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When people remember scenes, they can draw from different sources to reconstruct their memory, such as what
they saw, and linguistic descriptions of what they saw. How human memory for events is impacted by linguistic
encoding has been a long-standing question in cognitive science. Here, we ask whether language permeates
memory of state-change events. We use the visual phenomenon of Representational Momentum, in which people
misremember an event they saw (e.g., a melting ice cube) as more completed than it actually was. After three
successful replications of the Representational Momentum effect for state changes (total N = 150), in two further
experiments, participants (total N = 400) watched partial videos of state change events that were followed by
linguistic descriptions in either imperfective aspect (“the ice was melting”) or perfective aspect (“the ice has
melted”). As predicted by linguistic theories, perfective aspect increased the Representational Momentum effect,
compared to imperfective aspect. In addition, linguistic encoding improved overall memory accuracy. Our work
presents the first evidence that the Representational Momentum effect for state change events is sensitive to
linguistic framing, specifically the use of grammatical aspect. More generally, our data contribute to a model of

cognition in which different kinds of representations interact in memory.

Introduction

The world we live in unfolds through dynamic events: As you look
out the window, you might see a teenager kicking a ball, or a chunk of
snow that is melting under the midday sun. Integral to these everyday
experiences is the notion of change: change of location of an object
relative to its external environment (e.g., the ball moved by the kick), as
well as change of state of an object’s internal properties (e.g., the snow
becoming liquified). Understanding how we perceive and interpret these
changes offers valuable insight into the mechanisms of visual cognition.

One foundational finding in higher-level visual cognition is the so-
called representational momentum effect (see Hubbard, 2005, for a re-
view). Representational momentum refers to the phenomenon of people
extrapolating the positions of moving objects in memory tasks: People
misremember objects as being displaced forward along their trajec-
tories. Recently, this phenomenon has also been found in state-change
events (Hafri et al., 2022), for which individuals remember the ob-
jects’ states to be more changed than they actually were.

Importantly, a long tradition of research has argued that visual
processes are, at one point, also susceptible to top-down conceptual

information, such as linguistic framing (e.g., Forder & Lupyan, 2019;
Lupyan et al., 2020; Maier & Abdel Rahman, 2019; Reed & Vinson,
1996). While psycholinguistic research has shown that language may
influence how events are conceptualized and remembered, it remains an
open question whether and how a reliable and automatic visual effect,
such as representational momentum, manifests under conditions of
linguistic framing. In this study, we ask whether grammatical aspect,
which has been independently found to affect how people conceptualize
dynamic events (Anderson et al., 2013; Madden & Zwaan, 2003; Minor
etal., 2022; Misersky et al., 2021; Zhou et al., 2014), could permeate the
fundamental cognitive processes of recalling mentally extrapolated
state-change events.

The phenomenon of representational momentum

When a ball is kicked, it changes its location. To catch it, we must not
only track its current position but also predict where it will go next
(Wolpert & Flanagan, 2001; Witney et al., 2001). A key finding in visual
cognition reveals that this ‘forward momentum’ is encoded in object
representation, leading to memory distortions: People tend to
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misremember objects as being slightly further along in their trajectories,
a phenomenon known as ‘representational momentum’ (Freyd, 1983;
Freyd & Finke, 1984; Hubbard, 2005).

Freyd and Finke (1984) first demonstrated representational mo-
mentum using a rotating rectangle paradigm (Fig. 1). Observers viewed
three sequentially presented rectangles (inducing stimuli), followed by a
test stimulus after a brief retention interval. When the sequence of
inducing stimuli implied rotation in a consistent direction with a
consistent speed, observers were more likely to judge the test stimulus as
‘same’ when it was slightly further along that implied rotation, indi-
cating a memory distortion in the direction of motion. This effect has
since been replicated across various paradigms, including some
involving multiple targets (Finke & Freyd, 1985).

The automatic nature of representational momentum has led some
researchers to propose that it is a low-level visual illusion arising from
the properties of the visual system (e.g., Bertamini, 2002; Kerzel, 2000;
Kerzel et al., 2001). Kerzel (2000) found that when tracking a moving
object, participants' eyes tend to overshoot its final position along the
trajectory of the object. Similarly, Miisseler et al. (1999) reported that
memory for an object’s location is biased toward the fovea, the central
retinal region responsible for sharp vision. These combined effects of
pursuit eye movements and foveal bias led Kerzel (2000; Kerzel et al.,
2001) to propose that forward displacement results from oculomotor
behavior.

However, others argue that representational momentum is better
understood as a higher-level cognitive phenomenon. Finke and Freyd
(1985) and Finke et al. (1986) proposed the ‘momentum’ metaphor,
drawing an analogy to physical momentum: In biological motion,
moving objects do not stop instantly. Mental representations take this
into account and extend beyond an object’s final position, causing an
effect of forward displacement that supports anticipation and motor
regulation. Freyd (1987, 1992, 1993) further argued that representa-
tional momentum reflects the drive to spatiotemporal coherence—the
alignment between the external physical world and internal mental
representations. To achieve coherence, mental representations need to
be dynamic, inherently integrating the passage of time to mirror real-
world motion, thereby producing forward displacement.
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Researchers have previously speculated that representational mo-
mentum shouldn’t be restricted to movement, and the mind might
extrapolate any transformation forward in time (Finke et al., 1986).
Recent work has confirmed this speculation and found the representa-
tional momentum effect in state-change events as well. In Hafri et al.
(2022), participants viewed videos of objects undergoing state changes
(e.g., ice melting, or a log burning) and were asked to choose the last
frame they saw from each video by pulling a slider. The results showed
that participants consistently selected frames that depicted the objects as
more transformed than they actually were. This forward bias persisted
even when state-change animations played in reverse, meaning that
participants remembered the object as more unchanged than it really
was.

Hafri et al.’s (2022) work demonstrates that our mind dynamically
represents physical changes of objects and incorporates their probable
future states into memory. It supports the mental representation account
(Freyd, 1987, 1992, 1993) and raises the possibility that the represen-
tational momentum effect might not be fully encapsulated if it is based
not on low-level perceptual processing of motion, but on more abstract
representations such as change of state.

Indeed, there is evidence showing that conceptual knowledge about
the identity of a target influences forward displacement in motion events
(Reed & Vinson, 1996; Vinson & Reed, 2002). For instance, an upward-
moving stimulus labeled “rocket” exhibits greater forward displacement
than an identical stimulus labeled “cathedral”. This work supports the
argument that representational momentum in motion events reflects a
cognitive process in which individuals integrate knowledge, expecta-
tions and beliefs to mentally extrapolate the position of a moving object,
leading to a post-perceptual false memory. However, thus far the only
demonstration of this cognitive influence has focused on the properties
of objects, rather than features of the event representation as a whole.

The role of language in event conceptualization and event memory

Language affects the way events are conceptualized (e.g., Fausey &
Boroditsky, 2011; Marx & Wittenberg, 2025; Marx et al., 2025; Wit-
tenberg & Levy, 2017) and remembered (e.g., Feist & Gentner, 2007;
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Fig. 1. Illustration of display sequences used in Freyd & Finke (1984), shown in a counterclockwise rotation. Each trial began with three induction displays, each
shown for 250 ms, with 250 ms between them. These displays implied a consistent counterclockwise rotation. In the test phase, participants viewed one of three
possible test displays and decided based on them. In the forward condition, the test stimulus (white) continued the implied rotation. In the backward condition, the
test stimulus reversed direction. In the same condition, the test stimulus matched the third induction stimulus. The test display remained onscreen until participants
responded. Note: The blue rectangle was used to indicate the last position of the true test stimulus and was not shown during actual test trials; it is shown here for
demonstration purposes only. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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Gentner & Loftus, 1979; Loftus & Palmer, 1974; Marian & Neisser, 2000;
Santin et al., 2021; Wang & Gennari, 2019; but see e.g., Gennari et al.,
2002; Papafragou et al., 2008: Trueswell & Papafragou, 2010). Of
particular interest in understanding how linguistic encoding affects
event processing, construal, and memory, is grammatical aspect.

