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Abstract

Research has shown that both adults and children organize familiar activity into discrete units
with consistent boundaries, despite the dynamic, continuous nature of everyday experiences.
However, less is known about how observers segment unfamiliar event sequences. In the current
study, we took advantage of the novelty that is inherent in modern dance. Modern dance features
natural human motion but does not contain canonical goals—therefore, observers cannot recruit
prior goal-related knowledge to segment it. Our main aims were to identify whether observers
segment modern dance into the steps intended by the dancers, and what types of cues contribute
to segmentation under these circumstances. Experiment 1 used a classic event segmentation task
and found that adults were able to consistently identify only a few of the dancers’ intended steps.
Experiment 2 tested adults in an off-line labeling task. Results showed that steps which could
more easily be labeled off-line in Experiment 2 were more likely to be segmented on-line in

Experiment 1.
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1.0 Introduction

Consider a simple, everyday event, like a barista preparing a cappuccino in our favorite
café. As we wait, we observe a sequence of individual steps: grinding beans, foaming milk,
reaching for a cup, pouring the liquid. Though the movements are executed in a continuous, fluid
stream, we segment the stream into meaningful units and perceive boundaries between the
adjacent steps. Decades of research has established that event segmentation is a natural and
automatic feature of processing continuous action sequences like this one, which are familiar and
contain canonical goals (Zacks, 2004). However, what about sequences that are unfamiliar,
featuring no obvious goals, easily labeled actions, or relevant objects? We note that for infants,
novel experiences are an everyday feature of life, as infants are constantly learning about new
actions, goals, and linguistic labels. The current study did not focus on infants, but instead placed
adults in a comparable situation involving modern dance sequences. Modern dance is made of
continuous intentional human action but is composed of movements that are novel for most
observers; moreover, few of the actions result in any perceptible goal or outcome, nor do they
have common labels. The current study takes advantage of this unique aspect of modern dance to
investigate the role of kinematic and linguistic cues in event segmentation.

The available cues to assist in event segmentation range from perceptual cues that help us
analyze actions from the bottom up, to conceptual cues that help us break things down in a top-
down way. At a perceptual level, adults and infants can segment familiar and novel action
sequences using broad spatiotemporal cues such as pauses (Sharon & Wynn, 1998; Wagner &
Carey, 2003) and statistical regularities (Baldwin, Andersson, Saffran, & Meyer, 2008; Monroy,

Gerson, & Hunnius, 2018; Stahl, Romberg, Roseberry, Golinkoff, & Hirsh-Pasek, 2014).
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Another type of cue that we can leverage to find events within a continuous stream of
action is our understanding of how human movement works. Human movement is constrained by
physical anatomy, forces of gravity, and dynamics of motion like velocity and acceleration. For
example, if a dancer jumps into the air, he must also (eventually) come back down again, ending
the jJumping event. Similarly, our anatomy constrains the possible range of movements that we
make during everyday actions. Research on the perception of action and movement has
demonstrated that, from early in life, human observers are sensitive to the kinematic and
biological properties of motion (Savaki et al., 2022; Stapel, Hunnius & Bekkering, 2012). For
instance, infants as young as four months of age prefer looking at biological point-light displays
over randomly moving dots (Fox & McDaniel, 1982; Johansson, 1973). While infants’
developing motor skills also likely influence their developing appreciation for how motion
kinematics work (Adolph & Hoch, 2019; Gerson et al., 2015), these findings indicate that
sensitivity to the unique information contained in biological motion emerges from the earliest
moments in life and is a foundational aspect of the human visual system. Put simply, our visual
system is carefully attuned to the properties of human movement.

Even young infants are also able to use more conceptual information about events to help
them find meaningful units. In Hespos et al. (2009; see also Hespos, Grossman, & Saylor, 2010)
6-8 month old infants could keep track of schematic event sequences involving containment,
support, and occlusion. The events themselves were presented in a continuous fashion via a
bouncing ball that smoothly moved from one type of event to the other. Infants noticed
deviations in the ordering of the events—even when they involved the same objects—suggesting
that infants were segmenting the sequence into coherent units based on conceptual schema. In

addition, there is ample evidence that infants use information corresponding to an actor’s
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intention to segment continuous actions into events. For instance, Baldwin et al. (2001)
demonstrated that 10-month-olds would look longer (i.e., show more surprise) at a simple event
(a woman dropping a towel and bending down to retrieve it) if a pause was inserted that
interrupted the action (e.g. while the woman was bending) compared to when the woman
achieved her goal (e.g., grasping the towel). This result suggests that the infant perceived that the
actor’s intention was also the event’s expected boundary point.

Not surprisingly, adults also use actors’ intentions to identify event units. Levine et al.,
(2017) showed experts and novices continuous sequences of an ice-skating routine and found a
strong alignment between the two groups in the identification of event boundaries within the
sequence; the alignment was stronger for the goals (endpoints) of these events than the sources
(starting points) of the events, highlighting the importance that adults place on intentional
outcomes. That said, familiarity with an event is clearly an important factor in helping adults
appropriately analyze those intentions. Levine and colleagues chose ice-skating precisely
because many adults are unfamiliar with closely analyzing it; and indeed, they found that
expertise with ice-skating was a better predictor than perceptual cues of participants’ ability to
consistently identify event boundaries. Similarly, Wurm & Schubotz (2012) found that adults
were more accurate at recognizing actions when they were depicted in a familiar context
(cracking an egg in a kitchen) rather than in an unfamiliar context (cracking aegg in a
woodshop). Adults automatically bring their rich experiences with events with them when they
analyze new scenes.

