
1 3

Exp Brain Res (2015) 233:2913–2924
DOI 10.1007/s00221-015-4361-2

RESEARCH ARTICLE

When locomotion is used to interact with the environment: 
investigation of the link between emotions and the twofold 
goal‑directed locomotion in humans

S. Vernazza‑Martin1  · S. Longuet2 · T. Damry1 · J. M. Chamot1 · V. Dru1 

Received: 26 January 2015 / Accepted: 13 June 2015 / Published online: 1 July 2015 
© Springer-Verlag Berlin Heidelberg 2015

analyzed using a force platform and the Vicon system. The 
main results suggest that the emotional valence of the inter-
mediate goal has the greatest effect on the processes that 
organize and modulate goal-directed locomotion. A posi-
tive valence facilitates cognitive processes involved in the 
temporal organization of locomotion. A negative valence 
disturbs the cognitive processes involved in the spatial 
organization of the locomotion and online motor control, 
leading to a deviating trajectory and a final body position 
that is more distant from the stop button. These results are 
discussed in line with the motivational direction hypothesis 
and with the affective meaning of the intended response 
goal.

Keywords Emotions · Cognitive processes · Online 
motor control · Intermediate versus final goal-directed 
locomotion

Introduction

During daily activities, most motor actions are aimed at 
interacting with the environment and usually results in a 
reward value (Haggard 2005). In this context, a voluntary 
movement, compared with reflexes or automatisms, repre-
sents the highest level of interaction with the environment 
and is linked to the highest reward level. A voluntary move-
ment can be defined as a movement that addresses the moti-
vation to achieve a goal-oriented task in a specific context 
(Massion 1997). Motivation is responsible for the initiation, 
maintenance, and cessation of an intended behavior. It is 
also responsible for the appetitive or aversive valence con-
ferred on the goal of the action and/or elements of the envi-
ronment on which this behavior is exerted (Coquery 1991). 
In this way, an emotion prioritizes certain goals, mobilizes 

Abstract Walking as a means to interact with the envi-
ronment has a twofold goal: body displacement (interme-
diate goal) and the future action on the environment (final 
representational goal). This involves different processes 
that plan, program, and control goal-directed locomotion 
linked to motivation as an “emotional state,” which leads 
to achieving this twofold goal. The aim of the present 
study was to determine whether emotional valence asso-
ciated with the final representational goal influences these 
processes or whether they depend more on the emotional 
valence associated with the intermediate goal in young 
adults. Twenty subjects, aged 18–35 years, were instructed 
to erase an emotional picture that appeared on a wall as 
soon as they saw it. They had to press a stop button located 
5 m in front of them with their right hand. Their gait was 
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energy, and directs behavior. Therefore, emotions can be 
considered as the primary motivational system for goal-
directed behavior (Bagozzi et al. 2000; Frijda 1986, 2006; 
Pfister and Böhm 2008; Zeelenberg et al. 2008; Zeelenberg 
and Pieters 2006, 2007).

The influence of emotions on motor actions is increas-
ingly explored in the study of human behavior. The recent 
work of Ambron and Foroni (2014) tested whether task-
irrelevant faces with or without emotional expressions 
would influence the trajectories of simple reaching move-
ments. The results showed that emotions (in particular hap-
piness) capture attention and interfere with ongoing goal-
directed actions. In this way, locomotion is particularly 
interesting because locomotion is not a simple mode of 
travel. Locomotion is a goal-directed motor behavior that 
involves organizing the whole body to orient its trajectory 
in order to interact with the environment, either to reach 
a precise point in space or to avoid it. Some studies have 
analyzed the effect of emotional pictures on the processes 
that organize gait initiation and locomotion. However, the 
effect of the emotional valence associated with the final 
goal of this action on these processes and its influence on 
the whole body trajectory remains poorly studied. The aim 
of the present paper was to investigate this effect on the 
processes that organize goal-directed locomotion in young 
adults, taking into account the whole body trajectory.

Locomotion: an automatic link between the perception 
of valence and approach–avoidance behavior

Emotions are driven by two motivational systems (appeti-
tive and aversive), which prototypically express the primi-
tive behavioral tendencies of approach and avoidance, 
respectively (Elliot and Thrash 2002; Lane et al. 1997; 
Lang et al. 1997). However, theoretical developments 
regarding emotional processes suggest a clear distinction 
between the concepts of approach–avoidance and emo-
tional valence (i.e., appetitive/pleasant or aversive/unpleas-
ant). For example, recent studies reviewed by Carver and 
Harmon-Jones (2009) suggested that anger can be classi-
fied as a negative emotional state and also as an approach 
state. Nevertheless, other studies suggest that when emo-
tion is examined with a dimensional affective scale—with-
out considering discrete emotions such as anger—approach 
and avoidance are strongly linked to valence (Elliot and 
Thrash 2010; Gable et al. 2003). Another method for exam-
ining the links between motivational direction and valence 
is studying motor behaviors, which is particularly relevant 
to the research presented here. Even if some studies distin-
guished behavioral tendencies of approach–avoidance and 
valence of externally or self-generated and evoked emo-
tional stimuli (Fawver et al. 2015, 2014), others have shown 
that when affective cues without emotional content are 