Grammatical aspect has been claimed to provide an internal tem-
poral perspective on an event (Comrie, 1976; Smith, 1991; van Hout,
2016). Specifically, while perfective aspect presents the event as a
complete whole, imperfective aspect presents the event as ongoing
without specifying its limits. The prototypical way to express perfective
aspect in English is through the simple past (‘I danced’), while the
prototypical way to express imperfective aspect in English is through the
progressive (‘I was dancing’).

Previous experimental studies have confirmed the theoretical claims
on the function of grammatical aspect in a number of paradigms and
languages (Anderson et al., 2013; Becker et al., 2013; Bergen & Wheeler,
2009; Carreiras et al., 1997; Ferretti et al., 2007; Huette et al., 2014;
Madden & Zwaan, 2003; Morrow, 1985; Morrow, 1990; Minor et al.,
2022; Misersky et al., 2021; Magliano & Schleich, 2000; Truitt & Zwaan,
1997; von Stutterheim et al., 2012; Mozuraitis et al., 2013; Zhou et al.,
2014). Specifically, imperfective aspect has been shown to increase ac-
cess to event-internal information, such as locations (Ferretti et al.,
2007), participants (Carreiras et al., 1997; Morrow, 1985; Morrow,
1990; Madden & Therriault, 2009) and instruments (Truitt & Zwaan,
1997). In other words, imperfective aspect provides a “lens” into the
details of the internal stages of the event, leading to a higher availability
of content associated with the event. Additionally, using imperfective
aspect to indicate that an event is ongoing enhances the accessibility of
that event during later stages of narrative processing (Magliano &
Schleich, 2000), with this effect being particularly pronounced for
accomplishment predicates such as “to build a castle” or “to listen to a
song” (Becker et al., 2013).

In contrast, perfective aspect shifts people’s focus onto the entire
concluded event, as predicted from its semantics (Athanasopoulos &
Bylund, 2013; Jardén et al., 2025; Madden & Zwaan, 2003; Morrow,
1985; Morrow, 1990; Misersky et al., 2021). In a foundational paper,
Madden and Zwaan (2003) performed a series of experiments in which
participants were exposed to sentences and pictures of different kinds of
dynamic events, to test how grammatical aspect impacts the mental
representation of events in English. Madden & Zwaan (2003) found that
perfective sentences (e.g., “The man crossed the street™) led to a pref-
erence for completed-event pictures, whereas imperfective sentences (e.
g., “The man was crossing the street”) did not influence preferences
toward unfinished events. Follow-up reaction-time experiments
revealed that perfective sentences prompted quicker responses to
completed-event pictures, while imperfective sentences showed no such
effect. These results suggest that the perfective aspect constrains the
comprehenders’ representation of the event as completed.

However, the completion of many events does not involve changes of
location, like crossing the road, but changing the state of an object: For
instance, in the melting of an ice cube, we look at the state of the ice
cube, and whether it is completely changed into water. Tracking objects’
states is central to linguistic and non-linguistic event comprehension and
encoding (Altmann & Ekves, 2019; Hindy et al., 2012; Kang et al., 2020;
Prystauka et al., 2024; Solomon et al., 2015), inasmuch as objects’
initial, intermediate, and end states are activated during processing and
in memory.

There is some initial evidence that linguistic framing, highlighting
different states of an object, influences how events are remembered:
Sakarias & Flecken (2019) tested Dutch and Estonian native speakers on
their memory for state change events and found that Estonian case-
marking, which grammatically encodes degrees of change (partial or
fully change) in the object, improved event memory for recognizing end
states compared to Dutch, which lacks this grammatical feature.

In the context of state change events, grammatical aspect has been
used to linguistically access tracking an object’s history, since aspect
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influences how salient an object’s state is in our mind. For instance,
Misersky et al. (2021) used a sentence-picture verification task and
measured ERPs to test whether grammatical aspect can cue different
phases of a state-change event. Participants read sentences in either
perfective (“chopped the onion™) or imperfective aspect (“was chopping
the onion”), followed by images of objects in changed/resultant states
(e.g., a chopped onion), unchanged states (e.g., a whole onion), or un-
related states (e.g., a cactus). The study found that images of objects in a
changed state elicited a higher amplitude P300 component after sen-
tences in perfective aspect compared to progressive aspect. These results
suggest that perfective aspect cues a holistic event representation that
includes the resultant state of the object, thereby construing the visual
representation of the object's result state.

Misersky et al.’s (2021) study, however, did not include pictures
corresponding to intermediate stages of change (e.g., an onion half
chopped) and it consequently cannot inform us about the accessibility of
the imperfective, and how it may direct participants’ attention to objects
undergoing a change. Thus, while we know from previous studies on
state-change that linguistic framing (case-marking on the object, or
grammatical aspect on the verb) can improve memory representations of
end states, the association of a linguistic description with internal phases
of change is less conclusive, beyond the general observation that
imperfective aspect can draw attention towards events as they are
unfolding (Carreiras et al., 1997; Ferretti et al., 2007; Truitt & Zwaan,
1997; Minor et al. 2022).

The present studies and predictions

In the present studies, we ask whether linguistic framing impacts
representational momentum in state-change events. Previous work has
found the effect of representational momentum in objects undergoing
motion change and state change (Freyd & Finke, 1984; Hafri et al.,
2022). Even though the nature of representational momentum in motion
events is still under debate, that is, whether it originates in the encoding
or in the retrieval stage, some studies have demonstrated that it seems
not to be an encapsulated process. Rather, it is permeable by conceptual
knowledge induced by linguistic labeling (Reed & Vinson, 1996; Vinson
& Reed, 2002). This conceptual knowledge, however, relied on partic-
ipants’ physical intuitions about certain kinds of objects, instead of
manipulating top-down information about the event itself.

Grammatical aspect, in contrast, maps onto an event structure, while
concerning the representation of the object itself only as a consequence
of the event’s internal progression. Previous experimental studies have
found that perfective aspect triggers a holistic representation of the
event as a completed whole. In contrast, imperfective aspect fore-
grounds the in-progress stage of an event, thereby enhancing the
accessibility of information relevant to the events. Specifically, studies
that found evidence of imperfective aspect on object information (e.g.,
Misersky et al., 2021; Madden & Therriault, 2009) typically employed
images depicting objects in either its initial or final state (e.g., an open
vs. closed umbrella). However, such binary static depictions do not
allow for a nuanced examination of how imperfective aspect may guide
attention toward the internal progression of an event — especially in the
case of state-change events, where objects undergo gradual trans-
formation. We propose that using a continuous dynamic animation
depicting state changes over time would offer clearer insight into how
imperfective aspect modulates attentional focus on ongoing change.
Simultaneously, this approach could help determine whether perfective
aspect shapes event conceptualization as moving forward in time,
without necessarily invoking categorical representation, a limitation
inherent in previous methodologies relying on static binary images.

Our study aims to understand whether grammatical aspect could
permeate the fundamental cognitive processes of mentally recalling
extrapolated state-change events. Following independent findings on
the effect of grammatical aspect on event conceptualization (Madden &
Zwaan 2003; Madden & Therriault, 2009; Misersky et al. 2021), which
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only used categorical completion in still images, we propose that
grammatical aspect may also affect people’s mental representations
forward in time in a continuous manner. We reasoned that grammatical
aspect will affect the process of mental extrapolation of state-change
events: Specifically, we predict that, when a linguistic description is
shown after a video depicting an object undergoing a state change, the
linguistic description in perfective aspect should pull the representation
of a video in progress further towards completion, resulting in a bigger
representational momentum effect compared to an imperfective
description.