One particularly rich source of event knowledge which guides event segmentation is
language (Papafragou & Selimis, 2010; Papafragou et al., 2008). Indeed, one of the concepts that

is used across languages to organize verb semantics and its syntactic instantiation into sentences
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is telicity (or boundedness). Telic predicates, such as Mary built a house or lan ran to the store,
describe an event as having an inherent ending boundary, while atelic predicates, such as Mary
worked, or lan ran, describe an action without any reference to a specific ending. The telicity of
a predicate is not only a semantic property, but is highly correlated with a range of syntactic
behaviors, including argument structure, case-marking, auxiliary choice, and acceptability and/or
interpretation of co-occurring adverbial phrases. When a concept plays a critical role in
organizing grammars cross-linguistically, it is an excellent candidate for being a concept that
organizes cognition more generally (Talmy, 2000; Lakusta & Wagner, 2013). And indeed, there
is evidence that preverbal infants can track a range of event properties that are important for verb
semantics (Hofer et al., 2005; Lakusta et al., 2007; Pruden et al., 2013, inter alia). Moreover, as
children learn the specific elements of their language that signal telicity, they use those specific
markers to guide their identification of individual event units, just as adults do (Wagner & Carey,
2003; Wagner, 2006). More generally, there is evidence that language labels facilitate event
categorization among very young (3-month-old) infants (Ferry et al., 2010), which opens the
possibility that learning event-related words may, in and of itself, be useful in the event
segmentation process.

When adults are asked to segment a continuous stream of action into different events, it
can be difficult to know precisely what cues they are using to do so, as there are strong
correlations between all cues. For example, one event tested in a classic study of event
segmentation (Zacks, Tversky, & lyer, 2001) included making a bed. The identification of this
event benefits from a conceptual understanding (it is easier if you are familiar with common
housekeeping chores), an appreciation of the actor’s intentions (which helps anchor the

conceptual understanding), a common linguistic label (“making the bed”), statistical regularities
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within the sequence (the sub-parts of bed-making involve repeated actions over the same object
while the end of the event likely involves the introduction of a new object), familiarity with the
actions involved in the event (having the experience of making a bed yourself) and the
kinematics of the biological action signals (which help signal the actor’s intentions toward the
bed). Adults could use any or all of these cues to understand the events going on around them.

By contrast, infants do not have equal access to all available event cues. As the literature
cited above makes clear, there is good evidence that infants have some access to a wide range of
cues, but (intuitively) the top-down cues involving a conceptual, intentional, and linguistic
analysis of events are more dependent on one’s life experiences. For an infant, the act of making
a bed may be a rather exotic type of chore for which they have no label. Their ability to perceive
the actor’s intentions would rely primarily on the kinematics of the biological motion and
statistical regularities of the objects involved.

We do know that these bottom-up perceptual cues can be an effective strategy for event
segmentation, even for adults. For example, in Zacks et al. (2004), adults were able to
consistently segment an abstract animation of dots undergoing randomly generated movement
into units. But is still not well understood how even adults integrate these bottom-up cues with
top-down cues. When participants in the study were given an intentional cover story for the
random motion (“it shows a game”), their agreement about the event boundaries generally
worsened. Zacks and colleagues suggest that taking an intentional stance may change how adults
approach the task. Moreover, it’s possible that intentionally created motion has somewhat
different motion properties than random motion does, and therefore adults might have been
facing a conflict between what the bottom-cues were signaling about event boundaries with what

their intentional stance was used to identifying.
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One solution to this problem is to find genuinely intentional events that are deeply
unfamiliar to adults. Such events represent something much closer to the problem that infants
face. The adults around babies are in fact engaged in intentional actions, but for purposes that the
infant may not have any conceptual or linguistic access to. One example of an event of this sort
was already discussed: Levine et al. (2017) showed adults ice-skating routines which are
composed of units that adults have relatively little familiarity with. Blasing (2015) used
sequences of modern dance for the same reason. In both situations, novices were able to identify
many of the same event units that experts identified. That is, even though the experts presumably
were able to recruit a top-down conceptual understanding of the action sequence while the
novices were dependent on a bottom-up perceptual analysis, they nevertheless were able to
largely agree with one another. These results are encouraging if one is trying to imagine how
infants break into the system of event understanding. The perceptual units that they can extract
are in fact likely to be useful ones for creating a conceptual understanding. Moreover, we note
that neither adults nor infants are wholly unfamiliar with dance. Kim & Schachner (2023) have
shown that infants engage in dancing behaviors within the first year of life. More pointedly,
Schachner & Carey (2013) showed that when adults were faced with actions that carried no other
apparent purpose, they analyzed the actions as the core intention of the actor. Thus, adults
perceive some motions as being done for their own sake, without any further goal.

However, in both studies that required participants to find specific units within unfamiliar
action types, novice adults did not perform as the experts did. In Levine et al. (2015), novices
agreed more with experts about the endings than the beginnings of events. And in Bl&sing (2015)
there were many points of divergence in segmentation going both directions—that is, times when

the experts found dance units that the novices did not, and times when the novices found units
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the experts didn’t recognize. More generally, the dance experts found fewer boundaries overall,
suggesting that they were organizing the sequences into broader categories that were presumably
conceptually meaningful. Moreover, Blésing et al (2015) restricted their analyses to comparing
only the number of segment boundaries identified between experts and non-experts, and in non-
experts before and after learning. Their findings suggest that motor knowledge is one cue that
affects event perception in modern dance but leaves open many questions about whether adults
can normatively find intentional boundaries within novel dance sequences, and what other types
of cues facilitate event segmentation of modern dance.

In the current study, we followed the lead of Blasing (2015) and asked adults to segment
modern dance into individual steps. Although human movements are expected to be familiar to
our participants, and even though dance in a general sense is known to them, modern dance is
less likely to be familiar. Moreover, unlike technical dance forms like ballet, which use a specific
repertoire of codified steps (e.g., a pirouette), most modern dancers do not rely on a specific
movement vocabulary. Instead, choreographers and dancers create sequences of new movement
material when creating a novel work. Therefore, naive observers cannot use prior knowledge of
traditional or codified dance moves to identify the boundaries between steps in a modern dance
sequence. Similarly, there are no pre-established linguistic labels for the steps in such a dance
sequence.

In our first experiment, we modified the event segmentation task pioneered by Newtson
(1973) and refined by Zacks (beginning with Zacks et al., 2001). In this general task, participants
are shown a continuous stream of ongoing activity and asked to press a button whenever they
perceive a boundary; that is, whenever they perceive that one meaningful unit has ended and

another one has begun. For many events, adults show strong agreement about where these event



FINDING STRUCTURE IN MODERN DANCE

boundaries occur, suggesting a common basis for analyzing actions and segmenting them into
units. In the current study, we asked six professional modern dancers to choreograph and
perform a dance sequence comprised of four unique steps. Dancers also performed each step in
isolation to demonstrate their intended boundaries within the sequence. Participants were then
asked to segment videos of the continuous dance sequences, and we compared their
segmentations to the intentions of the dancers. We asked: Can adults find the units that the
dancers intended? Do adults agree on where the boundaries are between steps? Our paradigm
approximates the situation of infants, whose task also is to find the event boundaries that align
with adult intentions.