used, there are strong connections between them (Cacioppo 
et al. 1993; Centerbar and Clore 2006; Dru and Cretenet 
2011; Eder and Rothermund 2008; Krieglmeyer et al. 2010; 
Neumann et al. 2014; Zhang et al. 2012). Therefore, one 
way to examine the possible links between emotion and 
movement would be to consider valence in a strict dimen-
sional view, avoiding any discrete emotional content asso-
ciated with this dimension.

Based on this, several studies have analyzed the effect 
of emotions on gait initiation and locomotion in healthy 
adults. Research on the initiation of a gait or walk toward 
pleasant or unpleasant pictures has revealed that unpleasant 
images cause an initial “freezing” response and a tendency 
to move away from the stimuli (Ly et al. 2014; Stins and 
Beek 2011). Unpleasant images cause an increased reaction 
time (i.e., a delay between when the picture is first seen and 
the initiation of dynamic phenomena on the anteroposte-
rior axis) and a decreased amplitude of the early postural 
component associated with gait initiation, without modify-
ing the length of the first step (Gelat et al. 2011). Naugle 
et al. (2010, 2011) revealed that locomotion is facilitated 
when walking toward approach-oriented emotional stimuli 
and compromised when walking toward aversive emotional 
stimuli; however, highly arousing unpleasant emotional 
states accelerated the initial motor response.

This automatic link between perception of valence and 
approach–avoidance behavior can also be observed when 
locomotion is performed by a manikin that is “piloted” 
by the subjects (Krieglmeyer et al. 2010, 2011). In this 
study, the authors tested whether stimulus valence facili-
tates behavior that ultimately causes a compatible change 
in distance, even when this behavior first causes an incom-
patible change in distance. The participants were asked to 
move a manikin on a computer screen toward or away from 
a positive or negative word. In half of the trials, moving 
the manikin in one direction ultimately required an initial 
movement in the opposite direction. The results showed 
that stimulus valence facilitated only ultimate-compatible 
distance change in terms of reaction time, regardless of the 
initial direction.

Although most of these studies took into account the 
congruent versus incongruent aspect of each task,1 the 
emotional valence of the goal of the locomotion remains 
unclear. Indeed, initiation of a gait or walk toward a picture 
only reflects the order to walk toward it, with no indication 
of the emotional load. It is fundamentally different from 
goal-directed locomotion, which depends on the motivation 
at the origin of the movement. Indeed, Stins et al. (2011) 

1 Congruent: approach/avoidance behaviors associated with pleas-
ant/unpleasant stimuli, respectively; incongruent: approach/avoidance 
behaviors associated with unpleasant/pleasant stimuli, respectively.
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reported that participants needed more time to initiate a for-
ward step toward an angry face than toward a smiling face, 
because approaching a friendly face could have invited 
physical contact and facilitated socially guided behavior, 
while approaching an angry face could potentially expose 
the subject to physical or verbal abuse. This motivation is 
derived from the positive or negative emotional valence 
associated with the goal of the action; the approach–avoid-
ance motivation governs the construction of the goal behav-
ior (Elliot 2006). Numerous studies have shown that the 
impact of affective stimuli on responses is influenced by 
the agent’s current intentions and action goals (Bamford 
and Ward 2008; Eder and Rothermund 2008; van Dantzig 
et al. 2008).

Intentions, action goals, and emotions

According to the theory of event coding and the intentional-
feature-weighting hypothesis proposed by Hommel et al. 
(Haazebroek et al. 2013; Hommel et al. 2001; Memelink 
and Hommel 2013), perception, action, and cognition are 
tightly intertwined and share common representations and 
processes. Although the mental representation of an action 
contains both instructed and non-instructed features, the 
action is primarily accessed by codes that represent the 
instructed response goal. Response features that are crucial 
for accomplishing the task goal (i.e., intention- or goal-
related feature dimensions) are weighted more strongly for 
action coding than features that are less central for solving 
the task at hand. Moreover, Eder and colleagues found that 
mental representations of approach and avoidance go along 
with evaluative coding of these behaviors that match or 
mismatch the valence of the stimuli. Therefore, the affec-
tive coding of a response is sensitive to the motivational 
implications of the produced effect. For example, coupling 
a keypress with positive or negative consequences produces 
affective compatibility effects when the keypress has to be 
executed in response to positive or negative stimulus cat-
egories. When participants are instructed to turn affective 
words ON (i.e., increase the visual contrast between the 
word and the background color of the computer screen) 
and OFF (i.e., decrease the contrast) with left and right 
response keys, respectively, the positive words were evalu-
ated faster with a keypress that turned the words ON (vs. 
OFF), whereas negative words were evaluated faster with 
a keypress that turned the words OFF (vs. ON) (Eder and 
Klauer 2009; Eder and Rothermund 2008; Eder et al. 
2013).

