general factual’ readings of imperfective verbs
in Russian (Gronn, 2004). The test sentence was a transitive
clause containing a subject NP (grandma, grandpa, a girl or a
boy), a verb and an object NP which included an adjective and
a common noun (e.g., a slender vase, a new shirt, etc.). All the
verbs in the test sentences were in the past tense. A standardized
350 ms pause was inserted between the verb and the object.
We manipulated the grammatical aspect of the verb: each test
sentence had two versions that contained verbs with the same
lexical content but differing in grammatical aspect. All test items
used in the study involved telic predicates, or accomplishments,
i.e., predicates that represent events consisting of a process stage
and a well-defined result stage (Vendler, 1967; Dowty, 1979).

In the Russian experiment the test sentence involved either
an Imperfective or a Perfective verb, cf. Examples (11), (12). In
half of the items the aspectual distinction was encoded in a prefix
[an un-prefixed imperfective verb vs. a prefixed perfective verb,
Examples (11)] and in the other half it was marked by a suffix
[a prefixed perfective verb vs. a prefixed+suffixed imperfective
verb, Examples (12)].°

(11) a. Devocka risova-la tonkuju vazu.
girl draw.IMP-PST.E.SG thin

‘The girl was drawing a thin vase.’

vase

2 Allthe visual stimuli from the current study can be accessed at https://
osf.io/38jz5/.

3 As part of a separate study, we tested whether the time course of
aspectual processing in Russian was influenced by the specific location
of aspectual marking within the verb (prefix vs. suffix). The results of this

analysis are reported in Minor et al. (2022).
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FIGURE 1
Ongoing event (OE) and Completed event (CE) pictures representing two stages of the event of a girl drawing a vase.

b. Devocka na-risova-la tonkuju vazu.

girl PFV-draw-PST.F.SG thin  vase
“The girl drew a thin vase.’

(12)  a. Devocka ot-kry-va-la krasivyj
grandpa PFV-dig-IMP-PST.F.SG beautiful
podarok.
present

“The girl was opening a beautiful present.’
b. Devocka ot-kry-la krasivyj podarok.
grandpa PFV-dig-PST.F.SG beautiful present

“The girl opened a beautiful present.’

In the Spanish experiment, the imperfective versions of the
test sentences contained verbs in the Imperfect form, while the
perfective versions involved verbs in the Preterite form, Example
(14). Moreover, the test items were restricted to regular -ar verbs
in order to constrain the morphological variability of the tense
forms: all the verbs used in the test items were uniformly marked
with the inflection -aba in the Imperfect form and -6 in the
Preterite form.

(13) Erala primeraclase enla escuela
was the first period at the school
‘It was the first period at school.’
(14) a.  Unanenadibuj-aba  un florero delgado

a girl draw-3s.iMPa thin
“The girl drew a thin vase.’

vase

b.  Una nena dibuj-6
a girl draw-3s.PRETa thin
“The girl was drawing a thin vase.’

un florero delgado
vase

In the English experiment, the imperfective version of the test
sentences involved a verb in the Past Progressive form, while the
perfective version involved a verb in the Simple Past form. The
test items were selected in such a way as to avoid particle verbs
(e.g., blow up, chop down, etc.), since we hypothesized that verbal
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particles can themselves affect the aspectual properties of verb
forms (Jeschull, 2007; van Hout, 2008).
(15)

(16) a.
b.  The girl drew a slender vase.

Preamble: It was playtime at the school.

The girl was drawing a slender vase.

Two lists were created such that each test item appeared once
in each list: in the imperfective form in one list, and the
perfective form in the other. Half of the test items in each list
involved imperfective verb forms and half involved perfective
verb forms. The position of the ongoing/completed event picture
and the target picture was balanced within each list and aspectual
condition. In the Russian experiment, two additional lists were
created where the position of the target and competitor pictures
was reversed as compared to the original lists, thus resulting in 4
lists altogether. This was done in order to balance the position
of the target picture within items involving different types of
aspectual marking (prefixal vs. suffixal). The participants were
randomly assigned to one of the lists.

In addition to the 24 test items, each list included 24 fillers.
In contrast to the test items, the visual display in the fillers
included two pictures representing different types of events (e.g.,
Granddad chopped down a tall tree vs. Granddad blew out an old
candle). Given that the pictures in the filler items represented
different event types, the target picture could be identified solely
on the basis of the lexical meaning of the verb. The preambles
used in the fillers were the same as those used in the test items.
In the Russian and Spanish experiments, the target sentences
in the filler items were similar to those in the test items—
involving perfective or imperfective verb forms. In the English
experiment, the filler target sentences were constructed slightly
differently. Half of the filler items included a construction with
the auxiliary be that described a completed event (e.g., Grandma
was successful in cracking open the nut, The boy was done with
taking apart the wooden stool). The other half of the fillers
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Structure of a trial.

involved a construction with a lexical verb in the past tense that
described the initial or intermediate stages of an event (e.g., The
girl began to drink a glass of milk, Grandpa occupied himself
in the strawberry patch). The fillers were designed this way to
prevent an experimental bias effect whereby the presence of
the auxiliary be would be uniquely associated with one type of
picture (recall that the imperfective test items involved a verb in
the Past Progressive form which includes the auxiliary be and
which we hypothesized would be strongly associated with the
ongoing event representation).

Each list contained an equal number of filler items targeting
pictures of ongoing events and pictures of completed events.
Each list began with a filler item in order to accommodate the
participants to the procedure.

2.3. Procedure

In the Russian and English experiments, we used an
SMI RED500 eye-tracker sampling at 120 Hz to record the
participants’ eye-movements. The visual stimuli were presented
on a 22” monitor, and the participants were seated at a distance
of approx. 60-70 cm from the eye-tracker attached to the bottom
of the monitor. The audio stimuli were played through external
speakers located at the sides of the monitor. In the Spanish
experiment, eye-movements were recorded using an EyeLink
Portable Duo eye-tracker attached to a 157 laptop sampling at
500 Hz.