In Experiment 2, we investigated more directly the relationship between linguistic
conceptualizations and event segmentation for adults. In this experiment, adults were shown the
same dance videos from the previous experiment, but instead of segmenting the dance in real-
time, they were shown a static version of each dance in a series of still frames and were asked to
identify units within the dance that they could linguistically label. The results from this
experiment help us identify which parts of the dance sequences people can link to actions they
can easily categorize with familiar language. Moreover, by comparing the results of the two
experiments, we gain insight into the extent to which this level of linguistic categorization

interacts with the ability to identify motion units in real-time.
2.0 Experiment 1: Online Event Segmentation
2.1 Method

The data presented in the study, stimuli, and analysis files are openly available on the

Open Science Framework: https://osf.io/z4yu6/.
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2.1.1 Participants

55 adult participants (31.5% female, mean age = 30.28 years, range = 18-56 years)
participated in the current study. A slight majority (62.96%) identified as White. The remaining
participants identified as African-American, (14.81%), Latino/Hispanic (9.26%), and Asian
(7.41%); 5.55% identified as other. Overall, the participants were dance novices. Only 29.09%
of adult participants (N = 16) had taken any kind of dance classes at any point in their life and
only one (0.02%) was currently doing so regularly. More participants had watched dance
performances (N = 40) but about half did so less than once per year (N = 19). Participants were
recruited among the visitors to the Center for Science and Industry, a science museum in
Columbus, Ohio. Verbal informed consent was obtained prior to participating in the experiment.
All research and consent procedures were approved by The Ohio State University Social and
Behavioral Sciences Institutional Review Board.

2.1.2 Stimuli

Stimuli were created by filming video clips of six professional modern dancers from
Syren, a modern dance company based in New York City. Dancers were filmed at the Ohio State
University’s STEAM factory. In addition to providing dance stimuli, dancers also participated in
individual interviews about their backgrounds and dance philosophies. Dancers were asked to
choreograph and perform a short dance containing four unique steps. After recording each
dancer, we then asked them to demonstrate the four steps by pausing at the boundary between
each step (see Figure 1). The videos of the continuous dances were used as stimuli in the
experimental procedure. The recordings of the individual steps were used to define the ‘ground
truth’ of the step boundaries during data analysis. All six videos were edited to be approximately

6.5 seconds in length using Adobe Premiere software. Previous literature has shown that higher
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level information (e.g., from emotions; Christensen et al., 2016) and statistical information

(Opacic et al., 2009) can modulate processing of events lasting just a few seconds, suggesting

processing.

that our dance stimuli should be of sufficient duration to elicit both bottom-up and top-down
| . | 1

Figure 1. Example frames from one dance video, with the frame depicting the end of each step

outlined in red. Dance videos varied naturally in the timing of the four steps.

2.1.3 Procedure

Participants were seated in front of a computer monitor and keyboard. Stimuli were
presented using E-prime software. Participants were asked to segment each dance sequence by
pressing a key whenever they perceived a dance step boundary (Zacks et al., 2009). The six
videos were presented in randomized order, and each dance video was presented twice
consecutively, generating two sets of segmentation data for each video. Participants completed
two practice trials before beginning the task. The practice video was of another modern dance
sequence that had been recorded for a different purpose. Keyboard responses were recorded with
E-prime. After the task ended, participants were asked open-ended questions about their dance
experience and history (see Supplementary Table S1).
2.2 Data Analysis and Results

2.2.1 Segmentation ability
Segmentation ability was defined as a participant’s ability to identify a step according to

dancers’ intended boundaries. First, we divided each dance video into 12 even temporal bins,
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which resulted in bins of approximately 540ms (see Supplementary Table S2 for exact bin sizes
for each video). Next, we calculated the proportion of participants who pressed a button within
each bin (Sargent et al., 2013). For the ground truth, a bin was assigned a 1 if it contained a true
boundary, and a 0 if it did not. Following the procedure of Zacks et al. (2009), we fitted cross-
correlation sequences between participant responses and the dancers’ ‘ground truth’. This was
done to account for the lag between the moment an observer perceives a step boundary and the
moment they execute a button press, which is typically shifted in time and can occur before or
after the true boundary (Zacks et al, 2009). Cross-correlation sequences were calculated using
lags from -11 to 11 bins. Participant responses were then shifted in time using the lag with the
largest correlation, to maximize the correlation between responses and the ground truth.
Correlations and optimal lag times for each dance video are reported in Supplementary Table S3.
83% of the lag times were zero, meaning that the data did not need to be shifted.

Figure 2 depicts histograms of the number of participant key presses for all six dance
videos and gives a holistic sense of how participants performed on this task. As can be observed
in the figure, all steps were identified by at least some participants, but certain steps were
identified more frequently than others. For example, participants appear to have collectively
identified the fourth step of dances three and six, as indicated by the higher frequency of key
presses during the bin containing those step boundaries. As revealed in Figure 2, nine of the 24
‘correct’ steps were identified at high rates: more than 1 SD above the mean number of key
presses across all bins (mean = 11.40, SD = 6.91). Two bins, corresponding to the final dance
step of Dance 3 and 6, were identified at very high rates (> 2SDs above the mean), indicating
that perception of these event boundaries was particularly strong. Out of the remaining 48 ‘false

alarm’ bins, which did not correspond to step boundaries intended by the dancers, two bins were
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identified more frequently than 1 SD of the mean, during Dance 1 and Dance 4. There were no

‘correct’ dance steps that were identified at a rate lower than 1 SD below the mean.

