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Abstract Working memory (WM) and empathy are core is-
sues in cognitive and social science, respectively. However, no
study so far has explored the relationship between these two
constructs. Considering that empathy takes place based on the
others’ observed experiences, which requires extracting the
observed dynamic scene into WM and forming a coherent
representation, we hypothesized that a sub-type of WM ca-
pacity, i.e., WM for biological movements (BM), should pre-
dict one’s empathy level. Therefore, WM capacity was mea-
sured for three distinct types of stimuli in a change detection
task: BM of human beings (BM; Experiment 1), movements
of rectangles (Experiment 2), and static colors (Experiment 3).
The first two stimuli were dynamic and shared one WM buffer
which differed from the WM bulffer for colors; yet only the
BM conveyed social information. We found that BM-WM
capacity was positively correlated with both cognitive and
emotional empathy, with no such correlations for WM capac-
ity of movements of rectangles or of colors. Thus, the current
study is the first to provide evidence linking a specific buffer
of WM and empathy, and highlights the necessity for consid-
ering different WM capacities in future social and clinical
research.
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Introduction

Working memory (WM) is the set of mental processes in-
volved in retaining a small amount of information in a tempo-
rarily accessible state for use in ongoing cognitive tasks
(Baddeley, 2012). If sufficient information is not retained
and integrated into WM, various high-level activities (e.g.,
reading, language comprehension) cannot be completed
(e.g., Baddeley, 2003; Cowan et al., 2005). Although the num-
ber of items that can be maintained in WM is limited to rough-
ly four, there are large individual differences in this capacity
(for reviews see Luck & Vogel, 2013; Mance & Vogel, 2013).
Not surprisingly, a correlation has been found between WM
capacity and different aptitudes of cognitive human behavior
(e.g., attentional capture, intelligence, etc.; Cowan et al., 2005;
Fukuda & Vogel, 2009; Unsworth, Fukuda, Awh, & Vogel,
2014). These studies serve as an important step in our under-
standing of the basic determinants of the examined aptitudes.

WM studies have documented that although human biolog-
ical movements (BM) stimuli share a memory buffer with
other dynamic stimuli, they are stored independently from
colors, shapes, and locations (e.g., Shen, Gao, Ding, Zhou,
& Huang, 2014; Smyth & Pendleton, 1990; Wood, 2007).
The ability to perceptually process BM is suggested as a hall-
mark of social cognition (Pavlova, 2012), and the BM-WM
buffer is suggested to play an important role in transferring
ongoing social information from perception to WM (e.g.,
Shen et al., 2014; Urgolites & Wood, 2013). Recently, Gao
et al. (2014) revealed that the human mirror neuron system
(hMNS) (e.g., Baird, Scheffer, & Wilson, 2011; Ulloa &
Pineda, 2007), indexed by EEG mu suppression (8-12 Hz),
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plays a pivotal role in rehearsing BM information (but not
non-biological information) in WM, strengthening the notion
that rehearsing BM in WM relies, at least in part, on an inde-
pendent mechanism. Just as WM for general visual objects
(e.g., colors) has been linked to general cognitive abilities
such as intelligence, we hypothesized that WM capacities that
are specific to BM would correlate with social functioning.

We focused on the correlation between WM of BM and
empathy, an essential aspect of normal social functioning,
which has been extensively studied in the last decades from
developmental, social, clinical, and neuroscience perspectives
(e.g., Baron-Cohen & Wheelwright, 2004; Batson et al., 1997,
Blakemore, 2008; Decety & Jackson, 2004; Knafo et al.,
2008; Shamay-Tsoory, 2011). Empathy, broadly defined, re-
fers to the cognitive as well as the emotional reactions of an
individual to the observed experiences of other individuals
(Shamay-Tsoory, 2011). It not only allows us to understand
what someone else might be thinking and, thus, predict their
behavior (i.e., cognitive empathy), but also enables us to tune
into their feelings, or experience affective reactions to the
observed experiences of others (i.e., emotional empathy)
(Shamay-Tsoory, 2011; Zaki, 2014). Previous studies have
revealed that cognitive empathy is related to cognitive flexi-
bility (e.g., Eslinger, 1998; Shamay-Tsoory, Tomer, Goldsher,
Berger, & Aharon-Peretz, 2004), a key function of central
executive of WM (c.f., Baddeley, 2012), implying that WM
plays a role in empathy (see also Decety & Jackson, 2004).
However, to the best of our knowledge, no study has directly
explored the relationship between empathy and WM.