Here, we use the perfective/imperfective divide, but unlike previous
studies (Madden & Zwaan 2003; Misersky et al., 2021; Minor et al.,
2022), we use sentences in the present perfect (“The log has burnt”)
instead of sentences in the simple past (“The log burnt”) for the
perfective framing. This choice is motivated by the fact that the English
perfect, but not necessarily the English past, highlights the resultant
state of the object in state-change events (Kamp & Reyle 1993; Moens
1987; Moens & Steedman 1988; Mittwoch 2008; Parsons 1990).
Furthermore, and unlike previous studies, we present the linguistic de-
scriptions of state-change events in intransitive frames to control for
potential effects of agentive subjects (Demirdache & Martin, 2015).

We specifically asked whether the use of grammatical aspect mod-
ulates the representational momentum effect in state-change events
reported in Hafri et al. (2022). An overview of the current studies and
their purpose is given in Table 1. First, we replicated Hafri et al’s (2022)
work in three experiments: Experiment 1a kept the frame rate of videos
consistent with Hafri et al. (2022) for a direct replication. Experiment 1b
allowed us to explore the sensitivity of representational momentum to
the speed of state-change events (Hubbard & Bharucha, 1988; Merz
etal., 2019). Experiment 1c was a subset of Experiment 1a that served as
a baseline for subsequent experiments.

Then, to understand how people’s interpretations of aspect map onto
the video stimuli, we conducted two control experiments. Experiment 2a
used a two-alternative forced-choice design that asked participants to
map sentences to videos; Experiment 2b used only sentences, without
showing the video before, to understand how people would construe
those events without visual memory.

Lastly, to understand whether the use of grammatical aspect modu-
lates the representational momentum effect in state-change events, we
conducted two experiments. In both Experiment 3a and 3b, after
watching animation, participants read linguistic descriptions either in
perfective or imperfective aspect, except that the timing of the post-

Table 1
A summary table of all experiments. Here and throughout, experiments are
color-coded depending on whether they involved language (red) or not (blue).

Experiment Description Purpose

Experiment replication, slow video to replicate representational momentum
la effect in state-change events (exact
replication of Hafri et al., 2022)

Experiment replication, fast video to test video speed effects on state-
1b change representational momentum
effect
Experiment self-replication, slow to rule out regression-to-mean effects

1c video, pause frame 60 from Exp la.

Experiment aspect calibration study  to test how people map our visual
2a stimuli onto their interpretations of
grammatical aspect using binary forced
choice
Experiment sentence-frame to test how grammatical aspect shapes
2b matching task event construal using slider task
Experiment language-framed, to test how language and the
3a longer delay, pause representational momentum effect
frame 60 interact in state-change events
Experiment language-framed, to test how language and the
3b shorter delay, pause representational momentum effect
frame 60 interact in state-change events; to test

effect of delay
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event stimulus (linguistic description or visual mask) was controlled in
Experiment 3b, consistent with Hafri et al. (2022).

Experiments 1a-c: Replications of Hafri et al. (2022)

Experiments la-c replicated Hafri et al.’s (2022) Experiment 1,
which found a representational momentum effect in state-change
events. Experiment la (Replication, Slow Video) kept the frame rate
of videos consistent with Hafri et al. (2022) for a direct replication,
while Experiment 1b (Replication, Fast Video) allowed us to explore the
sensitivity of representational momentum to the speed of state-change
events. Experiment 1c (Self-replication, Slow Video, Pause Frame 60)
was a self-replication of Experiment 1a, with a key modification: Par-
ticipants only viewed videos that paused at frame 60. This design iso-
lated the critical pause frame condition to rule out potential regression-
to-the-mean effects introduced by repeated pause frames in Experiment
la. It also established a clean baseline for subsequent comparisons be-
tween Experiments 1c and 3b.

Method

Data availability
All data, code, and stimuli for these experiments are available under
https://osf.io/6hkfj.

Participants

For consistency, we replicated the sample size used by Hafri et al.
(2022). However, unlike Hafri et al. (2002), who collected 50 but
analyzed only 43 participants’ data, we decided to analyze 50 full
datasets in each study. To reach this sample size, eventually, 80 par-
ticipants for Experiment 1a, 82 participants for Experiment 1b, and 72
participants for Experiment 1c were recruited from the online platform
(Peer et al., 2017; Peirce et al., 2019).

In line with Hafri et al.’s (2022) work, we excluded participants if
their response frames, averaged across items, did not monotonically
increase with the last frame condition’s choice. One participant was
excluded in Experiment 1b according to this criterion. Additionally, 30
participants from Experiment 1a, 31 from Experiment 1b and 22 from
Experiment 1c were excluded due to a technical issue where the re-
ported frame rate’s rounded value (recorded by the browser) deviated
from the target of 60 frames per second. All exclusion criteria can be
found in our pre-registration: https://osf.io/6hkfj/?view only =
418a26969bf34f0798f756db32c9d56e.

Stimuli and procedure

We used the same stimuli as Hafri et al. (2022). The state-change
videos were animations generated in the 3D modeling software
Blender (Version 2.82; https://www.blender.org; Blender Foundation,
2020). Experiments were built using PsychoPy (Peirce, 2007; Peirce
et al., 2019).

Each experiment included five state-change videos depicting
different objects undergoing physical changes: ice melting, a grape
shriveling, a cigarette smoldering, butter deforming and a log burning.
Each animation consisted of 240 frames and was paused at one of three
frames, 60, 120 and 180 (randomized order, once for each state change)
in Experiment 1la and 1b, yielding 15 trials. In Experiment 1c, each
animation paused at frame 60, resulting in only 5 trials per participant.

The videos were shown at two different speeds across experiments
(Experiment la/1c: 30 frames per second, full video duration: 8 s;
Experiment 1b: 60 frames per second, full video duration: 4 s). Experi-
ment la and 1c¢ maintained the frame rate of videos used by Hafri et al.
(2022) to achieve direct replications, whereas the faster speed in
Experiment 1b allowed us to explore the sensitivity of representational
momentum to the speed of state-change events, as had previously been
shown for extended motion events (Hubbard & Bharucha, 1988; Merz
et al., 2019).
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In each trial (Fig. 2A), participants viewed an animation of one of the
state changes, which was stopped before completion and masked for
1,000 ms with a box-scrambled mask. Participants then identified the
last frame of the animation that they saw by using a slider that stepped
through the animation frame by frame (Fig. 2B). Importantly, the
starting position of the slider was fully randomized on each trial. The left
end of the slider represented the beginning of the animation, and the
right end represented the end of the animation (100% of the 240
frames), which, notably, participants had never seen. When satisfied
with their choice, participants clicked a button to move on to the next
trial (for a demo video: https://osf.io/6hkfj/?view only =
418a26969bf34f0798{756db32c9d56e). To become familiar with using
the slider, participants first completed a practice trial during the

A. Trial Structure

initial video

all experiments
except 2b

experiments
la-c & 2b

mask or linguistic frame
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instruction phase. In this trial, they moved the slider back and forth until
a button appeared. Participants could not proceed with the experiment
until they performed this trial as instructed.

Our dependent variable was the frame error produced by partici-
pants’ choices of slider position (Fig. 2B): For each trial, we calculated
the difference between the chosen frame and the actual pause frame. For
instance, if the pause frame was frame 120, a chosen slider position at
frame 129 would be a frame error of + 9. We predicted that an overall
positive frame error should be observed, indicating participants would
remember the last frame they saw as being further forward in time than
it actually was.

decision phase

perfective -

The log has burned.

imperfective -

)

The log was burning.

experiments
2a-b & 3a-b

all experiments
except 2a

B. Task and Dependent Variable

negative
frame error

positive
frame error

Fig. 2. The basic logic of our experiments. A: Basic task design is common to most of our experiments. Participants saw a video, then either a visual mask or a
linguistic cue, and then they pulled a slider which stepped through the animation frame by frame to indicate the last frame they had seen from the video. B. Decision
phase: Our Dependent Variable was the frame error introduced in the decision phase. If the video stopped, for instance, at the red line, when reconstructing the video,
any frame after the last seen indicates a positive frame error (purple), any before, a negative frame error (green). (For interpretation of the references to colour in this

figure legend, the reader is referred to the web version of this article.)
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Experiments la—c: Replications
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Slow Video Fast Video  Slow Video,
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Fig. 3. Results of Experiment 1a (30 frames per second, full video duration: 8
s), Experiment 1b (60 frames per second, full video duration: 6 s), and Exper-
iment 1c (Self-replication, Slow Video, Pause Frame 60 only), showing signif-
icant positive mean frame errors. Error bars indicate the standard error of the
mean. Asterisks denote statistically significant deviations from zero (p < .05) in
Experiments 1a and 1b and statistically significant deviations from zero (p <
.001) in Experiment lc.