Dancer 1 Dancer 2 Dancer 3

Effalse alarms

Wstep1

Wistep2
Step3
Stepd

Number of Button Presses

1000 2000 3000 4000 5000 6000 7000 0 1000 2000 3000 4000 5000 6000 7000 1000 2000 3000 4000 5000 6000 7000

Dancer 4 Dancer 5 Dancer 6

*k

1000 2000 3000 4000 5000 6000 7000

time (ms)
Figure 2. Response distribution across all participants, divided into 520ms bins. Colored bars
indicate bins containing a ‘true’ step according to the dancers’ intentions. *Denotes bins that

were identified at high rates (> 1 SD above the mean frequency across all bins) ** =2 SD.

After optimally shifting participant responses, performance was evaluated via (d),
derived from signal detection theory (Macmillan, 1993), a measure which accounts for correct
responses (‘hits”) and incorrect responses (‘false alarms’)Y. The 4’ score can be either positive or
negative, and a more positive d’ reflects a more sensitive response. We also calculated a ‘hit rate’

for each dance step by counting the total number of hits per step out of the total number of

! D’ was calculated as follows (Macmillan, 1993):
d' = © 1(H) — &1 (F)where &~ represents a z-score function, H represents the hit rate, and F represents the
false alarm rate. In other words, d’ is calculated by subtracting the false alarm z-score from the hit rate z-score.
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participants. A correlation analysis revealed that the number of total hits during the first and
second presentations of each dance video were highly correlated (r = 0.87, p <.0001). Therefore,
for simplicity, we only considered data from the second round in subsequent analyses.

Participants’ mean sensitivity (d”) was 0.50 (SD = .42). A one-sample t-test revealed that
sensitivity differed significantly from zero, ts4 = 8.90, p <.0001, indicating that participants did
discriminate step boundaries at above-chance levels.

2.2.2 Analysis of Kinematic Movement features

After determining whether participants could segment the dance videos, the next question
we asked was which features of the dance steps enabled them to do so? Our coding categories
were inspired by the classic Laban analysis of dance movements, a widely used system for the
description of human movement (Laban & Ullmann, 1975). To examine this question, two
independent research assistants coded each dance step for the presence of twelve specific
kinematic features, such as ‘spin’ or ‘arm movement’ (see Table 1 for a complete list with
definitions). Any disagreements between the two coders were resolved via discussion between
the authors. Each dance step was then assigned a 1 if it contained a particular kinematic feature

and a 0 if it did not.

14



FINDING STRUCTURE IN MODERN DANCE

Table 1. Definitions of movement features and number of steps coded as displaying each feature.

Movement - #
Definition
feature Steps
1. Position switch The dancer changed from upright to horizontal position (or vice versa). 9
2. Jump The dancer left the floor. 3
3. Spin/roll A rotation of the body. 5
4. Torso movement A movement of the torso. 18
5.  Arm movement Movement of the arm or hand that is independent from the torso, like 18
raising the arm.
6. Head movement Movements of the head that were independent from the torso, like turning 9
the head to the side.
7. Horizontal space The dancer moved to a new space along the horizontal dimension. 13
8.  Vertical space The dancer moved to a new space along the vertical dimension. 14
0. Break A spatiotemporal pause at the end of the step. 8
10. Gravity The step contained a movement that was determined by gravity, like a 6
landing or a fall.
11. Flow There was a smooth, continuous transition at end of the step into the next 16
one.
12. Coda There was a flourish at the end of the step. 5

To examine the contributions of each movement feature to participant responses, we

created a categorical, binary classification for every participant and each dance step, assigning a

1 if the participant had a ‘hit’ at the bin associated with the step’s boundary point and a 0 if they

did not. Using this classification as the dependent variable and the movement features identified

for each step as categorical predictors, we fitted a mixed effects logistic regression model. This

analysis was implemented in R using the R package Ime4 (Bates et al., 2015). The model was

fitted with all twelve movement features as categorical fixed effects (present = 1, absent = 0),

participant ID as a random effect, and participant response (0 = miss, 1 = hit) as the dependent

variable. One feature—flow—was dropped from the model because it was not linearly

independent from the other movement features. Table 2 summarizes results from the regression

model.
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Table 2 Mixed effects logistic regression predicting hits from movement features.

Fixed effects Estimates () 95% CI p
Intercept 1.073 [ 0.60 1.55] <0.001 ***
Position switch 0.033 [-0.39 0.45] 0.876
Jump 0.640 [0.07 1.21] 0.028 *
Spin 0.392 [-0.06 0.84] 0.089 #
Torso movement -0.205 [-0.73 0.32] 0.443
Arm movement -0.034 [-0.43 0.37] 0.868
Head movement -0.230 [-0.62 0.16] 0.252
Horizontal change  0.251 [-0.15 0.65] 0.217
Vertical change 0.003 [-0.39 0.39] 0.989
Break 0.140 [-0.30 0.58] 0.532
Gravity -0.578 [-1.19 0.03] 0.063 #
Coda -0.226 [-0.86 0.41] 0.485

#p<0.1, *p<.05, **p<.01,***p<.001

The parameter estimates (/) can be interpreted in terms of the expected log odds of a
participant identifying the boundary of a step-that is, getting a hit—given the presence of a
specific predictor (i.e., movement features). For example, the presence of a jump within a dance
step was associated with a 0.64 unit increase in the expected log odds of a hit, which was a
statistically significant increase (p = .028). The only other feature which came close to
statistically improving segmentation (with a marginal p-value of .089) was spin, which increased
the expected log odds of a hit by .392. On the other hand, a gravity was associated with a
decrease in the expected log odds of getting a hit—in other words, participants were less likely to
identify step boundaries for steps that contain these movement features. None of these effects are
particularly strong, and they only partially account for the pattern showed in Figure 2. For
example, the fourth step of Dancer 6 was well identified and, kinematically, it contained a
spinning motion which is consistent with statistical results. But spinning was also a feature of the
first step for Dancer 3, which participants found at fairly average rates. Moreover, some well-
identified steps, such as the fourth step for Dancer 3, contained neither a spin nor a jump but

involved a distinctive kicking motion.
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2.2.3 Segmentation agreement

Our final question was whether participants tended to agree with one another on when
step boundaries occurred, regardless of whether they agreed on the ground-truth provided by the
dancers. Following the procedure of Sargent et al. (2013), agreement was defined as the
correlation between an individual’s responses and the group. To determine the group norm, we
calculated the proportion of participants who identified a boundary within each bin. For each
participant, we converted their responses for each dance video into a binary vector in which each
bin was assigned a 1 if it contained a button press and a 0 if not. We then calculated the
correlation between that participant’s segmentation and the group norm. Correlations were
rescaled to control for individual differences in the number of boundaries identified (following
the procedure of Kurby & Zacks, 20112).