Here we argue that a prerequisite for inducing empathy is to
understand what is taking place, requiring the individual to
extract the observed social dynamic scene into WM and form
a coherent representation from it (Henderson & Hollingworth,
2003). Considering that performance on human BM percep-
tion tasks is considered as a critical index reflecting social
cognition (see Pavlova, 2012, for a review), we further rea-
soned that the more BM information one can store, the
easier it is for him/her to extract social cues from the
environment and from that to understand others’ emo-
tions and intentions. Thus, we hypothesized that empa-
thetic abilities would correlate with WM for BM. Re-
vealing the link between empathic abilities and WM for
BM has important implications for our understanding of
both constructs, and may have clinical implications for
people with social cognitive deficits.

To this end, we measured WM capacity related to three
distinct types of information: BM of human beings
(Experiment 1), movements of rectangles (Experiment 2),
and static colors (Experiment 3). Following each experiment,
we measured the empathy level of the participants using two
empathy questionnaires. We predicted that only WM capacity
for BM would correlate with empathy, but other types of in-
formation (e.g., movements of rectangle, colors) would not.

Methods
Participants

Experiments 1, 2, and 3 had 66 (39 males; mean+SD age
20.23+2.78 years),! 40 (17 males; mean=SD age 21.22+
1.57 years ), and 40 (18 males; mean£SD age 21.57+
2.41 years) participants, respectively (Simmons, Nelson, &
Simonsohn, 2011). Nine, four, and three participants in Ex-
periments 1, 2, and 3, respectively, were excluded from further
analyses because their score on at least one questionnaire was
beyond two SDs of the tested group. All participants were
students at Zhejiang University, who provided signed in-
formed consent and had normal color vision and normal or
corrected-to-normal visual acuity. They received payment/
course credit for their participation. Each participant only took
part in one experiment. The study was approved by the Re-
search Ethics Board of Zhejiang University.

Stimuli and apparatus

The stimuli were created and presented on a grey (128, 128,
128 in RGB value) background on a 17-in CRT monitor.
Point-light displays (PLDs) were used as the BM stimuli
(Johansson, 1973). The PLDs depict human activity through a
simple set of light points (e.g., 12 points), which are placed at
distinct joints of a moving human body. Although highly
impoverished (e.g., texture and form cues are absent), once
in motion, these PLDs are rapidly recognized as coherent,
meaningful movements. The PLDs can minimize the avail-
ability of structural cues and isolate BM information from
other sources (e.g., color, contour, and texture; for a review
see Troje, 2013). The PLDs were selected from the Vanrie and
Verfaillie (2004) database: cycling, jumping, painting, spad-
ing, walking, waving, and chopping (see Fig. 1A). The move-
ments of the rectangles in Experiment 2 were created based on
a 12-dotted rectangle. The shape of a rectangle was chosen
because the PLDs used in Experiment 1 exhibited a global
appearance of a rectangle. Moreover, in line with the BM
stimuli in Experiment 1, the dotted rectangle in Experiment
2 had seven distinct movements (see Fig. 1B and
Supplementary video). Every animation in Experiments 1
and 2 consisted of 30 distinct frames, and each frame was
displayed twice in succession, leading to a 1-s animation (re-
fresh rate, 60 Hz). The displays subtended a visual angle of
approximately 1.64°x1.64° from a viewing distance of 60 cm.
Following previous studies measuring BM capacity (e.g.,
Shen et al., 2014), one to five distinct stimuli were randomly

! To examine the robustness of the key result, we first collected data from
40 participants, and after 6 months we collected data from 26 new par-
ticipants. We analyzed these two sets separately in the Appendix, and in
both obtained similar results.
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Fig. 1 Example frames for the biological movement (BM) stimuli (A)
and movements of rectangles (B) used in Experiments 1 and 2. A
movement of rectangle started from a static dotted-rectangle. When a
rectangle began to move, it did the movements illustrated in Fig. 1B
(from left to right in turn; the grey arrow was used to illustrate the
moving direction of a side and did not appear in the experiment). In
particular: (1) The left and right sides moved downward 60° relative to
their vertical positions and then returned. (2) The left side moved upward
45° relative to its vertical position and then returned, while the right half

presented during each trial. The spatial locations of the stimuli
were evenly distributed on the periphery of an invisible circle
with a radius of 4.88° from the screen center.