Analyses

In our analyses, we closely followedHafri et al. (2022).' To examine
the main hypothesis, we conducted a two-tailed, one-sample t-test on the
frame error averaged across participants against the baseline of the
correct pause frame. For secondary analysis, we performed an ANOVA to
test how frame error varied by state change, pause frame, and their
interaction. We also conducted post-hoc t-tests to ask whether the pos-
itive frame error remained significant regardless of the pause frame.
Preregistration for all analyses is available at: https://osf.io/6hkfj/?
view_only = 418a26969bf34f0798f756db32c9d56e.

Results

We observed an overall positive frame error in all three experiments
(Fig. 3). In Experiment 1a, the mean frame error was 4.97, indicating
that participants reported the remembered frame slightly forward in
time relative to the true final frame. This positive shift was significant,
replicating the representational momentum effect reported by Hafri
et al. (2022) (t(49) = 2.41, p < .02, d = 0.34, 95% CI [0.82, 9.11]). In
Experiment 1b, we again found a significant positive frame error (M =
3.75; t(49) = 2.32, p < .03, d = 0.33, 95% CI [0.50, 7.00]), confirming
the robustness of this effect across replications. Experiment 1c¢, which
included only the pause-at-frame-60 baseline condition for later com-
parison with Experiment 3b, also showed a robust positive representa-
tional momentum effect (M = 23; t(49) = 7.64, p < .001, d = 1.08, 95%
CI [17.24, 29.56])).

Secondary analyses showed that the effect was not consistent across
all items or pause frame conditions: in 1a, three of five scenarios and one
pause condition showed significant forward errors, while in 1b, two of
five scenarios and two of three pause conditions did (see Appendix
Tables A1-A2).

Further, there was no significant difference of mean frame error

! While we used simple t-tests and ANOVAs in Experiment 1a, 1b and 1c to
keep in line with Hafri et al.’s 2022 analysis, later experiments were analyzed
by mixed-effects models.
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between Experiment la and 1b (¢(1487.1) = 0.73, p = .46, 95% CI
[-2.04, 4.48]), suggesting that the speed of the state change did not
modulate the magnitude of representational momentum.

Discussion of experiments 1a-c

To summarize, the results of Experiments 1a-c revealed a significant
representational momentum effect for state-change events, establishing
the baseline for our subsequent linguistic manipulations. Specifically,
the positive frame errors in all three replications indicate that people
indeed mentally extrapolated state-change events and objects’ states
were misremembered being more changed forward in time.

Experiments 1a-b used the same design and protocol as in Hafri et al.
(2022), but the magnitude of the representational momentum effect was
smaller than the positive mean frame error of 13.25 reported by Hafri
et al. (2022). We believe this difference to be the result of natural
variation, which has been observed elsewhere (e.g., Binder, 2022; Casey
et al., 2017; Goodman et al., 2013), since we used Hafri et al.’s (2022)
code, stimuli, and even mode of data collection.

Furthermore, we found no significant difference in mean frame error
between Experiments 1a and 1b. This suggests that the speed of objects’
state changing did not affect the magnitude of mental extrapolation. We
will return to this point in the General Discussion.

By including only the pause-at-frame-60 condition, Experiment 1c
aimed to address a potential methodological artifact in Experiment 1a,
where multiple pause-frame conditions might have introduced
regression-to-the-mean effects.” The results replicated the key finding
from Experiment la: Participants remembered objects in state-change
events as being more changed than they actually were. This provides
evidence that the representational momentum effect for dynamic state
changes is robust and not dependent on the inclusion of multiple pause
frame conditions.

Experiments 2a-b: Understanding the effect of aspect on video
stimuli

To understand how people’s interpretations of aspect map onto the
video stimuli, we conducted two control experiments. Experiment 2a
employed a two-alternative forced-choice design in which participants
matched sentences to videos. Experiment 2b presented only sentences,
without before video exposure, to assess how participants construed the
described events in the absence of visual memory.

Experiment 2a: Aspect calibration study

Most previous work (e.g., Kang et al., 2020; Madden & Zwaan, 2003)
used sentence-picture verification tasks to explore how people mentally
represent and integrate aspectual information with static images, but
not animations. Experiment 2a used a two-alternative forced-choice task
to understand how the videos used correspond to people’s interpretation
of grammatical aspect.

Method

Data availability

All data, code, and stimuli for these experiments are available under
https://osf.io/t5whe/?view_only = 7b868451ae7144d383ed3843d023
b410.

Participants
To determine the required sample size, we conducted a power
analysis using the simr package (Green & Macleod, 2016) in R based on

2 In addition, we conducted supplementary analyses that revealed no
regression-to-the-mean effects in Experiment la (see “Supplementary Ana-
lyses”, https://osf.io/6hkfj/files/4etjp).
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pilot data. Results indicated that 30 participants would result in 100%
power for detecting an effect, at a significance criterion of a = .05. To
analyze 30 full datasets, 50 English native adults were recruited via
Prolific (Peer et al., 2017; Peirce et al., 2019). We excluded any
participant who did not contribute to a complete data set. We also
excluded participants whose reported frame rate’s rounded value
(recorded by the browser) deviated from the target of 60 frames per
second. 20 participants were excluded due to this technical issue. The
exclusion criteria can be found in our pre-registration: https://osf.io/t
S5whe/?view_only = 7b868451ae7144d383ed3843d023b410.

Stimuli and the procedure

In this study, participants watched each of Hafri et al.’s (2022)
videos, stopping at either pause frame 60, 120, 180 or 240 (randomized
order, once for each state change), resulting in 20 trials. These stimuli
covered all stages of an unfolding state-change event, including the end
of the videos, corresponding to different states of the affected object.
This extends most previous sentence-picture verification work (Kang
et al., 2020; Madden & Zwaan, 2003; Misersky et al., 2021), which
typically presented only static images depicting either a fully completed
or an ongoing action, rather than capturing the dynamic progression of
change.

In a two-alternative forced choice task, participants were asked to
select the sentence that better described the event: Either a sentence in
the perfective aspect (e.g. The log has burnt), or a sentence in the
imperfective aspect (e.g. The log was burning). For each trial, we recor-
ded participants’ choices, and our dependent variable was the choice of
the perfective sentence.

Analyses

We built a linear mixed-effect regression model with choice pre-
dicted by pause frame and with random intercepts for item and partic-
ipant. Significance was assessed by a likelihood ratio test that compared
the full model with a null model, which excluded our predictor. As for
exploratory analysis, we performed pairwise comparisons of the pause
frames. Preregistration for all analyses is available at: https://osf.io/6h
kfj.

Results

As shown in Fig. 4, the imperfective sentence was always a better
description, but the perfective sentence became more acceptable as the
video progressed—especially after the halfway point—corresponding to
the affected object approaching its endpoint of state change. This
pattern was confirmed statistically: A model comparison showed that
pause frame had a significant effect on choice (y2(3) = 59.79, p <
0.001).