During the instruction phase, the participants were told that
they were going to hear a series of short stories. At some point
during each story two pictures would appear on the screen, and
the participants’ task was to choose the picture that best matched
the story. They were asked to select the picture by raising the
corresponding hand (left or right).

The structure of the trial is schematized in Figure 2. Each
trial involved a preamble phase and a target phase. During
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the preamble phase the participants were shown a picture of a
smiley face in the middle of the screen and heard the preamble
sentence. After that the trial proceeded to the target phase
where two pictures were presented side by side on the screen.
In the test trials the two pictures represented two stages of the
same event (ongoing and result) while in the filler trials the
pictures represented different events. After a pause of 500 ms the
participants heard the target sentence, and had to select one of
the pictures by raising a hand. The participants’ eye-movement
during the trial and their offline responses were recorded. The
experiment lasted approx. 6 min.

2.4. Data analysis

2.4.1. Offline responses

We coded the selection of the Ongoing Event picture in
the Imperfective condition and the Completed Event picture
in the perfective condition as “accurate” (1). The opposite
choices in the two conditions was coded as “inaccurate” (0).
We then used the package Ime4 (Bates et al, 2015) of the
statistics software R version 3.6.0 to fit a mixed effects logistic
regression estimating the log-odds of an accurate response
with the aspectual condition (Perfective vs. Imperfective)
as a fixed effect. The model included a random slope for
condition by participant and by item. The predictor variable
was dummy-coded with Imperfective as the baseline value. Post-
hoc comparisons using the emmeans package were conducted to
test whether the accuracy was significantly above chance in each
aspectual condition.

2.4.2. Gaze patterns

All trials with above 50% track loss were excluded prior
to the analysis, resulting in the exclusion of 7 trials in the
Russian experiment, 5 trials in the Spanish experiment and 3

frontiersin.org


https://doi.org/10.3389/flang.2022.1052205
https://www.frontiersin.org/journals/language-sciences
https://www.frontiersin.org

Minor et al. 10.3389/flang.2022.1052205
A . . . .
Russian: Imperfective Russian: Perfective
1.00 : 1.00
0.75 0.75 -
Picture
0.50 0.50
Competitor
~- Target
0.25 0.25
0.00 ! 0.00
0 1000 2000 3000 0 1000 2000 3000
Time from verb onset (ms) Time from verb onset (ms)
B ; : ; ;
Spanish: Imperfective Spanish: Perfective
1.00 : 1.00
0.75 0.75
Picture
0.50 e 0.50 -
Competitor
~- Target
0.25 0.25
0.00 : 0.00
0 1000 2000 3000 0 1000 2000 3000
Time from verb onset (ms) Time from verb onset (ms)
C . . . .
English: Imperfective English: Perfective
1.00 ; 1.00
0.75 0.75
Picture
0.50 0.50 - =
Competitor
~- Target
0.25 0.25
0.00 ! 0.00
0 1000 2000 3000 0 1000 2000 3000
Time from verb onset (ms) Time from verb onset (ms)
FIGURE 3
Proportions of looks to the Target and Competitor pictures in the Imperfective and Perfective conditions starting from the verb onset in Russian
(A), Spanish (B), and English (C). Shading represents significant clusters of time bins indicating above chance looks to the Target picture. Dashed
vertical blue lines mark the average verb offsets.

trials in the English experiment (0.2, 0.13, and 0.65% of the
data, respectively). We analyzed the proportion of looks to
the Target picture separately for the two aspectual conditions:
Perfective and Imperfective. For the Imperfective trials looks
to the Ongoing Event picture were coded as Target (1), while
looks to the Completed event picture were coded as Competitor
(0). The opposite coding was employed for the Perfective trials.
We calculated the proportion of looks to the target picture in
60 consecutive 50 ms time bins starting from the verb onset
(see Figure 3). All looks outside of the pictures (i.e., looks to
White Space) were removed (7.61% of the data in the Russian
experiment, 3.45% of the data in the Spanish experiment, and
6.55% of the data in the English experiment). In the vast
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majority of the time bins (>95% for all three languages) this
proportion was either 1 or 0. Consequently, we modeled our
dependent variable as binary: we labeled every time bin where
the proportion of looks was equal to or >0.5 as 1, and as 0
otherwise (Huang and Snedeker, 2020). We then performed
a cluster-based permutation analysis to assess whether the
probability of looks to the Target picture was significantly above
chance (Maris and Oostenveld, 2007). The advantage of this
method in the analysis of eye-tracking data is that it provides
correction for multiple comparisons without loss of statistical
power and does not inflate the rate of Type I errors due to
autocorrelation (Oakes et al., 2013; Hahn et al., 2015; Huang and
Snedeker, 2020; Yang et al., 2020; Minor et al., 2022).
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The analysis was performed separately for each aspectual
condition (Perfective and Imperfective) and involved the
following steps:

1. For each time bin, we fit a mixed effects logistic
model evaluating the log-odds of looks to the Target
picture. The model included an intercept term, and items
and participants as random intercepts. The intercept
represented the difference between the log-odd of looks
to the Target picture and 0, which corresponds to chance
(0.5) probability.

2. We identified clusters of adjacent time bins where the
Intercept p-value was below 0.1. The z-values in all the
time bins in each cluster were summed up generating a
sum statistic for the cluster. We chose a higher threshold
for including time bins in a cluster in order to capture
potential weak but long-lasting effects and avoid artificial
fragmentation of clusters. This choice does not affect the
overall validity of the cluster-based permutation test (Maris
and Oostenveld, 2007; Hahn et al., 2015).

3. The null hypothesis was that the probability of looks to
the Target picture was at chance level, i.e., that looks to
the Target and Competitor pictures had equal probability.
To obtain the distribution of the sum statistic under
the null hypothesis we randomly permuted the picture
labels (Target vs. Competitor) by participant, i.e., for each
participant the picture labels were permuted in either all or
none of the trials with 0.5 probability. We then performed
steps 1 and 2 on the permuted dataset. The largest obtained
sum statistic was stored.

