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1.1 What is approach-avoidance behaviour?
1.1.1 Emotion and motivation 
 Emotions are powerful action motivators. A snake makes us want 
to flee in fear, whereas a smiling baby makes us feel happy and inclined 
to care or cuddle. Both behaviours can be explained in evolutionary 
terms: avoiding adverse consequences to protect our own health, and 
promoting the health of our kin to enhance our chances of survival as a 
species. In The Expression of the Emotions in Man and Animals (1872), 
Charles Darwin presented this evolutionary perspective on emotions, 
which has been elaborated by present-day emotion theorists (e.g., Lang, 
1995, 2010; Lang & Bradley, 2010; LeDoux, 1996). 
 Emotion is more than ‘just’ a feeling’. It is a multi-dimensional 
response pattern that is significant to our existence, consisting of 
communicative aspects (such as facial expressions), hormonal responses, 
autonomic physiological responses (i.e. heart rate, skin conductance, 
pupil diameter), and goal-directed behaviours. These responses stem 
from two motivational systems, labelled the approach (or appetitive) 
and avoidance (or aversive) motivational systems (Lang, 1995). Positive 
stimuli trigger positive emotions or affect, which are associated with 
the approach motivational system, whereas negative stimuli generate 
negative affect and are linked to the avoidance motivational system. 
Approach and avoidance behaviours stem directly from the activation of 
the approach and avoidance motivational systems (Lang, 2010). 
 Approach and avoidance responses have been linked to a network 
of structures in the brain (cf. Kaldewaij et al., 2017). An essential 
structure within this network is the amygdala (Kaldewaij et al., 2017; 
Lang & Bradley, 2010). The function of the amygdala in processing 
emotional stimuli is, among others, to increase attention and prepare 
the organism for action (Lang & Bradley, 2010), which is in line with the 
view that emotions are dispositions for action (Frijda, 2007; Frijda et al., 
1989; Lang, 1995; Lang & Bradley, 2010).
 Of course we cannot always avoid unpleasant situations. Our 
ability to approach unpleasant situations, and thus to exhibit more 
flexible behaviour in the face of various emotional stimuli, has been 
linked to the prefrontal cortex (PFC; Kaldewaij et al., 2017). The role 
of the PFC lies in the regulation of emotion and the exertion of control 
over subcortical structures, such as the amygdala (Etkin et al., 2015; 
Kaldewaij et al., 2017). For example, it was found that temporarily 
inhibiting the anterior PFC using transcranial magnetic stimulation (TMS) 
led to more mistakes when the behavioural response did not match the 
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stimulus (i.e. unpleasant-approach; incongruent), compared to conditions 
in which the behavioural response matched the stimulus (i.e. pleasant-
approach; congruent), according to the study of Volman et al. (2011). In 
addition, PFC activity has been linked to cognitive reappraisal, a strategy 
to decrease the impact of emotional events (Ochsner et al., 2002). The 
PFC thus seems to be an important brain area involved in overruling 
automatic responses to emotional stimuli if this is required under the 
prevailing environmental conditions.
 The automatic link between emotion-eliciting stimuli, motivational 
systems, and action proposed by emotion theorists such as Lang (1995) 
and LeDoux (1996) makes sense from an evolutionary point of view, 
in that we benefit from a fast-acting system to respond automatically 
to events that are crucial for survival. These theorists emphasize that 
the processing of emotional stimuli is fundamentally different from the 
processing of non-emotional stimuli. However, cognitive theorists have 
argued against this unique and hard-wired connection between emotional 
stimuli and action. 

1.1.2 Emotion and cognition
 Cognitive accounts challenge the absolute role of motivation in 
approach and avoidance behaviour. Instead, they postulate that the 
anticipated outcome of a motor response determines how behavioural 
responses and emotional stimuli are coupled (Eder & Hommel, 2013). 
 Lavender and Hommel (2007) claim that affective information 
processing might not be as distinct from non-affective processing as 
is sometimes assumed. They regard the emotional content as simply 
another stimulus feature, similar to spatial orientation or colour. In this 
cognitive view of emotion, automatic, hard-wired emotion-action links 
play a limited role at best. Instead, it emphasizes the overlap between 
stimulus features and response features: emotion affects our behaviour 
when both our goal and response are emotionally relevant. Although 
the existence of a link between emotion and behaviour is not denied in 
this view, it claims that the relation between emotion and behaviour is 
influenced by cognitive (evaluative) and environmental aspects and not 
solely by the emotional content of the stimulus.   

1.1.3 Theoretical perspectives
 Multiple theoretical perspectives on approach-avoidance 
behaviour have been developed, which can be roughly categorized as 
either belonging to a motivational or a cognitive view on emotion. The 
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most relevant accounts are briefly discussed in the following.
 The distance regulation (DR) account has a motivational basis and 
assumes that when perceiving a pleasant situation, one automatically 
wants to move closer to it. For unpleasant situations, avoidance and 
thus distance increase is the main motivator for behaviour (Beatty et al., 
2016). The motivational direction hypothesis (MDH) is sometimes used 
as an alternative formulation of the DR account (i.e. Naugle et al., 2011). 
The premise of the MDH is similar: pleasant (unpleasant) emotions 
evoke approach (avoidance) motivation, inciting behaviour to decrease 
(increase) the distance to the stimulus. At face value, this seems to be 
the most plausible translation of approach and avoidance behaviour into 
theory. After all, you do move closer when wanting to approach something 
and so the focus on distance change makes intuitive sense. 
 However, cognitive theorists challenge the idea of an automatic 
connection between an affective stimulus and distance change behaviour 
(cf. Eder & Hommel, 2013). They state that the mere presence of a 
pleasant stimulus does not automatically trigger approach motivation 
and thus approach behaviour. Eder and Hommel (2013) argue that the 
goal (i.e. the expected consequence) of the behaviour plays a key role in 
determining the approach or avoidance behaviour exhibited. The goal of 
the behaviour is reflected in the way the behaviour is cognitively coded. 
For example, moving your hand towards your body could serve the goal 
to eat something you just grabbed, but also to move away from a large 
spider. In the first case, the goal is to approach, whereas in the second 
case the goal is to avoid. 
 Two accounts that emphasize the role of cognition are the 
cognitive evaluation (CE) account and the evaluative response coding 
(ERC) account (Beatty et al., 2016). The CE account argues that cognitive 
representations of an emotional stimulus, combined with a relevant 
(emotional) goal and a matching representation of the response, speed 
up movement (Lavender & Hommel, 2007). 
 The ERC account adds the influence of response labels to 
this cognitive view. Eder and Rothermund (2008) demonstrated the 
importance of response labels in approach-avoidance behaviour. When 
responding to a pleasant stimulus, they found faster initiation of a 
movement when it was labelled positive (e.g. ‘upward’, ‘towards’) and 
slower initiation of that same movement when it was labelled negative 
(e.g. ‘downward’, ‘away’). The opposite was found for unpleasant stimuli. 
The response label affected the goal of the movement, changing the 
way participants responded to pleasant and unpleasant stimuli. This 
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theoretical perspective is called the evaluative response coding (ERC) 
account. 
 Even though the motivational and cognitive accounts differ in their 
view of approach-avoidance behaviour, the meta-analysis conducted by 
Beatty et al. (2016) found support for all three theoretical accounts: DR, 
CE, and ERC.  

1.1.4 Defining approach-avoidance behaviour
 In light of these two distinct theoretical perspectives on the link 
between emotion and action, we need to define approach-avoidance 
behaviour for the purpose of the present thesis. In the experiments to 
be reported, approach-avoidance behaviour is simply seen as the (whole-
body) response to an emotional stimulus or prime.

1.2. Studying approach-avoidance behaviour
 In the field of experimental psychology, approach-avoidance 
behaviour has been operationalized in different ways. Generally, 
participants have to respond to a pleasant or unpleasant stimulus in 
binary fashion. These experimental tasks have been called approach-
avoidance (AA) tasks. AA tasks are designed around the idea that when 
presented with a pleasant stimulus, an approach response is easier to 
initiate than an avoidance response. This facilitation of response initiation 
is reflected in faster reaction times. Similarly, when confronted with an 
unpleasant stimulus, avoidance responses are easier to initiate than 
approach responses. This affective congruency effect forms the basis of 
all AA tasks, and has guided theoretical developments in the study of 
emotions and emotional behaviour in humans. 
 Many types of stimuli have been used to elicit approach and 
avoidance responses. These can vary from words with a positive 
or negative meaning (cf. Eder & Rothermund, 2008; Krieglmeyer & 
Deutsch, 2010), but also the articulation of consonants in a specific order 
(Topolinski & Boecker, 2016). Images are used in these experiments as 
well, such as faces with specific facial expressions (cf. Rotteveel & Phaf, 
2004), and pictures with pleasant and unpleasant content (cf. Naugle 
et al., 2010). For the last category, the international affective picture 
system (IAPS; Lang et al., 2008) is commonly used. The IAPS consists 
of a set of normative stimuli that have been categorized based on their 
valence (pleasant/unpleasant), and arousal (cf. Naugle et al., 2010). 
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1.2.1 Manual approach-avoidance tasks
 The first study to employ a manual AA task was conducted by 
Solarz (1960). In this study, participants had to push or pull a lever after 
reading a pleasant or unpleasant word. A congruency effect was found: 
participants were faster to push a lever away from them after reading 
an unpleasant word compared to a pleasant word, and vice versa. 
Unpleasant words facilitated an avoidance movement while pleasant 
words facilitated an approach movement. This study demonstrated that 
certain combinations of affective stimuli and responses are facilitated 
(relative to other combinations), thereby revealing an effect of emotional 
stimuli on behaviour. Since then, many variations of this basic paradigm 
have been applied in psychological experiments. 
 Manual AA tasks employ hand and/or arm movements to respond 
to emotional stimuli. Responses can involve button presses (cf. Rotteveel 
& Phaf, 2004), moving a doll (Lavender & Hommel, 2007), a lever (cf. 
Chen & Bargh, 1999), or a joystick (cf. Eder & Rothermund, 2008), or 
pressing a key to move a manikin on a screen (cf. De Houwer et al., 
2001). Reaction time is often the main dependent measure in manual AA 
studies. In two meta-analyses, the affective congruency effect of manual 
AA tasks was assessed. Both showed a small to medium congruency 
effect (Laham et al., 2015; Phaf et al., 2014), in that pleasant stimuli 
indeed speed up the initiation of approach responses, whereas unpleasant 
stimuli prime avoidance responses.   
 Despite the overall consistent findings within the field of manual 
AA experiments, there is an important factor that is absent in manual AA 
tasks: distance change. To appreciate the significance of this fact, it is 
useful to recall the words of Koch and colleagues (2009, p. 549):

 “In the most fundamental and literal sense, approach refers to   
 decreasing, and avoidance to increasing, the physical distance   
 between the self and the outside world.”

 However, in manual tasks, such as pressing a button or moving 
a lever, there is no physical distance change between the self and the 
emotional object. Krieglmeyer and Deutsch (2010) emphasized this 
point by systematically comparing manual AA tasks. In one task, the 
forward movement of the joystick decreased the size of the stimulus 
and the backward movement increased it, thereby simulating distance 
change. They compared this task to a joystick task without this zooming 
feature and found that a response involving a perceived distance change 
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increased the sensitivity of the task to emotional stimuli. This shows that 
(perceived) changes in distance may be an important factor in AA tasks. 
 Koch et al. (2009, p. 549) continue by stating:

 “In our view, body locomotion most purely taps into this    
 fundamental nature of approach and avoidance. In everyday life, 
 individuals typically approach desired stimuli by stepping forward  
 and avoid aversive stimuli by stepping backward. Hence,   
 it may be argued that body locomotion constitutes the purest and  
 most ecologically valid form of approach and avoidance behavior.”

 Not long after, a complementary field emerged to study approach-
avoidance behaviour using whole-body movements, with an emphasis on 
biomechanical analysis of the responses. 

1.2.2 Whole-body approach-avoidance tasks
 Whole-body approach-avoidance experiments use AA tasks similar 
to the manual tasks: an emotional stimulus is shown, but instead of a 
manual response a whole-body response is required. These whole-body 
responses can be classified in three behavioural categories: (1) quiet 
standing, (2) gait initiation with a single step, and (3) locomotion. 
 In studies involving quiet standing, participants are typically 
asked to stand on a force platform and observe an emotional stimulus 
presented in front of them (i.e. Azevedo et al., 2005). These studies differ 
from (manual) AA studies in that no actual response is required from 
the participants. Quiet standing studies have often found an avoidance-
response to unpleasant stimuli, as evidenced by reduced body sway and 
heart rate (Azevedo et al., 2005; Facchinetti et al., 2006; Hagenaars 
et al., 2014; Roelofs et al., 2010) or (unintentional) backward leaning 
(Hillman et al., 2004). Since there is no specific task that participants 
have to perform, these quiet standing paradigms show spontaneous and 
unplanned (postural) movements in response to emotional stimuli. 
 The effect of emotion on intentional or purposeful stepping 
behaviour can be measured in gait initiation and locomotion studies. In 
these studies, participants perform one or multiple steps which generally 
result in a distance change to the emotional stimuli. The whole-body gait 
initiation and locomotion approach-avoidance paradigm emerged in the 
years 2010-2011, when the first five studies in this field were published 
(Gélat et al., 2011; Naugle, et al., 2010, 2011; Stins & Beek, 2011; 
Stins et al., 2011). These types of studies use force platforms and other 
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movement registration techniques to assess the influence of emotional 
stimuli on step initiation and step execution. 
 Gait initiation (GI) studies use a paradigm in which only the 
initiation and execution of a single step is examined (e.g. Stins et al., 
2011). Depending on the instructions, this step can be forward (cf. Stins 
& Beek, 2011; Yiou et al., 2014), backward (cf. Stins & Beek, 2011; Yiou 
et al., 2014) or sideways (cf. Ly et al., 2014). The present thesis makes 
use of this paradigm, as well as the three aforementioned directions of 
stepping.
 In whole-body locomotion studies participants are asked to 
walk forward by making multiple steps (cf. Naugle et al., 2010), again 
in response to a visually presented emotional cue. These studies either 
examine only the step execution of one or more steps (cf. Naugle et al., 
2010) or both gait initiation and execution (cf. Naugle et al., 2011). 
 An important difference between whole-body tasks and manual 
tasks is that many biomechanical components of GI and locomotion can 
be studied for effects of emotion, beyond reaction time. These different 
measures yield a much broader view of the spatio-temporal hallmarks of 
AA behaviour. By using whole-body tasks, AA behaviour can be studied 
from an additional point of view, complementary to manual tasks. 
Common measures in whole-body tasks are postural adjustments prior 
to step initiation, step velocity, and step size (cf. Stins, Van Gelder, et 
al., 2015; Yiou et al., 2014). The effect of a congruent stimulus-response 
pair (i.e. responding to a pleasant picture with a forward step) would 
not only speed up the reaction time, but might facilitate step execution 
as well. This could lead to a larger step size and higher step velocity (cf. 
Naugle et al., 2010).
 Many whole-body AA studies have found congruency effects in 
reaction time (RT) for forward movement, comparable to the effects found 
in manual AA. The RT (i.e. the time between the cue to start moving and 
the moment a step is initiated) was generally found to be faster when 
moving closer to pleasant than unpleasant stimuli (Gélat et al., 2011; 
Stins & Beek, 2011; Stins et al., 2011, 2014; Vernazza-Martin et al., 
2015; Yiou et al., 2014), although some studies only found this result in 
specific conditions (short-condition only: Gélat & Ferrel-Chapus, 2015; 
short-condition only: Gélat et al., 2018; onset-condition only: Stins, Van 
Gelder, et al., 2015). However, not all studies found results similar to the 
manual AA tasks. Some studies found the expected congruency effect 
only for conditions in which stimuli were shown for a brief period of time, 
but not when they were shown for a longer duration (Gélat & Ferrel-
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Chapus, 2015; Gélat et al., 2018). Others even found opposite results 
with unpleasant stimuli eliciting faster reaction times than pleasant 
stimuli when moving forward (Naugle et al., 2011, 2012; offset-condition 
only: Stins, Van Gelder, et al., 2015). 
 Despite some contradictory findings, there seems to be general 
consensus about the effect of emotion on reaction time. The results for 
spatio-temporal variables are less straightforward. For example, Gélat et 
al. (2011) and Stins et al. (2014) found no effect of emotion on step 
size or peak velocity of the step. Both Stins et al. (2011) and Yiou et al. 
(2014) suggested that emotion might only influence the preparation and 
initiation of the step, and not its execution. However, Stins, Van Gelder, 
and colleagues (2015) found significant effects for peak velocity and step 
size in the ‘offset condition’, thus challenging this hypothesis. 
 Moreover, the effect of emotion on backward whole-body movement 
is not as clear-cut as the congruency effect of unpleasant stimuli on 
avoidance responses in manual AA tasks. In manual AA tasks, the size 
of the congruency effect for approach responses is approximately equal 
to that for avoidance responses (Phaf et al., 2014). In other words, the 
congruency effect appears to be symmetric for approach and avoidance 
responses. However, in the whole-body paradigm, this symmetry seems 
to be absent. While support for facilitation of the pleasant-approach 
combination has been found in several whole-body studies (e.g. Gélat et 
al., 2011; Stins & Beek, 2011; Stins et al., 2011; Yiou et al., 2014), little 
support exists for facilitation of the unpleasant-avoidance combination. 
 Since the effect of emotion on stepping behaviour can be 
assessed using many different spatio-temporal variables, it is important 
to describe biomechanics of step initiation and execution. The kinematics 
of stepping has been extensively studied, as will become apparent in the 
next section.  

1.3. Motor responses
1.3.1 Metrics of postural control
 In all the experiments presented in this thesis, the participants 
were invited to execute a single step in response to the appearance or 
disappearance of an emotion-eliciting stimulus on a screen (see Figure 
1.1). When executing a step, efficient postural control is required 
to propel the body in the required direction without falling (Pollock et 
al., 2000). A few metrics that are important in postural control during 
stepping are the centre of mass (COM), the centre of gravity (COG), and 
the centre of pressure (COP). 
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FIGURE 1.1 | Experimental set-up.

Figure 1.1 | Participants stood on a force platform and, depending on the task, executed a 
single step in response to an emotional stimulus cue on the screen in front of them.

 The COM is a point in 3D space, and can be defined as the average 
weighted position of all parts of a system. The COM of a human is the 
point at which the mass of the body is balanced (Winter, 1995). When 
standing upright, it is generally located a little below the belly button. 
The location of the COM changes when moving and is controlled by the 
balance control system (Massion, 1994; Winter, 1995). The COG is closely 
related to the COM and the two are sometimes used interchangeably (i.e. 
Jian et al., 1993; Pollock et al., 2000). 
 The COP is the point of application of the ground reaction force 
(Winter, 1995). It can be measured by a force platform. When standing 
on one leg, the total body weight is distributed to the stance leg, so that 
the COP is located beneath the foot in contact with the ground. During 
upright bipedal stance, the weight is distributed more or less evenly 
over the two legs. As a result, when the COP is measured with one force 
platform, the COP is located between the two feet.  
 The studies included in this thesis all employed a force platform to 
measure the COP during gait initiation (GI). The force platform used for 
the experiments was a custom-built strain gauge platform of 1m x 1m. 
Of the eight sensors within the platform, four measured downward forces 
(z-direction), and four measured sideway forces in orthogonal directions 
(two in the x- and two in the y-direction). The total forces exerted in 
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three directions were calculated based on these eight sensors (Fx, Fy, 
and Fz) over time. The moments calculated from these forces (Mx, My) 
were used to determine the COP at each point in time. 

1.3.2 Control of quiet standing
 Even when standing still, the body is continuously swaying in 
order to keep it from falling over (Winter, 1995). Stable quiet standing is 
maintained by a combination of reactive and predictive control strategies, 
resulting in a certain amount of postural sway (Pollock et al., 2000). 
The base of support (BoS) is the area beneath the body and includes all 
points that belong to the support surface. When standing on the ground 
with two feet, the BoS includes the area underneath as well as between 
the feet. As long as the COP is inside the BOS, the actor has control over 
the orientation of the body.
 When standing still, the vertical downward projection of the COM 
is inside the BoS (Pollock et al., 2000; Winter, 1995), and strongly linked 
to the movement of the COP. Postural sway is the result of the vertical 
projection of the COM moving slightly and the COP moving along with it 
to correct its movement (cf. Winter, 1995). This strict coupling of the COP 
and COM regulates postural control when standing still. The stability of 
this state is increased when the BoS is larger (i.e. wider stance) and/or 
when the COM is closer to the centre of the BoS (i.e. standing up straight 
instead of leaning).   