Mean scaled segmentation agreement was 0.72 (SD = 0.22). In past studies, mean
segmentation ability ranged from 0.58-0.59 in Sargeant et al. (2013); 0.50-0.67 in Kurby &
Zacks (2011), and 0.39-0.43 in Zacks et al., (2006). This finding reveals that segmentation
agreement in the current study was in fact higher than in other event segmentation experiments.
Therefore, it can be said that participants generally agreed with one another about where the
dance step boundaries occurred.

2.3 Discussion
In sum, adults agreed with each other about the location of step boundaries at rates that

were similar to previous studies, but nevertheless had an average sensitivity score of only 0.5 for

2For each participant, segmentation agreement scores were rescaled to 0—1 agreement scores by first computing the
correlation between that individual’s binned event boundaries and the distribution for the group, r. Next, the
minimum and maximum correlations possible were calculated, given the overall number of boundaries the
individual had identified (rmin and rmax). Finally, the following formula was implemented:

SegmentationAgreement = r — rmin / (Fmax—Tmin)
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the boundaries that were intended by the dancers. This task, therefore, is a challenging one. Still,
the dancers’ steps did appear to be the dominant guide to adults’ perception of event boundaries.
Only two bins received high numbers of key presses that did not correspond to the dancers’
intended boundaries, and we note that both bins occurred immediately prior to the final step in
their respective dance. Thus, it is possible that responses in these bins represent anticipatory key
presses of the final step in the sequence, which should in principle be easy to detect as it
represents the end of the movement sequence.

Findings from the multiple logistic regression model revealed that the presence of only
two kinematic features—jump and spin—significantly increased the odds that adults would
identify a step boundary. These two features are also the only two types of movement that are
entirely captured by common English words. This finding raises the possibility that jumps and
spins were easier to quickly label with a word, unlike, for instance, the motion captured by the
feature of horizontal arm movement. Experiment 2 directly investigates the kinds of labels

people apply to these dance sequences.

3.0 Experiment 2: Event Labeling

In Experiment 1, participants were not asked to provide labels for the dance steps, but
previous research has found that linguistic labeling can change how an event is remembered and
analyzed (Papafragou et al., 2008; Papafragou & Selimis, 2010). Moreover, as noted previously,
language provides rich top-down cues about which parts of an event are important, particularly
with respect to whether the ending of an event is important (Wagner & Carey, 2003; Wagner,
2006). Given the real-time nature of the segmentation task in Experiment 1, it is unlikely that
participants were carefully considering how to label each step. However, it is quite possible that

steps which were readily perceived as common actions automatically invoked common verbal
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descriptions. Preliminary support for this idea comes from the fact that steps containing motions
that could be labeled by the common verbs spin and jump were segmented more successfully. If
some steps were indeed more readily labeled by participants, then these labels may have
contributed to their segmentation successes.

In Experiment 2, we explicitly asked participants to provide labels and to link those
labels to perceived steps. Of particular interest was whether the steps differed in the extent to
which participants perceived them as label-able; and, for steps which did regularly receive labels,
whether there were differences in the linguistic properties of those labels. If we assume that any
linguistic influence on segmentation would have occurred relatively quickly, then steps which
people associated with easily accessed labels (such as commonly used verbs) might be associated
with improved segmentation performance. Moreover, as segmentation depends on finding event
endings, then steps which people labeled with linguistic phrases that explicitly targeted endings
(i.e., telic predicates) might also be associated with improved segmentation performance.

3.1 Method

3.1.1 Participants

50 adult participants (24 female, mean age = 28.7 years, range = 18-56 years) participated
in Experiment 2. Half (50%) of the participants identified as female, and the majority (86%)
identified as White. The remaining participants identified as Latino/Hispanic (8%), and Asian
(4%); 2% declined to report. As with the previous study, these participants were also dance
novices. Only 24% of participants (N = 12) had taken any dance classes at any point in their life
and very few were currently doing so (N = 3). More participants had watched dance
performances (N = 32) but most did so less than once per year (N = 24). Participants were

recruited via Prolific, an online research platform (prolific.co). Consent was obtained prior to
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participating in the experiment. Participants were compensated for their time at $12 per hour. All
procedures were approved by The Ohio State University Social and Behavioral Sciences
Institutional Review Board.

3.1.2 Stimuli

The dance videos from Experiment 1 were used as stimuli and presented to participants
using Qualtrics. For each video, every 20" frame was extracted and aligned in a row to create a
still frame representation of each dance video, similar to the array of still images depicted in
Figure 1. Each dance was represented with a sequence of between 13-15 still frames.

3.1.3 Procedure

After providing consent, participants watched each dance video and were then asked
whether they noticed any dance step that could be labelled with a common English word or
phrase. If they answered yes, they were asked to enter the label and to select the corresponding
frames of the dance from the set of still frames. Participants were then asked if they perceived
any other steps that could be labeled. If they again answered yes, they were again asked to
provide the label and mark the corresponding dance frames. Participants were allowed to provide
up to four labels per dance before being moved to the next video. The six videos were presented
in the same order to all participants, and participants could re-watch each video as many times as
they desired prior to answering the questions. After participants had watched all six dances, they
were asked the same demographic questions, including questions about their dance experience
and history, as in Experiment 1 (see Supplementary Table S1).

3.1.4 Coding of Labels

Each label was coded for its general semantic domain. The domain codes were the

following: ComMON vocabulary, that is, words that are high frequency and can be used in a
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variety of situations (kick, jump); SPORTS/EXERCISE vocabulary, that is, words that are strongly
associated with particular sports or with calisthenics (downward dog, push-up) as well as the few
instances of explicitly dance-oriented terms (pirouette); DESCRIPTIVE phrases focusing primarily
on the physical properties of the motions (floor leg fan); and POETIC items which described the
step in a more metaphoric manner (monk, snake, mayday). Only two items did not fit into one of
these categories and were omitted from analysis.