4. Step 3 was repeated 1,000 times generating a distribution
of the sum statistic under the null hypothesis.

5. Finally, we compared the sum statistics of the clusters
identified in the original dataset to the null hypothesis
distribution producing a p-value for these clusters. Clusters
with p < 0.05 were identified as significant.*

3. Results

3.1. Russian

In their offline responses, Russian-speaking participants
exhibited an almost universal preference for the Ongoing
Event picture when they heard target sentences containing
an imperfective verb (98% of the Imperfective trials, Table 1).
Conversely, they exhibited an at-ceiling preference for the
Completed Event picture when presented with target sentences

4 R scripts used for the analysis of gaze patterns and offline responses

are available at https://osf.io/38)z5/.
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TABLE 1 Accuracy of offline responses by language and aspect.

Imperfective Perfective

RUSSIAN 98% 95%

SPANISH 97% 84%

ENGLISH 96% 54%

Ongoing event picture coded as accurate response in the Imperfective condition.
Completed event picture coded as accurate response in the perfective condition.

containing a perfective verb (95% of the Perfective trials). The
model predicting the log-odds of an accurate response did
not reveal a significant effect of aspectual condition (B =
—1.06, SE = 093, Z = —1.14, p = 0.26). Post-hoc tests
revealed that accuracy was significantly above chance on both
the Imperfective and Perfective conditions (p < 0.0001 in
both cases).

The analysis of gaze patterns revealed that in both the
Imperfective and Perfective conditions the probability of looks at
the Target picture was significantly above chance (Figure 3A). In
the Imperfective condition this corresponded to a cluster from
350 to 3,000 ms after the verb onset (sum z = 469.07, p < 0.001),
and in the Perfective condition—to a cluster from 550 to 3,000
ms after the verb onset (sum z = 410.51, p < 0.001).

3.2. Spanish

In the offline responses, Spanish-speaking participants
exhibited an at-ceiling preference for the Ongoing Event picture
in the Imperfective condition (97% of the imperfective trials,
Table 1). In the Perfective condition participants chose the
Completed Event picture in 84% of the trials. The analysis of the
log-odds of an accurate response revealed a significant negative
effect of aspectual condition (B = —3.27, SE = 0.15, Z = —2.21,
p = 0.03), which indicates that the probability of an accurate
response was significantly higher in the Imperfective condition
as compared to the Perfective condition. Post-hoc tests revealed
that accuracy was significantly above chance in both aspectual
conditions (p < 0.001).

The pattern of looks to the Target pictured in each
aspectual condition is illustrated in Figure 3B. A cluster-based
permutation analysis if the gaze patterns revealed that in the
Imperfective condition the probability of looks to the Target
(i.e., the Ongoing Event picture) was significantly above chance
corresponding to a cluster from 850 to 3,000 ms following the
verb onset (z = 165.6,p < 0.001). In the Perfective condition
the analysis identified two significant clusters (750-1,850 ms,
sum z = 99.99,p < 0.001 and 1,900 to 3,000 ms, sum z =
71.42,p < 0.001) indicating that the probability of looks to
the Target (i.e., the Completed Event picture) was once again
significantly above chance.

frontiersin.org


https://doi.org/10.3389/flang.2022.1052205
https://osf.io/38jz5/
https://www.frontiersin.org/journals/language-sciences
https://www.frontiersin.org

Minor et al.

3.3. English

In the picture selection task, English-speaking participants
exhibited an at-ceiling preference for the Ongoing Event picture
in the Imperfective (Past Progressive) condition (96% of the
Imperfective trials, Table 1). However, in the Perfective (Simple
Past) condition the participants did not show a strong preference
for either picture choosing the Completed Event picture in only
54% of the trials. A binomial generalized mixed model revealed a
significant effect of aspectual condition (B = —5.74, SE = 1.14,
Z = —5.02, p < 0.001), indicating that the proportion of
accurate responses was significantly higher in the Imperfective
condition as compared to the Perfective condition. Post-hoc tests
showed that in the participants exhibited above chance accuracy
in the Imperfective condition (Z = 5.53, p < 0.001), but not in
the Perfective condition (Z = 0.87, p = 0.38).

Figure 3C illlustrates the proportions of looks to the Target
picture for the two aspectual conditions. A cluster-based
permutation analysis revealed that in the Progressive condition
the probability of looks to the Target picture was significantly
above chance corresponding to a cluster from 450 to 3,000 ms
after the verb onset (sum z = 283.62,p < 0.001, represented by
shading in Figure 3C). The analysis of the Simple Past condition,
on the other hand, did not reveal any significant clusters (largest
cluster from 1,050 to 1,350 ms, sum z = 13.06,p = 0.2).
We were thus unable to reject the null hypothesis that the
participants had no preference for the Target picture in the
Perfective (Simple Past) condition.

3.4. Cross-linguistic comparison

To compare the interpretation of Perfective forms between
the three languages, we analyzed the effect of language on the
probability of an accurate offline response in the Perfective
condition. We fit a mixed effects logistic regression predicting
the log-odds of an accurate response in the Perfective condition
(i.e., selection of the Completed Event picture) with language
as a fixed effect. The model included random intercepts by
participants and items, and a random slope for Language
by item. The fixed effects variable was treatment coded with
Russian taken as the baseline. The model revealed significant
differences between English and Russian (B = —4.51, SE =
052, Z = —8.62, p < 0.001) and between Spanish and
Russian (B = —2.16, SE = 0.56, Z = —3.83, p < 0.001),
indicating that in the Perfective condition the Russian-speaking
participants were significantly more accurate than their English-
speaking and Spanish-speaking counterparts. Post-hoc pairwise
comparisons further revealed a significant difference between
English and Spanish (B = —2.35, SE = 045, Z = —341,
p < 0.001) indicating that the Spanish-speaking group exhibited
a significantly higher accuracy in the Perfective condition
compared to the English-speaking group.
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TABLE 2 Accuracy of offline responses by language and aspect for the
11 shared items.