1.3.3 Step initiation
 Gait initiation refers to the transition from quiet standing to 
walking (Brenière et al., 1987). When gait is being initiated, the relatively 
stable state of upright standing is disturbed intentionally by moving the 
vertical projection of the COM outside the BoS (Winter, 1995). At this 
point in time, the tight coupling of the COM and COP in quiet standing is 
disrupted. When stepping forward, this is achieved by moving the COP 
backward and lateral towards the swing limb. When this happens, the 
COM accelerates forward and towards the stance limb. This first phase of 
gait initiation (GI) is called the anticipatory postural adjustment (APA). 
The APA is an essential phase to initiate the displacement of the body 
in the desired direction (MacKinnon et al., 2007; Yiou et al., 2012) and 
to stabilize the body during step execution (Lepers & Brenière, 1995). 
Both the amplitude and the duration of the APA are predictive of the 
COM velocity at the completion of the first step (Brenière et al., 1987; 
Lepers & Brenière, 1995). The amplitude and duration of the APA are 
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assumed to be subcortically prepared prior to voluntary movement 
initiation (MacKinnon et al., 2007). Yiou and colleagues (2012) reviewed 
the role of the APA in voluntary movement and concluded that the central 
nervous system adapts the APA based on environmental constraints. 
These environmental influences also include psychological factors, such 
as fear of falling (Yiou et al., 2011) and emotion (Naugle et al., 2011). 

1.3.4 Step execution
 When lifting the swing limb to make a step forward, the COP 
rapidly moves towards the stance limb. This accelerates the COM forward 
and medially. When the swing limb touches the ground again, the COP 
moves forward. During this brief period of double support, the vertical 
projection of the COM is located within the BoS again. Note that the BoS 
has changed shape at this point, spanning the larger distance between 
the two feet. The initial stance limb then becomes the swing limb, moving 
the COP below the foot at the front and accelerating the COM forward 
again (Jian et al., 1993; Winter, 1995). 

1.3.5 Quantifying stepping behaviour
 To assess the effects of emotion on GI, multiple dependent 
variables based on COP traces will be used in this thesis to quantify the 
manner in which a step is controlled in space and time. Gait initiation 
was assessed by two variables, quantifying the initial phase of the step: 
reaction time and the APA amplitude in anterior-posterior direction. Gait 
execution was measured by two different variables: peak velocity and 
step size. 
 Across the studies presented in this thesis, the variables used to 
quantify GI were largely identical to ensure comparability between the 
different experiments.  

1.4. Aim and outline of the thesis
 The aim of this thesis is to gain further insight into the question 
how emotions influence goal-directed movements, which in turn may cast 
light on the validity of current theories of approach-avoidance behaviour. 
Unlike automatic responses to emotion, such as pupil dilation and heart 
rate, motor behaviour is a goal-directed, conscious action. Do emotions 
affect the manner in which goal-directed movements are planned 
and executed? Do people act differently when faced with emotional 
stimuli compared to neutral (non-emotional) stimuli? And what are the 
differences between pleasant and unpleasant stimuli in this regard? 
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 Whole-body AA studies allow us to study the impact of emotion 
on movement parameters during gait initiation and execution. Yiou et al. 
(2014) emphasized that the relationship between emotion and movement 
is not straightforward and that changes in the experimental set-up may 
lead to entirely different results. The studies in this thesis explore several 
themes in the AA literature that warrant further study. These themes are 
described next.

1.4.1 Viewing duration
 Humans need a certain amount of time to process visual 
information. It is important to assess whether a stimulus constitutes a 
threat or not. Emotion studies have indicated that the emotional response 
consists of different processes (e.g. cognitive, hormonal, cardiovascular; 
Kaldewaij et al., 2017; Lang & Bradley, 2010), each of which operates on 
a different time scale. It is unknown how the whole-body AA response to 
emotion is organized in time. One method of addressing this topic is by 
manipulating the viewing duration of an emotional stimulus. In chapter 
2, an experiment is presented in which images are viewed for short and 
long periods of time. How does viewing duration affect forward GI? 
 
1.4.2 Asymmetric AA effects
 Approaching pleasant situations and avoiding unpleasant 
consequences forms the basis of AA behaviour. As already discussed, 
the effect of emotional stimuli on AA behaviour in manual AA task is 
symmetric, in that pleasant stimuli evoke approach behaviour and 
unpleasant stimuli evoke avoidance behaviour (Phaf et al., 2014). This 
symmetry seems to be absent in the whole-body AA literature. Compared 
to approach behaviour to pleasant stimuli, there is an absence of robust 
significant effects of emotion on backward GI. The absence of significant 
effects in classical inferential statistics cannot be taken as evidence in 
favour of the null-hypothesis. At this point it is thus unclear whether the 
absence of significant effects in studies using backward steps points to a 
null-effect or not. Chapter 3 examines the effect of emotional content 
on backward GI using Bayesian statistics: Are avoidance effects indeed 
absent in whole-body AA tasks? 

1.4.3 Cognition or motivation 
 The theoretical basis of whole-body AA experiments is often 
linked to the distance to the stimulus. This motivational account is based 
on the premise that pleasant (unpleasant) stimuli automatically evoke 
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the appetitive (defensive) motivational system (Bradley et al., 2001), 
making it easier to move closer to a pleasant stimulus and away from an 
unpleasant stimulus compared to the incongruent pairings.     
 However, some current theorists question the view that approach-
avoidance behaviour is an automatic, motivationally driven response to 
emotion. Instead, they claim the stimulus-response paradigm regarding 
emotion does not differ fundamentally from other cognitive stimulus-
response paradigms (Lavender & Hommel, 2007). 
 In chapter 4, two theoretical perspectives are compared in 
two experiments that were conducted to determine whether approach-
avoidance behaviour is affected by the distance to a stimulus or by the 
cognitive representation of the response. Are the effects of emotion on 
GI driven by distance change or cognitive response labels? Does the goal 
of the task affect the emotional influence on motor behaviour? 

1.4.4 Perspective
 In the Epilogue of this thesis (chapter 5) the implications of 
the experimental findings presented in chapters 2-4 are discussed in 
a broader theoretical context. In addition, the Epilogue will provide a 
window into the future of AA studies: What are the applications of AA 
studies? What direction should future research take to make still further 
steps?
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Chapter 2
Arousal and exposure duration 
affect forward step initiation

Adapted from: Bouman, D., Stins, J.F., & Beek, P.J. (2015). Arousal and 
exposure duration affect forward step initiation. 

Frontiers in Psychology, 6: 1667. Doi: 10.3389/fpsyg.2015.01667

This article is part of a research topic in the section Emotion Science of 
Frontiers in Psychology: ‘Adaptive hot cognition: How emotion drives 

information processing and cognition steers affective processing’. 
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Abstract
 Emotion influences parameters of goal-directed whole-body 
movements in several ways. For instance, previous research has shown 
that approaching (moving toward) pleasant stimuli is easier compared to 
approaching unpleasant stimuli. However, some studies found that when 
emotional pictures are viewed for a longer time, approaching unpleasant 
stimuli may in fact be facilitated. The effect of viewing duration may have 
modulated whole-body approach movement in previous research but this 
has not been investigated to date. 
 In the current study, participants initiated a step forward after 
viewing neutral, high-arousal pleasant and high-arousal unpleasant 
stimuli. The viewing duration of the stimuli was set to seven different 
durations, varying from 100 to 4000 ms. Valence and arousal scores 
were collected for all stimuli. 
 The results indicate that both viewing duration and the arousal 
of the stimuli influence kinematic parameters in forward gait initiation. 
Specifically, longer viewing duration, compared to shorter viewing 
duration, (a) diminished the step length and peak velocity in both neutral 
and emotional stimuli, (b) increased reaction time in neutral stimuli 
and, (c) decreased reaction time in pleasant and unpleasant stimuli. 
Strikingly, no differences were found between high-arousal pleasant 
and high-arousal unpleasant stimuli. In other words, the valence of the 
stimuli did not influence kinematic parameters of forward step initiation. 
Instead the arousal level (neutral: low; pleasant and unpleasant: high) 
explained the variance found in the results. The kinematics of forward 
gait initiation seemed to be reflected in the subjective arousal scores, but 
not the valence scores. 
 So it seems arousal affects forward gait initiation parameters more 
strongly than valence. In addition, longer viewing duration seemed to 
cause diminished alertness, affecting GI parameters. These results shed 
new light on the prevailing theoretical interpretations regarding approach 
motivation in the literature, which warrants further examination in future 
research. 
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2.1 Introduction
 Emotion and action are strongly intertwined, but exactly how they 
are coupled, is not yet fully understood. Emotion theorists (Bradley et al., 
2001; Frijda, 1986; Lang & Bradley, 2010; Phaf et al., 2014) argue that 
emotions activate or prime motivational tendencies (both defensive and 
appetitive), like approach and avoidance behavior. 
 Evidence of the emotion-action link has been found in behavioral 
experiments that have attempted to operationalize approach/avoidance 
behaviors in a variety of ways. In general, the results indicated that it 
is easier to organize an approach movement in response to a pleasant 
item, and easier to organize an avoidance movement in response to an 
unpleasant item, compared to alternate pairings. According to some 
authors, this effect constitutes evidence for the “motivational direction 
hypothesis” (MDH; Bradley et al., 2001) and has been consistently found 
in manual reaction time tasks (e.g., Chen & Bargh, 1999).  
 In most pertinent experiments, visual stimuli have been used to 
induce emotional states. These stimuli are typically selected from the 
International Affective Picture System (IAPS; Lang et al., 2005) and 
involve pictures varying in valence (pleasantness) and arousal, based 
on the assumption that emotions can be classified along these two 
dimensions (Lang et al., 2005). Other emotional stimuli can involve facial 
expressions (Stins et al., 2011) or sounds (Komeilipoor et al., 2013). 
 In the last decade or so, novel ways to study approach/avoidance 
behaviors have been adopted. Traditional responses involved pushing 
(avoidance) and pulling (approach) a lever (Chen & Bargh, 1999), but 
other responses may include discrete manual (forward/backward) 
responses such as keypresses (e.g., De Houwer et al., 2001), moving a 
doll forward or backward (e.g., Lavender & Hommel, 2007), deflecting 
a joystick (e.g., Eder & Rothermund, 2008), and whole-body movement 
paradigms (e.g., Naugle et al., 2011). 
 The whole-body movement paradigm has been motivated by the 
desire to incorporate more ecologically valid behavioral measures, that 
may resemble more closely actual bodily motion toward or away from 
an emotional cue (e.g., Koch et al., 2009), compared to one-degree-of-
freedom manual responses. 
 Within the whole-body movement paradigm, three different but 
related methods are used: quiet standing (e.g., Horslen & Carpenter, 
2011), (2) gait initiation involving a single step (GI; e.g., Stins & Beek, 
2011), and (3) locomotion (e.g., Naugle et al., 2011). In all these 
paradigms evidence has been found for the proposition that postural 
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control can be affected by emotion. In the current experiment we adopted 
the second method, focusing on the control of forward gait initiation. The 
reason is that this paradigm allows us to study most clearly directional 
effects of emotion, i.e., the ease with which a forward (approach) 
movement is organized and executed. 
 GI is the phase between quiet standing and walking and involves 
the neural control of balance and timing of muscle activation. It is 
generally divided in two distinct processes: a postural phase and an 
execution phase (Brenière et al., 1987). In forward (single step) GI, 
the center of pressure (COP; application point of the ground reaction 
forces) is initially decoupled from the center of mass (COM) and moves 
behind the COM, causing a forward acceleration (Brenière et al., 1987). 
GI consists of the actor lifting the swing leg (so that the body weight is 
transferred to the stance leg) and swinging it forward, using the stance 
leg for push off. The swing leg lands some distance anterior, and the 
stance leg is pulled forward and lands next to the other leg. Note that 
these events result in a characteristic pattern of ground reaction forces 
that can thus be identified in the COP trajectory. 
 It has been widely reported that emotional states are reflected in 
the COP trace, and can influence gait initiation parameters like velocity, 
step length, and reaction time (e.g., Gélat et al., 2011; Naugle et al., 
2011; Stins & Beek, 2011; Stins, Van Gelder, et al., 2015). 
 Experiments within the whole-body movement paradigm with 
emotional stimuli have shown many interesting effects of affective cues 
on goal-directed movement, including effects that seem consistent with 
the MDH, i.e., faster whole-body movement initiation in the direction of 
pleasant stimuli (e.g., Stins & Beek, 2011; Stins, Van Gelder, et al., 2015; 
Yiou et al., 2014). The opposite effect (faster whole-body movement 
initiation away from unpleasant stimuli) has not been found to date (Stins 
& Beek, 2011; Stins et al., 2014; Yiou et al., 2014). 
 Some studies found an unexpected effect that seemed to 
contradict the basic tenet of the MDH, namely that it was sometimes 
easier to execute a forward step toward an unpleasant picture. Naugle et 
al. (2011) found, in some conditions, empirical evidence for such an effect 
using the GI paradigm. Stins, Van Gelder, et al. (2015) reasoned that 
some of the effects reported by Naugle et al. (2011) might have been due 
to fact that forward GI was in response to stimulus disappearance, i.e., at 
stimulus offset. In other words, participants had to withhold their step for 
the duration the picture was presented on the screen. Most other studies 
to date, in contrast, asked participants to produce a response at stimulus 
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onset. To this end, Stins, Van Gelder, et al. (2015) directly compared 
two paradigms; GI at the offset of the cue (disappearance) and GI at the 
onset of the cue (i.e., stepping forward as soon as the cue appeared on 
the screen). Only with the onset condition the expected effect was found, 
namely faster forward GI with pleasant compared to unpleasant stimuli. 
At stimulus offset the opposite effect was found, similar to Naugle et al. 
(2011), which again seemed to contradict the MDH. 
 At present, the reason for the offset GI effect, contrasting the 
MDH, is unclear, but it could be the case that the effect is modulated 
by the viewing duration of the stimuli. Namely, one of the differences 
between the two conditions in the experiment of Stins, Van Gelder, et al. 
(2015) is the amount of time the participants were looking at the picture, 
before having to initiate their step. In the onset condition, viewing time 
before initiating the step coincided with the response time. However, in 
the offset condition the viewing time (i.e., duration the picture was shown 
on the screen) varied randomly between 3 and 5 s, prior to GI. 
 Viewing duration has not been directly manipulated in GI 
paradigms before. However, based on the studies mentioned previously 
and brain imaging studies on the temporal dynamics of emotional 
processing, viewing duration of emotional stimuli warrants further 
investigation within the whole-body movement paradigm. When initiating 
a step at onset (e.g., Stins & Beek, 2011) the viewing duration before 
step initiation is relatively short, namely as long as the reaction time. 
In these onset paradigms, pleasant and unpleasant stimuli affect GI 
differentially, generally in support of the MDH. This differentiation 
between emotional stimuli has been mirrored in studies on the temporal 
dynamics of emotional processing. For example, both Esslen et al. (2004) 
and Smith et al. (2003) found differences in early temporal activation in 
the brain in response to various emotional categories. 
 In both Naugle et al. (2011) and Stins, Van Gelder, et al. (2015), the 
offset conditions caused a relatively longer viewing duration of the stimuli 
(3–5 s in Stins, Van Gelder, et al., 2015 and 2–4 s in Naugle et al., 2011). 
Both studies showed differential effects of emotional stimuli in GI as well, 
but apparently contradicting the MDH. This differentiation at a later time 
in emotional processing is comparable to unique neural signatures found 
later in the stages of processing related to different emotional stimuli. 
For example, a comprehensive study of Dan-Glauser and Gross (2011) 
found that viewing of IAPS pictures (pleasant, unpleasant, neutral) for 
8 s induced a complex temporal response pattern, involving cognitive, 
subjective, physiological, and facial expressive changes. Furthermore, 
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Sabatinelli et al. (2009) found that a late amygdala response could be 
observed discriminating between neutral and high-arousal stimuli.  
 The timing of affective processing in the brain may modulate 
the coupling between emotion and action. In the current experiment 
we sought to systematically investigate the hypothesis that viewing 
duration influences the mechanics of forward step initiation. Instead of 
directly contrasting onset and offset conditions, we used only the offset 
condition whereby the viewing duration was controlled (i.e., independent 
of individual patterns of response time like in onset manipulations). Our 
hypothesis was that for short durations, participants would respond 
faster to pleasant pictures compared to unpleasant pictures (consistent 
with the MDH) but that this pattern would switch with longer durations, 
with participants responding faster to unpleasant pictures compared 
to pleasant pictures. We additionally tested the effect of emotion and 
duration on other key GI parameters related to step execution. 

2.2 Method 
2.2.1 Participants
 Thirty-two healthy individuals (18 females; Mean age = 23.4, SD 
= 3.0) participated in the experiment. Exclusion criteria were injuries of 
lower extremities and other injuries that prevented them from walking 
or standing properly. In addition, participants must not have participated 
in any of our other approach-avoidance studies. The experiment was 
approved by the local ethics committee and informed consent was signed 
by all participants prior to the experiment.

2.2.2 Materials and methods
 Posturographic data were recorded using a custom-made strain 
gauge force plate (1 × 1 m; sampling frequency: 100 Hz). The force 
plate recorded forces with eight sensors: four measuring forces in the 
z direction, and two sensors each for the x and y directions. The data 
from these sensors were converted to forces in three directions (Fx, Fy, 
and Fz) from which moments (Mx, My, Mz) were calculated. The COP 
was then calculated using Mx and My. The COP represents the point of 
application of the ground reaction force (for details see Brenière et al., 
1987).  
 The images were shown on a 55-inch monitor positioned 1.5 m 
in front of the participant at eye-level. Image offset was detected by 
a photodiode attached to the monitor (not visible to the participant), 
which was synchronized with the force plate recording. The stimuli were 
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chosen from the IAPS (Lang et al., 2005). Only high-arousal pictures 
were used since previous research has revealed that only high-arousal 
pictures have discernible impact on gait initiation (Stins, Van Gelder, et 
al., 2015). Five picture categories were chosen from the IAPS: (1) erotica 
and (2) extreme sports (both pleasant, high-arousal), (3) mutilation and 
(4) threat (both unpleasant, high-arousal), and (5) neutral. From each 
picture category we selected 16 unique images1.   
 These picture are comparable to the high-arousal pictures 
used in previous research on emotion and GI (e.g., mutilation, attack/
threat and erotica; Stins, Van Gelder, et al., 2015; Yiou et al., 2014). 
To ensure that the pictures were truly highly arousing, we made sure 
that the high-arousal pictures all had an arousal rating greater than 
5 (i.e., above the median value on the SAM scale) according to the 
normative ratings reported by Lang et al. (2005). The average scores 
for the neutral, pleasant and unpleasant categories (both normative and 
experimental) are shown in Table 2.1. Additionally, the four high-arousal 
picture categories chosen have been classified as high-arousal pleasant 
and unpleasant categories by Bradley and Lang (2007). Therefore, we 
feel confident that the stimulus set had the desired property.  

1IAPS pictures for each picture category: 
Neutral: 2038, 2102, 2104, 2190, 2200, 2210, 2305, 2440, 7004, 7006, 7010, 7025, 7035, 
7041, 7050, 7705. 
Erotica: 4607, 4608, 4609, 4611, 4625, 4643, 4645, 4649, 4651, 4653, 4659, 4660, 4670, 
4680, 4687, 4694. 
Sports: 5626, 5629, 8021, 8031, 8032, 8033, 8034, 8040, 8041, 8050, 8080, 8090, 8161, 
8170, 8180, 8341. 
Mutilation: 3000, 3010, 3016, 3030, 3051, 3060, 3061, 3062, 3063, 3064, 3068, 3069, 
3071, 3080, 3100, 3400. 
Threat: 1120, 1201, 1300, 2683, 3500, 3530, 6022, 6200, 6210, 6230, 6250, 6313, 6350, 
6510, 6550, 6560.



