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Abstract
The chasing action, in which an actor chases a target, is a fundamental activity for the evolutionary shaping of social abilities.
Where previous research has emphasized the chaser’s role, the current study exploredwhether the fleeing responsivity of a chased
target influences the cognitive representation of the chasing action. We investigated this with a change-detection task, in which a
set of chasing actions, either exhibiting or not exhibiting fleeing behavior, were memorized in sequence, and it was testedwhether
a memorized action reappeared after altering an object’s appearance. The results suggest that the target’s fleeing responsivity
influenced the detection of representation-related changes in the appearance of the involved agents, especially when the appear-
ance of one target was replaced with another (i.e., a new pair, but with the same functional role), showing impaired sensitivity to
change for the chasing action (Experiment 1). This effect disappeared, however, when the perceived chasing from presented
movements was impaired, while displaying largely the same low-level differences as those present in earlier trials through the use
of mirrored chasing (Experiment 2) and setting the faced direction opposite of the moving direction (Experiment 3). These
findings suggest that the fleeing responsivity of the chased target can influence the stored representation of the action. This
differentiation may be attributed to the stronger construction of social interaction structure for chasing action with fleeing than
without, since the fleeing behavior can be deemed a contingency cue for social interaction interpretation.
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The chasing action, in which an actor chases a target, is be-
lieved to be a fundamental activity for the evolutionary devel-
opment of social abilities (Barrett, 2005; Frankenhuis, House,
Barrett, & Johnson, 2013). When observing such an action,
even with impoverished display (e.g., if simple geometric
shapes are chasing one another), the impressive capability of
our visual system extends beyond interpretation as mere phys-
ical motions and lets us construe chasing as a high-level social
event as the goal of this actor is directed at the target
(Blakemore & Decety, 2001; Woodward, 2009) .

Undoubtedly, the cues generated by the actor itself, such as
adjusting its own behaviors, will influence how the visual
system constructs and represents this chasing action (Csibra,
Bíró, Koós, Gergely, & Szilvia, 2003; Gao, Newman, &
Scholl, 2009; van Buren & Scholl, 2017), as this kind of cue
is able to signal different action goals (Frankenhuis & Barrett,
2013; van Buren & Scholl, 2017). For example, if the direc-
tion that an actor faces is inconsistent with its moving direc-
tion, the representation of the actor’s goal-directness toward
the target is impaired (Gao et al., 2009). More than chasing
action, studies of eye gaze and body gesture cues show that
they influence how the visual system represents the related
actions (Adams, 2011; Frischen, Bayliss, & Tipper, 2007;
Gao et al., 2009; Gergely, Nádasdy, Csibra, & Bíró, 1995;
Heider & Simmel, 1944; Perez-Osorio, Müller, Wiese, &
Wykowska, 2015). Nevertheless, the chasing action must in-
clude at least two agents and a display of associated physical
activity—being chased—at the minimum. Here, we primarily
focus on the simple form of chasing with two agents; hence,
the behavioral characteristic of the actor is just one side of the
chasing action, and the chased target can respond differently
to the actor’s chasing. Whether the behavioral characteristics
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of the chased target influence the representation of the chasing
action is largely unknown.

Theoretically, to make effective predictions about behavior
and provide adaptive benefits for survival, the visual system
must understand the specific logic of an action and attune to
possible behavioral characteristics indicating fitness-related
aspects, such as specific action structures between the actor
and the goal (i.e., how the chased target is responsive to the
actor’s chasing; Frankenhuis & Barrett, 2013). This adaptive
function implies that the representation of observed action
would be altered by fitness-related behavioral characteristics,
to formulate finer representations of the action and thereby
narrow the focus of the prediction space (Barrett, 2008). As
to the behavioral characteristics of the target of the chasing
action, the most important should be whether the chased target
flees or not (i.e., the responsivity of the chased agent; Barrett,
2005). This is because when a target is chased prey, fleeing on
time will enhance its survival rate. Previous studies have in-
dicated that vision is sensitive to fleeing-related cues, such as
accelerating when the chaser approaches (Frankenhuis et al.,
2013; Galazka & Nyström, 2016; Pantelis et al., 2014).
Hence, the fleeing responsivity of the chased target may in-
fluence the representation of the chasing action.