Imperfective Perfective

RUSSIAN 98% 97%

SPANISH 97% 87%

ENGLISH 95% 50%

These cross-linguistic differences in judgements could
potentially be attributed to differences in the selection of items
in the three experiments. To control for this possibility we
conducted the same analysis as above on a subset of the data that
included only the 11 items that were shared between all three
languages. The overall proportions of accurate responses in this
subset were similar to those in the full dataset (Table 2). The
analysis of judgements in the Perfective condition once again
revealed significant differences between English and Russian
(B = —5.06, SE = 0.68, Z = —7.43, p < 0.001), Spanish
and Russian (B = —2.15, SE = 0.66, Z = —3.24, p = 0.001)
and English and Spanish (B = —2.92, SE = 0.64, Z = —4.59,
p < 0.001), thus confirming the original conclusions.

4. Discussion

The results of our study show that in all three languages
(Russian, Spanish and English) the participants demonstrated
a strong preference for representations of ongoing events
when they heard verbs marked with imperfective aspect. In
the offline picture selection task all groups exhibited an at-
ceiling (above 95%) preference for the Ongoing Event pictures
in the Imperfective condition (see Table 1). Similarly, the
analysis of gaze patterns revealed an above-chance preference
for the Ongoing Event picture in the Imperfective condition
in all thee languages. Visual inspection of the gaze patterns
(Figure 3) suggests that this effect began during or soon after
the presentation of the verb. These results confirm that the
imperfective forms in all the three languages draw attention to
the in-progress stage of the event.

Importantly, these results should not be taken as evidence
that the imperfective forms considered in this study are fully
equivalent. For instance, it is well-known that imperfective
forms in languages like Russian and Spanish generally have
a wider distribution than specialized progressive forms such
as the English Progressive (e.g., they allow for habitual and
generic readings, can occur on stative predicates, etc.). There are
also important contrasts between imperfective forms in Slavic
and Romance (Arregui et al., 2014). For example, the Russian
Imperfective allows for a “general factual” (or “experiential”)
reading where imperfective verbs are used to refer to (possibly
completed) events without a definite reference point in the past,
which is not possible for the Spanish Imperfect (Gronn, 2004).
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In order to allow for a meaningful cross-linguistic comparison,
the context of the test sentences in the current study was
constrained in such a way as to focus on one specific use of the
aspectual forms—namely, their function in introducing events
in a narrative setting and within a specific timeframe in the
past. This was accomplished by prefacing each test sentence
with a preamble sentence, e.g., It was a bright sunny day, It was
a crisp winter morning, etc. The purpose of the preamble was
to introduce a specific occasion in the past that would act as
the reference frame for the interpretation of the test sentence,
thus inhibiting habitual/generic and general factual readings of
imperfective forms. The results of the study suggest that in this
type of context, the imperfective forms in the three languages
display similar processing effects.

Moving on to the perfective forms, Russian speakers
exhibited an at-ceiling offline preference for representations
of completed events in the Perfective condition (95%), which
was confirmed by the analysis of the gaze patterns. Spanish
speakers also demonstrated an above-chance preference for
the Completed Event pictures when presented with sentences
containing perfective verb forms, both in their offline responses
and in the eye-tracking data. However, in the picture selection
task this preference was not quite at ceiling (84%) and
was significantly weaker than the opposite preference in the
Imperfective condition (97%). Moreover, a cross-linguistic
comparison of the offline responses in the Perfective condition
revealed a contrast between the Russian and Spanish groups—
with Spanish speakers selecting the Completed Event picture
significantly less often than the Russian speakers. This contrast
is in line with the hypothesis that Russian perfective predicates

such as narisovala vazu “drew’®

a vase” semantically entail
that the event reached completion, whereas corresponding
predicates in the Preterite form in Spanish (dibujé un florero)
only entail the existence of a final boundary, with event
completion arising as a cancellable pragmatic implicature. If
this is correct we may expect the emergence and strength of
this implicature to be subject to a greater degree of variation—
conditioned both by the lexical properties of particular verbs and
individual differences between the speakers, and leading to a less
uniform pattern of responses.

While all the perfective verbs used in Experiment 1 express
event completion, it should be noted that not all perfective forms
in Russian entail completion in this way. Depending on the
choice of prefix, perfective forms can refer to other types of
boundaries, e.g., temporal boundaries (porisovala vazu “drew’F
a vase for a while”) and initial boundaries/event inception
(zapela pesn/u “began singing"™ a song,” see Glovinskaja, 1982;
Borik, 2006; Tatevosov, 2016). This suggests that in both
Russian and Spanish perfectivity can be linked to the general
notion of event boundedness (Chung and Timberlake, 1985).
The difference is, however, that in Russian the specific type
of boundedness (e.g., event completion/attainment of result,
temporal boundedness, etc.) is explicitly signaled by the choice
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of prefix on the verb, whereas in Spanish it is left unspecified
within the verb form.

Typological research suggests that Russian and Spanish are
representative of two types of aspectual systems which differ e.g.,
in the way perfective and imperfective forms are used in the
context of adverbials that delimit the duration of the event, see
e.g., Examples (8) and (9) (Dahl, 1984; Bybee and Dahl, 1989;
Timberlake, 2007). An interesting prospect for future research
would be to test whether the type of contrast we observed
between Russian and Spanish in our experiments extends to
other languages with typologically similar aspectual systems.

Perhaps the most striking result of our study concerns
the Perfective (Simple Past) condition in the English-language
experiment. Here, the participants’ preference for the Completed
Event picture in the offline task was not significantly different
from chance (54%), and was significantly lower than in Russian
and Spanish. Similarly, the participants’ gaze patterns showed
equal preference for the Completed and Ongoing Event pictures.
This suggests that even on telic predicates, the English Simple
Past form does not encode a preferential cognitive salience for
either the activity portion of an event or its result state. These
results were further replicated in an online study involving 124
English-speaking participants that combined a picture selection
task with webcam-based eye tracking (Vos et al., 2022a).