28

2

TABLE 2.1 | Mean (+SD) for SAM scores of valence and arousal of both the 

normative scores from the IAPS manual and the scores given by the participants 

in the current experiment. 

 
 Participants filled out the 9-point Self-Assessment Manikin (SAM; 
Bradley & Lang, 1994) in order to rate each picture on the dimensions 
of valence and arousal. Higher scores on these scales indicate higher 
valence (i.e., pleasantness) and higher arousal. In addition, participants 
filled out the State-Trait Anxiety Inventory (STAI; Spielberger et al., 
1983) to ensure that the group did not score high or low on anxiety, 
which may influence the results (Naugle et al., 2011).

2.2.3 Procedure
 After signing the informed consent, participants filled out the 
STAI. Next, they stepped onto the force plate. Starting position was one 
of the corners, which was marked by a piece of white tape attached to 
the plate, in order to ensure that all participants started with their heels 
positioned in the same starting position. From this position participants 
had to initiate a step forward toward the opposite corner, which was 
closest to the monitor (cf. Stins, Van Gelder, et al., 2015). A 5-min practice 
session preceded the experiment. Each trial started with a 5 s on-screen 
message, instructing the participant to keep their feet at shoulder-width 
and look at the fixation cross. The fixation cross, which appeared directly 
after the instruction, stayed on screen for 3 s, after which one of the IAPS 
pictures appeared. The duration of the picture randomly varied among 
seven different durations ranging from 100 to 4000 ms (100, 300, 500, 
1000, 2000, 3000, and 4000 ms). Participants were instructed to stand 
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still and look at the picture until it disappeared from the screen, and then 
initiate a step forward as soon as possible. No instructions were given 
on step size or speed. All steps had to be initiated with the right leg and 
participants had to wait in their new position (closer to the screen) for 4 
s until the instruction “step back” appeared on the screen. Participants 
then had 5 s to resume their original position and await the new trial. The 
sequence of stimulus events is shown schematically in Figure 2.1. 

FIGURE 2.1 | Sequence of stimulus events for one trial. 

IAPS
image

+

4s

3s
100 - 4000 ms

(variable)
Onset

Offset:
initiate step

 
 Pictures of each of the five different emotion categories were 
presented in separate blocks, each lasting about 5 min. The reason for 
separating the categories into blocks, rather than showing pictures from 
all categories randomly, is that valence of a given picture can influence 
processing of the immediately following affective stimulus (Gélat et al., 
2011). These authors found that the COP of a given forward step was 
affected differently when the previous trial was pleasant, compared to 
when it was unpleasant. We therefore decided to present all pictures 
within the same emotion category in blocked fashion. 
 Within each block of trials, the duration of each picture was varied 
randomly. Each duration combined with a unique picture was presented 
twice within a block, resulting in 14 steps for each category block, and 
thus 70 steps in total. Two catch trials were added to each block, in 
which a large white cross was presented immediately after picture offset, 
indicating that participants did not have to step at all. These trials were 
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included to keep participants alert. Between each block, participants 
were given the opportunity to rest and/or stretch their arms and legs, 
before continuing with the next block. The neutral block was shown first 
to all participants, and then the four subsequent emotional blocks were 
presented pseudo-randomly, ensuring that each block was presented an 
equal number of times in each order across participants. The number of 
trials per condition are shown in Table 2.2. 

TABLE 2.2 | Number of trials per participant for each Duration × Emotion category 

condition. 

Short: 100, 300, and 500 ms. Medium: 1000 and 2000 ms. Long: 3000 and 4000 ms. 
Pleasant: erotica and sports picture categories. Unpleasant: mutilation and threat picture 
categories.

 After the experiment, participants completed the SAM scale for all 
80 pictures shown during the experiment. The pictures for the SAM scale 
were shown in a random order on a monitor and participants used paper 
and pencil for the ratings.

2.2.4 Data reduction
 The COP time series and the raw force traces were rotated by 45° 
(due to the rotation of the force plate; see Stins, Van Gelder, et al., 2015), 
generating a new time-series with an anterior-posterior (AP) component 
in the direction of the screen, and a medio-lateral (ML) component for 
sideway excursions of the COP. The data were filtered using a 5-point 
moving average. The following GI parameters were analyzed (similar to 
Stins, Van Gelder, et al., 2015). 
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2.2.4.1 Reaction Time 
 The reaction time (RT) was determined as the time interval 
between picture offset (cue for GI) and the moment at which the force in 
the posterior direction exceeded 5 N. 

2.2.4.2 APA Amplitude 
 The anticipatory postural adjustment (APA) was quantified as the 
distance in AP-direction between the initial position of the COP and the 
most posterior and lateral displacement of the COP in the direction of the 
right leg (sometimes labeled “S1”; see Naugle et al., 2011). The APA is 
related to the generation of forward momentum of the body to generate 
the desired step velocity by the end of the first step (Lepers & Brenière, 
1995). Sixteen APA values were discarded due to an atypical initial 
displacement in the anterior direction instead of the posterior direction. 

2.2.4.3 Step Size 
 The difference along the AP-axis between the initial position of the 
COP and the final position after completing the step was determined as 
the step size (SS). 

2.2.4.4 Peak Velocity 
 The peak velocity (PV) was quantified as the value of the maximum 
velocity of the COP trace during forward step. Peak velocity is generally 
reached when both the swing and stance leg are on the force plate and 
when the largest weight shift occurs. Velocity was determined by numeric 
differentiation of the COP trace in the AP-ML plane. 
 Calculation of these four values is shown schematically in Figure 
2.2, which displays a representative step. 
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FIGURE 2.2 | Graphic representation of the four dependent variables. 

Figure 2.2 | Graphic representation of how the four dependent variables are extracted from 
a representative step after a stimulus duration of 500ms. Panel (A): Center of Pressure 
(COP) in anterior-posterior (AP) and medio-lateral (ML) direction over time. Panel (B): 
Force exerted by the participant in AP direction. Panel (C): COP in AP direction over time.

2.2.5 Statistical analysis
 The pleasant categories (extreme sports and erotica) and 
unpleasant categories (threat and mutilation) were grouped together, 
creating three different emotion conditions: neutral, pleasant and 
unpleasant. Furthermore, the seven different durations were averaged 
and grouped as short (100, 300, and 500 ms), medium (1000 and 2000 
ms) and long (3000 and 4000 ms) durations. The short and long groups 
are in accordance with the study by Stins, Van Gelder, et al. (2015), 
which examined stimulus duration indirectly (onset/offset: 3000–5000 
ms). 
 All data analysis was done using IBM SPSS Statistics version 21. 
The four dependent GI variables were analyzed using a 3 (duration: 
short, middle, and long) × 3 (emotion: neutral, pleasant, and unpleasant) 
multivariate repeated measures analysis of variance (MANOVA) to control 
for type-I error (see Naugle et al., 2011; Stins, Van Gelder, et al., 2015). 
If significant, follow-up analyses of the four dependent variables were 
performed using separate 3 × 3 repeated measures analyses of variance 
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(ANOVAs). Greenhouse-Geisser correction was used if the assumption 
of sphericity was violated. Significant effects were examined using post 
hoc paired samples t-tests with Bonferroni correction. Separate ANOVAs 
(emotion: neutral, pleasant, unpleasant) were performed on both the 
arousal and the valence SAM scores. Alpha was set to 0.05. 
 With respect to effect sizes, we report the partial eta squared 
(η2

p) for the MANOVA results. Additionally, for the ANOVAs we report not 
only the common η2

p, but also the generalized eta squared (η2
G). This 

latter measure is not yet widely adopted, but authors such as Lakens 
(2013) claim that it is a more robust measure than partial eta squared. 
For details on calculation and theory, see Bakeman (2005), Olejnik and 
Algina (2003), and Lakens (2013). 
 Effect sizes are also reported for the post hoc paired-samples 
t-tests. The recommended effect size for the post hoc paired-samples 
t-tests is Hedges’ gaverage (gav; see Lakens, 2013 for details on theory and 
calculation). A common language (CL) effect size, introduced by McGraw 
and Wong (1992), is also presented to provide a more intuitive metric of 
effect size (Lakens, 2013). CL can be interpreted as the probability (%) 
that a person scores higher on one mean compared to the other, after 
controlling for individual differences.

2.3 Results
 We removed 121 trials (out of 2240; 5.4%) from the analysis 
for the following reasons: (a) stepping with the left leg, (b) excessive 
COP movement during picture presentation. This was based on visual 
inspection of the histogram of the SD of the movement in AP direction. 
The cutoff was set at 10 mm, which resulted in the removal of 1.4% of all 
trials, (c) stepping too early (RT < 150 ms), and (d) stepping too late (RT 
> 1000 ms).

2.3.1 Questionnaires
 The mean scores for all questionnaire measures are reported in 
Table 2.3. The scores for both the STAI trait and state anxiety scores were 
comparable to those reported by Naugle et al. (2011), indicating that our 
sample was similar in that regard. We did not separate the scores for 
males and females, as previous research has found that gender does not 
influence kinematic parameters (Naugle et al., 2011).
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TABLE 2.3 | Mean (+ SD) of participant characteristics. 

2.3.2 SAM: Valence
 There was a main effect of emotion category, F(1.29,39.87) = 
415.02, p < 0.001, η2

p = 0.93, η2
G = 0.91. Post hoc analysis showed 

that valence was significantly different for all three categories, with 
unpleasant pictures being scored lower (less pleasant) than both neutral 
[t(31) = 21.59, p < 0.001, Hedges gav = 5.36, CL effect size = 99%] 
and pleasant pictures [t(31) = 21.57, p < 0.001, Hedges gav = 6.33, CL 
effect size = 99%]. Pleasant pictures were scored as significantly more 
pleasant than neutral pictures [t(31) = −13.84, p < 0.001, Hedges gav = 
2.97, CL effect size = 99%]. These valence scores show a similar pattern 
to the ones reported by Yiou et al. (2014).

2.3.3 SAM: Arousal
 There was a main effect of emotion category, F(2,62) = 153.73, 
p < 0.001, η2

p = 0.83, η2
G = 0.64. Follow-up analysis showed that the 

three emotion categories differed significantly with respect to arousal, 
with neutral stimuli being significantly lower compared to both pleasant 
stimuli [t(31) = −10.91, p < 0.001, Hedges’ gav = 2.19, CL effect size = 
97%] and unpleasant stimuli [t(31) = −18.14, p < 0.001, Hedges’ gav = 
3.48, CL effect size = 99%]. Ratings of pleasant stimuli were significantly 
lower than ratings of unpleasant stimuli as well [t(31) = −5.851, p < 
0.001, Hedges’ gav = 0,90, CL effect size = 85%]. These arousal scores 
are similar to those reported by Yiou et al. (2014), with unpleasant 
pictures showing a higher arousal compared to pleasant pictures. For an 
overview of all SAM scores, see Table 2.1.

2.3.4 Gait initiation parameters
 The MANOVA revealed a significant effect of emotion, F(8,24) = 
5.69, p < 0.001, η2

p = 0.66, a significant effect of duration, F(8,24) = 
3.08, p < 0.05, η2

p = 0.51, and a significant interaction of duration and 
emotion, F(16,16) = 3.02, p < 0.05, η2

p = 0.75. Means and standard 
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deviations for all variables and conditions are reported in Table 2.4 and 
the means (+ Standard Errors) are plotted in Figure 2.3. 

TABLE 2.4 | Mean (+SD) of the GI variables for all three duration and emotion 

categories. 

2.3.5 Reaction time
 Reaction time is plotted in Figure 2.3A. The effect of emotion 
on RT, F(2,62) = 8.144, p < 0.01, η2

p = 0.21, η2
G = 0.015, indicated a 

difference in reaction time for the various emotion categories. There was 
no main effect for viewing duration, F(2,62) = 0.94, p = .40, η2

p = 0.03, 
η2

G = 0.002. The significant effect for emotion was superseded by the 
interaction between duration and emotion, F(4,124) = 9.25, p < 0.001, 
η2

p = 0.23, η2
G = 0.015. Post hoc t-tests showed multiple effects. First, 

the RT in response to neutral stimuli became significantly longer over 
time; RT in response to short duration neutral pictures was significantly 
smaller compared to long duration neutral pictures [t(31) = −2.86, p < 
0.01, Hedges gav = 0.36, CL effect size = 69%]. 
 In contrast to neutral stimuli, in response to both pleasant and 
unpleasant stimuli, the RT decreased over time. In unpleasant stimuli 
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FIGURE 2.3 | Means (+ standard errors) for all dependent variables. 

Figure 2.3 | Plotted means (+ standard errors) for all dependent variables. Panel (A): 
Reaction time. Panel (B): Anticipatory Postural Adjustment. Panel (C): Step size. Panel (D): 
Peak velocity.

the RT decreased when comparing short to medium viewing duration 
[t(31) = 3.51, p < 0.01, Hedges gav = 0.20, CL effect size = 73%] and in 
pleasant stimuli the RT decreased when comparing short to long viewing 
duration [t(31) = 4.23, p < 0.001, Hedges gav = 0.32, CL effect size = 
77%]. 
 Furthermore, when viewing a picture for a short duration, 
participants responded significantly faster to neutral pictures compared 
to both pleasant [t(31) = −4.80, p < 0.001, Hedges gav = 0.53, CL effect 
size = 80%] and unpleasant [t(31) = −5.05, p < 0.001, Hedges gav = 
0.60, CL effect size = 81%] stimuli. When viewing a picture for a medium 
duration, participants only responded faster to neutral pictures compared 
to unpleasant pictures [t(31) = −2.61, p < 0.05, Hedges gav = 0.27, CL 
effect size = 68%]. After viewing a picture for a long time, there was no 
difference in RT for the different emotion categories.
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2.3.6 Anticipatory postural adjustment
 The APA values are plotted in Figure 2.3B. The ANOVA showed 
a main effect for emotion, F(1.27,39.31) = 5.67, p < 0.05, η2

p = 0.15, 
η2

G = 0.010, indicating a difference in APA amplitude between different 
emotion categories, regardless of duration. There was no main effect for 
duration (F(2,62) = 2.65, p = .08, η2

p = 0.08, η2
G = 0.002), nor an 

interaction between emotion and duration (F(4,124) = 1.79, p = .14, 
η2

p = 0.06, η2
G = 0.001). The comparison between neutral and pleasant 

stimuli and the comparison between neutral and unpleasant stimuli (with 
the Bonferroni-corrected alpha set at 0.05/3 = 0.01667) were both 
marginally significant [t(31) = 2.54, p = 0.017, and t(31) = 2.41, p = 
0.022, respectively]. Looking at the data, a general trend appeared to 
exist in that neutral stimuli resulted in larger APAs compared to both 
pleasant and unpleasant stimuli.

2.3.7 Step size
 Step size is plotted in Figure 2.3C. The main effect of emotion, 
F(1.49,46.14) = 9.09, p < 0.01, η2

p = 0.23, η2
G = 0.014, revealed a 

significant difference in step size for different emotion categories. This 
effect was regardless of duration since the interaction between duration 
and emotion (F(4,124) = 0.28, p = 0.90, η2

p = 0.01, η2
G = 0.000) was 

not significant. Pairwise comparisons showed that, compared to neutral 
stimuli, step size was significantly larger for both pleasant [t(31) = −3.23, 
p < 0.01, Hedges gav = 0.25, CL effect size = 72%] and unpleasant [t(31) 
= −3.27, p < 0.01, Hedges gav = 0.25, CL effect size = 72%] stimuli. The 
data also showed a main effect for duration [F(2,62) = 11.27, p < 0.001, 
η2

p = 0.27, η2
G = 0.002], showing a difference in step size for the different 

durations. Pairwise comparisons showed that step size was significantly 
larger for short durations compared to both medium [t(31) = 2.58, p < 
0.05, Hedges gav = 0.042, CL effect size = 68%] and long [t(31) = 4.34, 
p < 0.001, Hedges gav = 0.10, CL effect size = 79%] durations.

2.3.8 Peak velocity
 Peak velocity is plotted in Figure 3D. The ANOVA showed a main 
effect for duration, F(1.55,47.94) = 7.62, p < 0.01, η2

p = 0.20, η2
G = 

0.002, indicating a difference in peak velocity for the different picture 
durations. This effect was regardless of emotion since both the main 
effect for emotion (F(1.38,42.71) = 0.13, p = .80, η2

p = 0.004, η2
G = 

0.000) and the interaction between emotion and duration (F(4,124) = 
0.50, p = 74, η2

p = 0.02, η2
G = 0.000) were not significant. The pairwise 
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comparison between the peak velocity for short and long durations was 
significant [t(31) = 3.23, p < 0.01, Hedges gav = 0.11, CL effect size = 
72%], with the longer duration resulting in a lower peak velocity in the 
step.