The color stimuli in Experiment 3 were selected from the
following nine colors: red (255, 0, 0, in RGB value), green (0,
255, 0), blue (0, 0, 255), yellow (255, 255, 0), aqua (0, 255,
255), pink (255, 0, 255), black (0, 0, 0), white (255, 255, 255),
and dark yellow (180, 180, 60). Since WM capacity for color
is slightly higher than that for BM (e.g., Shen et al., 2014;
Vogel, Woodman, & Luck, 2001), in order to avoid
underestimating the WM capacity of colors, each time three
to six distinct colors were randomly presented (cf. Rouder,
Morey, Morey, & Cowan, 2011) in Experiment 3.% The spatial
locations of the stimuli were randomly located within a radius
of 5° around the screen center.

Procedure

Participants were told that they would take part in a memory
task, and would have to indicate after each trial whether a
stimulus appeared in the previous memory set. For

2 Experiment 3 was different from Experiments 1 and 2 in two points in
terms of testing procedure: (1) we used different set sizes (3—6 colors for
color but 1-5 for motions); and (2) we did not add an articulatory sup-
pression task in Experiment 3 (see procedure for details). We believe that
neither issue contaminated the current findings. In particular, a key issue
in the current study was accurately estimating the WM capacity of the
tested stimuli. Since the tested stimuli have distinct processing properties
in WM (e.g., Shen et al., 2014; Vogel et al., 2001), we had to adjust the
tested parameters accordingly. Indeed, the two differences in testing pro-
cedure were made based on previous studies which had successfully
estimated the WM capacity of corresponding stimuli (e.g., Shen et al.,
2014; Vogel et al., 2001).
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side moved upward 45° relative to its vertical position and then returned.
(3) The left and right half sides moved downward 90° relative to their
vertical positions and then returned, while the top side rotated around the
middle dot once. (4) The top side moved upward 90° relative to its
horizontal position and then returned. (5) The top half rectangle rotated
90° clockwise relative to its vertical position, while the left bottom half
side moved upward 90°. (6) The top side rotated around the top dot in the
right side for 180°, while both the left and bottom sides moved downward
90°. (7) The right side moved downward 45°and then returned

Experiments 1 and 2, each trial began by presenting two white
digits in the center of the screen (see Fig. 1) for 500 ms (see
Fig. 2A). Participants were required to repeat the two digits
(e.g., “nine,” “two,” “nine,” “two”) aloud throughout a trial
to prevent them from verbally rehearsing the animations (cf.
Gao, Bentin, & Shen, 2014; Shen et al., 2014). Next, a red
fixation appeared for 300 ms to inform the participants of the
upcoming memory task. After a blank interval of 150-350 ms,
the memory array was presented on the screen for N s (ac-
cording to the number of to-be-memorized stimuli, e.g., 5 s for
5 stimuli), which was followed by a 1-s blank interval. A red
probe was then presented in the screen center for 1 s. At this
point participants could stop repeating the digits aloud and
were asked to judge whether the stimulus had appeared in
the memory array by pressing a button to relay the judgment
within a time window of 3 s. Participants were instructed to
press “F” on the keyboard if a BM did not appear in the
memory set, and “J” if it did appear. After the response, or if
no response was made within the time limit, a digit judgment
task was presented after a 100-ms delay. Participants had two
seconds to determine, by pressing the same buttons, whether
the red digit was one of the previously rehearsed digits. Re-
sponse accuracy was emphasized and analyzed.

For Experiment 3, we removed the articulatory suppression
task since previous studies showed that the verbal rehearsal
strategy did not contaminate the WM estimates of color (e.g.,
Vogel et al., 2001). Each trial began by presenting a dark blue
(not used in the memory set) fixation for 300 ms, to inform the
participants of the upcoming memory task (see Fig. 2B). After
a blank interval of 300—400 ms, the memory array was pre-
sented on the screen for 150 ms (cf. Fukuda & Vogel, 2009),
which was followed by a 900-ms blank interval. A probe was
then presented in the center of the screen, and the participants
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Fig. 2 A schematic representation of a single trial in Experiment 1 (A) and Experiment 3 (B)

judged whether the color had appeared in the memory array,
and pressed a button to relay the judgment within a time win-
dow of 3 s. Participants were instructed to press “F” on the
keyboard if a color did not appear in the memory set and “J” if
it did appear. Response accuracy was emphasized and
analyzed.

There were 30 trials under each memory load, resulting in
150 trials for Experiments 1-2 and 120 trials for Experiment
3. Before the formal experiment, the participants practiced at
least 16 trials to make sure they were highly familiar with the
buttons.