We believe that these results lend support to the analysis
of the English Simple Past as a non-aspectual tense form
(Swart, 1998), rather than as a perfective form on a par with
perfectives in languages like Russian and Spanish. Furthermore,
if this conclusion is correct then it points toward the need to
dissociate the rules of narrative sequencing from grammatical
aspect. Specifically, the pattern we observe in Examples (6) and
(10) suggests that in English these rules are tied to the sortal
distinction between stative and non-stative eventualities, with
states requiring overlap and non-states favoring a sequential
narrative interpretation (Kamp and Reyle, 1993). Progressive
verbs pattern with statives which suggests that the function of
the Progressive -ing form may be to turn non-stative predicates
into (derived) statives (Vlach, 1981; Hallman, 2010; Ramchand,
2018). The English Simple Past is the tense of narrative
progression on dynamic verbs, but is underspecified with respect
to boundedness.

Given the outcomes of our experiment for the English
Simple Past, it is a natural to ask how the English Perfect
tense would align with respect to this dichotomy. In a follow
up experiment we compared the Progressive with the Perfect
in both past and present tense conditions (Vos et al., 2022b).
The preliminary results confirm that the Perfect in English does
indeed highlight the result state of a telic event in a way that the
Simple Past does not. In English, the Simple Past and the Present
Perfect are often described as being in competition. However,
recent comparative corpus work shows that the distribution of
these two forms in English is radically different (van der Klis
et al., 2022). Specifically, in contrast to the Simple Past form,
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the Present Perfect does not support narrative progression, is
incompatible with past tense adverbial modification and prefers
newly introduced events rather than presupposed ones. This
contrasts with the other European languages in this study
(French, Spanish, German and Dutch) which showed less of a
difference between the auxiliary based Perfect and the Simple
Past. Our tentative conclusion based on these facts is that the
Perfect is the form that is specialized for highlighting a result
state, but that it is not used for building narrative progression in
discourse. Thus, the two features that are normally considered to
be part of the profile of perfectivity are dissociated in the English
tense/aspect system.

Before concluding we would like to point out a potential
limitation of the current study, which concerns the selection
of items in the three experiments. We followed a number of
language-specific restrictions in selecting the items—e.g., in the
Russian experiment we wanted to balance two types of aspectual
marking (prefixal vs. suffixal), in the English experiment we
needed to avoid particle verbs, etc. This resulted in different, but
intersecting, sets of items for the three languages, giving rise to
the possibility that cross-linguistic contrasts may be affected by
the choice of items. To address this, we performed an analysis of
the responses to the items shared between all three experiments
(in addition to the analysis of the full dataset). As shown in
Section 3.4, these data follow the same pattern as the full dataset,
and the statistical analysis revealed the same cross-linguistic
contrasts—suggesting that these contrasts cannot be explained
by differences in item selection. Ideally, however, in order to
maximize the power to detect cross-linguistic contrasts while
controlling for any possible confounds related to item selection,
the sets of items for the different languages should be kept as
similar as possible. The effects of item selection and inter-item
variability is an interesting topic for future research.

Summing up, our study revealed a uniform pattern of
processing of imperfective forms across Russian, Spanish and
English, but striking variation when it comes to forms that have
been analyzed as “perfective.” These results have implications for
the theoretical analysis of tense-aspect categories, as well as for
future experimental studies that rely on particular assumptions
about the semantics and processing of aspectual forms.

Data availability statement
The datasets presented in this study can be found in
online repositories. The names of the repository/repositories

and accession number(s) can be found below: https://osf.io/
38z5/.

Ethics statement

The studies involving human participants were reviewed and
approved by Norwegian Center for Research Data (NSD, https://

Frontiersin Language Sciences

12

10.3389/flang.2022.1052205

www.nsd.no/en). Written informed consent for participation
was not required for this study in accordance with the national
legislation and the institutional requirements.

Author contributions

SM, NM, and GR contributed to conception and overall
design of the study. GG contributed to the design of the Spanish
experiment and collected the data. SM and NM collected the
data for the Russian experiment. SM, MV, and GR collected the
data for the English experiment. SM performed the statistical
analysis. GR and SM wrote the first draft of the manuscript. All
authors contributed to manuscript revision, read, and approved
the submitted version.

Funding

SM, MV, and GR were funded by the Norwegian
Research Council (Grant No. 275490, Modal Concepts and
Compositionality project). GR was the Principal Investigator on
this grant. NM was funded by the Norwegian Research Council
(Grant No. 250857, Micro-variation in Multilingual Acquisition
and Attrition Situations project, awarded to Marit Westergaard).
The funders had no role in study design, data collection and
analysis, decision to publish, or preparation of the manuscript.

Acknowledgments

We would like to thank Sergei Tatevosov, Olga Dragoy,
Anastasia Lopukhina, and Olga Eremina for their help in
organizing data collection for the Russian experiment. We
would also like to thank the Norwegian University of Science
and Technology (NTNU) in Trondheim, and especially Dave
Kush, for assistance in organizing supplementary data collection
for the English part of the study.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

frontiersin.org


https://doi.org/10.3389/flang.2022.1052205
https://osf.io/38jz5/
https://osf.io/38jz5/
https://www.nsd.no/en
https://www.nsd.no/en
https://www.frontiersin.org/journals/language-sciences
https://www.frontiersin.org

Minor et al.

References

Allopenna, P. D., Magnuson, J. S, and Tanenhaus, M. K. (1998).
Tracking the time course of spoken word recognition using eye movements:
evidence for continuous mapping models. J. Mem. Lang. 38, 419-439.
doi: 10.1006/jmla.1997.2558

Altmann, G. T, and Kamide, Y. (1999). Incremental interpretation at
verbs: restricting the domain of subsequent reference. Cognition 73, 247-264.
doi: 10.1016/50010-0277(99)00059-1

Altschuler, D. (2014). A typology of partitive aspectual operators. Natural Lang.
Linguist. Theory 32, 735-775. doi: 10.1007/s11049-014-9232-1

Arche, M. (2014). About the primitives of aspect across languages. Natural Lang.
Linguist. Theory 32, 711-733. doi: 10.1007/s11049-014-9242-z

Arregui, A., Rivero, M. L., and Salanova, A. (2014). Cross-linguistic
variation in imperfectivity. Natural Lang. Linguist. Theory 32, 307-362
doi: 10.1007/s11049-013-9226-4

Arunachalam, S., and Kothari, A. (2011). An experimental study of hindi and
english perfective interpretation. J. South Asian Linguist. 4, 27-42.