2.4 Discussion
 The aim of the present experiment was to examine the combined 
effects of stimulus duration and emotional content on the control of 
forward gait initiation. To this end, we analyzed a collection of kinematic 
variables that characterize key events in the COP trace with forward 
GI. Duration affects GI parameters of forward step initiation in multiple 
ways. Step size showed a clear effect: longer duration resulted in smaller 
steps, regardless of emotional content. In addition, we found an effect 
of viewing duration on the peak velocity, with shorter duration inducing 
higher peak velocity compared to longer duration. APA values appeared 
unresponsive to stimulus duration. However, there was an interesting 
interaction between duration and emotional content on the RTs. With 
increasing viewing duration RTs became longer in response to neutral 
images, but shorter in response to pleasant and unpleasant images. 
Furthermore, with short viewing durations, RT in response to neutral 
pictures was faster compared to both unpleasant and pleasant categories. 
With medium viewing time, RT in response to neutral pictures was only 
faster compared to unpleasant pictures. And finally, in the long viewing 
condition, there was no difference in RT between neutral, pleasant and 
unpleasant images. This showed that significant differences between 
pleasant and unpleasant (high-arousal) and neutral (low-arousal) stimuli 
were found when viewing these images for a short duration, but that 
these differences disappeared entirely when viewing them for a long 
duration. 
 The above effects of duration can potentially be explained by a 
mechanism whereby prolonged picture viewing leads to less forceful 
(smaller and slower) steps, which could be caused by a gradual loss 
of alertness with respect to the task. Reaction times in response to 
neutral pictures showed a slowing over time (which is consistent with 
the idea of loss of alertness to the task over time). However, for RT, 
the opposite pattern was found for both pleasant and unpleasant stimuli 
(i.e., significantly slower responses compared to neutral stimuli for short 
duration, while over longer durations the RT decreased to become faster 
and similar to neutral stimuli). It could be that in the short viewing 
duration, the emotional content (compared to the neutral content) 
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captivated attention to such a degree that it interfered with the process 
of gait initiation (i.e., elevated RTs compared to neutral stimuli). When 
viewing time increased, however, the impact of the emotional content 
seemed to diminish, and thus interfered less and less with the GI process, 
becoming comparable to neutral stimuli. 
 Besides viewing duration, emotional content affected the GI 
parameters as well. Step size showed significant effects for different 
picture categories. Step size was smaller for neutral stimuli compared to 
both pleasant and unpleasant stimuli, regardless of viewing duration. APA 
amplitude showed a marginally significant trend in the data, with a larger 
amplitude for neutral stimuli compared to both pleasant and unpleasant 
stimuli, regardless of viewing duration. 
 An important observation is that for all four dependent variables, 
no significant differences were found in the direct comparison between 
pleasant and unpleasant stimuli. However, differences were found 
between these two emotion conditions and the neutral condition. When 
comparing the kinematic results to the subjective SAM ratings for both 
valence and arousal, it seems that arousal, but not valence, may explain 
this pattern found in the experiment. 
 With respect to valence, there were clear differences in valence 
ratings across the three emotion categories. Predictably, pleasant 
images were rated as most pleasant, unpleasant images were rated as 
most unpleasant, and neutral images occupied an intermediate position. 
However, these differences in subjective ratings were not mirrored in the 
GI parameters. Pleasant and unpleasant pictures yielded no statistically 
different effects on GI, whereas the neutral pictures differed significantly 
from both emotion categories. 
 With respect to arousal, a different picture emerged. There were 
again differences in arousal ratings across the three emotion categories: 
the neutral condition was clearly different from the two emotional 
conditions, in the presence of a small difference in arousal between 
the pleasant and unpleasant picture categories. These differences were 
manifest in three out of four GI parameters. 
 Although most studies within the field of whole-body emotional 
paradigms have highlighted the effects of valence on GI (e.g., Stins, 
Van Gelder, et al., 2015; Yiou et al., 2014), arousal seems to be a more 
crucial factor in explaining the current findings than valence. Returning 
to the results, regardless of viewing time, arousing stimuli appeared to 
cause larger step sizes (comparing neutral to pleasant and unpleasant 
stimuli) and marginally smaller APA amplitudes. Furthermore, the effect 
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of duration on RT that was found in neutral stimuli (slower RTs over time) 
was completely opposite with the high-arousal emotional categories 
(faster RTs over time). 
 Hence, in contrast to most studies within this domain (e.g., Stins 
& Beek, 2011; Yiou et al., 2014), we found that arousal, but not valence, 
affects gait parameters of forward step initiation. Interestingly, similar 
results with regard to arousal were obtained by Naugle et al. (2011) and 
Horslen and Carpenter (2011). 
 Naugle et al. (2011) found, besides effects of valence, similar 
effects of arousal as observed in our data. Participants viewed neutral 
and both high and low arousal pleasant and unpleasant pictures. At 
picture offset (2–4 s after picture onset), participants walked forward 
on a walkway. Neutral pictures were only used to calculate percentage-
wise-change scores, but the high arousal pleasant and unpleasant results 
were comparable to the present results. The authors found no difference 
between high arousal pleasant and high arousal unpleasant stimuli for 
any of the gait parameters, similar to the pattern in our results. The 
only exception was RT, which was different between the two high arousal 
categories, with a faster RT toward unpleasant compared to pleasant 
stimuli (similar to Stins, Van Gelder, et al., 2015; offset-condition). 
 Horslen and Carpenter (2011) performed a quiet standing task 
where participants were asked to observe pictures on a screen while 
standing on a force plate. Again, neutral pictures and both high and 
low arousal pleasant and unpleasant pictures were shown. The authors 
did not find an effect of valence on postural sway, nor an interaction 
between valence and arousal. However, they did find an effect of 
arousal: frequency of sway in the AP plane was higher in the high-
arousal conditions compared to the low-arousal conditions. The authors 
described several physiological mechanisms that may explain the effect 
of arousal on postural control, e.g., a change in lower limb proprioceptive 
sensitivity. 
 Scrutinizing the literature reveals that in some cases behavioral 
effects may be driven by arousal instead of, or in addition to, valence. For 
example, Stins and Beek (2011) performed a study in which participants 
were instructed to step forward or backward on a force plate, depending 
on the valence of the picture. However, SAM ratings revealed that 
arousal and valence ratings were not independent. Not only were the 
arousal ratings of pleasant stimuli lower than those of unpleasant stimuli, 
valence and arousal ratings were also moderately correlated (r = −0.39), 
implying that unpleasant stimuli were also more arousing compared to 
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pleasant stimuli. So, arousal may explain additional variance. That is, the 
higher RTs in response to stepping toward an unpleasant picture may in 
fact be caused by the arousing properties of the stimulus. 
 Besides highlighting the effect of arousal and duration on forward 
gait initiation, the present results in combination with those reported by 
Stins, Van Gelder, et al. (2015) brought an important methodological 
parameter to the fore, namely that the nature of the cue for GI may 
be more important than previously thought. The aim of the current 
experiment was to investigate the effect of viewing duration on gait 
initiation, under the hypothesis that evidence would be found for the 
MDH (faster response toward pleasant compared to unpleasant pictures) 
for short durations (onset condition) but that this effect would reverse for 
longer durations (offset condition; in line with the results of Stins, Van 
Gelder, et al., 2015). However, no such effect of duration was found. The 
general trend of the effect of viewing duration could reflect a mechanism 
of decrease of alertness with respect to the task, causing step size 
and velocity to decrease and RT in neutral stimuli to increase. Future 
studies should attempt to independently assess the level of attentional 
deployment to the stimulus, e.g., using a dual task or using unexpected 
auditory cues. 
 In addition to viewing duration, there was another difference 
between the onset and offset condition in the study by Stins, Van Gelder, 
et al. (2015). In the onset conditions, participants initiated their step 
at the moment the picture appeared, viewing the picture during their 
step initiation as well. In contrast, in the offset condition participants 
stepped toward a black screen after the picture had disappeared. 
One can imagine that participants would prefer to see a black screen 
compared to a mutilated face, making the black screen in fact a rewarding 
stimulus, potentially facilitating forward GI. If so, this would suggest 
that participants were engaged in a process of cognitive restructuring, 
whereby the black screen obtained positive properties. Future studies 
using the offset paradigm should take this alternate explanation into 
account. 
 On a more theoretical note, the current experiment showed that 
approach responses were not faster with pleasant or unpleasant stimuli 
for any of the viewing durations. Stins, Van Gelder, et al. (2015) only 
found evidence in line with the MDH in their onset condition, while 
their offset condition was almost identical to our long viewing duration 
condition. So, both viewing duration and cue appeared to modulate 
approach-avoidance tendencies. Note that approach and avoidance 
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behavior has also been linked to arousal by some authors (e.g., Maki 
and McIlroy, 1996). These authors adopted a quiet standing paradigm, 
and found evidence for arousal causing forward leaning, which could be 
a prelude to a fight-flight response. More research is needed to test the 
conditions under which the MDH is applicable. 
 In sum, we found that both viewing duration and arousal, but 
not valence, influence forward step initiation parameters. There is no 
doubt that emotion and action are intertwined, and possibly coupled on a 
cognitive level, but more research is needed to uncover the mechanisms 
underlying these effects. 
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Chapter 3
Back off! The effect of emotion on 

backward step initiation

Adapted from: Bouman, D., & Stins, J.F. (2018). Back off! The effect of 
emotion on backward step initiation. 

Human Movement Science, 57, 280 - 290.                   
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Abstract
 The distance regulation (DR) hypothesis states that actors are 
inclined to increase their distance from an unpleasant stimulus. The 
current study investigated the relation between emotion and its effect on 
the control of backward step initiation, which constitutes an avoidance-
like behavior. 
Participants stepped backward on a force plate in response to neutral, 
high-arousing pleasant and high-arousing unpleasant visual emotional 
stimuli. Gait initiation parameters and the results of an exploratory 
analysis of postural sway were compared across the emotion categories 
using significance testing and Bayesian statistics. 
 Evidence was found that gait initiation parameters were largely 
unaffected by emotional conditions. In contrast, the exploratory analysis 
of postural immobility showed a significant effect: highly arousing stimuli 
(pleasant and unpleasant) resulted in more postural sway immediately 
preceding gait initiation compared to neutral stimuli. 
 This suggests that arousal, rather than valence, affects pre-step 
sway. These results contradict the DR hypothesis, since avoidance gait-
initiation in response to unpleasant stimuli was no different compared to 
pleasant stimuli. 
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3.1 Introduction
 A core aspect of emotions is that they mobilize energy and direct 
behavior to attain a certain goal. Arguably the most basic motivational 
systems are reflected in approach and avoidance behaviors (e.g., 
Vernazza-Martin et al., 2015). These directional motivations manifest 
themselves in goal-directed motor behaviors, such as whole body 
displacement. For example, a desirable object in the immediate vicinity 
might induce forward leaning and/or initiation of forward locomotion, in 
order to decrease the distance between the self and the object. 
 Many studies (see below) have found a clear link between 
emotions and whole body directional behaviors. In the literature three 
paradigms are often used: quiet standing (Horslen & Carpenter, 2011), 
initiation of a single step in a particular direction (Stins & Beek, 2011), 
and locomotion (Naugle et al., 2010). In general, pleasant items tend to 
facilitate forward body displacements (‘approach’), whereas unpleasant 
items tend to facilitate backward body displacements (‘avoidance’)1 but 
also sometimes postural ‘freezing’, i.e. immobility (e.g., Azevedo et al., 
2005). 
 In the current experiment we adopt the second paradigm, i.e. 
initiation of a step in a particular direction. This paradigm allows for 
recording the kinematic profile of directional movements in response to 
an affective stimulus, and thus for a rich characterization of how such 
movements are organized in space and time (e.g., Gélat, et al., 2011; 
Naugle et al., 2010; Roelofs et al., 2010). As such, the paradigm provides 
an interesting merger between the field of experimental psychology and 
biomechanics. 
 Even though the coupling between emotion and whole-body 
displacement is not disputed, several theoretical perspectives exist that 
attempt to explain the nature of this relationship. Beatty et al. (2016) 
identified five different theoretical frameworks to explain how emotional 
states affect the initiation of goal directed movements. One of the key 
findings of their meta-analysis was that there was empirical evidence for 
most of these frameworks, but with different effect sizes. The authors 
made several recommendations for empirical and conceptual future 
research. For present purposes we focus on one of the frameworks 

1A notable exception is anger; this unpleasant affective state tends to facilitate approach, 
arguably in order to confront an opponent (e.g. Carver & Harmon-Jones, 2009).
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thus identified, namely the Distance Regulation (DR) perspective. This 
perspective states that the change in physical proximity of the actor to 
the outside world underwrites approach and avoidance behavior (e.g. 
Markman & Brendl, 2005), and we aim to test a specific prediction derived 
from this perspective. 
 Approach is defined as a decrease in distance between the actor 
and the stimulus, while avoidance is defined as an increase in distance. 
Beatty et al. (2016) framed it thus: ‘the real (or perceived) distance, 
and subsequent distance change of an individual relative to the locus 
of emotional stimuli influences motor behavior.’ (p.238). An obvious 
prediction of the DR perspective would be that pleasant (appetitive) stimuli 
motivate a decrease in distance, whereas unpleasant stimuli motivate an 
increase in distance. The gait initiation paradigm, whereby participants 
physically increase or decrease the distance between themselves and 
the stimulus, therefore seems ideally suited to test specific predictions 
derived from the DR perspective.
 Some studies have directly contrasted approach and avoidance 
related movement patterns within the same design (e.g. Stins et al., 
2011; Yiou et al., 2014), while others have studied only forward (i.e., 
approach) gait initiation (e.g. Stins, van Gelder, et al., 2015) with affective 
stimuli. Even though humans typically move forward when approaching 
a desirable item or attractive person, the reverse situation, i.e., moving 
backward so as to avoid something unpleasant or unattractive, has not 
been sufficiently studied. We know of four studies that not only included 
a condition involving forward stepping but also a condition involving 
backward stepping in response to emotion-eliciting images. We will 
discuss all four below, focusing specifically on the subset of data relating 
to backward gait initiation (GI). To anticipate, results involving forward 
GI tend to show the effects in the expected direction, i.e., facilitation of 
forward GI with pleasant compared to unpleasant items, but the reverse 
pattern with backward GI is not so clear cut and therefore deserves 
further study.
 The first study to adopt forward and backward GI with emotional 
pictures was conducted by Stins and Beek (2011), who used pleasant 
and unpleasant images adopted from the International Affective Picture 
System (IAPS; Lang et al., 2005). Participants were tested in either the 
congruent condition (step forward when seeing a pleasant picture; step 
backward when seeing an unpleasant picture) or the incongruent condition 
(step forward when seeing an unpleasant picture, step backward when 
seeing a pleasant picture). Thus, when a picture was shown, participants 
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had to categorize it as pleasant or unpleasant, and respond according 
to the instructions. When analyzing forward and backward stepping 
separately, the authors found clear effects of emotion on the efficiency 
with which forward gait was initiated, but no effects when backward GI 
was considered. That is, backward GI was equally fast with pleasant and 
unpleasant pictures. 
 Stins et al. (2011) performed a similar experiment but with 
happy and angry faces. In the congruent blocks, participants had to step 
forward when categorizing a face as being happy and backward when 
categorizing it as being angry. In the incongruent blocks, this mapping 
was reversed. Similar to Stins and Beek (2011), no effect of emotion on 
reaction time was found when only backward steps were considered; RTs 
were equally fast in response to both types of facial expressions. 
 A third study was done by Yiou et al. (2014). Participants had to 
first mentally classify a picture as either pleasant or unpleasant. Then, 
according to instructions and emotion, they had to step forward with 
either the preferred leg or (in another condition) the non-preferred leg. In 
other conditions participants had to select a leg and step in the backward 
direction. All participants performed both the congruent (forward-
pleasant) and incongruent (forward-unpleasant) conditions. Looking 
at the subset of data involving backward stepping, Yiou et al. (2014) 
found no effects of emotion on the time to initiate a step in the required 
direction. The only kinematic parameter that showed a significant effect 
in backward stepping was the center of mass velocity at the time of 
swing foot-off: the velocity was lower in response to pleasant compared 
to neutral pictures. 
 In a fourth study by Stins et al (2014) instructions were to step 
forward or backward depending on the gender of a face (which could be 
either happy or angry). Again, the authors found no effect of emotion on 
backward stepping; in this study also forward GI was unaffected by the 
emotional expression. However, it is important to note that the emotion of 
the stimuli was task-irrelevant, as participants had to base their response 
(forward or backward stepping) on the gender.
 The general picture that emerges from these studies is that the 
effects of emotion are more prominent for forward stepping than for 
backward stepping. This asymmetry deserves further investigation 
since it is unclear why DR would hold only for approach-like behaviors 
(easier GI toward pleasant compared to unpleasant stimuli), but not for 
avoidance-like behaviors (backward GI). The observation that forward 
and backward stepping in response to affective stimuli yields asymmetric 



48

3

behavioral patterns could be due to various factors. For example, there 
could be an inherent asymmetry in the motor control of forward vs. 
backward stepping, independent of emotion. This asymmetry is in fact 
evident in the respective kinematic profiles of the step patterns of the 
studies described previously. 
 To illustrate, Stins and Beek (2011) found that forward steps were 
larger compared to backward steps, regardless of the emotional content 
of the stimulus. In addition, Stins et al. (2011) found that participants 
stepped backward faster compared to forward, again regardless of 
emotional content. Both the peak velocity and the movement times were 
faster in backward stepping. Furthermore, Stins et al. (2014) found that 
participants made a larger step forward than backward, regardless of the 
emotional content of the stimuli. 
 From a more psychological perspective, it has also been suggested 
that backward stepping is less automatized than forward stepping 
since visual guidance is mostly absent in backward stepping (Stins et 
al., 2011). This may induce the need for additional cognitive effort to 
parameterize the step, making the step less automatized compared to 
forward stepping.
 However, at this stage it is premature to conclude that emotion 
does not affect backward stepping for the following two reasons. First, 
in all previous studies participants had to mentally classify the stimulus 
before initiating a step, since their response depended on the (emotional) 
content of the stimulus. This setup may impose additional constraints on 
the working memory of participants, thereby potentially obscuring subtle 
biomechanical markers of avoidance tendencies in backward stepping. 
Note that in three recent experiments (Bouman et al., 2015; Naugle et 
al., 2011; Stins, Van Gelder, et al., 2015) the response choice element 
was removed: subjects always had to step forward with the same leg. 
Interestingly, all three experiments found clear evidence for effects of 
emotion pictures on the control of forward GI, but the overall pattern of 
results is somewhat complicated because the effects were modulated by 
viewing duration. 
 Second, the previous studies failed to reject the null-hypothesis 
(i.e., p > 0.05) when only backward stepping was considered. However, 
the absence of a significant effect cannot be taken to imply the presence 
of a (true) null effect. In fact, other statistical procedures (Bayesian 
statistics, see below) need to be adopted in order to draw such a 
conclusion. Therefore, there is as of yet no solid statistical evidence that 
backward stepping is unaffected by emotion.
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 In the current experiment we addressed both these issues. First, 
we tested backward stepping in isolation, thereby excluding the decision-
making component: participants had to step backward in response to 
all (emotion-eliciting) stimuli. Second, we performed not only null-
hypothesis significance testing, but also Bayesian statistics to specifically 
test the evidence in favor of the null-hypothesis (for details, see Dienes, 
2014), i.e., no difference between emotion categories on parameters of 
backward GI. If we indeed find that emotion does not affect backward 
GI, as has been suggested by previous studies, this will strengthen the 
notion that there is an asymmetry in whole-body movement regarding 
approach and avoidance motivations, which would be difficult to reconcile 
with a literal reading of the DR perspective. 

3.2 Method
3.2.1 Participants
 Thirty individuals (16 females; Mean age = 23.6 years, SD = 3.3) 
participated in the experiment. All participants were screened for injuries 
of the lower extremities or difficulties with stepping due to another cause. 
In addition, participants must not have participated in any of our other 
approach-avoidance studies. The local ethics committee approved of the 
experimental protocol before it was conducted. Informed consent was 
obtained from all individual participants included in the study.

3.2.2 Materials and methods
 Posturographic data were recorded using a custom-made 1 m 
× 1 m strain gauge force plate (sampling frequency: 100 Hz), which 
was rotated 45 degrees to ensure that participants had sufficient room 
to execute a step backwards, that is, diagonally across the force plate. 
Forces were recorded with eight sensors embedded in the plate: four 
measuring forces in the z-direction, and two sensors for the x- and 
y-directions, respectively. The data from these sensors were converted to 
the total force in three directions (Fx, Fy, and Fz), from which moments 
(Mx, My, and Mz) were calculated. The Center of Pressure (COP) was 
then calculated using the Mx and My vectors. The COP represents the 
point of application of the ground reaction force (for details see Brenière 
et al., 1987). Images were shown on a 55-inch monitor placed 30 cm in 
front of the participant at eye-level. The image size was 32 × 43 cm, so 
that it was completely visible while standing close to the screen. 
 Image onset and offset were detected by a photodiode attached 
to the monitor, which was not visible to the participant, and was 
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synchronized with the force plate recording. The stimuli were chosen 
from the IAPS (Lang et al., 2005). Only high-arousal pictures were used 
since previous research showed that especially these pictures have 
discernible impact on gait initiation (Stins et al., 2015). Three picture 
categories were used: (1) erotica (high arousal pleasant), (2) mutilation 
(high arousal unpleasant), and (3) neutral. Twenty unique pictures were 
chosen from each picture category.2 Note that the erotica and mutilation 
pictures in the present experiment were also used in at least three 
previous GI studies (Bouman et al., 2015; Naugle et al., 2011; Stins, 
Van Gelder, et al., 2015). At the end of the experiment, the participants 
filled out the 9-point Self-Assessment Manikin (SAM), rating each image 
on valence and arousal, with higher scores meaning more pleasant and 
more arousing ratings.

3.2.3 Procedure
 After having signed the informed consent form, participants 
stepped onto the force plate. They were instructed to touch a piece of 
white tape, which was attached to the force plate in the corner closest to 
the monitor, with their toes, to ensure that all participants started in the 
same initial position. From this position, participants had to initiate a step 
backwards towards the opposite corner, which was thus furthest away 
from the monitor. A 5-min practice session preceded the experiment.   
At the start of each trial, an on-screen message instructed the 
participants to stand with their feet shoulder-width apart and to look at 
the fixation cross. The fixation cross remained visible on screen for three 
seconds, after which one of the IAPS images appeared. The duration of 
the image varied randomly between 2 and 4 s, so that participants could 
not anticipate the timing of the disappearance of the image. Participants 
had to stand still during the image presentation and had to initiate a step 
backward as soon as the image disappeared from screen. No instructions 
on step length and speed were given. All steps were initiated with the 
right leg and after stepping participants had to wait for a message to 
appear on screen, after which they resumed their original position and 

2IAPS pictures for each picture category:
Neutral:2038, 2102, 2104, 2190, 2200, 2210, 2270, 2305, 2440, 7004, 7006, 7010, 7025, 
7035, 7041, 7050, 7410, 7705.Catch: 7150, 2215.
Erotica:4001, 4607, 4608, 4609, 4611, 4625, 4643, 4645, 4649, 4651, 4653, 4658, 4659, 
4660, 4670, 4680, 4683, 4687. Catch: 4694, 4002.
Mutilation:3000, 3010, 3016, 3017, 3030, 3051, 3060, 3061, 3062, 3068, 3069, 3071, 
3080, 3100, 3130, 3150, 3170, 3400. Catch: 3063, 3064.
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awaited a new trial. 
 The cue for GI was the offset (i.e., disappearance) of the stimulus. 
At each trial, participants likely loaded and parameterized the relevant 
motor program for backward GI, awaiting picture offset. Our paradigm 
involving at least 2 s viewing duration allows us to assess whether 
emotional content interfered with this process of parameterization and 
execution of the motor program, as evidenced by the COP profile. This 
paradigm has been used in previous research (Bouman et al., 2015; 
Naugle et al.,2011; Stins, Van Gelder, et al., 2015), all involving forward 
GI. 
 All 60 IAPS images were presented in random order, with a break 
of a self-chosen length after every 20 trials. Within each block of 20 trials, 
two catch trials were added which consisted of a big red cross appearing 
directly after picture offset, and requiring no step. This ensured that 
participants were paying attention to the task. In total, 18 steps were 
recorded within each of the three picture categories. Finally, participants 
filled out the SAM scale for all 60 images. The images were shown in 
random order on a monitor and participants used paper and pencil for 
ratings.