The above hypothesis is consistent with one study showing
that humans can accurately identify and discriminate the ac-
tion of pursuit and evasion from the action of leading and
following (among other kinds of actions, e.g., guarding and
playing; Barrett, Todd, Miller, & Blythe, 2005). Barrett et al.
(2005) recorded the investigated actions in a two-person com-
puter game. A pair of participants were instructed to control a
V-shaped arrowhead on the computer screen with a particular
intention in mind. In pursuit and evasion action, Participant 1
was asked to pursue Participant 2 while Participant 2 evaded
Participant 1. In contrast, for the leading and following action,
Participant 2 was asked to lead Participant 1 and Participant 1
to follow Participant 2. In this manipulation, fleeing
responsivity was one critical difference between conditions.
The findings showed that participants can differentiate the two
actions above chance levels, suggesting that participants dif-
ferently interpret the action of pursuit and evasion compared
with the action of leading and following. Whether the above
findings are due to the fleeing cue generated by the chased
agent remains unclear, as the controlled chaser in the study of
Barrett and colleagues behaved differently between these two
conditions. Further, the study used a category judgment task,
in which subjects were asked to classify actions into different
predefined categories; such tasks can be readily influenced by
inferences regarding how Bclever^ observers think the manip-
ulations should be at diagnosing actions, which may contam-
inate results from experience-based matching (Gao et al.,
2009; Scholl & Gao, 2013). Particularly when the difference
between the actions is subtle, observers may feel obligated to
provide an appropriate response. In this way, they might

determine or even vary their response on the basis of whatever
salient cue in the display matches the content of the experi-
ence, even if that cue has only a weak or nonexistent influence
on action representation. Given such methodological short-
comings, it is difficult to determine whether human interpre-
tation results in distinct action representations or accurate cat-
egorization of the type of chasing action (with fleeing or
without).

The current study used an implicit measure to explore
whether humans represent chasing actions with fleeing and
those without fleeing differently. Participants engaged in a
change-detection task, in which a set of chasing actions were
memorized in sequence, and it was tested whether a memo-
rized action reappeared by changing the appearance of an
object. Our logic is that if humans represent chasing action
with and without fleeing behavior differently, it should influ-
ence detection of changes related to the content of action
representation.

In fact, chasing action, regardless of the responsivity of the
chased target, meets the formal and intuitive definitions of
social interaction structure (A does X to B; Hinde, 1976).
However, the fleeing behavior of the chased target forms its
contingent responsivity to the chaser, sometimes referred to as
turn-taking, which has been suggested to be an important con-
tingency cue to full-fledged social interaction (A does X to B
and B responds with Y; Bigelow & Rochat, 2006; Di Paolo,
Rohde, & Iizuka, 2008; Levinson, 2016; Marsh, Richardson,
& Schmidt, 2009). The function of this cue may emerge from
early parent–infant interaction, especially from conversational
structure (Bigelow & Rochat, 2006; Csibra, 2010). Hence,
even though a chaser pursuing a target without fleeing behav-
ior can be treated like a social interaction, the strength of its
social interaction structure is absolutely weaker than that of
the chasing action with fleeing behavior (Bassili, 1976).
Hence, in consideration of the change-detection paradigm,
the influence of fleeing responsivity on the representation of
the chasing action could be determined by examining the sen-
sitivity of change detection, which is implied by the social
interaction structure. As previously suggested (Fiske &
Haslam, 1996; Haslam, 1994), people tended to confuse two
subordinates occupying the same position in terms of social
interaction—that is, these two subordinates are considered
equivalent due to their equivalent functional roles in social
interaction. Therefore, we predicted that the influence of flee-
ing responsivity on the representation of chasing action will
manifest as follows: if the appearance of a chased agent is
changed or rendered onto another chased agent (i.e., a new
pair, but with the same functional role), such a change would
be more difficult to detect in chasing action with than without
fleeing, due to the stronger construction of social interaction
structure for chasing action with fleeing.