Bar-el, L., Davis, H., and Matthewson, L. (2005). “On non-culminating
accomplishments,” in Proceedings of the 35th Annual Meeting of the North East
Linguistics Society (NELS), eds L. Bateman and C. Ussery. p. 87-102.

Bates, D., Michler, M., Bolker, B., and Walker, S. (2015). Fitting linear
mixed-effects models using Ime4. J. Stat. Softw. 67, 1-48. doi: 10.18637/jss.v0
67.i01

Bergen, B. K., and Wheeler, K. (2010). Grammatical aspect and mental
simulation. Brain Lang. 112, 150-158. doi: 10.1016/j.band].2009.07.002

Bondarko, A. V. (1983). Principy Funkcional’noy Grammatiki i Voprosy
aspektologii [Principles of Functional Grammar and Aspectological Issue].
Leningrad: Nauka.

Borik, O. (2006). Aspect and Reference Time. Oxford: Oxford University Press.

Borik, O., and Gonzilez, P. (2001). Comparing aspectual systems. Linguist.
Netherlands 18, 13-26. doi: 10.1075/avt.18.05bor

Bosque, . (1990). Tiempo y Aspecto en Espaiol. Ediciones Catedra, S.A. Madrid.

Bybee, J. L. (1995). “Spanish tense and aspect from a typological perspective,” in
Studies in Language Learning and Spanish Linguistics in Honor of Tracy D. Terrell,
eds P. Hashemipour, R. Maldonado, and M. Naerssen (San Francisco, CA: McGraw
Hill), 442-457.

Bybee, J. L., and Dahl, 0. (1989). The creation of tense and aspect systems in the
languages of the world. Stud. Lang. 13, 51-103. doi: 10.1075/s1.13.1.03byb

Carreiras, M., Carriedo, N., Alonso, M. A., and Fernandez, A. (1997). The role
of verb tense and verb aspect in the foregrounding of information during. Mem.
Cogn. 25, 438-446. doi: 10.3758/BF03201120

Chung, S., and Timberlake, A. (1985). Tense, Aspect, and Mood. New York, NY:
Cambridge University Press.

Comrie, B. (1976). Aspect-An Introduction to the Study of Verbal Aspect and
Related Problems. New York, NY: Cambridge University Press.

Cooper, R. M. (1974). The control of eye fixation by the meaning of spoken
language. Cogn. Psychol. 6, 84-107. doi: 10.1016/0010-0285(74)90005-X

Dahl, O. (1984). Temporal distance: remoteness distinctions in tense-aspect
systems. Mouton 105-122. doi: 10.1515/ling.1983.21.1.105

Dahl, O. (1985). Tense and Aspect Systems. Oxford: Basil Blackwell.

del Real, M. G. (2015). The Acquisition of Tense and Aspect in Spanish (Ph.D.
dissertation). Universidad del Pais Vasco, Vitoria-Gasteiz, Spain.

Deo, A. S., and Pifango, M. M. (2011). Quantification and context in measure
adverbs. Semant. Linguist. Theory 21, 295-312. doi: 10.3765/salt.v21i0.2614

Dowty, D. (1979). Word Meaning and Montague Grammar. Dordrecht: D. Reidel
Publishing Company.

Fébregas, A. (2015). Imperfecto’ and ’indefinido’ in Spanish: what, where and
how. Borealis Int. J. Hispanic Linguist. 4, 1-70. doi: 10.7557/1.4.2.3534

Ferretti, T. R., Kutas, M., and McRae, K. (2007). Verb aspect and the activa-
tion of event knowledge. J. Exp. Psychol. Learn. Mem. Cogn. 33, 182-196.
doi: 10.1037/0278-7393.33.1.182

Foppolo, F., Bosch, J. E., Greco, C., Carminati, M. N., and Panzeri, F. (2021).
Draw a star and make it perfect: incremental processing of telicity. Cogn. Sci. 45.
doi: 10.1111/cogs.13052

Frontiersin Language Sciences

10.3389/flang.2022.1052205

Forsyth, J. (1970). A Grammar of Aspect: Usage and Meaning in the Russian Verb.
New York, NY: Cambridge University Press.

Glovinskaja, M. Y. (1982). Semantileskije tipy Vidovyx Protivopostavlenij
Russkogo Glagola [Semantic Types of Aspectual Oppositions in the Russian Verb].
Moscow: Nauka.

Gonzélez, P. (2003). Aspects on aspect: Theory and applications of grammatical
aspect in Spanish (Ph.D dissertion). LOT, Utrecht, Netherlands.

Gronn, A. (2004). The semantics and pragmatics of the Russian factual
imperfective. (Ph.D dissertion). Acta Humaniora, Oslo, Norway.

Hahn, N., Snedeker, J., and Rabagliati, H. (2015). Rapid linguistic ambiguity
resolution in young children with autism spectrum disorder: eye tracking evidence
for the limits of weak central coherence: rapid lexical ambiguity resolution in ASD.
Autism Res. 8, 717-726. doi: 10.1002/aur.1487

Hallman, P. (2010). Instants and Intervals in the Event/State Distinction. Los
Angeles, CA: University of California.

Hopper, P. J. (1979). Aspect and Foregrounding in Discourse. New York, NY:
Academic Press.

Hopper, P. J. (1982). “Aspect between discourse and grammar: An introductory
essay for the volume,” in Tense-Aspect: Between Semantics & Pragmatics, ed P.
Hopper (Amsterdam: John Benjamins), 3-18.