3.2.4 Data reduction
 The COP data and the force plate data were rotated by 45 
degrees (due to the rotation of the force plate; see Stins, Van Gelder, 
et al., 2015), generating a new time-series with the anterior-posterior 
(AP) COP component in the direction of the screen and the medio-
lateral (ML) COP component representing sideways movement. The 
data were filtered using a 5-point moving average. Figure 3.1 shows a 
representative COP trace of a backward step and an explanation of the 
key events. The overall shape of the trace is similar to earlier studies 
reporting backward GI (e.g., Stins et al., 2011). Given that the COP 
traces of forward and backward GI are comparable (yet flipped along 
the horizontal axis) this indicates that the steps are biomechanically 
comparable, so that we can accurately compute GI parameters in a similar 
way as with forward GI. The following GI parameters were analyzed: 

3.2.4.1. Reaction time
 The reaction time was determined as the time interval in 
milliseconds between picture offset (cue for GI) and the time at which 
the force in the anterior direction exceeded 5 N (cf. Bouman et al., 2015).
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3.2.4.2. APA amplitude
 The anticipatory postural adjustment (APA) is the first period 
within the unfolding of the GI. The shape and timing profile of the APA 
represents the build-up of momentum, in order to accelerate the body in 
the required (backward) direction at a certain velocity (Lepers & Brenière, 
1995). The measure used in the present study was the magnitude of 
displacement in centimeters in AP-direction between the initial position 
of the COP and the most anterior and lateral displacement of the COP in 
the direction of the right leg. This period within GI has is labelled ‘S1’ in 
Figure 3.1; cf. Naugle et al. (2011). 

3.2.4.3. Peak velocity
 Maximum velocity of the COP during the step within S3 in meters 
per second. Velocity was determined by numerical differentiation of the 
COP trace in the AP-ML plane. In general, peak velocity will be reached 
when the swing and the stance leg are both on the plate and when the 
largest weight shift occurs.

3.2.4.4. Step length
 The difference along the AP-axis in centimeters between the initial 
position of the COP and the final position after completing the step.

3.2.4.5. Postural sway
 In addition to parameters related to step execution, the data also 
allowed us to investigate whether postural sway is affected by emotional 
cues. There is evidence from the quiet standing literature that emotional 
pictures (especially unpleasant ones) can induce a temporary reduction 
in sway (e.g. Azevedo et al., 2005; Facchinetti et al., 2006; Roelofs 
et al., 2010), which has been related to a ‘freezing response’. There 
is also evidence that a brief postural immobility phase accompanies 
the gait initiation profile (e.g. Stins et al., 2011). In addition, previous 
research has found that emotional content affects COP-trajectories prior 
to execution of a forward step (Fawver et al., 2015). It could be the 
case that our mutilation stimuli not only induce motivational tendencies 
to step backwards, but also postural immobility. Since we did not know 
in advance which sections of the COP trajectory would be sensitive to 
emotion, we decided to adopt an exploratory analysis (cf. Wagenmakers 
et al., 2012), and focus on three sections in the trajectory that might 
potentially reveal emotion-induced postural immobility. 
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FIGURE 3.1 | Graphic representation of the COP during a backward step. 

Figure 3.1 | Graphic representation of the COP trace of a representative backward step. 
The COP trace consists of four sections; S1 involves building up of momentum in order to 
accelerate the body center of mass sideways and backward. S2 is the weight shift period 
during which body weight is transferred to the (left) stance leg (yielding a single support 
phase), hence a lateral displacement of the COP. The abrupt change in the COP trace, 
where S2 ends and S3 begins, corresponds to the phase during which the (right) swing 
leg moves backward, and then lands behind the body but is still unloaded. During S3 the 
(left) stance leg becomes unloaded and the right (now posterior) leg becomes loaded, so 
that the body center of mass makes a rapid and large posterior shift. S3 thus involves a 
double support phase (both feet temporarily loaded). During the change from S3 to S4 
there is again a single support phase but now for the right leg. Finally, during S4 the left leg 
is again positioned adjacent to the right leg; the COP moves sideways and comes to a halt 
somewhere between the feet.

 We focused on three time windows: 1) 0–200 ms after stimulus 
onset; 2)−200 ms to 0 before stimulus offset; 3) 0–200 ms after 
stimulus offset. These time windows were chosen to include the whole 
trial of viewing and responding to the emotional images. The length of 
these windows was chosen on the basis of our consideration to reject RTs 
that were below 200 ms. By choosing the time window of 200 ms, we 
ensured that postural activity related to step initiation would not interfere 
with our measure of postural immobility. For each of these time windows 
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(thus consisting of 20 COP samples) we calculated the integrated length 
of the COP path, i.e., sway path length in millimeters. Small values of this 
measure correspond to immobility and may be indicative of automatic 
and fast postural adjustments.

3.2.5. Statistical analysis
 Four dependent GI variables (RT, APA, peak velocity, and step 
length) were analyzed in IBM SPSS (version 23) using a multivariate 
repeated measures analysis of variance (RM MANOVA; emotion: neutral, 
pleasant, unpleasant) to control for type-I error, since these dependent 
measures are potentially related (see Naugle et al., 2011; Stins, Van 
Gelder, et al., 2015). Follow-up analyses of the four dependent variables 
were performed using separate one-way repeated measures analyses 
of variance (RM ANOVAs). The three postural sway measures are likely 
unrelated to gait initiation and, in addition, they represent the same 
measure (sway) under different conditions (time and emotion). Sway 
path length was therefore analyzed using a separate 3 (time: onset, 
pre-offset, post-offset) × 3 (emotion: neutral, pleasant, unpleasant) RM 
ANOVA.
 Greenhouse-Geisser correction was used if the assumption of 
sphericity was violated. Significant effects were examined using post-
hoc paired samples t-tests with Bonferroni correction. Separate ANOVAs 
(emotion: neutral, pleasant, unpleasant) were performed on both the 
arousal and valence SAM scores. Alpha was set to 0.05. 
 Both partial eta squared (η2

p) and generalized eta squared (η2
G) 

are reported as measure of effect size since they are differentially 
affected by study design (see Bakeman (2005), Olejnik and Algina 
(2003), and Lakens (2013) for details on theory and calculation). For the 
post hoc paired-samples t-tests, both Hedges’ gaverage (gav) and a common 
language (CL) effect size are reported (see Lakens, 2013 for details 
and calculation). The CL effect size is a percentage that represents the 
probability, after controlling for individual differences, that a given person 
scores higher in one condition compared to the other. 
 Since previous research did not find effects of emotion on backward 
GI, Bayesian comparisons of means were performed using JASP (Version 
0.7.5; cf. Love et al., 2015; Morey & Rouder, 2015; Rouder et al., 2009) 
to test whether the data support the null-hypothesis. This analysis can be 
used to calculate so-called Bayes factors (BF), which quantify the relative 
evidence for the null hypothesis vis-à-vis the alternative hypothesis. For 
more information on Bayesian analysis see Dienes (2014) and Jarosz 
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and Wiley (2014). The default Cauchy prior width of 0.707 was used 
to calculate the BF01 for each comparison. The BF01 indicates how much 
more likely the data support the null-hypothesis (no difference between 
the two means) compared to the alternative hypothesis. BF10 is simply 1/
BF01. BF smaller than 3 is treated as inconclusive evidence, BF between 3 
and 10 as moderate evidence, while BF higher than 10 is seen as strong 
evidence.

3.3 Results
 We removed 7.2% (117 out of 1620) of the trials due to excessive 
postural movement before the cue for GI, i.e., picture offset (8), stepping 
with the left leg (12), stepping too soon (RT < 200 ms) (55), stepping 
too late (RT > 1000 ms) (28), and an atypical APA profile based on visual 
inspection (14).

3.3.1. SAM
 SAM scores are reported in Table 3.1. The pattern of valence 
scores was as expected and differed across all three categories, with 
erotica being scored as more pleasant compared to neutral (t(29) = 5.66, 
p < 0.001, Hedges gav = 1.41, CL = 85%) and mutilation(t(29) = 15.14, 
p < 0.001, Hedges gav  = 4.18, CL = 99%). Mutilation was scored as 
more unpleasant compared to neutral (t(29)= 16.51, p < 0.001, Hedges 
gav = 4.20, CL = 99%). 
 With respect to arousal, both erotica and mutilation were scored 
as more arousing compared to neutral images (t(29) = 11.26, p < 0.001, 
Hedges gav = 2.25, CL = 98% and t(29) = 15.87, p < 0.001, Hedges gav 
= 3.56, CL = 99%, respectively). Additionally, mutilation was scored as 
more arousing compared to erotica (t(29) = 5.95, p < 0.001, Hedges gav 

= 1.13, CL = 86%). The arousal and valence scores had a similar pattern 
as those reported by Yiou et al. (2014) and Bouman et al. (2015), and 
confirmed their affective characteristics.

TABLE 3.1 | Mean (+SD) for SAM scores of valence and arousal for all emotion 

categories. 



56

3

3.3.2. Gait initiation parameters
 Using Pillai’s trace, the RM MANOVA was significant for the GI 
parameters (V= 0.97, F(3,27) = 378.2, p < 0.001) and, more importantly, 
the interaction between GI parameters and emotion (V= 0.50, F(6, 
24) = 3.99, p < 0.005), meaning that the effect of emotion on the GI 
parameters differed between the four parameters. The separate ANOVAs 
for the four gait initiation parameters of interest are described below. All 
means are reported in Table 3.2 and shown in Figure 3.2. The BFs for all 
pair-wise contrasts are reported in Table 3.3.

3.3.2.1. Reaction time
 Reaction time (RT) data is shown in Figure 3.2A. The ANOVA 
showed no significant effect of emotion category on RT (F(2,58) = 0.16, p 
= 0.85, η2

p = 0.01, η2
G = 0.000). The Bayesian analysis comparing the RT 

in response to neutral, erotica and mutilation images, yielded moderate 
evidence supporting the null-hypothesis (see Table 3.3; all BF01 > 4.3), 
meaning that the data showed evidence for the absence of a significant 
difference in reaction time across the various emotion categories.

3.3.2.2. Anticipatory postural adjustment
 Anticipatory postural adjustment (APA) data is shown in Figure 
3.2B. The ANOVA showed no significant effect of emotion category 
on APA either (F(2,58) = 0.10, p = 0.91, η2

p = 0.003, η2
G = 0.000). 

Bayesian analysis again showed moderate evidence in support of the 
null-hypothesis (all BF01 > 4.7). The data indicated that the APA was not 
different for the different emotion categories.

3.3.2.3. Peak velocity
 Peak velocity (PV) data is shown in Figure 3.2C. Peak velocity 
showed no significant effect of emotion category (F(1.58,45.82)) = 0.91, 
p = 0.39, η2

p = 0.03, η2
G = 0.000). Bayesian analyses showed that the 

comparison between neutral images and both erotica and mutilation 
images did not yield any evidence for either hypothesis (BF01 < 3), 
meaning that the data are inconclusive. However, there was moderate 
evidence (BF01= 4.8) for the absence of a difference between the peak 
velocity to erotica and mutilation images.
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3.3.2.4. Step length
 Step length data is shown in Figure 3.2D. There was a marginally 
significant effect of emotion category on step length (F(1.20, 34.73) = 
3.65, p = 0.057, η2

p = 0.11, η2
G = 0.059). Since both the uncorrected 

F-test (F(2, 58) = 3.65, p < 0.05) and the multivariate tests were 
significant (e.g. Pillai’s Trace: V= 0.39, F(2, 28) = 8.80, p < 0.01), it 
can be concluded that there were significant differences in step length 
between the emotion categories to perform pairwise comparisons (cf. 
Field, 2013, p. 563). The pairwise comparisons showed no significant 
effect in step length for either the comparison between neutral and 
mutilation pictures (t(29) =−2.37, p = 0.025, which is larger than the 
Bonferroni-corrected alpha = 0.017) or the comparison between erotica 
and mutilation pictures (t(29) = −0.95, p = 0.35). The results only 
showed a significant difference in step length between neutral and erotica 
pictures (t(29) =−3.47, p < 0.01, Hedges gav = 0.049, CL = 74%), with 
participants taking a somewhat larger backward step in response to 
erotic pictures compared to neutral pictures. 
 This significant difference in step length between neutral and 
erotica pictures was supported by the Bayesian analysis of this comparison 
(BF01 = 0.05, BF10 = 21.5), which yielded strong evidence for a difference 
between the two conditions. The Bayesian analysis for the step length 
in the erotica and mutilation condition indicated moderate evidence 
(BF01 = 3.4) in support of the null-hypothesis. Finally, the evidence for a 
difference between the neutral and mutilation condition was inconclusive 
(BF01 = 0.5, BF10 = 2.1).

TABLE 3.2 | Mean (+SD) for all dependent variables in response to neutral, 

erotica, and mutilation stimuli. 
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FIGURE 3.2 | Graphs showing the means (+ standard error) for all four dependent 

variables.   

Figure 3.2 | Four GI parameters (mean ± SE) for neutral, pleasant and unpleasant 
conditions: (A) reaction time, (B) amplitude of the anticipatory postural adjustment, (C) 
peak velocity, and (D) step length.

3.3.3. Sway path length
 All means for sway path length are reported in Table 3.2 and 
shown in Figure 3.3. The BFs for all pair-wise contrasts are reported 
in Table 3.3. The three sway path lengths were compared using a 3 × 
3 RM ANOVA, which yielded a significant effect for emotion (F(2,58) = 
3.72, p < 0.05, η2

p = 0.11, η2
G = 0.01), indicating that different emotion 

categories resulted in differing sway path length values, regardless of 
when the sway was measured. 
 A significant effect of the time within the trial when the sway was 
measured was also found (F(1.03, 29.90) = 30.42, p < 0.001, η2

p
 = 0.51, 

η2
G = 0.22). Looking at Figure 3.3, it seems evident that this significant 

result was driven by the increase in sway measured post-offset compared 
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to the sway measured at onset and pre-offset, which likely showed 
adherence of the participants to the instructions, i.e., initiate a step.
 Finally, a significant interaction was found between emotional 
category and time at which the sway was measured (F(2.36,68.49) = 
4.55, p < 0.01, η2

p = 0.14, η2
G = 0.01), indicating that for the three 

different times at which sway was measured, emotion affected sway 
differentially. The differences between the emotion categories within 
each sway time were investigated with separate post hoc paired samples 
t-tests. 

TABLE 3.3 | Bayes factors (BF01) for stimuli-comparisons of gait initiation (GI) 

parameters and sway path length.  

aBF10 is equal to 21.5.
bBF10 is equal to 2.1.
cBF10 is equal to 3.7.
dBF10 is equal to 5.3. 

3.3.3.1. Sway path length 200 ms after onset
 There was no significant difference in sway path length in the 
first 200 ms after picture onset between the three emotion categories. 
The differences between neutral and erotica pictures (t(29) = −0.096, 
p = 0.92), between neutral and mutilation pictures (t(29) = −0.71, p = 
0.48), and between erotica and mutilation pictures (t(29) =−0.61, p = 
0.54) were not significant. Looking at the BF for all three comparisons 
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(all BF01 > 4.1), the data showed moderate evidence in favor of the 
null-hypothesis, i.e. evidence in support of equality in sway for all three 
emotion categories. 

3.3.3.2. Sway path length 200 ms before offset
 No significant difference in sway path length was found 200 ms 
before offset between the three emotion categories. The difference 
between neutral and erotica pictures (t(29) = 0.20, p = 0.84), the 
difference between neutral and mutilation pictures (t(29) = 0.68, p = 
0.50), and the difference between erotica and mutilation pictures (t(29) 
= 0.43, p = 0.67) were all non-significant. The BF showed moderate 
evidence in support of the null-hypotheses (all BF01 > 4.2).

FIGURE 3.3 | Sway path length (mean ± SE) for neutral, pleasant and unpleasant 

conditions calculated over 200 ms at stimulus onset, pre-offset and post-offset.

3.3.3.3. Sway path length 200 ms after offset
 A significant effect of emotion category on the sway path length 
200 ms after the picture offset was found. The pairwise comparisons 
showed a significant difference in sway after the neutral compared to 
erotica pictures (t(29) = −2.66, p < 0.05, Hedges gav = 0.34, CL = 69%), 
and compared to mutilation pictures (t(29) =−2.83, p < 0.01, Hedges gav 
= 0.33, CL = 70%) with both mutilation and erotica eliciting a higher 
sway path length, and thus more sway. No significant difference was 
found between the erotica and mutilation conditions (t(29) = 0.27, p = 
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3As an additional check we calculated sway in the 200 ms preceding stimulus onset. As 
expected, postural immobility was identical across the three conditions, with a sway path 
length of 6.7 mm on average.