In the current study, Experiment 1 will test the above pre-
diction by comparing change-detection sensitivity between
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chasing action with and without fleeing. The examination of
the explanation of the low-level differences (e.g., statistical
correlation between the chaser and target) will first occur in
Experiment 2 by manipulating the movement of the chased
agent to make the notion of Bchasing^ subside but keeping
almost the same low-level differences between the chasing
actions with and without fleeing, as in Experiment 1.
Experiment 3 was added to further rule out possible explana-
tions from other low-level factors, such as the distance be-
tween two agents, by manipulating the relation between face
direction and moving direction. Nevertheless, there is an al-
ternative account that would predict lower sensitivity to de-
tecting new pair changes for the chasing with fleeing than for
the chasing without fleeing—that is, the attention/memory
mechanism. According to this account, the chasing action
without fleeing seems simpler, and therefore may consume
less memory resources to memorize accurately. To test this
alternative, a new change—swapping the appearance of two
agents in the same action event (i.e., swapping appearance; A
chasing B during memorization becomes B chasing A during
test)—was also included. In this case, both agents in the chas-
ing action can be identified by functional roles and relative
spatial position markers that do not depend on the target’s
responsivity. Hence, according to the different action repre-
sentations account, an effect found in the new pair change
would disappear under the swapping appearance change. In
contrast, according to the memorization account, the same
results should be observed between the new pair and swap-
ping appearance changes.

Experiment 1a

Experiment 1a manipulated the responsivity of the target in a
pursuing action. In a change-detection task, change sensitivity
was compared between chasing action with and without flee-
ing under different changes (e.g., the appearance of the two
agents was swapped; the appearance of a chased agent was
rendered onto another chased agent), in order to evaluate the
influence of the target’s responsivity on action representation.

Participants

On the basis of the results of our pilot studies, we predicted a
medium effect size (Cohen’s f2 = 0.15; Cohen, 1988) for our
experiment design. To ensure adequate power of 0.90, we
performed a power analysis in G*Power 3, which determined
that at an alpha level of .05, the sample size needed to achieve
the predicted effect size was approximately 20 individuals.
Twenty adult paid volunteers (10 males and 10 females; mean
age = 21 years, age range: 18–25 years) participated in this
experiment; one additional adult was tested but excluded from
the sample because their response accuracy did not reach the

50% inclusion criterion. All participants had normal or
corrected-to-normal vision and no history of neurological dis-
order. This study was approved by the Research Ethics Board
of the Department of Psychology at Ningbo University and
granting agencies, and was performed in accordance with the
relevant guidelines and regulations. Information sheets were
distributed to participants explaining the purpose and proce-
dure of the experiment, after which signed informed consent
forms were obtained from all participants.

Apparatus and stimuli

The stimuli were presented against a black background on a
19-inch CRT monitor (resolution = 800 × 600 pixels; refresh
rate = 100 Hz) at a 100-cm viewing distance, using a custom-
built script written in The Psychophysics Toolbox for
MATLAB (Brainard, 1997).

The visual stimuli were made using the free and open
source 3-D creation suite Blender (https://www.blender.org/),
and comprised 10-s computer-animated chasing events with
fleeing or not, displayed in the center of the screen (11.1°× 8.
3°; refer to the supplementary videos for details). Each event
included a pair of agents: a chaser and a target. These objects
were selected randomly and without replacement from ten 3-
D shapes rendered with distinctive textures to make their ap-
pearance as different as possible.