Hovav, M. R. (2008). “Lexicalized meaning and the internal structure of events,”
in Theoretical and Crosslinguistic Approaches to the Semantics of Aspect, ed S.
Rothstein (Amsterdam: John Benjamins), 13-42.

Huang, Y., and Snedeker, J. (2020). Evidence from the visual world paradigm
raises questions about unaccusativity and growth curve analyses. Cognition 200,
104251. doi: 10.1016/j.cognition.2020.104251

Huettig, F. (2015). Four central questions about prediction in language
processing. Brain Res. 1626, 118-135. doi: 10.1016/j.brainres.2015.02.014

Janda, L. A, and Fabregas, A. (2019). Seeing from without, seeing from within:
aspectual differences between Spanish and Russian. Cogn. Linguist. 30, 687-718.
doi: 10.1515/cog-2018-0054

Jeschull, L. (2007). “The pragmatics of telicity and what children make of
it in Proceedings of the 2nd Conference on Generative Approaches to Language
Acquisition - North America, eds A. Belikova, L. Meroni, and M. Umeda
(Somerville, MA: Cascadilla Proceedings Project), 180-187.

Kamide, Y., Scheepers, C., and Altmann, G. T. (2003). Integration of
syntactic and semantic information in predictive processing: cross-linguistic
evidence from German and English. J. Psycholinguist. Res. 32, 37-55.
doi: 10.1023/A:1021933015362

Kamp, H., and Reyle, U. (1993). From Discourse to Logic: Introduction to
Model Theoretic Semantics of Natural Language, Formal Logic and Discourse
Representation Theory. Dordrecht: Kluwer.

Kazanina, N., and Philips, C. (2007). A developmental perspective on the
imperfective paradox. Cognition 105, 65-102. doi: 10.1016/j.cognition.2006.09.006

Klein, W. (1994). Time in Language. London: Routledge.

Klein, W. (1995). A time-relational analysis of Russian aspect. Language 71, 669.
doi: 10.2307/415740

Koenig, J.-P., and Muansuwan, N. (2000). How to end without ever
finishing: Thai semi-perfectivity downloaded from. J. Semant. 17, 147-184.
doi: 10.1093/jos/17.2.147

Lew-Williams, C., and Fernald, A. (2007). Young children learning Spanish make
rapid use of grammatical gender in spoken word recognition. Psychol. Sci. 18,
193-198. doi: 10.1111/.1467-9280.2007.01871.x

Li, C.N,, and Thompson, S. A. (1981). Mandarin Chinese: A Functional Reference
Grammar. Berkeley, CA: University of California Press.

Madden, C. J., and Therriault, D. J. (2009). Verb aspect and perceptual
simulations. Q. J. Exp. Psychol. 62, 1294-1303. doi: 10.1080/17470210802696088

Madden, C. J., and Zwaan, R. A. (2003). How does verb aspect constrain event
representations? Mem. Cogn. 31, 663-672. doi: 10.3758/BF03196106

Maris, E., and Oostenveld, R. (2007). Nonparametric statistical
testing of EEG-and MEG-data. J. Neurosci. Methods 164, 177-190.
doi: 10.1016/j.jneumeth.2007.03.024

Martin, F. (2019). Non culminating accomplishments. Lang. Linguist Compass.
13, e12346. doi: 10.1111/Inc3.12346

frontiersin.org


https://doi.org/10.3389/flang.2022.1052205
https://doi.org/10.1006/jmla.1997.2558
https://doi.org/10.1016/S0010-0277(99)00059-1
https://doi.org/10.1007/s11049-014-9232-1
https://doi.org/10.1007/s11049-014-9242-z
https://doi.org/10.1007/s11049-013-9226-4
https://doi.org/10.18637/jss.v067.i01
https://doi.org/10.1016/j.bandl.2009.07.002
https://doi.org/10.1075/avt.18.05bor
https://doi.org/10.1075/sl.13.1.03byb
https://doi.org/10.3758/BF03201120
https://doi.org/10.1016/0010-0285(74)90005-X
https://doi.org/10.1515/ling.1983.21.1.105
https://doi.org/10.3765/salt.v21i0.2614
https://doi.org/10.7557/1.4.2.3534
https://doi.org/10.1037/0278-7393.33.1.182
https://doi.org/10.1111/cogs.13052
https://doi.org/10.1002/aur.1487
https://doi.org/10.1016/j.cognition.2020.104251
https://doi.org/10.1016/j.brainres.2015.02.014
https://doi.org/10.1515/cog-2018-0054
https://doi.org/10.1023/A:1021933015362
https://doi.org/10.1016/j.cognition.2006.09.006
https://doi.org/10.2307/415740
https://doi.org/10.1093/jos/17.2.147
https://doi.org/10.1111/j.1467-9280.2007.01871.x
https://doi.org/10.1080/17470210802696088
https://doi.org/10.3758/BF03196106
https://doi.org/10.1016/j.jneumeth.2007.03.024
https://doi.org/10.1111/lnc3.12346
https://www.frontiersin.org/journals/language-sciences
https://www.frontiersin.org

Minor et al.

Martin, F., and Gyarmathy, Z. (2019). A Finer-Grained Typology of Perfective
Operators. Paris: CSSP.

Martin, F., and Schifer, F. (2017). Sublexical Modality in Defeasible Causative
Verbs. Oxford: Oxford University Press.

Maslov, J. S. (1984). Ocerki po Aspektologii. 1zd-vo Leningradskogo Universiteta.
Leningrad.

Minor, S., Mitrofanova, N.,
time course of verb aspect
doi: 10.1371/journal.pone.0264132

and Ramchand, G. (2022). Fine-grained
processing. PLoS ONE 17, €0264132.

Oakes, L., Baumgartner, H., Barrett, F., Messenger, 1., and Luck, S. (2013).
Developmental changes in visual short-term memory in infancy: evidence from
eye-tracking. Front. Psychol. 4, 697. doi: 10.3389/fpsyg.2013.00697

Parsons, T. (1990). Events in the Semantics of English. Cambridge, MA: MIT
Press.