All labels were also coded for their telicity value. The telicity coding, however, was done
in a generous spirit. As can be inferred from the semantic domain codes above, many of the
labels were not verb phrases of any sort. The standard linguistic tests for telicity (Dowty, 1979)
apply only to verb phrases, making their application questionable at best with much of these
data. Thus, each label was primarily classified conceptually (did it describe an event with a
specific ending or not?). This classification was verified to the extent possible by the application
of the in/for a minute test: for atelic predicates, for a minute is the most natural way to describe
the duration of the event, while for telic predicates, In a minute sounds more natural. Thus, labels
which described events as actions with no reference to their endpoints (slide, swim) were coded
as ATELIC. Labels which identified a specific ending (make the wheel) were coded as TELIC, as
were labels which described punctual actions (push-up, cartwheel, backflip). A few labels could
not even generously be interpreted as verb phrases (swoosh, floor listener), and were classified as
Uncodeable.

3.2 Data Analysis and Results

Eight participants provided no labels, but the remaining 42 provided a total of 198 labels,

for an average of 4.7 labels per person. Participants were allowed to freely choose the number of

frames they wished as the referent for their label. These frame sets were inspected and compared
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to the frames that corresponded to the dancers’ ground-truth for the steps to determine which
step was most likely being labeled. Frames sets which exactly corresponded to one of the
dancers’ boundaries or which were a proper subset within those boundaries were coded as
representing that step. If participants chose frame sets that overlapped equally with multiple
steps, the label itself was the deciding factor: whichever step it described most clearly was
assumed to be the intended referent. This method of assigning labels to steps already builds in a
certain level of accuracy relative to the dancers’ ground truth because a label had to include at
least one frame from the dancer’s truth to be linked to it®>. However, there was variability in how
well the labels reflected the dancers’ units. Therefore, we also calculated a d’ score to determine
how well the labels matched the dancer’s intended steps, following the same procedure of
Experiment 1. For this analysis, a ‘hit’ was defined as a frame that the fell within the boundaries
identified by the dancer, including the end-point; a ‘false alarm’ was scored if the participant
selected a frame outside of that set. Across all the labels provided, the mean d’ score was 1.57
(SD = .56). This sensitivity significantly exceeded a chance level of zero, tig7 = 39.56, p <.001,
Cl =[1.49 1.65]. Thus, overall, the labels were reasonably reflective of the intentions of the
dancer.

Figure 3 shows all the labels distributed across the steps from the six dancers. Every step
was labeled at least once, although the number of labels a step received varied widely, from 1 to
29 labels. The mean number of labels per step was 8.25 (SD = 6.4), the median number of labels

per step was 6, and the modal number of labels per step was also 6. We used the median value to

3 To ensure that we were not artificially inflating our significance levels with this method of anchoring labels to
steps we also conducted an additional analysis in which each label was randomly assigned to one of four possible
steps per dance. The d’ for this random set was 0.38 and distributed roughly evenly around 0. Moreover, it was
significantly lower than the d’ noted in the main text (t(197) = -16.11, p < .0001).
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classify a step as being relatively easy or hard to label. Steps which received fewer labels than
the median (< 6) were classified as relatively difficult to label (N = 9). The remaining 15 steps
each received 6 or more labels and were classified as relatively easy to label.

To compare this labeling classification to the segmentation data, we took the d’ scores for
each step in Experiment 1 and transformed them into z-scores to generate an ordering of the
steps that captured the ease with which they were segmented: positive values indicated that the
step was correctly identified more than the mean of all the steps and negative values indicated
that the step was identified less frequently than the mean. We then calculated a t-test using the
labeling difficulty (easy vs difficult) as the independent variable and the segmentation z-score as
the dependent measure. (Note that because different participants were in each study, this analysis
is an item analysis over the 24 steps.) The results showed that there was a significant effect of
label-ability (t (23) = 2.2, p =.04). The average segmentation z-score for the easy-to-label steps
was .32 (SD = 1.04) which was significantly higher than the average segmentation z-score for the
difficult-to-label steps (-.54, SD = .67). In sum, steps which adults found easier to label in
Experiment 2 were more likely to be the steps that adults succeeded in segmenting from the

continuous stream in Experiment 1 (Figure 4).
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Figure 3: Responses from Experiment 2 for a representative dancer. Each row depicts the frames
selected for each response, with the corresponding label printed to the right. Colors indicate
unique labels. Dotted lines indicate the step boundaries corresponding to the dancer’s intentions.

Graphs for dancers 2-6 can be viewed on https://osf.io/z4yu6/.
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Figure 4: The relationship between how easy or difficult a step was to label in Experiment 2 and
how successfully it was segmented relative to other steps in Experiment 1.

Our analysis of the telicity of the labels found a roughly even split between labels that
were plausible Atelic (39.4%) and labels that were plausibly Telic (47.0%). The remaining
13.6% of labels were classified as uncodeable. We were able to verify the validity of our telicity
coding by asking if participants were more likely to include the frame corresponding to the end-
point of the step in their reference set when they provided a telic label (which linguistically
specified an ending) compared to an atelic label (which did not). Inspection of the means showed
that 65% of Telic labels contained the end-point frame while only 47% of Atelic labels did so.
This difference was significant: (F(1, 170) = 5.13, p = .025). However, the telicity classification
did not predict how accurately participants identified step boundaries within the still-frames (F(
1,170) = 2.3, p = .13). Unfortunately, as over a third of the steps did not receive even five labels,
it was not statistically feasible to do a cross-experiment item analysis to test whether the telicity

classifications would predict on-line segmentation.
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Finally, we examined the specific nature of the labels being used. Overall, labels were
primarily coded as either Sports/Exercise terms (47% of labels) or Common verbs (32.3% of
labels). Only 13.1% were coded as being Poetic and 6.6% of labels were coded as Descriptive
phrases. Overall, there was not a strong consensus among participants about the type of labels to
use. A total of 92 distinct labels were provided and each label was given an average of 2.2 times,
with the modal number of instances per label being 1. Among the steps that received at least 5
labels, only twelve (half of the full set) were labeled by at least 50% of participants with the
same general type of term: nine with Sports/Exercise terms and three with Common verbs. One
consistent pattern we observed was that most labels (all the Common verbs and most of the
Sports/Exercise terms) were everyday, high frequency words. Indeed, five words accounted for
40% of all the labels provided: cartwheel, pushup, roll, slide and spin. However, with the
exception of cartwheel, all of these labels were used to label multiple steps: They appear to be
somewhat general in their application. The label cartwheel, however, was used exclusively with
Dancer 2’s first step. Inspection of the segmentation data shows that this step was identified
reasonably often, but not as frequently as other steps (it received fewer than 1 SD more than the
mean number of key presses). Nevertheless, the fact that people rely on familiar labels in the off-
line version of this task supports the idea that only such items would likely be accessible in the
on-line segmentation task.