Together, these data suggest that specific motor codes 
are necessary to perform the instructed response and are 
primarily accessed through the mental representation of the 
instructed response, which is a goal linked to the emotions 
that it elicits.

Although these two points of view complement one 
another and clearly explain discrete movement (to move a 
lever, to press a key, etc.), more complexity is introduced 
when considering the body displacement in space when 
there is a specific need to interact with the environment. In 
daily activities, the agent’s intention and/or the goal of the 
locomotion rarely corresponds to the body motion itself. 
Locomotion is a means of transport used to interact with 
the environment. The goal of oriented locomotion is two-
fold: first, the displacement of the body toward a precise 
point in space, and second, the aim of the future action on 
the environment. Achieving the aim of the future action 
can be considered as a final goal which is representational 
one. Displacing the body to achieve this final representa-
tional goal can be considered an intermediate goal. These 
two goals must be organized and might also be linked with 
emotions.

Intermediate and final goals of locomotion 
during conflicting motivations

What happens when the emotional valences of the inter-
mediate and final goals are opposed? For example, we are 
sometimes required to walk toward aversive objects, ani-
mals, or situations (an unpleasant task) to remove them 
from our presence (a pleasant outcome). Similarly, we 
can walk toward an appetitive stimulus (a pleasant task) to 
remove it (an unpleasant outcome), for example: walking 
toward the television to turn it off, even if the broadcast was 
very interesting. In these two cases, the emotional valence 
conferred on the intermediate and final goals creates both 
a congruent and incongruent aspect of the locomotion 
that could evoke conflicting motivations. This could cause 
inconsistencies between the intermediate and final goals 
regarding the processes involved in locomotion organiza-
tion and modulation. Thus, the aim of the present study 
was to determine whether the emotional valence associated 
with the final representational goal influences the processes 
that organize and modulate body displacement, or whether 
this organization depends more on the emotional valence 
associated with the intermediate goal. The task comprised 
walking toward a stop button (intermediate goal) to erase 
emotional pictures (final goal). Conflicting motivations 
between the intermediate and final goals (opposed emo-
tional valence of each goal) were used to clearly dissociate 
the repercussions of the emotional valence associated with 
each of these goals on the processes organizing and modu-
lating locomotion.

Two hypotheses were tested in agreement with the 
affective meaning of the intended response goal (Eder 
and Klauer 2009; Eder and Rothermund 2008; Eder et al. 
2013) and the motivational direction hypothesis (Cacioppo 
et al. 1993; Chen and Bargh 1999; Duckworth et al. 2002; 
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Gelat et al. 2011). The first hypothesis explained that the 
emotional valence associated with the final representa-
tional goal has the greatest effect on the processes that 
organize the locomotion. In this case, a pleasant final goal 
(instructed) that creates a congruent situation (task: erase 
unpleasant pictures) would facilitate an approach behavior. 
Conversely, an unpleasant final goal that creates an incon-
gruent situation (task: erase pleasant pictures) would dis-
turb it. Alternatively, the emotional valence of the interme-
diate goal (uninstructed) could have the greatest effect on 
these processes. In this case, a pleasant intermediate goal 
that creates a congruent situation (task: walking toward a 
pleasant picture) would facilitate an approach behavior, 
while an unpleasant one creating an incongruent situation 
(task: walking toward an unpleasant picture) would disturb 
it.

Materials and methods

This research took place entirely in Laboratory 2931, 
“Research Centre on Sports and Movements” at the Uni-
versity Paris Ouest Nanterre La Défense. It was covered by 
BIOMEDIC® insurance and approved by the local ethics 
committee (Comité de Protection des Personnes, Paris VI).

Participants

Twenty young adults voluntarily participated in this study: 
10 males and 10 females, aged 18–35 years (male average 
age: 27 years ± 4; female average age: 24 years ± 2). All 
of the participants provided signed, informed consent and 
were right-handed. They presented normal or corrected 
vision and did not have balance, neurological, or emotional 
disorders.