Pinon, C. (2008). Aspectual Composition With Degrees. Oxford: Oxford
University Press.

Ramchand, G. (2005). Time and the event: the semantics of Russian prefixes.
Nordlyd 32, 72. doi: 10.7557/12.72

Ramchand, G. (2018). Situations and Syntactic Structures: Rethinking Auxiliaries
and Order in English. Cambridge, MA: MIT Press.

Singh, M. (1991). “The perfective paradox: How to eat your cake and have it
too,” in Proceedings of the Berkeley Linguistic Society, ed L. Sutton (Berkeley, CA),
469-479.

Smith, C. S. (1991). The Parameter of Aspect. Dordrecht: Kluwer.

Smollett, R. (2005). “Quantized direct objects don’t delimit after all,” in
Perspectives on Aspect. Studies in Theoretical Psycholinguistics, Vol 32, eds
H. JH. Verkuyl, H. de Swart, and A. van Hout (Dordrecht: Springer).
doi: 10.1007/1-4020-3232-3_3

Stoll, S. (1998). The role of aktionsart in the acquisition of Russian aspect. First
Lang. 18, 351-376. doi: 10.1177/014272379801805405

Svenonius, P. (2005). Slavic prefixes inside and outside VP. Nordlyd 32, 68.
doi: 10.7557/12.68

Swart, H. D. (1998). Aspect shift and coercion. Nat. Lang. Linguist. Theory 16,
347-385. doi: 10.1023/A:1005916004600

Tanenhaus, M. K., Spivey-Knowlton, M. J., Eberhard, K. M., and Sedivy,
J. C. (1995). Integration of visual and linguistic information in spoken

Frontiersin Language Sciences

14

10.3389/flang.2022.1052205

language comprehension. Science 268, 1632-1634. doi: 10.1126/science.77
77863

Tatevosov, S. (2016). Glagol’nyje klassy i Tipologija Aktsional’nosti [Verb Classes
and the Typology of Actionality] Yazyki Slav’anskoj Kul'tury. Moscow.

Timberlake, A. (2004). A Reference Grammar of Russian. New York, NY:
Cambridge University Press.

Timberlake, A. (2007). Aspect, Tense, Mood. New York, NY: Cambridge
University Press.

van der Klis, Le Bruyn, andvan der Klis, M., Le Bruyn, B., and de Swart, H. (2022).
A multilingual corpus study of the competition between PAST and PERFECT
in narrative discourse. J. Linguist. 58, 423-457. doi: 10.1017/500222267210
00244

van Hout, A. (2008). “Acquiring telicity cross-linguistically: On the acqui-sition
of telicity entailments associated with transitivity;” in Crosslinguistic Perspectives on
Argument Structure: Implications for Learnability, eds M. Bowerman and P. Brown
(New York, NY: Routledge), 255-278.

Vendler, Z. (1967). Linguistics in Philosophy. Ithaca, NY: Cornell University
Press.

Vinnitskaya, I., and Wexler, K. (2001). The role of pragmatics in the development
of Russian aspect. First Lang. 21, 143-186. doi: 10.1177/014272370102106202

Vinogradov, V. V. (1947). Russkij Jazyk. Grammati¢eskoje ulenije o Slove.
Moscow: Gos. ucheb.-pedagog. izd-vo Ministerstva prosveshchenija RSFSR.

Vlach, F. (1981). “The semantics of the progressive,” in Syntax and Semantics 14:
Tense and Aspect, eds P. Tedeschi and A. Zaenen (New York, NY: Academic Press).

Vos, M., Minor, S., and Ramchand, G. C. (2022a). Comparing infrared and
webcam eye tracking in the visual world paradigm. Glossa Psycholinguist. 1, 131.
doi: 10.5070/G6011131

Vos, M., Ramchand, G. C., and Minor, S. (2022b). The Simple Past vs. Perfect in
English: Evidence from Visual World Eye Tracking. Available online at: https://osf.
i0/82hwv/?view_only=67f1{28f50964a08ab2710a056b2bcdc

Yang, W., Chan, A, Chang, F, and Kidd, E. (2020). Four-
year-old  Mandarin-speaking  children’s  online  comprehension  of
relative  clauses. Cognition 196, 104103. doi: 10.1016/j.cognition.2019.
104103

Zhou, P., Crain, S., and Zhan, L. (2014). Grammatical aspect and event
recognition in children’s online sentence comprehension. Cognition 133, 262-276.
doi: 10.1016/j.cognition.2014.06.018

frontiersin.org


https://doi.org/10.3389/flang.2022.1052205
https://doi.org/10.1371/journal.pone.0264132
https://doi.org/10.3389/fpsyg.2013.00697
https://doi.org/10.7557/12.72
https://doi.org/10.1007/1-4020-3232-3_3
https://doi.org/10.1177/014272379801805405
https://doi.org/10.7557/12.68
https://doi.org/10.1023/A:1005916004600
https://doi.org/10.1126/science.7777863
https://doi.org/10.1017/S0022226721000244
https://doi.org/10.1177/014272370102106202
https://doi.org/10.5070/G6011131
https://osf.io/82hwv/?view_only=67f1f28f50964a08ab2710a056b2bcdc
https://osf.io/82hwv/?view_only=67f1f28f50964a08ab2710a056b2bcdc
https://doi.org/10.1016/j.cognition.2019.104103
https://doi.org/10.1016/j.cognition.2014.06.018
https://www.frontiersin.org/journals/language-sciences
https://www.frontiersin.org

	Aspect processing across languages: A visual world eye-tracking study
	1. Introduction
	2. Materials and methods
	2.1. Participants
	2.2. Materials
	2.3. Procedure
	2.4. Data analysis
	2.4.1. Offline responses
	2.4.2. Gaze patterns


	3. Results
	3.1. Russian
	3.2. Spanish
	3.3. English
	3.4. Cross-linguistic comparison

	4. Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