0.79). The BF supported these conclusions, in that both comparisons with 
the neutral condition have a BF10 above 3.7, showing moderate support in 
favor of a difference in sway between the neutral condition and the both 
erotica and mutilation conditions. In addition, the BF01 for the comparison 
between erotica and mutilation was 5.0, indicating moderate evidence in 
favor of no difference in post-offset sway between these two conditions.3  

3.4 Discussion 
 The aim of this study was to examine whether the organization of 
backward stepping would be affected by emotional content of affective 
pictures. The theoretical goal was to study avoidance behavior in isolation, 
and thereby test the DR hypothesis. A step in the backward direction 
results in an immediate increase in the distance between the actor and 
the emotion eliciting (i.e., potentially harmful) stimulus, thereby reducing 
the possibility of adverse consequences. According to the DR hypothesis, 
it would be easier to organize a step in the backward direction in response 
to unpleasant/threatening stimuli compared to other (neutral or positive) 
items. 
 Despite these theoretical predictions and similar to previous 
studies which included backward stepping, the results showed very 
little effect of emotional content on the gait initiation parameters 
of the backward step. The absence of significant effects of emotion 
was evidenced by non-significant p-values. In addition, adding a new 
dimension compared to previous studies, Bayes Factors were calculated. 
The Bayes Factors provided evidence for the null-hypothesis in almost all 
conditions. Emotional content of the stimuli affected neither the RT nor 
the APA of the backward step. Both GI parameters revealed moderate 
evidence in favor of no difference between the emotional conditions. 
 The evidence for the difference in peak velocity between the 
neutral and two emotional conditions was inconclusive. However, there 
was moderate evidence for similar peak velocities in the erotica and 
mutilation conditions. 
 Finally, step length showed moderate evidence for a comparable 
step length in the erotica and mutilation conditions as well, but inconclusive 
evidence for the difference between the neutral and mutilation condition. 
In contrast, there was strong evidence for a larger step length in 
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response to erotic compared to neutral stimuli. This comparison was the 
only significant effect of emotion on any of the backward gait initiation 
parameters. At present we have no explanation for this finding but it could 
reflect feelings of embarrassment, with a tendency to physically distance 
one-self from erotica in a lab setting, despite their positive hedonic value. 
More generally, caution should be exercised in interpreting these results, 
as demand characteristics (especially after extended viewing) will likely 
also play a role. 
 The exploratory analysis of the sway path length in various 
places in the COP trace revealed differential effects of the experimental 
conditions on sway. Overall, there was more body sway after picture offset 
(which was the cue for the participant to initiate their step) compared 
to both picture onset and pre-offset. This likely shows adherence of the 
participants to the instructions: “Do not move as long as the picture 
is on the screen, initiate your step when the picture disappears.” This 
increase in sway after offset does not reflect gait initiation, because 
early (impossibly fast) RTs below 200ms were excluded from further 
analysis. This general increase in sway after the cue is most likely to 
reflect the response to the cue (the disappearance of the stimulus) and 
the preparation for movement before the GI. 
 Emotion only showed a differential effect on postural immobility 
after offset. Moderate evidence was found that participants exhibited 
more postural movement after seeing erotic and mutilation pictures 
compared to neutral pictures. This effect was not due to movement 
initiation, because (1) all trials with fast RTs were removed (RT < 200 
ms), and (2) RT did not show differences between the different emotion 
categories. An explanation could be that erotic and mutilation pictures 
caused a higher incentive to start moving (arousal was significantly 
higher for both categories compared to neutral pictures), increasing the 
amount of body sway, possibly as a precursor to actual step execution. 
 Similar to earlier studies on backward GI and emotion, but in 
contrast to the expectation based on the DR perspective, the current 
results did not show a pronounced effect of (unpleasant) emotion 
on backward gait initiation, with the exception of taking a larger step 
backward in response to an erotic picture compared to a neutral picture. 
Yiou et al. (2014) found that the velocity at the time of swing foot-off 
was lower when seeing a pleasant picture compared to a neutral picture. 
These two results are the only ones within the literature that reflect an 
effect of emotion on backward stepping in isolation. 
 Our data are consistent with other studies that included backward 
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stepping, which found no evidence for an effect of emotion on backward 
gait initiation. However, previous studies did not confirm the null-
hypothesis. By using Bayesian statistics in the current study, we have 
shown evidence that emotion indeed hardly affects backward stepping. 
This points to a fundamental asymmetry between emotion-cued forward 
and backward GI since forward GI studies generally show an effect of 
emotion (i.e., Stins & Beek, 2011). 
 There may be various reasons for the lack of GI findings and the 
effect of emotion on sway after the cue in the current experiment. It could 
be that emotions affect backward stepping in a different way compared to 
forward stepping. It seems that step initiation and execution are barely 
changed in response to emotional items (as shown by the negative 
results found by Stins and Beek (2011), Stins et al. (2011, 2014), Yiou 
et al. (2014) and the current experiment). However, in the brief time 
period between the cue and movement onset, the current data point to 
an effect of arousal. This pre-step sway has not been investigated in 
previous studies that included backward GI. Future research needs to 
determine whether emotion affects sway before backward step initiation. 
 Notable is that none of the GI or sway parameters revealed a 
difference between the erotic and mutilation conditions. Indeed, in all 
dependent variables the Bayes Factors pointed to moderate evidence in 
favor of the null-hypothesis (see Table 3.3). This is an interesting finding 
given the expectation that mutilation stimuli were to have a greater effect 
on GI compared to erotic stimuli, based on the overarching hypothesis 
that backward stepping represents an avoidance behavioral response, 
aimed at avoiding unpleasant items and events. However, the only 
differences that were found (in step length and pre-step sway at offset) 
were between neutral and high-arousal pleasant and unpleasant stimuli 
(only in pre-step sway). In other words, the arousal ratings of the stimuli 
seemed to affect behaviour more strongly compared to the valence.   
 A comparable pattern has been found in previous gait initiation 
and quiet standing research (Bouman et al., 2015; Horslen & Carpenter, 
2011). Both Bouman et al. (2015) and Horslen and Carpenter (2011) 
found that there was no difference in respectively forward GI and postural 
sway between high-arousal pleasant and high-arousal unpleasant stimuli. 
Combined with the current results, this seems to suggest that differences 
in arousal (neutral vs. high-arousal stimuli) are stronger predictors of 
gait initiation and postural sway than differences in valence (pleasant 
or unpleasant). Nonetheless, more research is needed to investigate 
the respective roles of valence and arousal on motivational direction, 
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systematically varying these two core emotion dimensions. 
 It could be argued that the stimuli chosen (all high arousal) 
might induce conflicting response tendencies and unexpected 
demand characteristics. For example, erotica might induce feelings 
of embarrassment, and mutilation images might induce empathy. We 
note that in a previous experiment (Stins, Van Gelder, et al., 2015), 
where a largely overlapping stimulus set was employed, clear effects of 
picture category on forward GI were found. In general, the choice of an 
appropriate stimulus set to induce behavioral tendencies is the corner 
stone of these types of experiments and requires careful consideration. 
 It is difficult to reconcile the findings of the current experiment 
with the DR hypothesis. The findings seem to suggest that backward 
stepping GI parameters are largely unaffected by emotional stimuli, 
whereas the DR hypothesis would predict that participants should be 
inclined to increase the distance between themselves and unpleasant 
stimuli. An explanation for this lack of findings could reside in the offset-
paradigm, since participants did not respond to the unpleasant image per 
se, but to its disappearance (which could be interpreted as a pleasant 
event). 
 Indeed, previous research has shown that differences exist in 
forward GI when directly comparing the onset- and offset-paradigm 
(Stins, Van Gelder, et al., 2015). However, this explanation does not 
seem likely since previous research not using the offset-paradigm (Stins 
& Beek, 2011; Stins et al., 2011, 2014; Yiou et al., 2014) also reported 
negligible effects of emotion on backward stepping. 
 It might also be argued that backward stepping may not be an 
ideal response set to study avoidance motivation. Typical avoidance 
reactions (e.g., flight from imminent danger) might involve triggering 
and execution of a motor program consisting of turning the whole body 
and then running away. If it is the case that a single backward step is 
only loosely coupled to avoidance motivations, this might explain the lack 
of significant findings. But given that many earlier studies had added 
a condition involving backward stepping, we deemed it worthwhile to 
scrutinize how this movement pattern is coupled to affective stimuli, and 
thereby inform future experiments involving emotion-induced GI. 
 Since our analysis of postural immobility was exploratory, 
the interpretation of these results must be done with caution (see 
Wagenmakers et al., 2012). We would therefore like to suggest ideas 
for future research in which the role of postural immobility can be 
investigated. 
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 One research domain where sway (reduction) is important 
concerns studies on the fear response known as ‘freeze’. Physiological 
parameters that indicate freezing behavior are bradycardia (slowing of 
the heart rate), an overall reduction in movement, and increased muscle 
tonus (Hagenaars et al., 2014). Studies within the whole-body movement 
paradigm discussed by Hagenaars et al. (2014) mainly report data of 
participants standing still on a force platform, without having to perform 
a postural task, except looking at images or clips on a screen. In those 
studies, it has often been found that unpleasant images or clips cause a 
freeze-like response. Our data suggest the opposite of a freeze response, 
with high-arousing unpleasant (and pleasant) images causing an increase 
in postural sway, i.e., the converse of freeze. It might be the case that 
the freezing response is mainly present in the quiet standing paradigm, 
and not in the GI paradigm. This could be due to participants having to 
execute a postural motor program (GI), instead of standing quietly during 
picture viewing. Alternatively, it could be that freeze is not an isolated 
event, localized within a narrow time bin, but that it instead influences 
various stages of motor parameterization. Future research could analyze 
freeze-like behavior within the GI paradigm in more detail. 
 Hagenaars et al. (2014) suggest that postural immobility effects 
alone should be interpreted with caution, since these could reflect a 
response to arousing or novel stimuli, instead of the freeze response. 
It is therefore important to also monitor heart rate and muscle activity, 
in addition to motor output, to obtain a more complete picture of the 
hypothesized freezing response. Likewise, postural responses to emotion 
might be modulated by excessive trait anxiety, such as in PTSD (e.g., 
Fragkaki et al., 2017) but to our knowledge our participants did not suffer 
from such a condition.
 In conclusion, the current experiment has shown evidence that 
backward gait initiation is largely unaffected by emotional content. 
However, the data point toward increased postural sway just before 
gait initiation, where participants showed increased postural movement 
following erotic and mutilation images compared to neutral images. 
Hence, despite the absence of an effect of emotion on the control of 
backward GI, we did observe pre-step postural activity to the emotional 
images, which shows that the images have the potential to affect our 
postural behavior, possibly mediated by arousal and not valence.
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Chapter 4
Both distance change and 

movement goal affect whole-body 
approach-avoidance behaviour

Adapted from: Bouman, D., Stins, J. F., & Beek, P. J. (under revision). 
Both distance change and movement goal affect whole-body approach-

avoidance behaviour. Psychology & Neuroscience.



68

4

Abstract
 Approach and avoidance behaviour with respect to pleasant 
and unpleasant stimuli are explained by two general ideas. First is the 
motivational distance regulation (DR) account. DR posits that the physical 
distance between the self and the stimulus is essential for approach and 
avoidance behaviour. The second is the cognitive explanation, which 
includes the evaluative response coding (ERC) account. ERC holds that 
the significance of the movement goal, provided with a response label, is 
crucial.
 Using a novel whole-body approach-avoidance design, the effects 
of distance change and response label on stepping behaviour were 
assessed separately. Thirty-six participants, in two separate experiments, 
stepped sideways on a force platform in response to facial expressions, 
with instructions carefully crafted to induce distance change separately 
from the labels given to the movements. In the first experiment the 
emotion was relevant to the task-goal.
 The repeated measures analysis of variance (RM ANOVA) showed 
greater support for the cognitive ERC account with regard to step 
initiation (reaction time: significant Emotion x Label interaction; p < .05; 
η²p = 0.14), but appeared to favour DR with regard to gait execution 
(peak velocity; significant Emotion x Distance interaction; p < .05; η²p 
= 0.14). In the second experiment the emotion was task-irrelevant while 
the gender of the stimuli was relevant. The results showed support for 
the notion that emotion seems to only affect behaviour when relevant to 
the task goal. 
 Both cognitive and motivational mechanisms play a role in whole-
body approach-avoidance behaviour.
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4.1 Introduction
 Emotion theories postulate that emotions motivate us to approach 
pleasant and avoid unpleasant situations (i.e. Lang & Bradley, 2010). 
Experimental psychologists typically study approach and avoidance 
reactions by asking participants to perform binary responses to emotion-
eliciting stimuli, such as positive and negative words (cf. Krieglmeyer 
et al., 2010) or positive and negative facial expressions (cf. Rotteveel & 
Phaf, 2004). Results consistently indicate that approach responses are 
facilitated by pleasant stimuli and avoidance responses by unpleasant 
stimuli.
 According to one theoretical account, pleasant and unpleasant 
stimuli automatically trigger approach and avoidance motivational states, 
which facilitate adaptive motor responses. Pleasant (unpleasant) stimuli 
invite motor responses that decrease (increase) the distance between 
the self and the object (Krieglmeyer et al., 2010; Markman & Brendl, 
2005). This motivational account has been coined Distance Regulation 
(DR; Beatty et al., 2016).
 In contrast, the Evaluative Response Coding (ERC) view, which 
is an account based in cognitive psychology, emphasizes the importance 
of the anticipated consequences of an action in approach-avoidance 
behaviour (Eder & Hommel, 2013). If stimuli and motor consequences 
share a feature (e.g., valence), the stimulus-response pair is compatible 
along this dimension, and responses are facilitated. Eder and Rothermund 
(2008) demonstrated that a positive stimulus (e.g. a pleasant word) 
solicited motor responses that were labelled positively (‘up’ or ‘towards’), 
while it impeded those same motor responses when they were labelled 
negatively (‘down’ or ‘away’). Similarly, negative words speeded 
responses that were negatively labelled compared to the same responses 
that were positively labelled. Thus, the instructions fully determined the 
coding of evaluative actions, regardless of the physical characteristics of 
the movement patterns, such as distance change.
 To our knowledge, only one study to date has attempted to directly 
contrast these two accounts experimentally. Krieglmeyer et al. (2010) 
employed a paradigm to disentangle the effects of distance change and 
response coding as a function of the valence (positive / negative) of a 
set of words. Participants moved a manikin on the screen upwards or 
downwards by pressing the up or down key, causing the distance between 
the manikin and the valenced word to either increase or decrease, 
depending on whether the manikin initially appeared below or above 
the word. Importantly, participants were instructed to imagine being 
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the manikin. The interaction found between distance and label showed 
that distance compatibility (faster responses for moving the manikin 
towards a positive word and away from a negative word than vice versa) 
only occurred in the label-compatible block (congruent; positive – up, 
negative - down), but not in the label-incompatible block (incongruent; 
positive – down, negative - up). This interaction suggests a role for both 
motivational distance change and the evaluative response coding view. 
 However, one could argue that in order to assess the effect of 
distance change on approach-avoidance behaviour, a physical distance 
change is necessary. In the case of Krieglmeyer et al. (2010) there was no 
net distance change between the participants and the stimulus; instead 
participants had to imagine themselves being a figure on the screen. 
In order to create actual distance change, a whole-body task involving 
distance change between the participant and the stimulus may provide 
additional insights on this behaviour (cf. Kozlik et al., 2015).
 In the whole-body paradigm (see e.g. Naugle et al., 2010; Stins 
& Beek, 2011) participants step in a certain direction in response to an 
affective stimulus, thus changing the distance between the self and the 
stimulus. These studies have found effects that are comparable to those 
found in the manual approach-avoidance tasks, such as facilitation of 
forward motion towards pleasant stimuli. This facilitation has not only 
been found in gait initiation parameters (such as reaction time; RT), but 
in movement execution as well, including step size and velocity (Naugle 
et al., 2010), thereby broadening the set of motor outcomes that are 
informative about the emotion-movement coupling.
 The whole-body paradigm generally focuses on forward and/or 
backward stepping in response to valenced stimuli presented directly in 
front of the participant. However, in order to tease apart the effect of 
distance from the effect of the response label, forward and backward 
steps will pose a problem. To illustrate, the instruction participants 
receive when they have to make a step forward in response to a stimulus 
(thus decreasing the distance between the self and the stimulus) will 
inadvertently contain a positive response label (i.e., forward; cf. Eder & 
Rothermund, 2008). In the same way, instructing participants to make a 
backward step in certain conditions (increasing the distance) will ensure 
a negative response label to be present (i.e., backward). This means that 
by using forward and backward movements, decreases in distance will 
always be paired with a positive response label while increases in distance 
with a negative response label. This makes it impossible to differentiate 
between the two accounts.
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 Our experiments were designed to circumvent the approach 
and avoidance labels that are inherently associated with forward and 
backward stepping by having participants perform a neutral movement, 
namely stepping sideways. This ensured that we could experimentally 
induce positive or negative response labels to an identical movement by 
instructing participants to ‘step towards’ (approach) or ‘step away from’ 
(avoidance) an affective stimulus. We reasoned that this methodology 
might enable us to tease apart the effect of distance change and response 
label on gait initiation in response to valenced stimuli.
 Our stimuli were happy and angry facial expressions (cf. Roelofs 
et al., 2009; Rotteveel & Phaf, 2004; Volman et al., 2011; Welsch et al., 
2020). By presenting two stimuli simultaneously side-by-side (one neutral 
face and one happy or angry face) a step to the right could for example 
increase the distance between the self and a happy face presented on the 
left, but could be labelled positively (e.g. ‘step towards the neutral face’) 
or negatively (e.g. ‘step away from the emotion face’).
 The DR would predict movement which changes the distance, 
regardless of the response label assigned to the movement, would be 
facilitated when moving closer to a happy face and further from an angry 
face. The ERC account would predict facilitation of movement when the 
response label is congruent with the valence of the stimulus. In this case, 
facilitation emerges when a happy face is paired with any movement 
with a positive response label ('towards'), regardless of whether this 
movement increases or decreases the distance to the happy face. Table 
4.1 and Figure 4.1 show the predictions of the DR and ERC for each of 
the eight conditions. 
 The predictions described here are based on the assumption 
that the emotional stimulus to which people respond is relevant for the 
completion of the goal. However, the ERC and the closely related cognitive 
evaluation (CE) account state that the influence of emotion on behaviour 
will greatly diminish when it is irrelevant. Both cognitive accounts argue 
that the cognitive representation of the response combined with a 
matching evaluative goal mediate the influence of emotion on behaviour. 
This implies that when there is no affective evaluation required to perform 
the task (e.g. responding to the spatial orientation or gender of affective 
stimuli instead of their valence), valence will not affect performance 
(Lavender & Hommel, 2007). In other words, the absence of affective 
evaluation goals diminishes the effect of emotion on behaviour.
 Support for the CE account was found in multiple studies. By 
instructing subjects to focus on non-emotional aspects of the stimuli such
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TABLE 4.1 | Conditions and predictions of Experiment 1.  

Table 4.1 | The three factors that make up the eight conditions of the Experiment: Emotion 
(happy/angry), Distance to the emotional face (closer/further) and Movement label 
('towards'/'away'). The predictions are based on the congruency between the emotion 
of the stimulus and the approach- or avoidance nature of the movement based on the 
theoretical framework (distance for DR, response label for ERC). 

as spatial orientation (Lavender & Hommel, 2007), gender (Roelofs, et al., 
2009; Rotteveel & Phaf, 2004; Stins et al., 2014; Volman et al., 2011), 
or the position of a small item next to a facial expression (Welsch et al., 
2020), the influence of emotional content on performance was reduced. 
This was in line with the conclusions of the meta-analyses conducted by 
Phaf and colleagues (2014) and Beatty et al. (2016).
 However, some studies contradict these findings. For example, 
while emotional content was irrelevant to the participant (they responded 
to the grammatical category instead), Krieglmeyer and colleagues (2010) 
still found faster responses when approaching positive and avoiding 
negative words, while Rinck and Becker (2007) found faster avoidance 
responses in spider-fearful individuals even when responding to picture 
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FIGURE 4.1 | Visualization of predictions of DR and ERC for Experiment 1.  

Figure 4.1 | The graphs illustrate the predictions made by the DR and ERC accounts for 
Experiment 1. Panels A and B show the reaction time predictions for the DR for happy and 
angry faces, respectively. The DR states that distance to the emotion is crucial in predicting 
reaction time, with moving closer facilitating RT to happy faces and moving further 
facilitating RT to angry faces. Panels C and D show the reaction time predictions for the ERC 
for happy and angry faces, respectively. The graphs show the importance of the label of 
the movement over the distance increase or decrease to the emotional stimulus, predicting 
faster RT when a happy face is coupled with a ‘towards’-labeled movement and an angry 
face with an ‘away’-labelled movement.
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orientation (a picture of a spider) instead of content. In addition, the 
meta-analysis performed by Laham et al. (2015) contradicted the findings 
of Phaf et al.'s (2014) and Beatty et al.'s (2016) meta-analyses, finding 
no significant support for CE.
 In light of these considerations, our second experiment was 
designed to assess the importance of an evaluative goal in the task. The 
design was identical to the first experiment, the only exception being that 
responses were based on the gender of the faces instead of their emotion 
(cf. Stins et al., 2014). The CE and ERC accounts predict that no effects 
of emotion on the behaviour should be found since it is task-irrelevant. 
In contrast, the motivational account would predict that emotion effects 
persist even in the absence of evaluation goals (Krieglmeyer et al., 2010), 
due to their supposed automaticity.
 The experiments presented here represents a novel way to directly 
pitch the two prevailing accounts of approach-avoidance behaviour 
against each other with mutually exclusive predictions within a single 
experimental design.

4.2 Materials and methods Experiment 1
4.2.1 Participants
 Thirty-six participants volunteered to take part in the experiment 
(20 females and 16 males; mean age = 20.4 years; SD = 2.6 years). 
Participants did not participate in any of our other approach-avoidance 
studies. The experiment was approved by the local ethics committee. All 
participants gave informed consent before the experiment.