Materials and procedure

Locomotion analyses were performed using a force plate 
AMTI® (120 × 60 cm) and an automatic motion ana-
lyzer (VICON® system), which employed seven cameras 
and a sampling frequency of 200 Hz. All signals from the 
force platform were recorded at 1000 Hz and were filtered 
through a 10-Hz low-pass, fourth-order, zero-lag Butter-
worth filter. The coordinates for the center of foot pres-
sure (CP) in the anteroposterior (xCP) directions were 
calculated from the ground reaction forces and moments. 
The participants, barefoot and in their underwear, were fit 
with 23 spherical retroreflective markers (14 mm in diam-
eter) taped in pairs on their back as follows: head (mark-
ers 1, 2, and 3), vertebrae C7, D7, D12, and L5 (markers 
4, 5, 6, and 7, respectively), acromion (markers 8 and 9), 
elbows (markers 10 and 11), iliac spine (markers 12 and 

13), trochanters (markers 14 and 15), tibial plates (mark-
ers 16 and 17), heels (markers 18 and 19), external malleoli 
(markers 20 and 21), and fifth metatarsal joints (markers 22 
and 23). One additional marker was placed at the top of the 
button (Fig. 1a).

Various pictures were used to induce emotional states 
during the experimental trials. The stimuli included 45 dig-
itized photographs (15 each of pleasant, unpleasant, and 
neutral images) selected from the International Affective 
Picture System (IAPS). Pictures were chosen according 
to the gender of the participants with respect to the scores 
of the computerized 9-point version of the Self-Assess-
ment Manikin (SAM) scale that were provided by Lang 
et al. (2005). In order to minimize a potential effect of 
the arousal on posture and movement (Bonnet et al. 1995; 
Horslen and Carpenter 2011), pictures were composed of 
(a) high arousing pleasant, (b) high arousing unpleasant, 
and (c) neutral images (see Appendix). Univariate analyses 
were used to test whether the arousal and valence ratings 

Fig. 1  a Body reconstruction from the marker locations on the body. 
b The experimental setup. The rectangle represents the force plate, 
whence participants began their walk toward the stop button (black 
point) to stop the emotional picture viewing. The dotted X, Y axes in 
bold type on the force plate and the arrow represent the orientation of 
the force plate coordinate system with respect to the path of progres-
sion
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differed between the subsets of pleasant, neutral, and 
unpleasant images and therefore to confirm the validity 
of the image choices. This analysis showed a global effect 
of the subsets of pleasant, neutral, and unpleasant images 
on the valence and arousal ratings [F(2,87) = 2059.7, 
p < 0.001; ηp

2 = 0.98, and F(2,87) = 62.9; ηp
2 = 0.59, 

respectively]. Post-tests indicated that valence ratings dif-
fered between the three categories (p < 0.001) and that 
the arousal ratings of the neutral images only differed 
from both pleasant and unpleasant images (p < 0.001). 
Pictures (150 × 150 cm) were projected on a wall at ran-
dom to avoid any learning phenomenon. Picture onset was 
marked by a 2.16-V signal (a timing pulse that is gener-
ated by a pressure sensor placed on the keyboard of the 

experimenter to trigger the appearance of the picture and 
to synchronize this time with kinetic and kinematic data; 
see Fig. 2). To the right of the picture, a stop button was 
located in front of the subject, placed at shoulder height. 
The subjects stood on the force plate, which was located 
5 m from the wall where the pictures were projected, 15 
degrees to their left. As soon as the picture appeared on 
the wall, the subjects had to walk toward the stop button 
(intermediate goal) to erase the picture with their right 
hand (final goal): “You will erase the picture by pressing 
the button as soon as it appears.” Three situations were 
tested: (1) The picture was pleasant: The intermediate 
goal (walking toward the picture) was pleasant and the 
final goal (erase it) was unpleasant; (2) the picture was 

Fig. 2  a Trace of one anter-
oposterior displacement of the 
center of foot pressure (CP). 
This one was calculated from 
ground reaction forces and 
moments. This signal was 
filtered with a 10-Hz low-pass, 
fourth-order, zero-lag Butter-
worth filter. b The anteroposte-
rior velocity of CP. The reaction 
time (RT) was measured 
between the onset of the picture 
display and the onset of the 
CP shift (t0). APA duration 
was measured between t0 and 
the onset of the heel-off on the 
vertical axis. APA amplitude 
corresponded to the maximal 
amplitude of the first backward 
CP shift on the anteroposterior 
axis (xCP: adjusted × displace-
ment, in the direction of the 
walking path toward the stop 
button), one trial, one subject, 
during exposure to a pleasant 
image
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unpleasant: The intermediate goal was unpleasant and the 
final goal was pleasant; and (3) the picture was neutral.

After each trial, the participant had to go back on the 
force plate, where their footprints had been drawn before-
hand with chalk. No instruction was given concerning the 
speed or the “foot initiation”; subjects initiated locomotion 
with either their left or right leg, at their discretion.