Following the experiments, the participants completed
two validated and widely used empathy questionnaires
translated into Chinese: the Questionnaire Measure of
Emotional Empathy (QMEE; Mehrabian & Epstein,
1972) and the Empathy Quotient (EQ; Baron-Cohen &
Wheelwright, 2004). The QMEE measures emotional
empathy, while the EQ measures empathy in general
with a subscale of 11 items that have been shown to
tap cognitive empathy skills specifically (Lawrence
et al.,, 2004). Analyzing this subscale in addition to
the general questionnaires’ scores enabled us to further
differentiate between emotional (QMEE) and cognitive
empathy, and to examine whether BM-WM capacity
was related to empathy in general, or to a specific
sub-component.

Analysis

To estimate WM capacity for each type of stimuli, we
employed Cowan’s formula (Cowan, 2001): K=S x (H—F),
where K is the WM capacity, S is the number of to-be-
memorized stimuli, A is the hit rate that refers to the successful
detection of a new stimulus, and £ is the false alarm rate that
refers to an incorrect new-stimulus response. We calculated K
for each set size of each participant. To have a more accurate
estimate, we considered the maximum K (K-max) among the

five load conditions as one’s WM capacity (e.g., Curby &
Gauthier, 2007; Gao et al., 2014; Shen et al., 2014). For Ex-
periments 1 and 2, only trials with correct digit responses were
analyzed. Finally, Pearson’s correlations between K-max and
the scores on the two empathy questionnaires were calculated.

Results

For the descriptive statistics and the skewness values of
K-max, QMEE score, EQ score, and cognitive empathy,
please see Table 1. One-sample Kolmogorov-Smirnov
test showed that all the measured variables conformed
to normal distributions (ps>.15; see also the Skewness
in Table 1). Additionally, a one-way ANOVA by taking
Experiment as a between-subjects variable showed that
there was no significant difference among the three ex-
periments on QMEE, F(2, 126)=.402, p=.67, EQ, F(2,
126)=.70, p=.50, or Cognitive Empathy scores F(2,
126)=1.50, p=.23.

Experiment 1: WM capacity of BM correlates
with empathy

Overall accuracy of the digit rehearsal task was 93 %.

Pearson’s correlation revealed a significantly positive cor-
relation between K-max and the EQ score (Fig. 3A), r=.337,
p=.010, cognitive empathy (Fig. 3B), »=.311, p=.018, and
the QMEE score (Fig. 3C), r=.277, p=.037.

Experiment 2: WM capacity of movements of rectangles
does not correlate with empathy

Overall accuracy of the digit rehearsal task was 97 %.

There was no significant correlation between K-max and
the EQ score (Fig. 3D), r=.122, p=.478, cognitive empathy
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Table 1 Mean accuracy (SE) and skewness value of each measured variable used in the current study

Experiment Statistics WM task (K-max) QMEE Score EQ Score Cognitive empathy

Experiment 1 Mean (SE) 3.00(0.12) 32.95(2.80) 31.86(1.11) 8.75(0.57)
Skewness 0.14 —0.18 0.26 0.10

Experiment 2 Mean (SE) 2.75(0.13) 37.37(2.96) 31.33(1.39) 7.30(0.72)
Skewness 0.64 —0.17 —0.02 0.29

Experiment 3 Mean (SE) 3.86(0.12) 32.92(3.07) 33.51(1.27) 8.97(0.77)
Skewness -0.26 —-0.12 —-0.13 0.15

SE standard error of the mean, WM working memory, OMEE Questionnaire Measure of Emotional Empathy, £Q emotional quotient

(Fig. 3E), r=.131, p=.477, or the QMEE score (Fig. 3F),

r=.049, p=.775.

Experiment 3: WM capacity of colors does not correlate

with empathy

There was no significant correlation between K-max and the
EQ score (Fig. 3G), r=—035, p=.837, cognitive empathy
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among the core topics of cognitive science, and the mech-
anisms underlying empathy are widely studied within the so-
cial sciences and neuroscience fields. Although both have
received extensive attention, no study has directly linked these
two phenomena. The current study is the first to provide evi-
dence of a link between WM capacity for social BM stimuli
and one’s empathy level.

In line with our prediction, we found a significantly posi-
tive correlation between WM capacity and empathy only for
BM stimuli. Although the stimuli in Experiments 1 (move-
ments of human beings) and 2 (movements of rectangles)
were both dynamic and shared one storage buffer (Shen
et al., 2014), a significant correlation was not observed in
Experiment 2. Furthermore, although previous studies found
that WM capacity for color significantly correlated with fluid
intelligence (e.g., Unsworth et al., 2014), we did not observe a
correlation between WM for color and empathy (Experiment
3). It is worth noting that we ran Experiment 1 twice with two
different groups of participants, and obtained similar
findings (see Appendix), suggesting that the results are
robust. Therefore, we suggest that WM capacity for BM
contributes to our ability to empathize as a buffer that
holds social information. Moreover, we found that BM-
WM capacity was significantly correlated with both

cognitive and emotional empathy, suggesting that WM
storage is important to both components of empathy.
This is reasonable since both in order to feel what the
other is feeling and in order to understand the other’s
intentions and goals, one would benefit from forming a
rich coherent representation of the dynamic social scene.