Experiment 2a: Aspect Calibration
100

80
Choice
60

Imperfective

40 Perfective

20

Choice percentage (%)

60 120 180 240
Pause Frame

Fig. 4. Results of Experiment 2a (Aspect Calibration Study), showing partici-
pants’ choice percentage of perfective and imperfective sentences across four
pause frames.
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To further understand this association across four pause frames, we
ran two linear mixed-effect regression models. The first model took
pause frame 60 as the reference level, and the second model took pause
frame 180 as the reference level. In both models, the predictor was the
pause frame, and the outcome was the choice, in which perfective sen-
tence was coded 1. With the intercept at frame 60, the model showed no
significant difference to frame 120 (f =-0.32, z = -0.40, p = .69, 95% CI
[-1.89, 1.25]). However, there was a significant difference to frame 180
(#=1.99, z=3.27,p = .001, 95% CI [0.80, 3.18]) and 240 (f = 2.97, z
= 4.93, p < .001, 95% CI [1.79, 4.16]). When the reference level was
frame 180, the model showed significant differences to all other pause
frames and crucially, the effect of pause frame 240 was significant (§ =
0.99, z = 4.93, p = 0.009, 95% CI [0.25, 1.72]). This further indicates
that when the video unfolded, especially after the half-way point, people
were significantly more likely to map the video up to the last frame seen
to a perfective sentence.

Discussion of Experiment 2a

Taken together, these results indicate that people’s interpretations of
grammatical aspect map onto the video stimuli used: The choice of an
imperfective sentence (e.g., “The log was burning”) dominated
throughout the video, and importantly, the choice of a perfective sen-
tence (e.g., “The log has burnt”) increased as the video unfolded.

This aligns with previous work showing grammatical aspect provides
an internal temporal perspective on an event, with imperfective aspect
mapping onto events in progress without specifying their limits, whereas
perfective aspect mapping onto events with completed boundaries
(Madden & Zwaan, 2003; Misersky et al., 2021; Magliano & Schleich,
2000). Based on this theoretical foundation and the result of Experiment
2a, we predicted that when participants read a perfective sentence after
a progressive video, the perfective sentence should pull the represen-
tations of the in-progress video further along. This is what we tested in
Experiment 3a-b.

Experiment 2b: Sentence-frame matching task

While Experiment 2a confirmed the standardly assumed mapping of
imperfective and perfective aspect through different stages of an event,
Experiment 2b was designed to understand how participants would
construe the last frame of a video based on linguistic cues alone: If we
find that linguistic framing modulates the representational momentum
effect, one way to explain this pattern would be to assume that partic-
ipants simply ignore the video, and reconstruct the last frame based on
linguistic input alone. This explanation would entail that there is no
interaction between linguistic framing and a visual memory trace. To
prevent this interpretation of any subsequent results, we conducted a
version of Hafri et al. (2022), but instead of the video, only a linguistic
cue preceded the decision phase.

In that regard, Experiment 2b served as a norming/matching
benchmark for how language alone guides frame selection.

Method

Participants

To reach a full dataset of 200 participants, we recruited 320 English
native speakers from Prolific (Peer et al., 2017; Peirce et al., 2019); and
120 were excluded because their frame rates’ rounded value (recorded
by the browser) deviated from the target of 60 frames per second. We
recruited more participants than in the previously reported studies to
increase power, given the subtlety of the slider task combined with the
linguistic manipulation introduced here.

Stimuli and procedure

The stimuli and design were identical to those used in Hafri et al.
(2022), except that here, participants did not see the video of an event.
Instead, they saw a visual mask (2 s) before reading a sentence (1 s) and
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completing the slider task. Participants were instructed to pull the slider
to create a scene that best matched the meaning of the sentence they had
just read.

Analyses and results

In this study, the Dependent Variable was the Response Frame, that
is, the frame selected in the absence of any event encoding. Across
conditions, the mean response frame was 180.65 (SD = 68.43), indi-
cating that participants’ memory judgments corresponded to a relatively
late stage of the event (Fig. 5).

A linear mixed-effect model (estimated using ML and the BOBYQA
optimizer) with random intercepts for participant and item revealed a
robust effect of Aspect: Responses following perfective descriptions (M
= 229.4, SD = 28.33) were significantly later than those following
imperfective descriptions (M = 131.6, SD = 61.36; t(1988) = 50.46, p <
.001, 95% CI [94.06, 101.66]).

Discussion of Experiment 2b

Experiment 2b was designed as a control to determine whether any
effects observed in the subsequent linguistic experiments (Experiments
3a-b) could be attributed solely to linguistic framing. In this study,
participants construed the last frame of an event without ever seeing the
video, relying exclusively on linguistic cues.

The results showed a robust effect of grammatical aspect in the
absence of any visual information: Participants selected significantly
later frames after perfective sentences than after imperfective sentences.
This finding demonstrates that linguistic framing alone can bias par-
ticipants’ mental representations of an event’s temporal stage.

Experiment 2b serves as a norming study and its outcome provides a
crucial interpretive baseline for understanding the results of the
following linguistic experiments. If there is no interaction between lin-
guistic framing and a visual memory trace, participants’ responses in the
subsequent linguistic experiments should resemble the pattern observed
in Experiment 2b. Their final judgments should be determined primarily
by linguistic cues, unaffected by how the event was visually encoded.
However, any deviation from this linguistic-only pattern would indicate
that participants are not ignoring the visual input, and that there is an
interaction between language and visual encoding of these events.

Experiment 2b: Sentence-frame Matching Task
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Fig. 5. Results of Experiment 2b (Sentence-frame Matching Task), showing a
significant difference between the mean response error induced when people
read either imperfective or perfective sentences. Error bars indicate the stan-
dard error of the mean. The asterisk denotes a statistically significant difference
between the imperfective and perfective conditions (p < .001).
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Experiment 3a and 3b: Understanding the effect of aspect on
state-change representational momentum effect

Experiments 3a and 3b ask our main question: Whether linguistic
framing influences the fundamental cognitive processes of mental
extrapolation in state-change events, specifically, whether the use of
grammatical aspect modulates the representational momentum effect
found by Hafri et al. (2022). Here, we focused on the perfective/
imperfective divide, using the present perfect (“The log has burnt”) in
the perfective condition. Additionally, we used intransitive frames to
control agent effects on culminating construal. Based on results from
Experiment 2, we predicted that when language is introduced after a
video depicting an object undergoing a state change, the sentence in the
perfective aspect should pull the representation of the progressive video
further, resulting in a larger effect of representational momentum than
in the imperfective condition.

Experiments 3a and 3b used the same design and procedure,
differing only in the timing of the linguistic description. In Experiment
3a, the sentence was presented for 3,000 ms before the event unfolded in
the video, whereas in Experiment 3b, it was shown for 1,000 ms,
matching the timing of the visual mask used by Hafri et al. (2022). By
aligning the post-event stimulus timing in Experiment 3b with Hafri
et al.’s study, we aimed to rule out the possibility that any effects
observed in Experiment 3a were due to the longer processing time
afforded by the linguistic description. Furthermore, comparing Experi-
ment 3b with Experiment 1c (Self-replication, Slow Video, Pause Frame
60) allows us to assess whether linguistic encoding produces a general
influence on overall memory accuracy.

Method

Data availability
All data, code, and stimuli for these experiments are available under
https://osf.io/w4yeq/ (Exp3a) and https://osf.io/w5a42 (Exp 3b).

Participants

To determine the required sample size, we conducted a power
analysis using the simr package (Green & Macleod, 2016) in R based on
pilot data. Results indicated that the required sample size to achieve
80% power for detecting an effect, at a significance criterion of a = .05,
was 200. To analyze 200 full datasets, 333 English native adults were
recruited in Experiment 3a and 306 were recruited in Experiment 3b via
Prolific (Peer et al., 2017; Peirce et al., 2019). We excluded any
participant who did not contribute a complete data set. Again, we
excluded any participant whose reaction times are shorter than 2 s and
longer than 15 s in more than 1/3 of trials, and we also excluded par-
ticipants whose reported frame rate’s rounded value (recorded by the
browser) deviated from the target of 60 frames per second. 133 partic-
ipants in Experiment 3a and 106 participants in Experiment 3b were
excluded due to this technical issue. The exclusion criteria can be found
in our pre-registrations.