3.3 Discussion

Experiment Two removed all time pressures from participants and asked them to
consciously adopt a top-down linguistic approach to their analysis of the dance. The results
showed that participants could provide labels that corresponded with reasonable accuracy to the

dancers’ intended steps. Moreover, steps which received relatively more labels were more likely
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to have been segmented in the online task of Experiment 1. One potential interpretation of this
result is that language has a facilitative effect on segmentation: being able to come up with a
label for what you see makes it more likely that you will correctly see the intended boundaries of
the event. However, these data are purely correlational, so it is equally possible that seeing the
intended boundaries facilitates one’s ability to produce a label for it. Or, it may be that there is a
third feature that correlates both with label-ability and segmentation: in the general discussion,

we will suggest that familiarity could be that third feature.

4.0 General Discussion

How do we perceive structure within continuous human movement that is highly
unfamiliar to us? Infants are regularly faced with this task and succeed at finding meaningful
actions that correspond to what the people around them are doing. A variety of cues can be used
to help find the boundaries of individual events, ranging from an appreciation of human
kinematics to recruiting linguistic descriptions of the actions. To investigate how different cues
might be exploited, we conducted two experiments that placed adults in a situation analogous to
that of an infant: adults were presented with fluid sequences of modern dance and asked to
identify the boundaries between dance steps (Experiment 1) and to provide labels for any
perceived dance steps that could receive them (Experiment 2). Findings demonstrated that
segmenting these unfamiliar movement sequences is challenging and that adults benefit from
being able to access top-down information, particularly linguistic information.

Experiment 1 implemented a traditional event segmentation task (Sargent et al., 2013,
Zacks et al., 2009) and evaluated participants’ success at identifying the internal dance steps
relative to the intentions of the dancers. Overall, participants (as measured by a d’ score), showed

that they were reasonably sensitive to where the step boundaries occurred in the sequence.
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Segmentation agreement, as traditionally measured, also indicated that participants did agree
with one another at rates that have been interpreted in prior segmentation studies as
demonstrating high levels of agreement.

These findings raise interesting questions about the nature of event segmentation. One
major difference between the current study and prior event segmentation studies is that our goal
in Experiment 1 was to compare participants’ segmentation with an objective ‘ground truth’; that
is, with the intentions of the dancers who created the movement sequences. Most prior studies
have instead used segmentation ability as another dependent variable with which to predict other
measures of event perception or memory (e.g., Sargent et al., 2013; Swallow, Zacks, & Abrams,
2009). Our analysis revealed that participants did segment some events that corresponded to the
dancers’ intended boundaries, although they also segmented two other events that did not
coincide with the dancers’ ‘ground truth’ (cf. the particularly high bars in Figure 2). This
suggests that participants perceived event boundaries that were not created intentionally by the
dancers, and as a group they also missed other intended boundaries. These findings suggest that,
despite reasonable levels of agreement among one another, perceiving event boundaries that
coincide with the intentions of others is in fact a challenging task that adults were only
moderately successful at. We do feel compelled to note that this finding does not speak to the
aesthetics of the dances. Anecdotally, people do seem to enjoy watching these short dances,
suggesting that appreciating the dancers’ intended steps is not a necessary element of dance
appreciation.

To understand what made these sequences difficult to segment in terms of their intended
boundaries, we must consider how different kinds of cues might be used to solve the problem.

One low level perceptual cue that would have been almost useless in this task was
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spatiotemporal boundaries between the steps, as the dance sequences were very fluid. Indeed, the
dancers themselves described fluidity and connectedness as being something they aspire to
within their dancing. In the words of the dancers themselves, they wanted to create a “seamless”
“flow” with a “through-line” that was “as smooth as possible.” While large pauses between
action steps is unusual even for everyday action sequences (it would be quite odd for someone to
pause in stillness between pouring the milk on their cereal and returning the milk to the
refrigerator), the fact that the dancers were purposefully trying to blur the lines between their
steps may have removed even subtle breaks between the steps. Since we did not conduct a
complete motion analysis of our sequences, we cannot rule out the possibility that such subtle
breaks did exist. However, given our results, such breaks were apparently not sufficient to make
the task an easy one. Moreover, this approach of the dancers contrasts sharply with the figure-
skating routines in Levine et al. (2017). The individual “steps” in those routines are regularly
separated by neutral bouts of skating which may have served as a motion baseline, allowing the
participants in that study to extract the target steps more easily from the background.

Another bottom-up cue that should in principle have been more useful was the kinematics
of biological motion. From the perspective of Event Segmentation Theory (Zacks et al., 2007),
our participants’ implicit understanding of how the human body moves and the constraints of
physics should have made the motion sequences predictable enough to allow participants to
anticipate when motion steps would end. That is, no matter how fluid the dancers were trying to
be, they were still subject to the ways the human body can move and the fact that gravity would
return them to the floor. Our participants’ weak success suggests that they were not able to
leverage this cue effectively. Moreover, our analysis on how different kinematic properties

predicted segmentation success showed that even steps containing dramatic kinematic cues—e.g.,
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major shifts between a vertical and horizontal orientation, being brought back to the floor by
gravity—were not more successfully parsed out.