To achieve a straight line trajectory, the foot position of 
the subject was directed toward the stop button; therefore, a 
change in the coordinate system was used for all the force 
plate calculations (Fig. 1b). Fifteen trials per picture cate-
gory (pleasant/unpleasant/neutral) were performed (a total 
of 45 trials). The 45 trials were randomized inside a set to 
limit any learning and anticipation phenomena.

Coding and preliminary analysis

The processes involved in movement organization were 
investigated using the following parameters.

Simple reaction time (RT)

RT was calculated as the latency from the beginning of 
picture viewing to the onset of the dynamic phenomena 
on the anteroposterior axis (start of the CP shift defined 
as the time at which 5 % of the first peak of anteroposte-
rior velocity of CP during its backward shift was reached) 
(Fig. 2). This time is an indicator of the cognitive processes 
involved in the movement organization.

Mean deviation of the subject’s trajectory

This parameter was quantified using the mean devia-
tion between the real subject trajectory (L5: sacrum 
segment trajectory) and the straight path (see Fig. 1b). 
It was calculated using the root-mean-square error 

(RMSE =

√

∑

d2

N
, where d is the Euclidean distance 

between the real trajectory and the straight path, and 
N is the number of points in the trajectory; Ferrel et al. 
2001). The results are presented in centimeters and as 
absolute values. In agreement with Ambron and Foroni 
(2014), this parameter is an indirect measure of approach 
and avoidance tendencies. It is also an indirect indicator 
of the cognitive processes planning locomotion trajec-
tory using abstract representations of the movement tra-
jectory, combined with the online motor control, which 
monitors and adjusts it online.

Final position of the subject

This corresponded to the distance between the last posi-
tion of the subject at the end of the locomotion and the 
stop button on the anteroposterior and lateral axes. The 

L5 segment position was used to calculate this param-
eter because the L5 marker (sacrum) better represented 
the whole body position and was furthest from the but-
ton (button marker). This parameter indicated whether a 
potential deflected trajectory was corrected to adjust the 
final body position relative to the button, how far from 
the button the approach behavior was stopped, and lastly 
whether this position allowed the final goal achievement. 
It is indirectly linked to the cognitive processes involved 
in the goal determination, decision making, and trajec-
tory planning that leads to the action combined with the 
result of online motor control.

According to our first hypothesis, it was our expec-
tation that if the emotional valence of the final goal has 
the greatest effect on these processes, erasing unpleasant 
pictures would facilitate an approach behavior because 
“erase” and “unpleasant picture” are congruent, while 
erasing pleasant pictures would disturb approach behav-
ior (Eder et al. 2013). In these cases, the RT would be 
shorter when erasing unpleasant pictures (congruent) 
than when erasing pleasant ones (incongruent), and the 
locomotion trajectory as the final body position would 
be more deflected when erasing pleasant pictures com-
pared with erasing unpleasant ones. By contrast, if the 
emotional valence of the intermediate goal had the great-
est effect, then we would expect to observe a shorter RT 
when subjects walked toward pleasant pictures (congru-
ent) compared with walking toward unpleasant pictures 
(incongruent), while the locomotion trajectory and the 
final body position would deviate further when subjects 
walked toward unpleasant pictures compared with pleas-
ant pictures.

Anticipatory postural adjustments (APAs)

The amplitude and duration of the APAs were calcu-
lated. The role of APAs is to destabilize the erect pos-
ture prior to the stepping movement by displacing the 
center of foot pressure (CP) backward and onto the 
stepping foot (Brenière et al. 1981). The APA ampli-
tude was determined using the maximal amplitude of 
the CP displacement on the anteroposterior axis (xCP: 
adjusted × displacement, in the direction of the walk-
ing path toward the stop button). The APA duration cor-
responded with the period between the beginning of the 
CP shift and the beginning of the kinematic movement, 
which was marked by the heel-off on the vertical axis 
(Fig. 2). These parameters quantify the first dynamic 
phenomenon linked to the onset of the motor program 
execution corresponding to gait initiation. Their adap-
tation to various constraints reflects the involvement of 
cognitive processes in their organization (Gelat et al. 
2011; Yiou et al. 2012).
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First stride and launched locomotion parameters

The duration, amplitude, and average velocity of the first 
stride and third stride (launched locomotion) were cal-
culated. Two consecutive heel-offs of the same foot were 
taken as a reference for the calculation. For the stride 
amplitude, a potential movement of the foot according to 
the lateral axis was taken into account: In time, the posi-
tions of the heel marker on the X and Y axes were calcu-

lated (d =

√

(

dx2 + dy2
)

, where dx is the amplitude on the 

x-axis and dy is the amplitude on the y-axis. These parame-
ters were normalized according to the height of the subject. 
They characterized the automatic aspect of the locomotion 
and benefit from the online motor control.