Stimuli and procedure

For the first replication, we adapted the protocol from Hafri et al.
(2022). In Experiments 3a and 3b, the only change compared to
Experiment la was that after each video, people saw a sentence
describing the event using either perfective or imperfective aspect (See
Fig. 2A). For example, after watching a video depicting a log burning,
participants read a sentence in either perfective aspect (“The log has
burnt.”) or imperfective aspect (“The log was burning.”). The sentence was
presented for 3 seconds in Experiment 3a and 1,000 ms in Experiment
3b.

In both studies, we used a pause frame of 60, with video durations
fixed at 2 s. This frame was chosen because it was least likely to affect the
telicity of the event and did not constrain the slider responses near the
end. Furthermore, in both Hafri et al's (2022) study and our
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replications, pause frame 60 produced the most stable effects, making it
ideal for testing the impact of aspect. All participants viewed each state-
change event (melting, deforming, burning, shriveling, and smoldering)
in both perfective and imperfective conditions, resulting in 30 trials.

Analyses

In both Experiments 3a and 3b, we built a mixed-effect regression
model with frame error predicted by aspect, and with random intercepts
for item and participant. Exploratory analyses followed the approach of
Hafri et al. (2022), who performed two-tailed t-tests for state change;
here, we applied the same logic to grammatical aspect, comparing each
condition against the last frame seen (baseline).

As for the between-study comparison, we built another linear mixed-
effect regression model with Frame Error (DV) predicted by delay time
(1-second or 3-second), and with random intercepts for item and
participant. Exploratory analyses followed Experiment 3a and 3b.

Results

Across both experiments, we replicated the representational mo-
mentum effect, reflected by a significant overall positive frame error
(Experiment 3a, M = 7.4, t(1612) = 18.24, p < .001; Experiment 3b, M =
5.35, t(1608) = 2.25, p < .03). The results indicated that participants
reported a frame error forward in time relative to the true final frame in
both experiments.

Further, as predicted, in Experiment 3a, sentences in the perfective
aspect led people to reconstruct an event that was further advanced (M
= 8.3) than sentences in the imperfective aspect (M = 6.5), a statistically
significant difference (t(1608) = 2.25, p < .03, 95% CI [0.21, 3.11]). A
similar pattern emerged in Experiment 3b, where sentences in the
perfective aspect again led to more advanced event reconstructions (M =
6.1) than sentences in the imperfective aspect (M = 4.4), a difference
that was statistically significant (t(1638) = 2.11, p =.035, 95% CI [0.11,
2.88]). Together, these results confirm that grammatical aspect reliably
modulates mental extrapolation of state-change events, independent of
the timing of linguistic presentation.

The between-study comparison showed a significant main effect of
delay time (t(3249) = 2.06, p = 0.04, 95% CI [5.54e-03, 0.23]), and
participants in Experiment 3a with linguistic descriptions showing for
3,000 ms reported a larger frame error. However, the interaction be-
tween delay time and grammatical aspect was not significant (t(3249) =
0.21, p = 0.831, 95% CI [-0.11, 0.14]), indicating that the effect of
aspect did not depend on delay time.

Discussion of Experiment 3a and 3b

Experiments 3a and 3b examined whether linguistic framing in-
fluences the process of recalling mentally extrapolated state-change
events and whether this effect depends on the timing of linguistic input.

In Experiment 3a, participants who read sentences in the perfective
aspect reconstructed the event as more advanced than those who read
sentences in the imperfective aspect, demonstrating that grammatical
aspect modulates event memory. Experiment 3b replicated this aspect
effect while controlling the timing of sentence presentation to match the
mask duration used by Hafri et al. (2022). The persistence of the effect
under this stricter timing condition confirms that linguistic framing in-
fluences mental extrapolation independently of processing time,
strengthening the interpretation that high-level semantic encoding can
modulate the perceptual reconstruction of dynamic events.

These findings extend existing evidence on how linguistic framing,
particularly grammatical aspect, affects visual event representations and
align with broader research on the interaction between language and
perception (e.g., Forder & Lupyan, 2019; Lupyan et al., 2020; Maier &
Abdel Rahman, 2019; Reed & Vinson, 1996).

Between-Experiment Comparison: Self-replication, Slow Video, pause frame
60 (Exp 1c) / Language-framed, shorter delay, pause frame 60 (Exp 3b)
To assess whether linguistic encoding exerts a general effect on
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overall memory accuracy, we conducted a between-experiment com-
parison. Here, we compared data from Experiment 1c, which included
only the pause-at-frame-60 condition, with data from Experiment 3b
(Fig. 6), which also had only the pause-at-frame-60 condition but pre-
sented a linguistic description at the same 1000 ms delay as in Experi-
ment la (thus replicating Hafri et al.’s original timing parameters).

We conducted a linear mixed-effects regression predicting frame
error from experiment condition (Experiment 1c: non-linguistic versus
Experiment 3b: linguistic), with random intercepts for participant and
item. The analysis revealed a robust and statistically significant effect of
language (¢(1888) = -9.80, p < .001, 95% CI [-21.07, —14.05]). As
shown in Fig. 7, frame error was substantially smaller in Experiment 3b
(M = 5.84, 95% CI [0.30, 11.40]) compared to Experiment 1c (M =
23.40, 95% CI [17.69, 29.10]). This indicates that participants were
considerably more accurate in recalling the final frame of the state-
change videos when a linguistic description accompanied the visual
encoding, relative to when no language was provided.

General Discussion

This paper set out to understand whether linguistic framing, espe-
cially the use of grammatical aspect, could modulate the effect of
representational momentum in state-change events. We predicted that
descriptions of videos of state-change in perfective aspect would result
in a bigger representational momentum effect, compared to descriptions
in imperfective aspect.

We first replicated Hafri et al.’s (2022) work in three experiments:
Experiment 1a kept the frame rate of videos consistent with Hafri et al.
(2022) for a direct replication. Experiment 1b examined how the
representational momentum effect responds to the speed of state-change
events. Experiment 1c, a subset of Experiment 1a, served as a baseline
for subsequent experiments. In all three replications, we found a robust
representational momentum effect.

Next, to understand how people’s interpretations of aspect map onto
our video stimuli, we conducted two control experiments. Experiment
2a used a two-alternative forced choice design where participants
matched sentences to videos; Experiment 2b presented only sentences,
without videos, to understand how people would construe those events
without visual memory. In both experiments, we found a reliable map-
ping between less advanced events to imperfective aspect and more
advanced effects to perfective aspect.

Finally, to understand whether the use of grammatical aspect mod-
ulates the representational momentum effect in state-change events, we
conducted two experiments. In both Experiment 3a and 3b, after

Experiment 3a-b: Language-framed Studies
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Fig. 6. Results of Experiment 3a (Language-framed, Longer Delay, Pause Frame
60) and Experiment 3b (Language-framed, Shorter Delay, Pause Frame 60),
showing a significant difference between the mean frame error induced when
people read either imperfective or perfective sentences. Error bars indicate the
standard error of the mean. The asterisk denotes a statistically significant dif-
ference between the imperfective and perfective conditions (p < .05).
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Comparisons between Explc and Exp3b
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Fig. 7. Results of between-experiment comparison, showing a significant dif-
ference in mean frame error between Experiment 1c (Visual Mask, 1000 ms
Delay, Pause Frame 60) and Experiment 3b (Language Framed, 1000 ms Delay,
Pause Frame 60). Error bars indicate the standard error of the mean. The
asterisk denotes a statistically significant difference between conditions (p
< .001).

watching animations, participants read linguistic descriptions either in
perfective or imperfective aspect, except that the timing of the post-
event stimulus (linguistic description or visual mask) was controlled in
Experiment 3b, consistent with Hafri et al. (2022). As predicted,
perfective aspect led to a larger representational momentum effect than
imperfective aspect.