One possible reason that the participants were not able to make strong use of these
kinematic cues may have to do with how the perceiver’s own motor experiences may influence
their perception of motion. An extensive body of research has identified a tight coupling between
action execution and action observation at the neurological level (Kilner et al., 2009; Sebanz et
al., 2003). For example, adults show preferential activity in the motor cortex for actions they are
experts in (Calvo-Merino et al., 2005) and even infants show increased motor activity while
observing actions that they have recently acquired in their motor repertoire (Gerson et al., 2015).
Our dance sequences were created by full-time professional dancers who each had many years of
dance training. By contrast, our participants were dance novices who had no (or extremely little)
training and did not engage in dancing as part of their regular life. Thus, our participants’ lack of
personal motor experience with the motions of the dancers may have reduced their ability to
exploit the kinematic motion cues in the dances. Further research investigating the segmentation
skills among modern dancers would clarify this point.

If this line of reasoning is correct, it suggests that additional motor experience would
facilitate segmentation of dance steps. Interestingly, when the Syren dancers were asked
informally how they would teach a novice their steps, one common strategy mentioned was
using metaphors to make it easier for students to understand what to do with their limbs and
body position. For example, one said she might describe a dance move as “bend down and swat a
fly”. These teaching approaches suggest that dancers are aware that internal motor simulation
and perceptual resonance facilitates learning: mapping new movements onto other movements

already within their motor repertoire is a powerful way to teach novice dancers (Fisher, 2017).
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A third cue that participants might use involves an appreciation of the dancer’s intentions.
Given that the dances were enacted in a purposeful manner, their intentions would presumably
be useful information. However, the nature of the dance motions may have made the
identification of intentions particularly difficult. There is some evidence that when adults are
faced with a seemingly purposeless action (a “mysterious” action), they are able to conceptualize
the actors’ intention as being to produce the action itself (Schacher & Carey, 2013). But as the
authors note, these kinds of intentions are relevant in only a limited number of situations, such as
exercising, various rituals, and of course, dancing. More commonly, everyday intentional actions
center do in fact center on objects: things we move, eat, change, prepare, and otherwise interact
with. For example, in a classic study on infant event segmentation (Baldwin et al., 2001), the key
events that infants successfully segmented involved picking a towel up from the floor and
placing a tub of ice cream in a refrigerator. Similarly, in Woodward, (1998), infants
preferentially analyzed a simple event as reaching for an object as opposed to simply moving
one’s arm in a particular direction. Moreover, even adult studies of event segmentation generally
feature everyday activities that center around objects, such as doing laundry, building a Lego
house, making breakfast, or gardening (e.g., Sargeant et al., 2013, Zacks et al., 2009). Thus,
while adults are capable of interpreting dance sequences as intentional overall, without object
cues to anchor their analysis, adults may have struggled to determine specific intentions and thus
the specific boundaries within the sequence.

The final cue to consider is language. The results from the kinematic analysis found that
just two types of kinematic changes were linked to improved event segmentation: jumping
(significantly so) and spinning (marginally so). We found it notable that these two motions can

be readily labelled with common verbs, namely “jump” and “spin”. By contrast, words
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describing various arm motions and torso shifts are not as readily coded into simple language. It
is possible, therefore, that what helped participants identify steps was their ability link them to a
label (and see also Papafragou & Selimis, 2010 and Papafragou et al., 2008 for further discussion
about how linguistic encoding could influence event perception). Experiment 2 explored this
possibility in detail by asking people to find steps in the dance sequence that they could provide
labels for. And indeed, we found a relationship between how easily a step could be labeled and
its ability to be segmented according to the dancers’ intentions. Steps which were labeled by
more people in Experiment 2 were segmented more often in Experiment 1.

If language is facilitating segmentation, however, it appears to do so in a general way.
There was not much consistency in the specific labels that people provided, and the properties of
the labels—their general domain of reference, and whether they linguistically targeted an end-
point-were also too inconsistent across participants to predict segmentation success. These
results suggest that language is not helping by providing any kind of fine-grained guidance to the
dance. And perhaps the relatively short duration of the clips themselves limited participants’
ability to use language. Alternatively, these results may suggest that it is not language which
facilitates segmentation, but the identification of event units that inspires people to search for a
linguistic term of some kind. There is evidence that children’s word learning benefits from
discretely segmented word forms: when words are presented to them in isolation, they find it
easier to learn their meanings (Brent & Siskind, 2001). Moreover, Tomasello & Kruger (1992)
found that children learned verbs better when they were presented outside the boundaries of the
event they labeled. Allowing children to analyze the event stream without distraction helped

them link it to a novel verb.
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In addition, it is also possible that there is a third factor at play here. After all, the two
kinematic features linked to improved segmentation, jumping and spinning, are not only easily
labeled motions but are also motions that are highly familiar to our participants. Moreover, that
familiarity likely encompasses not only experiences of observing these actions but also of
personally engaging in them. Rather than language facilitating segmentation or vice versa, it
may be that visual and/or motor familiarity with specific actions facilitates both segmentation
and labeling. Teasing apart the precise nature of the relationship of language and segmentation
and the potential contribution of familiarity would require a more structured set of materials as
well as a manipulation involving variable exposure to the different steps.

Nevertheless, the fact that language (or arguably, familiarity) was the only cue that even
has the potential to provide real traction for participants in this task illustrates just how hard it is
to segment completely unfamiliar motion sequences. Even for adults with ample experience with
a wide range of motion types and with years of event segmentation to draw on, a truly unfamiliar
action sequence does not easily afford individual units. These results might give us pause when
thinking about how confident we are when interpreting activities from contexts or cultures we
are highly unfamiliar with. They should also impress us with the abilities of infants who

consistently solve the event segmentation problem.
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Figure Captions

Figure 1. Example frames from one dance video, with the frame depicting the end of each step
outlined in red. Dance videos varied naturally in the timing of the four steps.

Figure 2. Response distribution across all participants, divided into 520ms bins. Colored bars
indicate bins containing a ‘true’ step according to the dancers’ intentions. *Denotes bins that
were identified at high rates (> 1 SD above the mean frequency across all bins) ** =2 SD.
Figure 3: Responses from Experiment 2 for a representative dancer. Each row depicts the frames
selected for each response, with the corresponding label printed to the right. Colors indicate
unique labels. Dotted lines indicate the step boundaries corresponding to the dancer’s intentions.

Graphs for dancers 2-6 can be viewed on https://osf.io/z4yu6/.

Figure 4: The relationship between how easy or difficult a step was to label in Experiment 2 and

how successfully it was segmented relative to other steps in Experiment 1.
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