We expected that if the emotional valence of the final 
goal had the greatest effect on the processes involved in 
movement organization and modulation, then erasing 
pleasant pictures would create an incongruent situation that 
would disturb the APAs, first stride, and launched locomo-
tion parameters compared with erasing unpleasant pictures 
(congruent). By contrast, if the emotional valence of the 
intermediate goal had the greatest effect, then these param-
eters would be disturbed when subjects walked toward 
unpleasant pictures (incongruent) compared with walking 
toward pleasant pictures (congruent).

Statistical analysis

The Statistica® program was used to make a one-way analysis 
of variance (ANOVA) with repeated measures on paired sam-
ples. According to Cohen (1988), the effect size was specified 
by the partial eta squared (ηp

2), and a value >0.14 was consid-
ered a large effect. There was one intra-group factor: the emo-
tional valence of the picture, which we termed VALENCE 
(positive/neutral/negative). When a parameter was significant, 
the post-test Bonferroni correction was used. For all statisti-
cal treatments, the significance level was set at p < 0.05. The 
results are expressed in terms of averages and standard devia-
tions. In figures: *p < 0.05; **p < 0.01; ***p < 0.001.

Results

RT

RT data from one participant were not included because of 
a technical problem with the force platform on the day of 
the recording. The ANOVA of the RT data showed a global 
VALENCE effect [F(2,36) = 11.57; p < 0.001; ηp

2 = 0.39]. 
The post-test indicated that these effects resulted from a 
decrease in the RT during projection of the pleasant pic-
tures compared with the neutral (p < 0.01) and unpleasant 
pictures (p < 0.001; Fig. 3a).

Mean deviation of the subjects’ trajectories

The ANOVA of the mean deviation between the subjects’ 
theoretical trajectories and their real trajectory highlighted 
a global VALENCE effect [F(2,38) = 3.92; p < 0.05; 
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ηp
2 = 0.17]. The Bonferroni post-test indicated that the sub-

jects made significantly more deflected trajectories during 
projection of the negative pictures compared with projec-
tion of the positive ones (p < 0.05; Fig. 3b).

Final position of the subject

This parameter was calculated for only 16 subjects 
because there was an issue with body rotations for four 
subjects at the end of the locomotion, thereby hiding 
the L5 markers from the cameras. This result was taken 
into consideration when calculating the eta squared. The 
ANOVA only showed a VALENCE effect [F(2,28) = 5.85; 
p < 0.01; ηp

2 = 0.3] in the lateral axis; all subjects stopped 
to the right of the button (and thus from the picture) when 
the emotional picture was negative compared with positive 
(p < 0.01; Fig. 3c).

By contrast, no effect was found on this parameter in the 
anteroposterior axis; both groups stopped in a similar way 
regardless of the emotional valence of the pictures.

APA duration and amplitude

The APA data from one participant were not included 
because of a technical problem with the force platform 
on the day of the recording. The ANOVA showed a 
VALENCE effect [F(2,36) = 8.4, p < 0.001; ηp

2 = 0.32] 
on the duration of the APA. The post-test indicated that 
a pleasant emotional picture led to an increase in this 
parameter compared with neutral (p < 0.05) and unpleas-
ant pictures (p < 0.001; Table 1). However, there was no 
effect found for the APA amplitude on the anteroposterior 
axis.

First stride and launched locomotion parameters

The ANOVA of the first stride and launched locomotion 
parameters showed no VALENCE effects; these parameters 
remained the same regardless of the emotional valence of 
the pictures (Table 1).

Discussion

This study examined the effect of positive and negative 
emotional valences associated with intermediate versus 
final representational goals of locomotion and their conse-
quences on the processes involved in locomotion organiza-
tion and modulation. Two hypotheses were tested. The first 
was that the emotional valence of the final goal (instructed 
response) has the greatest effect on the processes that 
organize locomotion. In this case, the locomotion organi-
zation would be primarily accessed through the mental 
representation of the instructed response, which is a goal 
linked to the emotions that it elicits (Eder and Klauer 2009; 
Eder and Rothermund 2008; Eder et al. 2013; Haazebroek 
et al. 2013; Hommel et al. 2001; Memelink and Hommel 
2013). Therefore, erasing unpleasant pictures would facili-
tate locomotion organization, while erasing pleasant pic-
tures would disturb it. The second hypothesis was that the 
emotional valence of the intermediate goal has the great-
est effect on the processes that organize locomotion. In 
this case, an automatic link between perception of stimuli 
valence and approach–avoidance behavior would facili-
tate locomotion organization during exposure to pleasant 
pictures and disturb it during exposure to unpleasant ones 
(Cacioppo et al. 1993; Chen and Bargh 1999; Duckworth 
et al. 2002; Gelat et al. 2011).