4.2.2 Materials and methods
 A custom-built strain gauge force platform (1m x 1m; 1000Hz 
sampling frequency) was used to record posturographic data. The force 
platform records forces with eight sensors, four in the z direction and 
two in both the x and y directions. The total forces in three directions 
(Fx, Fy, and Fz) were calculated from these sensors, which were in turn 
used to calculate the moments (Mx, My, and Mz). The Mx and My vectors 
were used to determine the Center of Pressure (COP), i.e. the point of 
application of the ground reaction force (Brenière et al., 1987).
 Pictures of male and female faces with different emotions were 
shown at eye-level on a 55" television screen, 90 cm in front of the 
participant. Images were 41 cm high and 27.5 cm wide. Two faces were 
presented simultaneously with a horizontal distance of 54,5 cm between 
the center of each face. The pictures were adopted from the Radboud 
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Faces Database (RaFD; Langner et al., 2010). All of the 20 male and 
19 female Caucasian models available in the RaFD were used with three 
facial expressions: happy, angry and neutral (all frontal gaze direction). 
In total, 117 pictures were used, all with frontal gaze direction and frontal 
camera angle. Stimulus presentation was done with Matlab (MATLAB, 
2015), using the Psychophysics Toolbox extensions (Kleiner et al., 2007). 
Image onset was detected by a light sensor, which was attached to the 
bottom left corner of the screen. Sampling of the light sensor occurred 
simultaneously with sampling of the force plate channels, enabling the 
synchronization of the stimulus presentation and data collection.

4.2.3 Procedure
 Participants always started in the middle of the force platform. Foot 
positions were indicated with tape. Participants were instructed to stand 
with their feet at shoulder width. Every trial started with the appearance 
of one of the four instructions on the screen. The four  instructions were: 
1. Step towards the emotion face, 2. Step away from the emotion face, 
3. Step towards the neutral face, and 4. Step away from the neutral face. 
All instructions were in Dutch. We emphasize that the wording of the 
instructions was crucial in assigning response labels to the performed 
movements, either labelling them as an ‘away’ movement, or a ‘towards’ 
movement (see also Statistical Analysis). 
 After the appearance of a fixation cross, two faces appeared on 
the screen side by side, thus one in the left visual field and one in the 
right visual field of the participant. The genders of the faces were just 
as often opposite as the same. One of the faces had a neutral facial 
expression and the other showed an emotion (either happy or angry). 
Based on the instruction, participants had to decide whether to move left 
or right, and then execute the step as soon as possible in the required 
direction. No instructions were given regarding step execution. The 
movement consisted of a step in the horizontal plane with the lateral leg 
stepping outwards (for a step to the right, the right leg would be moved 
to the right first), followed by the other leg, during which the body was 
kept parallel to the monitor.
 The timing of events was as follows (see also Figure 4.2): Before 
each trial one of the instructions was shown. This instruction remained 
the same within each block of 20 trials. After the instruction disappeared, 
a fixation cross appeared for a random duration of between 2 and 4 
seconds. Then two faces were presented. The two faces (one with a 
neutral facial expression, the other either happy or angry) remained 
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FIGURE 4.2 | Example of one trial.  

Figure 4.2 | Exemplar trial, showing the instruction for that trial (Panel A), followed by the 
fixation cross (B), followed by a set of two faces (C); in this case happy and neutral. In 
this example the participant was required to take a step to the right, thus decreasing the 
distance between the self and the neutral face and increasing the distance between the self 
and the happy face, while the movement is labeled as ‘towards’.

visible for 4 seconds, to ensure the participant had enough time to 
execute a lateral step, depending on the instruction. After 4 seconds, the 
faces disappeared from the screen and participants stepped back to the 
starting position. The instruction reappeared on the screen, starting the 
next trial. Four practice trials and twenty recorded trials were included in 
each block. Participants completed a total of four blocks, with  instructions 
remaining the same for the whole duration of the block. The order of 
the four instructions was randomized. Participants were debriefed and 
received course credits for their participation.

4.2.4 Data reduction
 Recording of gait initiation can give rise to a wide variety of 
biomechanical variables that characterize the step (e.g., timing, speed, 
and distance), which may all be affected by emotion. Our main predictions 
are framed in terms of response selection (reaction time) but we also 
expect facilitation of response execution (step size and peak velocity; 
Naugle et al., 2010). Figure 4.3 shows a visual representation of the 
dependent variables and how they were calculated.
The data were filtered using a second order bi-directional Butterworth 
low-pass filter (cut-off at 45Hz). The data were subsequently down 
sampled from 1000Hz to 100Hz to facilitate the subsequent data analysis. 
How each dependent variable was calculated is described below.
Reaction time. Reaction time (RT) was defined as the moment the 
participant initiates their movement. It was determined by calculating 
the time in milliseconds between the onset of the faces on the screen and 
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the first instance the medio-lateral force exceeded 5N in either direction. 
Peak velocity. Peak velocity (PV) was defined as the maximum velocity of 
the COP in meters per second during step execution.
 Step size. The step size (SS) was defined as the distance in medio-
lateral direction in centimeters between the COP before stepping and the 
COP after the step is completed.

4.2.5. Statistical analysis
 The three GI parameters were analysed with a 2 (Emotion: happy/
angry) x 2 (Label: towards/away) x 2 (Distance to emotion: closer/
further) repeated measures (RM) analysis of variance (ANOVA) using 
the statistics program JASP (version 0.10, JASP Team, 2019). Alpha 
was set to .05. Significant effects were analyzed with post-hoc paired-
samples t-tests with a bonferroni-corrected alpha of .05 divided by the 
number of tests. Partial eta squared (η²p) and generalized eta squared 
(η²G) are reported as effect sizes for the RM ANOVAs. For the post-hoc 
tests, Hedges' gaverage and a common language (CL) effect size (which is 
a percentage that reflects the probability of a participant having a larger 
result in one condition compared to the other) are reported. For details 
on these measures, see Lakens (2013).
 An additional exploratory analysis including gender of the face 
and gender of the participant was performed. An earlier study using a 
comparable paradigm (Stins et al., 2014) found that gender, combined 
with emotion, had a clear influence on reaction time. Furthermore, in our 
the second experiment participants explicitly responded to the gender 
of the stimuli, which is why we decided to look further into the putative 
effects of gender in the present study. Since neither the DR or ERC 
account make predictions based on gender, and since gender was not 
part of the original hypotheses for these experiments, we considered this 
an exploratory analysis. This exploratory analysis focused only on gender 
and emotion; we collapsed the data over the factors Distance and Label. 
Thus for each GI parameter, a three-way RM ANOVA was performed with 
gender of the participant (male/female) as a between-subjects factor, and 
gender of the face displaying the emotion (male/female) and emotion 
(happy/angry) as within-subject factors.
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FIGURE 4.3 | Visual representation of a typical step to the right, including a 

visualization of the dependent variables. 

Figure 4.3 | Visual representation of a typical step to the right including the dependent 
variables. Across all three panels, the green dot indicates the onset of the visual stimulus, 
i.e. the cue for step initiation. Panel A shows the center of pressure in both anterior-
posterior and medio-lateral direction of the execution of a typical step to the right. The 
red dot represents the final position after the step has been made. The reaction time and 
step size are marked. Panel B shows the force in medio-lateral direction from the moment 
the fixation cross appears on the screen until the trial ends. The blue dot represents the 
reaction time: the time at which the force in medio-lateral direction exceeds 5N. Panel C 
shows the velocity of the COP trace, again from the moment the fixation cross appears until 
the end of the trial. Peak velocity is the maximum velocity reached during the execution of 
the step and marked by the magenta-colored dot.
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4.3 Results Experiment 1
 Three participants were removed from the analysis because 
they did not follow the instructions or made too many mistakes. For 
the remaining 33 participants, 7.0% of the steps were removed (185 
out of 2640) due to no data (5), stepping in the wrong direction (66), 
being ‘indecisive’ (i.e. repeated weight shifting prior to stepping; 47), 
not standing still as instructed, quantified as excessive sway 500ms pre-
stimulus (sway > 3*SD; 16), responding too fast (RT < 200ms; 4), or 
responding too slow (RT > 1400ms; 47). Note: these criteria were based 
on extensive visual inspection of the COP traces. Statistical details for all 
dependent variables can be found in Table 4.2. The results are shown in 
Figure 4.4.

4.3.1 Reaction time
 Two significant main effects were found: an effect of Emotion, 
with happy faces eliciting overall faster responses compared to angry 
faces, and an effect of Label, reflecting faster responses when a step 
was labelled as 'towards' compared to 'away'. These main effects were 
superseded by significant interaction effects for Emotion and Label and 
for Distance and Label.
 The interaction between Emotion and Label was explored by 
performing four post-hoc pairwise comparisons, all of which were 
significant. A happy face with a movement labelled as 'towards' (M = 
600; SD = 102) elicited the fastest RT compared to both a happy face 
with an 'away' labelled movement (M = 734; SD = 107; t(32) = -9.13, 
p < .001, Hedges' gav = 1.25, CL effect size = 94%) as well as an angry 
face with a 'towards' labelled movement (M = 704; SD = 119; t(32) 
= -11.17, p < .001, Hedges' gav =0.92, CL effect size = 97%). Note 
that this effect stems purely from the labelling of the movement; it is 
present regardless of whether the distance to the happy face increased 
or decreased. In turn, an angry face paired with a 'towards' labelled step 
showed significantly faster RT compared to an angry face with an 'away' 
labelled step (M = 808; SD = 117; t(32) = -6.31, p < .001, Hedges' gav 

=0.86, CL effect size = 86%). Finally, when the movement was labelled 
as 'away', a happy face yielded faster responses compared to an angry 
face (t(32) = -6.50, p < .001, Hedges' gav =0.65, CL effect size = 87%). 
All of these effects were present regardless of whether the distance to 
the emotional face increased or decreased with the movement made.
The significant interaction between Emotion and Label was driven by the 
significantly larger difference between ‘towards’ and ‘away’ for happy 
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TABLE 4.2 | F-values, p-values, η2p and η2G for all dependent variables of 

Experiment 1. Statistically significant effects are shown in bold.  
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FIGURE 4.4 | Results for all dependent variables of Experiment 1. 

Figure 4.4 | Panel A: Reaction time in milliseconds. Panel B: peak velocity in meters per 
second. Panel C: step size in centimeters. The data points for all 8 conditions include a 
vertical bar representing the standard error.
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faces (600 vs 734ms, respectively) compared to angry faces (704 vs 
808ms, respectively); t(32) = 2.32, p < .05, Hedges' gav =0.33, CL effect 
size = 66%).
 The interaction between Label and Distance to the emotional 
face was also analysed with four post-hoc comparisons, which were 
all significant. RT was fastest when a step was labelled as 'towards' 
and brought the participants closer to the emotional face (M = 627; 
SD = 111). This RT value was significantly lower compared to both a 
movement labelled as 'towards' that increased the distance (M = 677; 
SD = 111; t(32) = -5.05, p < .001, Hedges' gav =0.44, CL effect size = 
81%) and a movement labelled as 'away' that decreased the distance 
to the emotional face (M = 812; SD = 131; t(32) = -7.44, p < .001, 
Hedges' gav = 1.48, CL effect size = 90%). Decreasing the distance to 
the emotional stimulus and labelling it as 'away' showed the slowest RT, 
with it being significantly slower compared to labelling a movement as 
'away' but increasing the distance (M = 730; SD = 130; t(32) = 3.14, p 
< .005, Hedges' gav =0.61, CL effect size = 71%). Finally, moving further 
from the face with the emotion and labelling the movement as 'away' 
evoked a slower RT compared to labelling the movement as 'towards' 
(t(32) = -3.44, p < .005, Hedges' gav =0.43, CL effect size = 73%). All of 
these significant effects were present regardless of whether the emotion 
displayed on one of the faces was anger or happiness.
 The significant interaction between the Label of the movement 
and the Distance to the emotional stimulus can be evaluated as follows: 
the difference in RT between the ‘towards’ and ‘away’ conditions was 
larger when decreasing the distance to the happy or angry face (627 
vs 812, respectively) compared to increasing the distance (677 vs 730, 
respectively); t(32) = 4.35, p < .001, Hedges' gav =1.08, CL effect size = 
78%).

4.3.2 Peak velocity 
 Only a significant interaction effect was found between Emotion 
and Distance to the emotion. None of the four post-hoc comparisons 
were significant when using a Bonferroni-corrected alpha of 0.0125. No 
significant differences were found when comparing the peak velocity of 
moving closer to a happy face (M = 2.08; SD = 0.55) to either moving 
further from a happy face (M = 2.01; SD = 0.54; t(32) = 2.39, p = .023, 
Hedges gav = 0.14, CL effect size = 66%) or moving closer to an angry 
face (M = 2.07; SD = 0.58; t(32) = 0.88, p = .39, Hedges gav = 0.03, 
CL effect size = 56%). Similarly, increasing the distance to an angry face 
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(M = 2.04; SD = 0.52; did not elicit a significantly different peak velocity 
compared to increasing the distance to a happy face (t(32) = -1.80, p 
= .081, Hedges gav = 0.06, CL effect size = 62%) or decreasing the 
distance to an angry face (M = 2.07; SD = 0.58; t(32) = 0.77, p = .45, 
Hedges gav = 0.05, CL effect size = 55%).

4.3.3 Step size
 A main effect for Emotion was found, driven by slightly smaller 
sideway steps with a happy face (M = 28.27; SD = 4.73) compared to an 
angry face (M = 28.57; SD = 4.78).

4.3.4 Exploratory analysis
 Statistical details for all dependent variables of the exploratory 
analysis can be found in Table 4.3.

4.3.4.1 Reaction time
 Apart from the effect of Emotion, which was found in the main 
analysis as well, no other factors were significant. Participants responded 
faster when a happy face was on the screen (M = 666; SD = 96) 
compared to when an angry face as on the screen (M = 755; SD = 108).

4.3.4.2 Peak velocity
 A significant effect for Gender of the participant was found. 
Females showed a significantly lower peak velocity (M = 1.89; SD = 
0.47) compared to males (M = 2.30; SD = 0.55).

4.3.4.3 Step size
 Apart from the effect of Emotion, similar to the main analysis, 
no other factors were significant. Step size was slightly smaller when a 
happy face was on the screen (M = 28.26; SD = 4.74) compared to an 
angry face (M = 28.57; SD = 4.77).

4.4 Discussion Experiment 1
 Using a novel version of the whole-body approach-avoidance task 
we attempted to contrast the motivational account and the evaluative-
coding account to gain a better understanding of the nature of the 
coupling between valence and movement. In Experiment 1, we found two 
important results for RT.
 First, we found a significant interaction between valence and 
response label, but not between valence and distance change. The ERC 
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account would predict a crossing interaction such that positive items and 
the label ‘toward’, as well as negative items and the label ‘away’ would 
be relatively fast compared to the incongruent combinations. Instead, 
the interaction in question (Figure 4.4A) is only in partial agreement with 
the ERC account. Specifically, there was a clear effect in the expected 
direction for happy faces: responses labelled as ‘towards’ were initiated 
134 ms faster than responses labelled as ‘away’, regardless of distance 
change (Figure 4.4A, left). However, a smaller unexpected effect in the 
same direction was observed for angry faces, with responses labelled as 
‘towards’ being initiated 104 ms faster than responses labelled as ‘away’ 
(Figure 4.4A, right).
 Second, we found a significant interaction between distance and 
label. The 184 ms advantage when moving closer by means of a step 
labelled ‘towards’ compared to labelled  ‘away’ is larger than the 53 ms 
advantage when moving further from an emotional face with a ‘towards’ 
label than with an ‘away’ label. Thus, when physically reducing the 
distance to an emotional stimulus (either happy or angry), a concurring 
label (‘towards’) speeds up the response because it matches the distance 
change, while a conflicting label (‘away’) slows down the response. In 
sum, there was support for the ERC account but for happy faces only. No 
support was found for the DR account.
 In contrast to RT, PV showed an interaction between emotion and 
distance to the emotion. The results hint at a slightly higher PV when 
moving closer to a happy face compared to moving further away from 
it, providing moderate support for DR. Finally, the SS results showed 
only a main effect of emotion, but did not provide any support for either 
theoretical account.
 The exploratory analysis including gender only showed one 
additional effect in PV, with female participants showing a lower PV 
compared to males. This difference in PV could be due  to anthropometric 
gender differences such as muscle strength, and we consider it irrelevant 
for the present research question.
 Experiment 2 was conducted to examine whether we would find 
effects of emotion on behaviour when no evaluative goal is present for the 
participants. Instead of responding to the emotional expression displayed 
on the face, participants responded to the gender. The DR account posits 
that ‘functional movements’ should not be affected by the goal of the 
movement, while both ERC and CE accounts predict no (or a reduced) 
effect of emotion when emotional content is irrelevant.
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TABLE 4.3 | F-values, p-values, η2p and η2g for all dependent variables of the 

exploratory analysis for Experiment 1. Statistically significant effects are shown 

in bold.  

Table 4.3 | Genderp = Gender of the participant; Genders = Gender of the stimulus 
portraying the emotion.
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4.5 Materials and methods Experiment 2
4.5.1 Participants
 Thirty-six individuals participated (21 females; mean age = 20.1 
years; SD = 2.2 years). Participants did not participate in any of our 
other approach-avoidance studies, nor in Experiment 1.

4.5.2 Materials and methods
 See Experiment 1.

4.5.3 Procedure
 Experiment 2 was almost identical to the first experiment, with 
one key difference: participants now had to respond to the gender of the 
faces on the screen instead of the emotion. So while one of the faces still 
displayed an emotion and the other face was neutral, this difference in 
affective content was no longer the main focus for the participants. In 
this experiment the four instructions were: 1. Step towards the male, 2. 
Step away from the male, 3. Step towards the female, and 4. Step away 
from the female. The stimulus set-up was such that there was always 
one male and one female face in each trial.

4.5.4 Data reduction
 See Experiment 1.

4.5.5 Statistical analysis
 The statistical analysis was identical to Experiment 1. Note that, 
even though the instructions emphasized moving toward / away from a 
particular gender, the main analysis performed on Experiment 2 did not 
look into gender but used emotion as factor. The exploratory analysis did 
take gender into account, similar to Experiment 1.

4.6 Results Experiment 2
 The data for all 36 participants were used. Out of all 2880 steps, 
6.42% were excluded (185 steps) for the following reasons: no data (3), 
stepping in the wrong direction (55), being indecisive (85), excessive 
sway (25), responding too fast (4), or responding too slow (13). Statistical 
details for all dependent variables can be found in Table 4.4. The results 
are shown in Figure 4.5.

4.6.1 Reaction time
 The RT data are shown in Figure 4.5A. A significant main effect 
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was found for Label, with RT being faster when movements were labelled 
as 'towards' compared to when they were labelled as 'away'. This main 
effect was superseded by a significant interaction between Distance and 
Label.
 Four post-hoc comparisons were performed to investigate the 
interaction, with a bonferroni-corrected alpha of 0.0125. When moving 
closer to the emotional face, RT was faster when the movement was 
labelled as 'towards' (M = 508; SD = 101) compared to when it was 
labelled as 'away' (M = 664; SD = 158; t(35) = -8.25, p < .001, Hedges' 
gav =1.15, CL effect size = 92%). Comparably, when moving further from 
the emotional face, RT was also faster when the movement was labelled 
as 'towards' (M = 520; SD = 110) compared to when it was labelled 
as 'away' (M = 645; SD = 153; t(35) = -7.00, p < .001, Hedges' gav = 
0.92, CL effect size = 88%). The comparison between moving closer with 
the label 'towards' and moving further with the label 'towards' was not 
significantly different (t(35) = -1.52, p = 0.14, Hedges gav = 0.10, CL 
effect size = 60%). It also did not matter whether participants increased 
or decreased their distance to an emotional face when the movement 
was labelled as 'away' (t(35) = 2.44, p = .02, Hedges gav = 0.12, CL 
effect size = 66%). These effects were present regardless of the affective 
content of the stimuli.
 The interaction between Distance and Label was driven by the 
difference in RT between the movements labelled as ‘towards’ and ‘away’ 
when increasing the distance to the emotion (520 vs 645 ms, respectively) 
and this difference when the distance to the emotion decreases (508 vs 
664 ms, respectively), t(35) = 2.52, p < .05, Hedges' gav = 0.27, CL 
effect size = 66%.

