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• The  impacts  of different  limbs  in  perception  of  affect  from  walk  cycles  were  investigated.
• Sum  of the  impacts  of individual  limbs  was  compared  to the  impacts  of  multiple  limbs.
• A  mathematical  model  was  proposed  for  the  impact  of  multiple  limbs  with  respect  to the  individual  impacts  of  single  limbs.
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a  b  s  t  r  a  c  t

In this  study,  the  notion  of  additivity  in perception  of affect  from  limb  motion  is investigated.  Specifically,
we  examine  whether  the  impact  of  multiple  limbs  in perception  of affect  is equal  to  the  sum  of  the  impacts
of each  individual  limb.  Several  neutral,  happy,  and  sad walking  sequences  are  first  aligned  and  averaged.
Four distinct  body  regions  or limbs  are  defined  for  this  study:  arms  and hands,  legs  and  feet,  head  and
neck,  and  torso.  The  three  average  walks  are  used  to  create  the  stimuli.  The  motion  of  each  limb  and
combination  of  limbs  from  the  neutral  sequence  are  replaced  with  those  of  the  happy  and  sad  sequences.
Through  collecting  perceptual  ratings  for  when  individual  limbs  contain  affective  features,  and  comparing
the  sums  of these  ratings  to instances  where  multiple  limbs  of  the  body  simultaneously  contain  affective
features,  additivity  is investigated.  We  find  that  while  the  results  are highly  correlated,  additivity  does
not hold  in  the  classical  sense.  Based  on the  results,  a mathematical  model  is proposed  for  describing  the
observed relationship.

© 2013 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Since the introduction of point light (PL) display by Johansson
[12], much light has been shed on perception of actions and associ-
ated styles such as gender and affect from biological motion. Human
subjects are capable of perceiving a variety of different styles and
variations from biological motion. From perception of identity [5],
gender [15], and emotions [6], to effects of the body figure [11] and
point of view [22] have been widely explored. For detailed and com-
prehensive reviews on perception of motion, we  point the reader
to [4] and [26].

It is reported that mere kinematics of motion does not deter-
mine the perception of information from biological motion [19].
Instead, internal models are known to exist with which the viewer
identifies human motion. These models might in fact be what
Troje and Westhoff [27] refer to as evolved “life detector” pro-
cesses that aim at detection of animals. In fact, studies have shown
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that infants respond to biological motion more than non-biological
[3,9,23]. These findings confirm the existence of internal models
for recognizing and interpreting biological motion. Moreover, other
properties such as ceiling and floor effects [24], as well as familiarity
with particular motion cues can influence perception of motion.

In addition to full body motion, local limb motion is known
to convey information regarding affect. For example, Pollick et al.
[18] demonstrated the perception of different emotions from arm
movement. In [8], it was  shown that different body parts convey
sufficient perceivable features for recognition of walker attributes.
In this paper, we  pose and investigate the following question: Are
the impacts of two limbs in perception of affect from motion equal
to the sum of the impacts of the two limbs? In other words, are the
influences of local limb motions linearly additive when perceiv-
ing affect, or are there additional factors involved (see the model
presented in Fig. 1)?

2. Material and methods

2.1. Procedure

We  investigated the posed question for happy and sad cate-
gories of emotion, which are at the two ends of the pleasantness
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Fig. 1. The question posed and addressed in this paper: are the influences of limbs in perception of affect linearly additive?

vector of Russel’s model of affect [21]. To study the amount of con-
veyed affect from specific limbs, we defined four general limbs for
the human body: arms and hands, legs and feet, head and neck,
and torso. Then, to avoid the impact of individual walker varia-
tions, we averaged multiple walk sequences. This process yielded a
single neutral walk, a single happy walk, and a single sad walk. Con-
secutively, each defined limb of the neutral walk was  substituted
with the corresponding limb of the happy walk, which resulted in
4 single-limb partially happy walks. Subjective ratings regarding
the amount of affect were collected. The limb substitution pro-
cess was repeated, this time for combinations of limbs (two-limb
and three-limb permutations). Subjective ratings were again cal-
culated. By calculating the sum of collected ratings for single-limb
substitutions and comparing them with multi-limb substitution
ratings, additivity is investigated. The same process was  repeated
for the sad walk. In the following sub-sections, details regarding
the stimuli, participants, and setup are provided.