In the chasing action with fleeing, the two agents
moved within the border of the ground subtending 11.1°
× 11.1°. The initial position of the chaser was 2.8° below
the center of the ground, and the initial position of the
target was on the upper right corner of the ground
(counterbalanced by display on the upper left corner of
the ground), positioned 3.9° from the center of the ground.
Both objects started moving at a speed of 16.7° per sec-
ond, and their direction of motion was updated approxi-
mately every 50 ms. The target’s direction of motion var-
ied randomly on each update, with a uniform distribution
within a 90° angular window centered on its current di-
rection; the chaser’s direction was randomly selected on
each update, within a 20° angular window centered on
an invisible line connecting the chaser to the target.
When the distance between the chaser and the target
was less than 2.22°, the target accelerated at 2.08° per
second; otherwise, the speed of both the chaser and target
was kept constant at 16.7° per second.

The animations for the chasing action without fleeing were
made with largely the same methods as those for the chasing
action with fleeing, except that the speed of both the chaser
and target was always kept constant at 19.4° per second and
13.9° per second, respectively. All the motions outlined above
were presented at a 24.2° viewing distance and a 3-D perspec-
tive view of 57° (please note that the agents were always
oriented toward the moving direction).
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Procedure and design

Participants sat 100 cm in front of a CRT monitor with a gray
(RGB: 150, 150, 150) background. In each trial (see Fig. 1), a
dynamic fixation stimulus was first presented at the center of
the screen for 480 ms and then replaced by a blank back-
ground for 300 ms to 400 ms. Then, within a black wall
(subtending 11.1° × 8.3°), four memorized items with anima-
tions were displayed sequentially, with a 1,000-ms interval
between them. The animated test item was subsequently pre-
sented, within a red wall (subtending 11.1° × 8.3°). Each of
the memorized and test animations consisted of a randomly
segmented 3-s excerpt from the created 10-s animation. After
the test animation disappeared, participants were required to
detect, as accurately as possible, whether the test animation
differed from the memorized animations. If the test animation
was the same as a memorized animation, participants were
instructed to press the BJ^ button to indicate Bno change^;
otherwise, the BF^ button was pressed to indicate Bchange.^
This was followed by an intertrial interval lasting 1,500 ms. If
no response was made within 2,000 ms, the program automat-
ically proceeded to the next trial. Response accuracy was re-
corded, and if the accuracy was less than 50%, the data from
that participant were excluded.

Within a trial, the movements for all 3-s animations were
the same (i.e., segmented from the 10-s animation with the
same start and end time point), but each memorized animation
had a new pair of agents with distinct appearance. In the test
animation, the appearance of the two agents was set according
to three change types: (1) No change: The same pair of agents
as in one of the memorized animations were presented, and
the action roles of agents remained identical (i.e., random
sampling of a memorized animation displayed as a test ani-
mation). (2) Swapping appearance: The same pair of agents
used in a memorized animation were presented, but their ac-
tion roles were swapped (i.e., the object that was the chaser in
the memorized animation was the target in the test animation,
and vice versa). (3) New pair: The appearance of the chaser in
the test animation was the same as that of the chaser in a
memorized animation, while the appearance of the target in
the test animation was the same as that of a target in a different

memorized animation (i.e., the appearance of the agents was
sourced from two memorized animations, while the action
roles remained unchanged). Due to the use of the same move-
ments across memorized and test animations, participants
used the appearance of the two agents to detect change in
the animations, irrespective of any knowledge of the change
conditions.

To counterbalance the number of trials across change con-
ditions, the number of no-change conditions was double the
number of swapping-appearance or new-pair condition.
Furthermore, half the trials in the no-change condition were,
as a contrast, set as no-swapping-appearance condition, while
the other half were considered the no-new-pair condition. In
actuality, these two contrast conditions had no critical differ-
ences but were coded randomly with equal probability by
scripts to meet the requirements of utilization of signal-
detection theory (statistical analyses between them did not re-
veal any significant result for either accuracy or reaction time
across the four experiments). All change types were imple-
mented under both chasing with fleeing and chasing without
fleeing conditions. Each condition had 20 trials, resulting in a
total of 160 trials. The collective trials were equally divided into
four blocks with 5-min breaks in between and were presented
in pseudorandom order, with the specification that the same
condition was never repeated in three consecutive trials.