Before discussing the results, it is important to note 
that regardless of the emotional valence of the two goals, 
all subjects performed locomotion and erased the pictures. 
This demonstrates that both locomotion and the future 
action to erase the pictures (press the stop button) were 
planned and programmed, and hence, both intermediate and 
final goals were adopted and pursued by the participants.

Three main conclusions emerged from this study, 
the first of which concerns the RT. The results showed a 
reduction in the RT after exposure to the highly arousing 
pleasant pictures relative to the neutral and unpleasant pic-
tures. Exposure to highly arousing pleasant pictures pro-
vides a pleasant intermediate goal and creates a congruent 
situation when subjects walk toward them. The appetitive 

Table 1  APA duration and amplitude, first stride, and launched locomotion parameters

Pleasant Unpleasant Neutral Pleasant Unpleasant Neutral Pleasant Unpleasant Neutral
mean 0.56 0.45 0.48 4.90 4.15 4.73
sd 0.19 0.18 0.19 1.74 2.03 2.19

mean 1.08 1.08 1.07 37.6 37.9 37.4 35.0 35.5 35.1
sd 0.13 0.11 0.11 17.0 16.4 16.7 14.9 14.6 14.1

mean 1.08 1.07 1.08 69.0 69.4 68.5 64.5 65.3 64.2
sd 0.07 0.09 0.08 13.1 14.1 14.0 13.4 15.3 14.7

Duration (s) Amplitude (cm) mean velocity (cm/s)

           p<0.001

  p < 0.05

First stride parameters

Locomotor parameters

APA
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circuits are activated (Cacioppo et al. 1993; Chen and 
Bargh 1999; Duckworth et al. 2002; Lang 1995), and the 
scope of attention is broadened (see Friedman and Forster 
2010; Olofsson et al. 2008 for review; Ambron and Foroni 
2014), which speeds up picture scanning and initiation of 
the motor response (locomotion) relative to all other affec-
tive pictures. Therefore, the cognitive processes that organ-
ize goal-directed locomotion are facilitated by the positive 
emotional valence of the intermediate goal; the organiza-
tion of locomotion would be independent from the emo-
tional valence of the final goal, highlighting a unique and 
automatic link between the perception of positive valence 
and approach behavior. Nevertheless, as the RT observed 
during exposure to unpleasant and neutral pictures was sim-
ilar, an automatic link between the perception of negative 
valence and avoidance behavior cannot be demonstrated.

The second result is linked to the body trajectory and 
final position of the body relative to the stop button. The 
results of the average variation between the straight line 
and actual trajectories indicated that exposure to unpleas-
ant pictures led to a more deflected trajectory for all of the 
subjects compared with the pleasant pictures. As a result, 
the final lateral body position at the end of the locomo-
tion was more distant from the stop button. These results 
validate our second hypothesis, as with the previous result; 
the approach behavior is disturbed when the intermediate 
goal is unpleasant, while the pleasant aspect of the final 
goal seems to have no effect. The lack of trajectory devia-
tion with respect to the straight line when a negative emo-
tion was associated with the final goal (erasing a pleasant 
picture) strengthens the dominant role of the emotional 
valence of the intermediate goal in the trajectory planning 
process and the automatic link between perception of stim-
uli valence and approach–avoidance behavior. This result is 
also in line with the concept of transfer of affective value 
to instrumental behavior, indicating that emotional biasing 
of instrumental (goal-directed) action involves interaction 
with a system that controls innately specified responses 
(Balleine and Dickinson 1998; Dayan et al. 2006; Ly et al. 
2014; Seymour and Dolan 2008).

On the other hand, Pham et al. (2007) and Hicheur et al. 
(2007) proposed that the central nervous system plans and 
controls goal-oriented locomotion at the level of whole 
body trajectories in space and, to some extent, indepen-
dently of the motor implementation level (Pham et al. 
2011). At some superior levels of the nervous system, there 
would be an abstract representation of the trajectory con-
nected to an estimation of the environmental context and 
the spatial and postural constraints of the body in relation 
to this environment (Bernstein 1984). In agreement with 
this point of view and according to Eder and colleagues 
(Eder and Klauer 2009; Eder and Rothermund 2008; Eder 
et al. 2013), mental representations of the trajectory would 

go along with evaluative coding of approach–avoidance 
behaviors that match or mismatch the valence of the stim-
uli. Indeed, walking toward unpleasant pictures involved 
approach behavior and then a forward trajectory planning 
that mismatched the negative valence of the picture. As a 
result, locomotor trajectory planning would be disturbed, 
leading to the more deflected trajectory and the final posi-
tion more distant from the stop button as observed in our 
results. Therefore, when action on the environment involves 
body displacement at first, the organization of this displace-
ment would not be primarily accessed by codes that repre-
sent the instructed response goal as proposed by Hommel 
and colleagues for discrete action (Haazebroek et al. 2013; 
Hommel et al. 2001; Memelink and Hommel 2013). The 
intermediate goal directly linked to the locomotion was not, 
in this case, an instructed response goal. Response features 
that are crucial for accomplishing the ultimate task goal 
(i.e., intention- or final goal-related feature dimensions) 
could include potential intermediate responses in event 
coding.