The effect of grammatical aspect on the representational momentum effect

We found that grammatical aspect affects the representational mo-
mentum effect, which was greater after sentences in perfective than
imperfective aspect in both Experiment 3a and 3b. Taken together, these
findings suggest that the representational momentum effect observed in
state-change events is not the result of a fully encapsulated process.
Instead, it is at one point sensitive to linguistic framing, specifically the
use of grammatical aspect. This linguistic influence reveals that repre-
sentations of ongoing change events are not confined to bottom-up vi-
sual processing but are accessible to and shaped by higher-level
conceptual input. Whether the effect is post-hoc or pre-processing is
outside the scope of this paper.

This closely aligns with two claims in the Intersecting Object History
theory of event representation (Altmann & Ekves, 2019; also see Hindy
et al., 2012; Kang et al., 2020; Prystauka et al., 2024; Solomon et al.,
2015). This theory first and foremost proposes that event understanding,
both linguistic and non-linguistic, is built upon dynamic representations
of intersecting object histories. However, evidence for this claim has
come mostly from static object representations, such as pictures of its
beginning and end states, not dynamic videos. What our study, but also
the study of Hafri et al. (2022), provides, is not only evidence for the
representational momentum effect, but also evidence that people track
objects’ histories: In order for the representational momentum effect to
occur, the objects’ physical state must be tracked as they undergo a
change, just as the Intersecting Object History account suggests.

A second claim of the Intersecting Object History theory is that
during language comprehension, objects’ histories — their evolving state
changes — are actively construed (Altmann & Ekves, 2019; Hindy et al.,
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2012; Kang et al., 2020). During construal, aspectual manipulations
provide a guideline to the comprehender as to how far the change of an
object must be tracked and construed, and how this interacts with the
actual visual input through representational interfaces (e.g., Ferreira &
Barker, 2024; Jackendoff, 2023). Our Experiments 3a and 3b provide
empirical support for this prediction, demonstrating that aspectual
manipulations systematically influence how comprehenders interpret
and remember state changes. In addition, our results are in line with
previous work (Feist & Gentner, 2007; Gentner & Loftus, 1979), sug-
gesting that verbalizing an event while also visually processing it can
influence memory for that event. To our knowledge, our study is the first
work using continuous dynamic stimuli showing state-change events,
showing the effect of grammatical aspect on event memory.

A long tradition in the literature reports a goal/endpoint advantage:
endpoints are frequently prioritized over starting points in language
and, under some conditions, in memory (e.g., Lakusta & Landau, 2005,
2012; Lakusta & Carey, 2015; Papafragou, 2010; Regier & Zheng, 2007),
although this bias seems to be somewhat context-dependent, not uni-
versal. For instance, Lakusta and Landau (2012) showed that adults and
children display a goal bias for both agentive and non-agentive events in
linguistic tasks, but in non-linguistic memory the bias emerges primarily
for agentive, goal-directed motion. However, taken together, previous
findings motivate a prediction for our paradigm: If language simply
heightens endpoint focus, linguistic cues should increase forward
displacement (RM).

Against this backdrop, it is useful to distinguish telicity, a semantic
property of predicates that encode whether an event has a natural
endpoint (e.g., “the butter melts (in ten minutes)” vs. “the butter sits on
the plate (#in ten minutes)”). Telic predicates refer to events of change
with inherent endpoints, whether it is the building of something that
didn’t exist before (coming into existence), or the melting of something
that existed in a different form (change of state): Hence their compati-
bility with modifiers of the form in X time, that quantify how long it
takes to achieve the end state. By contrast, atelic predicates refer to
states or activities without an inherent endpoint or end state, such as
walk around the city or siting by the window, and these predicates are
generally incompatible with those same modifiers. One might expect
that telic verbs, by highlighting event boundaries, could align with or
even amplify the cognitive bias for goal states and endpoints.

However, our findings complicate this assumption. Specifically, we
observed that the effect of representational momentum was reduced in
the presence of telic linguistic descriptions, contrary to what would be
expected if telicity merely intensified goal bias. If telicity alone height-
ened attention to endpoints, participants might over-anticipate change,
leading to a larger effect of representational momentum, not smaller,
closer to the pattern observed in Experiment 2b. Our results instead
suggest that grammatical aspect, not telicity alone, influences how ob-
ject change is mentally tracked beyond the influence of telicity alone.

What is important to reiterate is that we also found, across different
designs, that people’s interpretations of aspect mapped onto our video
stimuli. Experiment 2a employed a two-alternative forced-choice design
in which participants matched sentences to videos. Unlike previous
work on grammatical aspect using static images, which depicted an
object either undergoing no state-change or substantial state-change
(Kang et al., 2020; Madden & Zwaan, 2003; Misersky et al., 2021),
our work captures the dynamic progression of change by including
different stages of an unfolding state change. We found that the sentence
in imperfective aspect was generally preferred throughout the video, but
the sentence in perfective aspect became more acceptable as the video
approached its endpoint. Not surprisingly, in Experiment 2a, partici-
pants did not predominantly select the sentence in perfective aspect
even after viewing the full event, possibly because the event endpoints
were not fully realized in these animations (e.g., the log did not
completely transform into ashes), but perfective aspect was selected
more in more progressed change-of-state events.

While Experiment 2a confirmed the standardly assumed mapping of
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imperfective and perfective aspect through different stages of an event,
Experiment 2b conducted a version of Hafri et al. (2022): Without
exposure to videos, participants read sentences and used a slider dis-
playing a continuous animation to indicate how they mentally repre-
sented the described events. This design served as a norming task and
allowed us to capture how grammatical aspect alone, without direct
visual input, shapes people’s conceptualization of ongoing versus
completed changes.

Connected to this, one way to interpret our results would be to argue
that participants simply ignored the video and reconstructed the last
frame based on linguistic input alone. However, Experiment 2b provides
a baseline demonstrating that such an explanation cannot account for
the current findings. In Experiment 2b, participants made judgments
based only on linguistic information, without visual input. If linguistic
framing alone had driven participants’ responses in Experiments 3a and
3b, their pattern of results should have resembled that of Experiment 2b.
Instead, we found reduced representational momentum effects in both
Experiments 3a and 3b, indicating that participants did not disregard the
visual input. These results suggest that the observed effects arose from
an interaction between linguistic framing and visual encoding.”

In sum, consistent with prior psycholinguistics work, both experi-
ments showed that grammatical aspect maps onto events in a systematic
and predictable way, specifically, perfective aspect maps onto
completed events, reinforcing a focus on the final state of affected ob-
jects (Madden & Zwaan, 2003; Misersky et al., 2021). In addition to
confirming effects of perfective aspect, our findings are in line with
previous work showing that imperfective aspect functions as a “lens”
into the internal dynamics of an event —- specifically by directing
attention to ongoing changes in an object’s state. This focus on dynamic
object states goes beyond other types of event-internal information, such
as participants, instruments, locations, or sub-events (Bevacqua et al.,
2021; Carreiras et al., 1997; Ferretti et al., 2007; Morrow, 1985;
Morrow, 1990; Madden & Therriault, 2009; Truitt & Zwaan, 1997,
Wampler & Wittenberg, 2023).