To examine whether the target’s responsivity (with fleeing
vs. without fleeing) would modulate the participant’s ability to
detect changes in agents’ appearance, accuracy was deter-
mined in terms of signal-detection theory, with Bchange^ as
a signal. This allowed us to examine sensitivity (d') to the
change after stripping out the response bias (additional
details of the criterion are available in the supplementary
information). To avoid infinite hits or false alarms when com-
puting d', as suggested by Snodgrass and Corwin (1988), 0.5
was added to each frequency, and the frequency of each con-
dition was divided byN + 1, whereN is the number of trials of
that condition. Thus, the experimental design could be simpli-
fied as a 2 (target responsivity: with fleeing vs. without flee-
ing) × 2 (change type: swapping appearance vs. new pair)
factorial design. Repeated two-way analyses of variance
(ANOVA) were conducted on the resulting d' data.

Fig. 1 Illustration of the experimental procedure
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Results and discussion

The overall d' results are presented in Fig. 2a. Analysis of
variance revealed that the main effect of target responsivity
was significant, F(1, 19) = 5.10, p = .036, ηp

2 = .21, 95% CI
[−0.307, −0.012], indicating that participants found it more
difficult to detect change when the target behaved with fleeing
behavior than without. Themain effect of change type was not
significant, F(1, 19) = 0.74, p = .400, ηp

2 = .04, 95% CI
[−0.178, 0.428], while the interaction effect was significant,
F(1, 19) = 6.38, p = .021, ηp

2 = .25. The follow-up tests of
simple effects showed that when the appearance of the two
agents was drawn from different memorized animations (i.e., a
new pair), the sensitivity of change detection in the chasing
action with fleeing was lower than in the action without flee-
ing, F(1, 19) = 26.11, p < .001, ηp

2 = .58, 95% CI [−0.503,
−0.210]; this difference disappeared when the appearance of
the two agents was swapped in a memorized animation (i.e.,
swapping appearance), F(1, 19) = 0.08, p = .776, ηp

2 < .01,
95% CI [−0.237, 0.313]. The results indicate that participants
exhibited lower sensitivity to change for the chasing action
with fleeing than for the action without fleeing only when a
change in appearance occurred between different event struc-
tures (i.e., new pairs). This finding is consistent with the hy-
pothesized differences in action representations for chasing
events with fleeing and for chasing events without fleeing.

To further support the above conclusion, another 20 par-
ticipants were recruited and asked to rate subjectively how
they perceived the chasing action with or without fleeing.
That is, the participants were asked to answer the question
BHow possible do you think it is that the observed two
agents were chasing and being chased?^ when watching
the chasing action. Chasing likelihood was rated on a scale
of 1 (extremely low) to 9 (extremely high). It was found
that the perceived likelihood of chasing was higher in the
chasing condition with fleeing (M = 6.25) than in that
without fleeing (M = 4.45), t(19) = 2.538, p = .020,
Cohen’s d = 0.57, 95% CI [0.32, 3.29]. Since chasing
action without fleeing falls into our daily concept of Bfol-
low,^ another 20 new participants were recruited to answer
the question BHow possible do you think it is that the
observed two agents were following and being followed?^
when watching the chasing action. Following likelihood
was rated from 1 (extremely low) to 9 (extremely high).
In contrast to the evaluation for Bchasing,^ the results for
following showed that the perceived likelihood of following
was lower in the chasing condition with fleeing (M = 2.60)
than in that without fleeing (M = 4.45), t(19) = 2.547, p =
.020, Cohen’s d = 0.57, 95% CI [−3.37, −0.33]. Therefore,
the subjective rating data also support the assertion that
humans represent the chasing action with fleeing differently
from chasing action without fleeing.