However, the intervention of detailed motor strategy 
(foot placements, muscular activations, inter-segmental 
coordination, etc.) which implements these trajectories can-
not be excluded. As movement progresses, a control sys-
tem gradually takes over the movement and makes online 
adjustments. Through feedback mechanisms, the control 
system monitors and adjusts the motor program online. In 
this scenario, the deviation from the theoretical trajectory 
throughout locomotion without correction at the end of 
the displacement (final position more distant from the stop 
button) represents a combination of errors from the initial 
motor planning and the online motor control; these errors 
are due to approach behavior that mismatched the nega-
tive valence of the picture. This implies that the emotional 
valence of the intermediate goal would affect both cogni-
tive processes that organize locomotion and online motor 
control that modulates locomotion throughout its execution.

The last result concerns the APA, gait initiation, and 
launched locomotion parameters. We observed that the 
APA duration increased during exposure to the pleasant 
pictures compared with the unpleasant or neutral ones but 
without modifying its amplitude as the kinematic param-
eters of the first gait. This indicates that during pleasant 
picture viewing, APA duration is slightly modulated to 
reach a similar stationary gait compared with unpleasant 
and neutral picture viewing. Moreover, the launched loco-
motion parameters were similar regardless of the emotion 
conveyed by the picture. Therefore, the emotions of the 
intermediate goal affected the duration of the movement 
preparation linked to gait initiation through cognitive pro-
cesses. Interestingly, these emotions had no effect on the 
stride amplitude, duration, and mean velocity included in 
the motor program responsible for launched locomotion. 
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These results are in agreement with a recent study on goal-
directed locomotion in children with autism (Vernazza-
Martin et al. 2013).

However, if we refer to our expected results for the 
APA, another interpretation can be provided that is in 
agreement with the work of Gelat et al. (2011) who stud-
ied gait initiation during a simple congruent versus incon-
gruent gait initiation task. In this study, young adults were 
instructed to initiate gait (several steps) toward pleasant or 
unpleasant pictures that corresponded to a congruent (CO) 
or an incongruent (IC) task. The results revealed that the 
gait initiation process was slower during IC than CO trials. 
However, this effect was transient; both the length of the 
first step and peak of center of mass velocity did not differ 
between the CO and IC trials by the end of the step. In the 
present study, we obtained similar results when the incon-
gruent aspect of the task concerned the emotional valence 
of the final goal, i.e., erasing pleasant pictures. These 
results suggest that the dynamic phenomena responsible 
for gait initiation would be influenced by the emotional 
valence of the final goal.

Conclusion

To conclude, this study shows the necessity of distinguish-
ing the twofold goal involved in goal-directed locomotion 
and the emotional valence of each. Our results emphasize 
two points. First, our data suggest that the main goal that 
organizes locomotion toward a target is the intermediate 
goal, which is directly linked to body displacement. There-
fore, the emotional valence of this intermediate goal has 
the most effect on the processes that organize and modu-
late goal-directed locomotion. A future analysis of the arm 
movement toward the stop button would allow determi-
nation of whether the emotional valence of the final goal 
affects this movement more specifically.

The second point is that the emotional valence of the 
intermediate goal mainly affects the cognitive processes 
involved in the locomotion organization. However, this 
effect depends on the valence associated. A negative 
valence disturbs the spatial organization of the trajectory 
planning and online motor control. A positive valence facil-
itates the temporal organization of the locomotion plan-
ning, which translates to a shorter RT. It also modulates the 
temporal organization of the movement preparation that is 
linked to gait initiation, which translates to a longer APA 
duration. This triggers a stable and stereotyped locomotion 
toward the final goal regardless of its emotional valence. 
However, this last point requires confirmation of the link 
between the emotional valences of the final goal and the 
dynamic phenomena responsible for gait initiation not 
excluded.

This research provides new perspectives about the 
potential role of the emotional valence of the intermedi-
ate goal on the cognitive processes that trigger movement 
initiation compared with the cognitive processes that allow 
mental representation of an action. If the automatic link 
between perception of stimuli valence and approach–avoid-
ance behavior seems to be clearly established, taking into 
account the intermediate versus final goal of the action 
might be essential, not only for the action coding (Hommel 
et al. 2001), but also for the affective coding of a global 
motor response = (Eder and Rothermund 2008).
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