The effect of temporal parameters on the representational momentum

effect

In addition to our main question about the influence of linguistic
framing on the state-change Representational Momentum effect, this set
of studies is also informative for understanding the role of timing in the
task. For instance, one open question our baseline studies addressed was
the role of speed of change for the Representational Momentum effect.
We conducted two versions of Hafri et al.’s (2022) study: Experiment 1a
(30 frames per second, full video duration: 8 s) and Experiment 1b (60
frames per second, full video duration: 6 s). In both, replicating Hafri
et al. (2022), we found a significant positive representational mo-
mentum effect for state-change events. However, in contrast to prior
research (e.g., Hubbard & Bharucha, 1988; Merz et al., 2019), the speed
of transformation in the video stimuli did not influence the magnitude of
this effect. Specifically, participants did not exhibit greater forward
displacement in memory in the fast video condition (Experiment 1b)
compared to the slow video condition (Experiment 1a). This outcome
contrasts with previous studies on representational momentum,

3 We acknowledge Reviewer 1's concern that the results of Experiment 2b do
not permit a decisive inference that grammatical aspect altered the contents of
visual memory per se. We think Experiment 2b serves as an independent
motivation to determine whether language alone can account for the effects on
RM, or whether it is an interaction of the linguistic framing and the visual
encoding.

4 While it is in principle possible to separate speed of transformation and
video duration, they are conflated in telic events. We leave the question
whether either transformation speed or duration could be individually impact
the representational momentum effect to future research.
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demonstrating that faster-moving targets result in greater forward
displacement in memory, which has been explained by the ‘speed prior’
account (Merz et al., 2022). This account proposes that observers rely on
internalized expectations about typical object velocities to predict future
positions: expected speed shapes cognitive representations of move-
ment, leading to stronger anticipatory displacement for faster motion.

The lack of a speed effect in our studies may stem from differences in
event type. While previous studies focused on changes in an object's
location or orientation, our study examined state changes (e.g., the state
of a burning log), which involve transformations in both internal and
external properties. Unlike location changes, state changes are not
associated with unidimensional visual cues to velocity, which could
reduce participants’ sensitivity to speed as a predictive cue. This inter-
pretation aligns with findings from Hafri et al. (2022), who demon-
strated that the representational momentum effect can emerge even
when participants view a single static frame and indicate change using a
slider task. Such results suggest that extrapolation in state-change events
does not depend on continuous motion or variation in speed. Similarly,
our Experiment 2b (Sentence-frame Matching Task) shows that aspect-
driven extrapolation can emerge even without any visual input, rein-
forcing that speed information is not necessary for state-change repre-
sentational momentum effect. Future research could further test this
possibility by examining whether slowing a state-change event below a
certain speed threshold influences the representational momentum ef-
fect. One prediction is that participants rely primarily on the final
observed state of the object, extrapolating future changes to the same
extent regardless of the transformation rate. This would imply that the
speed of change does not affect the degree of extrapolation.

A second temporal parameter that may have influenced the Repre-
sentational Momentum effect was the delay between the end of the
video and the response. Comparing Experiment 3a to Experiment 3b, the
difference in the delay between the end of the animation and the test
produced an independent main effect on the magnitude of the repre-
sentational momentum effect. Notably, participants who were exposed
to a shorter delay time (Experiment 3b) exhibited a smaller represen-
tational momentum effect. This pattern suggests that when the linguistic
description follows the visual input more immediately, participants can
integrate linguistic and visual information more efficiently before the
visual memory trace decays. Although linguistic processing occurs
rapidly, within a few hundred milliseconds (Bemis & Pylkkanen, 2011;
Fallon & Pylkkanen, 2024; Pylkkanen & Marantz, 2003), a longer delay
may reduce the overlap between linguistic integration and the visual
representation. Our work also suggests that information encountered
most recently remains more accessible in working memory (Baddeley &
Hitch, 1974; Broadbent & Broadbent, 1981; Davelaar et al., 2005; Rose
et al., 2001).

Crucially, for the purposes of our investigation, the effect of gram-
matical aspect on representational momentum in state-change events
persists in both Experiments 3a and 3b, regardless of variation in the
presentation time of linguistic description. An additional key finding
was that participants were more accurate in recalling the final frame (i.
e., showed smaller frame error) when a linguistic description was pre-
sented after the video, as compared to trials where only a visual mask
was shown (e.g., Experiment 3b vs. Experiment 1a). This result indicates
that any linguistic encoding improved overall memory accuracy. This
language advantage persisted even when the timing of the post-event
stimulus (linguistic description or visual mask) was controlled, consis-
tent with Hafri et al.’s (2002) findings.

We speculate that this overall language advantage stems from what
was presented during delay. In our baseline studies (Experiment 1a-b),
the visual mask may interfere with visual working memory consolida-
tion of the video (Blalock, 2013; Vogel et al., 2006), which can overwrite
or degrade stored information, leading to a greater effect of represen-
tational momentum in our case. In contrast, the linguistic description,
presented as a sentence in the center of the screen, functioned as a
conceptual cue that overlapped semantically with the encoded visual
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event (Craik & Lockhart, 1972; Tulving & Thomson, 1973). By
prompting participants to engage with event-relevant information (e.g.,
whether a log “was burning” or “has burnt”), the linguistic input may
reinforce participants' mental representation of the event, making it
easier to recall accurately.®

Conclusion

Taken together, our work presents evidence that the representational
momentum effect in state change events can be influenced by linguistic
framing, specifically the use of grammatical aspect. It contributes to a
line of research arguing that visual processes are, at one point, also
susceptible to top-down conceptual information (e.g., Forder & Lupyan,
2019; Lupyan et al., 2020; Maier & Abdel Rahman, 2019; Reed & Vin-
son, 1996) through an ‘informational conduit between language and the
visual system’ (Jackendoff, 2023) which links the representations of two
distinct representational formats during processing or in memory.
Whether our evidence of linguistic framing on the representational

Appendix

Table A1

One sample t-test statistics across state changes in both Experiment 1a and 1b.
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momentum effect results from information exchange between language
in vision during memory recall, or already during visual event encoding,
is a question that should be addressed in future studies.
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State Change Mean Frame Error Statistics Experiment
Ice melting M =8.95 t(49) = 4.1, p < .001, d = 0.57, 95% CI = [4.51, 13.40] la
Log burning M =11.42 t(49) = 2.31p = .03, d = 0.33, 95% CI = [1.48, 21.36] la
Butter deforming M= —-3.68 t(49) = -1.17, p = 0.37, d = -0.17, 95% CI = [-10.02, 2.66] la
Cigarette smoldering M = 3.51 t(49) = 2.32, p = .02, d = 0.33, 95% CI = [0.47, 6.55] la
Grape shriveling M = 4.64 t(49) = 1,86, p = 0.06, d = 0.26, 95% CI = [-0.37, 9.65] la
Ice melting M =7.95 t(49) = 3.61, p < .001, d = 0.51, 95% CI = [3.53, 12.38] 1b
Log burning M =9.86 t(49) = 2.77, p < .001, d = 0.39, 95% CI = [2.71, 17.01] 1b
Butter deforming M =-2.75 t(49) = -0.9,p = 0.37, d = -0.13, 95% CI = [-8.90, 3.39] 1b
Cigarette smoldering M=-0.14 t(49) = -0.1, p = 0.92, d = -0.01, 95% CI = [-3.50, 2.77] 1b
Grape shriveling M = 3.82 t(49) = 1.40,p = 0.17, d = 0.2, 95% CI = [-1.67, 9.32] 1b
Table A2
One sample t-test statistics across pause frames in both Experiment 1a and 1b.

Pause Frame Mean Frame Error Statistics Experiment

60 M =11.42 t(49) = 3.78, p < .001, d = 0.53, 95% CI = [5.34, 17.50] la

120 M = 3.81 t(49) = 1.52, p < .0.14, d = 0.21, 95% CI = [5.34, 17.50] la

180 M =-0.32 t(49) = -0.13, p = 0.90, d = -0.02, 95% CI = [5.34, 17.50 la

60 M =12.67 t(49) = 5.25,p <.001, d = 0.74, 95% CI = [7.82, 17.51] 1b

120 M=49 t(49) = 2.23,p = .03, d = 0.32, 95% CI = [0.49, 9.31]. 1b

180 M = -6.31 t(49) = -3.50, p = .001, d = -0.49, 95% CI = [-9.94, —2.69]. 1b

Data availability
All data and code is available on OSF.
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