2.2. Stimuli

In order to allow reproducibility and further investigations
of the findings, we used the HDM05 (http://www.mpi-inf.mpg.de/
resources/HDM05/), a publicly available dataset [16]. This dataset
contains motion data recorded using a marker-based motion cap-
ture system, where 40–50 light-reflective markers located on the
body suit were tracked using 6–12 cameras. The cameras have
very high temporal (up to 240 Hz) and spatial (<1 mm)  resolu-
tions. Five actors have performed the actions. To the best of our
knowledge, details regarding their age and gender are not disclosed.
Each actor performs several neutral, happy, and sad walk cycles,
each containing four or more steps, among other actions such as
sideway walks, left/right turns, etc. A detailed documentation is
available [16].

The model used for the HDM05 data is composed of 96 degrees
of freedom (DOFs). Some of the DOFs belong to minor joints such
as fingers and toes, which are not used in PL stimuli and most
such experiments. We  therefore modified the model and removed
these extra joints, reducing it to 54 DOFs. Moreover, by subtrac-
ting the global displacement vector from the sequence, an in-place
treadmill-like sequence was achieved, similar to the sequences cre-
ated and utilized by Troje [25]. After manually segmenting the
sequences, 16 two-step walks in each affective category (neutral,
happy, and sad) were achieved. The length of these walk cycles were
sufficient for correct PL rating [1]. We then aligned the 16 cycles in
each category using correlation optimized time warping (CoTW)
[7,28]. This time warping method has shown characteristics such
as peak preservation and low distortion, making it superior to alter-
native methods commonly used for motion data. By averaging the
16 cycles in each affective category, we calculated average neutral,
happy, and sad walks. Fig. 2 illustrates a pose from each averaged
sequence. Accompanying video clips 1–3 show the calculated walk
cycles. The cycles were validated by the participants (described in
Section 3), and as seen in the video clips, the quality of the cycles are
very high and in par with the video of the average walker created
in [25].

As mentioned in Section 2.1, single and combinations of
limbs from the neutral average walk were substituted with

Fig. 2. A posture from each average walker, from left to right: neutral, happy, sad.

corresponding limbs from the affective average walks. These sin-
gle and multiple limbs are presented in Table 1. Hence, a total of
16 sequences in each affective class (happy and sad) were created
(14 presented in the table along with the initial neutral and fully
affective sequence).

The obstacle that we stumbled upon when attempting to substi-
tute limbs from one cycle with those of another, was the different
temporal lengths of the sequences. To overcome this, the affec-
tive walks were speed-matched with the neutral walk using simple
stretching/compressing of the sequences. This was  carried out via
standard interpolation techniques. While altering the speeds of
affective sequences can have an impact on perception of affect,
we argue that it does not influence the findings of this study.
Generally, it has been demonstrated that human subjects success-
fully perceive emotions from affective sequences that have been
speed-matched with neutral ones [20]. Moreover, as we describe in
Section 3, the ratings are normalized such that the speed-matched
fully affective sequences are associated with the maximum amount
of emotion. This is similar to having an affective sequence with a
lower amount of emotion embedded within it to begin with. More-
over, the speed-matching process was  carried out for the affective
sequences as a whole, meaning the motion of all limbs are altered
alike.

2.3. Participants

25 individuals participated in this study. They were aged
between 14 and 56 with a mean of 27.8 and standard deviation
of 10, and were selected from both male and female groups. 10
were females and 15 were males. They were inexperienced towards
human motion studies. No compensation was  provided to the par-
ticipants. Ethics approval was  secured.

2.4. Setup and tools

Like many other motion perception studies [8,13], a stick-figure
plus point-light model was  used to illustrate the sequences for the
participants. 6 points represented the arms and hands (3 for left and
3 for right), 6 points represented the legs and feet (3 for left and 3
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