These results add to previous BM perception studies that
have linked BM to social abilities (for reviews see Pavlova,
2012; Troje, 2013), and to distinct neural correlates (e.g., Per-
ry et al., 2010a, b; Grezes et al., 2001; Peelen et al., 2006;
Saygin et al., 2004; Ulloa & Pineda, 2007). Moreover, indi-
viduals with autistic spectrum disorder (ASD), who have sig-
nificantly impaired social behavior, have been shown to
have deficits in perception of BM (Blake, Turner,
Smoski, Pozdol, & Stone, 2003; Klin, Lin, Gorrindo,
Ramsay, & Jones, 2009); and, most relevant to the cur-
rent study, Miller and Saygin (2013) demonstrated that
one’s sensitivity for using form cues in BM processing
was significantly correlated with the EQ in a healthy
population. The current study for the first time implies
that WM capacity of BM has a relationship with the
social abilities of human beings.

It should be noted that since we measured correla-
tions, we cannot rule out an alternative interpretation,
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Fig. 4 Results for the first 40 participants (A, B & C), and for the last 26 participants (D, E & F)
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which suggests that one’s empathy level elevates social
WM capacities, or in fact, that both mechanisms are
correlated because they stem from a common trait
(e.g., a broader trait of “emotional intelligence,”
Salovey & Mayer, 1989). Future studies are needed to
determine the causal role between these two constructs.

The current results may have important implications for the
future clinical diagnosis of social-functioning deficits. Re-
searchers and clinicians have long realized the importance of
examining WM functioning in patients (e.g., Parkinson dis-
ease, schizophrenia), and showed that both WM capacity and
the ability to filter irrelevant information from WM were im-
paired in these groups (e.g., Lee et al., 2010; Leonard et al.,
2012). However, these studies adopted common objects (e.g.,
color) and not BM as stimuli. While there is abundant litera-
ture on BM perception deficits in ASD (e.g., Blake et al.,
2003; Klin et al., 2009; Van Boxtel & Lu, 2013), no study
has examined WM mechanisms involved in BM information
in clinical populations. For example, it may be the case that
WM for BM is specifically impaired in patients with
known social deficits (e.g., autism, schizophrenia), but
is elevated in patients with social anxiety disorder who
in some cases have been shown to pay more attention
to social stimuli (e.g., Mogg & Bradley, 2002). Further-
more, some patients may show a dissociation between
their WM capacities for social versus non-social stimuli.
For instance, people with ASD may show a greater than
average capacity for memorizing colors or shapes, with
a lower WM capacity for BM (e.g., Richmond, Thorpe,
Berryhill, Klugman, & Olson, 2013). Lastly, the link
between WM capacities and social functioning may
open a venue for social interventions focused on WM,
which will in turn enhance social understanding.
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Appendix

WM capacity of BM correlates with empathy (first 40
participants)

Forty participants (16 females) took part in the experiment, 2
participants (1 male) were removed because QMEE score was
beyond 2 standard deviations.

Pearson’s correlation revealed a significantly positive
correlation between K-max and the EQ score (Fig. 4),
r=.398, p=.013, cognitive empathy (Fig. 4B), r=.355,
p=.029, and the QMEE score (Fig. 4C), r=.324,
p=.047.

@ Springer

WM capacity of BM correlates with empathy (26
participants after 6 months)

Twenty-six new participants (9 females) participated in this
part of experiment.

Three participants (2 males) were removed because the
empathy score was beyond 2 standard deviations, 1 male par-
ticipant was removed because of too low behavioral perfor-
mance of BM.

Pearson’s correlation also revealed a significantly positive
correlation between K-max and the QMEE score (Fig. 4F),
r=.427, p=.013, and cognitive empathy (Fig. 4E), r=.424,
p=.049. The correlation between K-max and EQ was not sig-
nificant, »=.318, p=.15, yet a similar trend as QMEE was
revealed (Fig. 4D).

The non-significant correlation between K-max and EQ
may be due to the variance in the participants since only 22
valid participants were analyzed.
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