Fig. 2 Sensitivity (d') of detection of changes in animated displays in Experiment 1a (a), Experiment 1b (b), Experiment 2 (c), and Experiment 3 (d).
Error bars indicate standard error
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Experiment 1b

To verify the findings of Experiment 1a, we conducted
Experiment 1b, which reduced the memory load of memoriz-
ing the three animations. The replication of Experiment 1a
would support the interpretation that the different sensitivities
to detecting a change between types of chasing action (with
and without fleeing) when a new pair was presented were not
due to high memory load. Thus, all experiment details were
identical to Experiment 1a, except that three memory items
with animations were displayed, and a new set of student
participants was recruited (eight males and 12 females; mean
age = 22 years, age range: 18–25 years). As shown in Fig. 2b,
a similar pattern of data as in Experiment 1a was obtained. The
ANOVA revealed that participants tended to be less sensitive
in detecting change when the chased agent fled than when not,
F(1, 19) = 4.06, p = .058, ηp

2 = .18, 95% CI [−0.418, 0.008].
The main effect of change type was not significant, F(1, 19) =
0.27, p = .608, ηp

2 = .01, 95% CI [−0.239, 0.397], while the
interaction effect was significant, F(1, 19) = 6.44, p = .020,
ηp

2 = .25. The post hoc test of simple effects showed that the
sensitivity of change detection in chasing action with fleeing
was lower than chasing action without, F(1, 19) = 13.10, p =
.002, ηp

2 = .41, 95% CI [−0.593, −0.159], when the appear-
ance of the two agents was from different memorized anima-
tions (i.e., a new pair), but this effect was not present when the
appearance of the two agents was swapped in a memorized
animation (i.e., swapping appearance), F(1, 19) = 0.06, p =
.810, ηp

2 < .01, 95% CI [−0.322, 0.255]. Hence, the results of
Experiment 1 can be replicated with a lower memory load,
further suggesting that the responsivity of the chased agent in
a chasing action influences action representation.

Experiment 2

The findings of Experiment 1 were possibly due to different
Bphysical^ representations of physical patterns—in particular,
the physical properties of each agent and the statistical corre-
lation between the movements of the two involved agents,
rather than the Bsocial^ difference in action representations
between chasing actions with and without fleeing. To further
investigate the low-level physical differences, we utilized the
experimental design of Gao et al. (2009) and introduced two
control conditions, wherein the chaser approaches the mirror
image of the target through the center of the display. In this
case, the goal of the chase becomes ambiguous in both chas-
ing actions—with and without fleeing—and ,accordingly, the
impression of a social difference between the agents subsides,
while the same low-level differences in action essentially re-
main. This, in effect, creates mirrored chase events. The Bso-
cial^ explanation would expect that the modulation effect

evident in Experiment 1 should disappear when the notion
of chasing cannot be extracted.

Method

Twenty new paid adult volunteers (10 males and 10 females;
mean age = 22 years, age range: 18–25 years) participated in
this experiment; one additional adult was tested but excluded,
as their response accuracy was less than 50%. The stimuli and
procedure were the same as those outlined in Experiment 1,
with the following exception: The trajectories of the target in
this experiment were symmetrical in relation to the center of
the ground. As such, the chaser now moved toward the point
of reflection of the target’s location through the center of the
ground (please note that in the supplementary videos this sym-
metry was positioned over the center of the object on the
ground in a 3-D scene).

Results and discussion

Figure 2c presents the overall d' results in Experiment 2. The
ANOVA revealed that only the main effect of change type was
significant, F(1, 19) = 17.31, p = .001, ηp

2 = .48, 95% CI
[−1.051, −0.347], suggesting that the sensitivity for detecting
change under the new pair condition was higher than that in
the swapping appearance condition. Neither the main effect of
action type, F(1, 19) = 2.28, p = .147, ηp

2 = .11, 95% CI
[−0.327, 0.053], nor the interaction effect, F(1, 19) = 1.23, p
= .282, ηp

2 = .06, was significant. The results indicate that the
influence of action type on the sensitivity of change detection
across action structures disappeared with the removal of infor-
mation-seeking, but the retention of the physical structures
from Experiment 1. This finding further suggests that the re-
sults of Experiment 1 can actually be attributed to different
representations of the chasing action with fleeing or not.

Experiment 3

Though Experiment 2 ruled out possible physical factors on
the individual level as explanations and showed a statistical
correlation between agents by presenting a mirrored chase,
this operation also changed the distance relation between the
two chasing agents. In fact, the distance relation in
Experiment 1 could also explain the results of that experiment.
Specifically, given that the distance between agents in the
chasing action with fleeing was always changing, but that in
the chasing action without fleeing was roughly constant, that
constant distance might have bound the agent’s identity more
strongly in a chasing event compared to the varied distance.
Accordingly, the new pair change (i.e., appearance change
between chasing events) would be more difficult to detect in
the chasing actionwith fleeing than not. Alternatively, perhaps
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the speed difference between two agents might be more no-
ticeable in the fleeing scene (where the speed between chaser
and target was set to be different and varied) than in the scene
without fleeing (where it was constant), when the visual ar-
rangement of the normal chase was aggregated. In that case,
the bond strength between agents’ identity and the chasing
event (instantiated by the new pair change) would be impaired
due to this noticeable difference. The above possibilities can
be ruled out by keeping the distance parameters the same as in
Experiment 1 but breaking up the chasing relation. As sug-
gested, the agent’s directionality is used as a cue to perceive
chasing, and misalignment between faced and moving direc-
tions impairs perceived chasing (Gao, McCarthy, & Scholl,
2010; Gao et al., 2009). Hence, the current study set the faced
direction opposite to the moving direction to meet control
requirements for Experiment 1 (referred to as Binverted cha-
sing^). The influence of fleeing responsivity on action repre-
sentation would predict that the effect observed in Experiment
1 should not be present under these conditions.

Method

Twenty new adult paid volunteers (10 males and 10 females;
mean age = 21 years, age range: 17–25 years) participated in
this experiment; two additional adults were tested but exclud-
ed, as their response accuracy was less than 50%. The stimuli
and procedure were the same as those outlined in Experiment
1, with the following exception: The chaser’s face was orient-
ed to the opposite direction of its movement.

Results and discussion

Figure 2d presents the overall d' results for Experiment 3. The
ANOVA revealed that only the main effect of change type was
significant, F(1, 19) = 6.70, p = .018, ηp

2 = .26, 95% CI
[0.060, 0.568], showing that the sensitivity of detection of
the swapping appearance change was higher than that of the
new pair change. Neither the main effect of action type, F(1,
19) = 0.19, p = .672, ηp

2 = .01, 95% CI [−0.182, 0.120], nor
the interaction effect, F(1, 19) = 0.482, p = .496, ηp

2 = .03,
were significant. The results show that the influence of fleeing
responsivity on the sensitivity of change detection between
different chasing events disappeared when impairing per-
ceived chasing and retaining the distance structures of
Experiment 1. Hence, the findings in Experiment 1 should
be because the representation of chasing action is influenced
by fleeing responsivity rather than the low-level confounds.
This conclusion was confirmed by the between-experiment
analysis, in which, when only considering the new pair
change, ANOVA revealed an interaction effect between ex-
periment (Experiment 1 vs. Experiment 2) and action type,
F(1, 19) = 14.78, p = .001, ηp

2 = .44.

General discussion

The results of the current study indicate that the two very
similar chasing actions, distinguished by the minor differ-
ence of responsivity of the approached target (trying to
flee or not), are in fact differentiated in their representa-
tions. The fleeing responsivity of the target exerted an
influence on detection of representation-related changes
in the appearance of the involved agents, especially when
the appearance of one target was replaced with that of
another, showing impaired sensitivity to change in chasing
action with fleeing behavior regardless of memory load
(Experiment 1). Furthermore, this effect disappeared when
the perceived chasing from presented movements was im-
paired, while displaying largely the same low-level differ-
ences as those present in earlier trials through use of mir-
rored chase (Experiment 2) and setting the faced direction
opposite the moving direction (Experiment 3). As such,
the fleeing responsivity of the chased target can influence
the stored representation for the action.

Interestingly, the sensitivity of change detection was signif-
icantly impaired when the appearance of two agents was
swapped in the same action event in Experiment 2. This find-
ing was upheld when compared with the same condition in
Experiment 1a, F(1, 19) = 18.81, p < .001, ηp

2 = .33. Such a
result for impaired ability may be attributed to the undistin-
guished markers after removing information-seeking from the
task, so that the two agents were almost equivalent in their
cognitive construction. In contrast, in Experiment 3, the sen-
sitivity of change detection when the appearance of the two
agents was swapped in the same action event was higher than
when the appearance of the chaser was replaced by that of
another chaser. This enhanced sensitivity tended to be present
when comparing the swapping appearance change in
Experiment 3 with that in Experiment 1a, F(1, 19) = 4.05, p
= .059, ηp

2 = .18. Even the learning of the chasing action was
impaired in Experiment 3, where the discriminative markers
of relative position and the differentiated functional roles
make the swapping appearance change an event sufficiently
salient to be detected. Further, directional inconsistency im-
paired the social interaction structure of the chasing action;
this absence of structure diminishes the constraints of a com-
mon structure and makes the discriminative marker of distinc-
tive agents more salient, thus showing enhanced sensitivity
even relative to Experiment 1a. Furthermore, the impaired
(or enhanced) sensitivity of detection of appearance change
within an event in Experiment 2 (or Experiment 3) relative to
Experiment 1a implies that the meaning of the observed action
had been modified, supporting the validity of our
manipulation.

The finding of different action representations for chasing
action with fleeing versus not raises the further question of
what represented content specifically accounts for this
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difference. As discussed in the Introduction, social interaction
structure could provide an answer. Categorical information
relating to an agent involved in an action structure is said to
be defined by its action role (Markman & Stilwell, 2001; Yin
& Csibra, 2015), which is abstracted from a specific member
of a social interaction occupying the same functional position
in that interaction (Blok, Newman, & Rips, 2005; Smith &
Medin, 1981). In our study, fleeing behavior in response to the
chaser’s approach as a contingency cue induces a stronger
social interaction interpretation for chasing action, compared
with chasing action without fleeing. That is, due to the differ-
ent strengths of social interaction structures between these
contexts, the abstract action role for agents in the chasing
action with fleeing may be more robust and clearer than that
without fleeing. Therefore, action type information for the
target in the chasing actionwith fleeing behavior makes it easy
to confuse across different events, and thus produces impaired
sensitivity to the related change. This conjecture is in accor-
dance with the subjective ratings, in which subjects reported
differently how two agents are connected between the chasing
action with fleeing and without fleeing. Specifically, chasing
action with fleeing was evaluated as having more of a Bchase^
relation (i.e., one is pursuing and another is evading), while
the action without fleeing was rated had more of a Bfollow^
relation. Hence, the influence of fleeing responsivity on the
representation of the action may be exhibited as follows: The
cue of feeling responsibility has a major impact on the forma-
tion of the social interaction structure, which links two agents
in a chasing action.

Our findings are consistent with the notion of Bislands of
competence^ proposed by Frankenhuis and Barrett (2013),
which suggests that action understanding is centered on
domain-specific action schemas and includes different agent
concepts relevant to different domains activated by fitness-
related cues (e.g., fleeing), such as chaser, evader, or follower.
The different action representations of chasing action with or
without fleeing may thus be the output of domain-specific
processes. The domain for one action schema (e.g., Bchase^)
is initiated by the fleeing responsivity cue of the target; other-
wise, the observed movement would activate another domain-
specific action schema (such as Bfollow^). Possibly, due to the
universal nature of rational reasoning for action (Dennett,
1989; Gergely & Csibra, 2003), each domain is obeying the
rule of rationality to infer a general goal and thereby
constraining its specific goal by domain-relevant cues and
knowledge.

In any case, fleeing responsivity as a behavioral character-
istic of a chased target influences the representation of the
chasing action, as demonstrated by the different sensitivities
of change detection related to action structure. This differen-
tiation may be due to different social interaction schemas, and
could enable humans to produce more precise predictions of
an agent’s behavior.
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