4.6.2 Peak velocity
 The data showed a significant main effect for Distance to emotion. 
Data showed a slightly higher peak velocity when moving closer to an 
emotional face (M = 2.26; SD = 0.58) than when moving further away 
from an emotional face (M = 2.23; SD = 0.54), regardless of how the 
movement was labelled or the emotion of the face.

4.6.3 Step size
 No significant effects were found.
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4.6.4 Exploratory analysis
 Statistical details for all dependent variables of the exploratory 
analysis can be found in Table 4.5.

TABLE 4.4 | F-values, p-values, η2p and η2G for all dependent variables of 

Experiment 2. Statistically significant effects are shown in bold.  
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FIGURE 4.5 | Results for all dependent variables of Experiment 2. 

Figure 4.5 | Panel A: Reaction time in milliseconds. Panel B: peak velocity in meters per 
second. Panel C: step size in centimeters. The data points for all 8 conditions include a 
vertical bar representing the standard error.
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4.6.4.1 Reaction time
 A significant three-way interaction was found between Emotion, 
Gender of the stimulus and Gender of the participant. To explore this 
interaction, separate ANOVAs with Emotion and Gender of the stimulus 
were done for male and female participants. For male participants, no 
significant effects were found in this ANOVA (F(1,14) = 0.09, p = . 77, 
η²p = 0.01, η²G = 0.00). For female participants, the interaction between 
Emotion and Gender of the stimulus was significant: F(1,20) = 9.88, p < 
.05, η²p = 0.33, η²G = 0.015.
 Post-hoc comparisons showed a significant difference for female 
participants between responding to happy female (M = 559; SD = 
114) and angry female faces (M = 597; SD = 132; t(20) = -3.00, p < 
.05, Hedges gav = 0.29, CL effect size = 74%), whereby the (female) 
participants responded faster to happy females compared to angry female 
faces. The three other contrasts were not significant with a  Bonferroni-
corrected alpha of 0.0125: Happy males (M = 581; SD = 109) compared 
to angry males (M = 563; SD = 108; t(20) = 1.92, p = .070, Hedges gav 

= 0.16, CL effect size = 66%), happy males compared to happy females 
(t(20) = 2.06, p = .053, Hedges gav = 0.19, CL effect size = 67%), 
and angry males compared to angry females (t(20) = -2.16, p = .043, 
Hedges gav = 0.27, CL effect size = 68%).

4.6.4.2 Peak velocity
 A significant main effect was found for Gender of the participants. 
Females had a lower peak velocity (M = 2.05; SD = 0.41) compared to 
males (M = 2.51; SD = 0.65). A significant effect was found for Gender of 
the stimulus as well. When the face displaying the emotion was male (M 
= 2.48; SD = 0.63), participants had a significantly lower peak velocity 
compared to when the face displaying the emotion was female (M = 
2.54; SD = 0.67).

4.6.4.3 Step size
 A significant effect of Gender of the stimulus was found. 
Participants' step was slightly larger when the face displaying the emotion 
was female (M = 29.92; SD = 3.84) compared to when it was male (M 
= 29.36; SD = 3.80), regardless of whether that emotion was happy or 
angry or the gender of the participant.

4.7 Discussion Experiment 2
 Experiment 2 examined whether movement execution was 
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influenced by valence in the absence of an emotional evaluation goal. 
Similar to Experiment 1, RT failed to yield any effect of distance. As 
a result, no support was found for the motivational account, which  
considers distance to be a crucial factor when responding to emotional 
stimuli, regardless of the absence of evaluation goals (Krieglmeyer et al., 
2010).
 There was an effect of label (RT was faster when responses were 
labelled ‘towards’ compared to ‘away’), but this effect was independent 
of the emotional content of the stimuli. Both the ERC and the CE account 
predict a disappearance of the effects of emotion when no affective 
evaluation goal is present (Eder & Rothermund, 2008; Lavender & 
Hommel, 2007), but we are well aware that we cannot use our null 
finding as support for this thesis.
 Experiment 2 also showed an interaction between distance and 
label. Similar to Experiment 1, the RT difference between steps with a 
‘towards’ and ‘away’ label was larger when moving closer to an emotional 
face (156 ms) than when moving further away from an emotional face 
(125 ms). When closing the distance to the valenced stimulus, a matching 
label (‘towards’) speeds up the initiation compared to the opposite label 
(‘away’). A similar trend, although less pronounced, was found when 
moving further away.
 PV showed an effect of distance with higher values when moving 
closer to an emotional face (both happy and angry) compared to moving 
further away from it. This is partially in line with the motivational account, 
since we expected facilitation of distance decrease for happy faces, but 
not for angry faces.
 The exploratory analysis including gender showed effects across 
all three dependent variables. For RT we found that female participants 
responded faster to happy female faces compared to angry female faces. 
Interestingly, both Stins and colleagues (2014) and Rotteveel and Phaf 
(2004) found this as well. Becker and colleagues (2007) speculated 
that feminine features are inherently linked to happy facial expression, 
possibly speeding up the faster responses to happy compared to angry 
female faces.
 PV and SS both showed a significant decrease when a male face 
displayed the emotion compared to when a female face displayed it, 
regardless of whether the emotion was happy or angry. The presumed 
inherent link between masculine features and angry facial expressions 
(Becker et al., 2007) may have primed an avoidance response, decreasing 
both step execution parameters.
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TABLE 4.5 | F-values, p-values, η2p and η2G for all dependent variables of the 

exploratory analysis for Experiment 2. Statistically significant effects are shown 

in bold.  

Table 4.5 | Genderp = Gender of the participant; Genders = Gender of the stimulus 
portraying the emotion.
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4.8 General Discussion
 Two experiments were conducted to independently assess the 
effects of distance change and response label on the coupling between 
emotion and movement. In Experiment 1, participants responded to the 
presence or absence of an emotional expression by stepping sideways. 
Distance to the face with the emotional expression (happy or angry) and 
response label were manipulated to independently assess their effects. RT 
partially supported the evaluative account: happy faces were responded 
to quicker when paired with a ‘towards’-label than with an ‘away’-label, 
regardless of whether the movement changed the distance to the happy 
face. PV results hinted at a marginal effect in that moving closer to a 
happy face yielded slightly higher PV compared to moving further away 
from a happy face, and thus support for the DR account.
 Experiment 2 focused on the effect of distance and response label 
in the absence of an explicit emotional evaluation goal. In this case, the 
motivational account predicts an effect of distance regardless of whether 
valence was intentionally processed (Krieglmeyer et al., 2010). ERC 
and CE predict no effect of emotion on movement in the absence of an 
explicit emotional evaluation goal (Eder & Rothermund, 2008; Lavender 
& Hommel, 2007). Interestingly, this was exactly the case for all three 
dependent variables in our main analysis: There was no interaction 
between distance or label and emotion for any of the dependent 
variables. Table 4.6 presents an overview of all significant effects across 
both experiments.
 Regarding the exploratory analysis, Experiment 1 showed one 
significant effect of gender for PV, whereas Experiment 2 (in which 
participants responded to the gender of the stimuli) had significant 
effects regarding gender for all three dependent variables. This finding 
underscores the CE view, according to which S-R combinations that share 
a common feature, in combination with a task-relevant goal, facilitate the 
response to that stimulus (Lavender & Hommel, 2007).
 Predictions of the DR and ERC accounts are based on the 
assumption that pleasant items (such as happy faces) elicit an approach-
response, whereas unpleasant items (such as angry faces) elicit an 
avoidance-response, albeit for both accounts for a different reason. Our 
results, however, did not show this contrast between the two stimulus-
categories. In fact, looking at Figure 4.4A and Figure 4.5A, the similarities 
in RT in response to happy faces and angry faces in both experiments 
are striking. While for Experiment 1 the magnitude of the effect differed 
between happy and angry faces (since we found a main effect of Emotion 



94

4

TABLE 4.6 | Overview of the significant main and interaction effects found in 

Experiment 1 and 2.

Table 4.6 | Genderp = Gender of the participant; Genders = Gender of the stimulus 
portraying the emotion.

and an interaction with Label), the direction of the effect was the same. 
For Experiment 2, no effect of emotion was found at all. For both emotion 
categories as well as both experiments, a movement labelled as ‘towards’ 
yielded faster responses compared to ‘away’.
 We can think of a few reasons why happy and angry faces elicited 
comparable responses. First, the angry faces might have elicited an 
approach motivation, but somewhat weaker than with happy faces. The 
literature on the responses coupled to angry faces is inconclusive: Roelofs 
et al. (2009), Volman et al. (2011), and Rotteveel and Phaf (2004) found 
behavioural avoidance in response to angry faces, whereas Krieglmeyer 
and Deutsch (2013) and Wilkowski and Meier (2010) found facilitation 
of approach responses. The reason for this discrepancy has not been 
clarified yet.
 Second, participants did not have to identify the emotion category 
to select their response: they only had to identify whether a face 
displayed an emotion or not in Experiment 1 and whether a face was 
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male or female in Experiment 2. Third, it could be that the comparable 
effects for both emotions are due to a common a-specific factor such 
as arousal or salience (and not valence), which is arguably higher than 
with neutral faces (cf. Lundqvist et al., 2014, 2015). Finally, avoidance-
responses have not been consistently found in whole-body tasks (e.g. 
Bouman & Stins, 2018; Stins & Beek, 2011; Stins et al., 2011), which 
could be a reason why we did not find the expected RT trends in response 
to angry faces.
 Motivational (DR) and cognitive, goal-driven (ERC) mechanisms 
appeared to be at work simultaneously. This is supported by two 
findings. The first is the presence of a significant emotion and distance 
interaction effect for PV in addition to a significant emotion and response 
label interaction effect for RT in Experiment 1, suggesting that both 
mechanisms affect the response. The effect of the movement goal seems 
to be apparent for step initiation (i.e. RT), while the distance to the 
emotional stimulus has an effect on step execution (i.e. PV). In other 
words, when selecting the response, cognitive effects are predominant 
and affect RT, but when executing the ensuing movement, the automatic 
(presumably hard-wired) effect of emotion determines movement 
parameters like PV. Since this is the first whole-body study to directly 
compare both accounts, more research is necessary to confirm this 
novel hypothesis. Future studies could experimentally impose certain 
parameters of step execution such as direction (e.g., always to the left), 
or extent (e.g., comparing small steps and large steps).
 The second finding suggesting that both mechanisms operated 
simultaneously is the interaction between label and distance found for 
RT in both experiments. The crossing interaction (Figure 4.4A and 4.5A) 
shows that response times were much faster when a distance decrease 
was accompanied by a congruent movement goal (‘towards’) compared 
to an incongruent movement goal (‘away’). This suggests that a match 
between movement goal and distance change facilitates movement 
initiation to a larger extent than distance change or movement goal 
alone.
 Krieglmeyer et al. (2010) likewise suggested that increased 
executive control in the incongruent conditions of their manikin approach-
avoidance task may have obscured the automatic motivationally-driven 
distance effects. They concluded that both the distance change and 
the evaluative-coding may contribute to approach-avoidance effects 
independently and / or in parallel, with distance motivational effects 
sometimes being overruled by executive control. Additional support for 
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this notion can be found in the neuroimaging studies of Roelofs et al. 
(2009) and Volman et al. (2011), who speculate that the left orbitofrontal 
cortex (OFC) and the left anterior prefrontal cortex (aPFC) are important 
for overriding automatic affective stimulus-response couplings. In 
addition, Kozlik et al. (2015) drew a similar conclusion in their literature 
overview, and the meta-analysis by Beatty et al. (2016) also found 
support for both accounts.
 However, the cognitive notion that effects of emotions on 
behaviour are only apparent when emotion is relevant to the task-goal is 
supported as well. The significant results for Experiment 1 were centered 
around emotions, while the significant results for Experiment 2 were 
not. Experiment 2, in which participants responded to the gender of 
the stimuli, showed more significant results in the exploratory (gender) 
analysis than the planned (emotion) analysis. This suggests that the 
aspect of the stimulus to which most attention is paid, is a bigger driving 
force in steering behaviour.
 In sum, our study demonstrates that emotions, as communicated 
by facial expressions, combined with experimentally induced response 
labels influence the organization of goal-directed stepping. There was 
support for both the motivational orientation account and the cognitive-
based accounts. It could be that both accounts are valid and that the 
mechanisms operate independently and in parallel (Kozlik et al., 2015; 
Krieglmeyer et al., 2010). This is consistent with dual-processing 
models in experimental psychology that emphasize the joint existence 
of automatic (fast, implicit) and controlled (slow, rule-driven) processes, 
such as emotion. In addition, the existence of a clear goal pertaining 
emotion seems to be a prerequisite for emotional effects on behaviour.
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 The aim of this thesis was to investigate the effect of emotional 
stimuli on stepping movements. In the three studies presented in 
chapters 2-4, participants stepped forward, backward, and sideways in 
response to different emotional stimuli. The results of these studies will 
be discussed in three sections: viewing duration (5.1), asymmetric AA 
effects (5.2), and cognition versus motivation (5.3). Indirectly related to 
the experiments, but relevant to the field as a whole, two more sections 
will discuss the effect of emotion on movement initiation versus execution 
(5.4) and the choice of emotional stimuli (5.5). Finally, I will present an 
outlook of the field, in which I will discuss possible applications of the 
findings presented in this thesis and new avenues of research related to 
whole-body AA tasks (5.6).

5.1 Viewing duration
5.1.1 Viewing duration
 Chapter 2 focused on the effect of viewing emotional stimuli for 
longer and shorter periods of time on AA behaviour. Participants initiated 
a forward step faster in response to neutral pictures compared to pictures 
with emotional content when viewing duration was short (100 - 500 ms). 
With medium viewing duration (1 – 2 s), participants only responded 
faster compared to unpleasant emotional content. The differences 
between neutral images and emotional content disappeared entirely 
when viewing pictures with the longest viewing duration used in the 
experiment (3 – 4 s). For the dependent variables pertaining movement, 
no significant interaction between emotion and duration was found. APA 
amplitude showed a main effect of emotion with neutral images showing 
a trend for larger amplitude (and thus movement facilitation) compared 
to emotional images. In addition, step size was larger for emotional 
stimuli compared to neutral stimuli. 
 Since the study presented in chapter 2 was published, two new 
studies have emerged that also examined viewing duration in a whole-
body context. Both Gélat and Ferrel-Chapus (2015) and Gélat et al. 
(2018) instructed participants to start walking forward when the word 
‘go’ appeared at the centre of a pleasant or unpleasant image on the 
screen. In the short viewing condition, the word ‘go’ appeared after 
viewing the image for 500 ms, while in the long viewing condition it 
appeared after 3000 ms. The image remained on the screen even after 
gait initiation. This is different from the offset paradigm used in chapter 
2, in which gait was initiated after the disappearance of the image. Gélat 
and Ferrel-Chapus (2015) and Gélat et al. (2018) instructed participants 
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to walk along the 5-meter walkway and pressed a button to make the 
image disappear from the screen before rating the picture on arousal and 
valence. 
 Both Gélat and Ferrel-Chapus (2015) and Gélat et al. (2018) found 
faster gait initiation when participants walked towards pleasant images 
compared to unpleasant images, but only in the short viewing condition. 
The long viewing condition showed no significant effects of emotional 
content on reaction time. Since the authors asked the participants to rate 
the pictures immediately after viewing, they discovered an interesting 
effect. Namely, the unpleasant images were rated less unpleasant (but 
not less arousing) in the long viewing condition compared to the short 
viewing condition. This change in valence rating did not occur for the 
pleasant pictures. The authors interpreted these results by assuming 
that the participants adopted a reappraisal strategy in the unpleasant 
condition. There is indeed evidence that reappraisal increases the valence 
ratings of negative emotional stimuli (i.e. a less unpleasant rating; 
Gross, 2002). This could explain why the significant difference in reaction 
time between pleasant and unpleasant images disappeared with longer 
stimulus viewing.  
 Compared to Gélat and Ferrel-Chapus (2015), Gélat et al. (2018) 
included more dependent variables pertaining to movement execution. 
Interestingly, these variables were affected solely by image valence, and 
not by viewing duration. The APA duration and amplitude were larger for 
pleasant compared to unpleasant images regardless of viewing duration. 
Movement facilitation for the pleasant compared to the unpleasant stimuli 
was evidenced by forward peak COM velocity, the length of the first step 
and movement time. 
 The studies by Gélat and Ferrel-Chapus (2015) and Gélat et al. 
(2018) indeed seem to point to a reappraisal strategy for unpleasant 
stimuli, in which participants utilize the longer viewing duration to 
reappraise the valence of these stimuli. This would explain the faster 
RT for pleasant compared to unpleasant stimuli in the short condition 
and its disappearance in the long condition. Although the experiment 
reported in chapter 2 showed no differential effects between pleasant 
and unpleasant images, the significant effects of emotional images 
disappeared when viewing duration increased. Longer viewing time thus 
seems to diminish the effect of emotional images on the initiation of AA 
behaviour. To my knowledge, no other AA whole-body study has directly 
investigated the effect of viewing duration on whole-body AA behaviour. 
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5.1.2 Offset paradigms
 Although I could leave the discussion of viewing duration with the 
preceding, there is still a relevant methodological issue to consider. The 
offset paradigm, which was used in chapter 2, is a method in which 
participants initiate their step when the image disappears. This increases 
the pre-step viewing duration since participants initiate their step only 
after having viewed the images for a few seconds. While the effect of 
viewing duration is not explicitly investigated in the studies with an offset 
stepping cue, the viewing times in those studies are very similar to the 
long viewing conditions in chapter 2, and in Gélat and Ferrel-Chapus 
(2015) and Gélat et al. (2018). 
 Stins, Van Gelder, et al. (2015) directly compared an onset 
condition with an offset condition. In the onset condition, participants 
stepped as soon as the image appeared on the screen, whereas in the 
offset condition participants looked at the image for 3-5 seconds before 
it disappeared and a step was initiated. These investigators found a 
significant congruency effect for RT in the onset condition, which was 
reversed in the offset condition. In the offset condition, participants 
responded faster to high arousal unpleasant images when initiating a 
forward step compared to high arousal pleasant images. Naugle et al. 
(2011, 2012) reported a similar effect. Both studies only used an offset 
paradigm, causing participants to view the images on the screen for 2-4 
seconds before initiating a step, and both studies found faster reaction 
times when initiating forward gait for high-arousal unpleasant stimuli 
compared to pleasant stimuli.
 Although this reversed effect for reaction time has only been 
found in studies using an offset paradigm, it is unclear whether this is 
exclusively due to the method used. For instance, the study described in 
chapter 2 used an offset paradigm as well, and in none of the conditions 
did unpleasant stimuli trigger faster response times. The offset paradigm 
used by Coudrat et al. (2017) did not lead to faster reaction time for 
unpleasant stimuli either. Instead, not a single significant effect of 
emotion on reaction time was found. 
 If one would only look at reaction time measures, it may seem 
that prolonged viewing duration erases, or reverses, whole-body AA 
effects. However, spatio-temporal variables seem largely unaffected by 
viewing duration. Studies with longer viewing duration indicated the 
expected movement facilitation in congruent conditions. In the earliest 
postural indications of movement (i.e. APA) emotion seems to facilitate 
movement in response to pleasant stimuli compared to unpleasant stimuli 
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(cf. Coudrat et al., 2017; Gélat et al., 2018; Naugle et al., 2011, 2012). 
In the execution of the step, significant effects of emotion were found for 
longer viewing durations as well, e.g. for step length (Gélat et al., 2018; 
Stins, Van Gelder, et al., 2015), step velocity (Gélat et al., 2018; Naugle 
et al., 2011; Stins, Van Gelder, et al., 2015), and movement time (Gélat 
et al., 2018).  

5.1.3 Discussion
 The effect of increasing viewing duration of emotional stimuli 
seems to specifically affect reaction time, while the spatio-temporal 
variables seem to remain largely unaffected. This dichotomy of viewing 
duration effects between reaction time and spatio-temporal variables 
of the movement was present in chapter 2 as well. Only reaction time 
showed an interaction between emotion and viewing duration, while the 
APA and step size variables were affected solely by emotional content. 
 Viewing emotional images for a longer period of time, whether due 
to using an offset paradigm or as a result of a deliberate experimental 
manipulation, means that participants need to wait for the stepping cue 
while the image is already on the screen. A reappraisal strategy during 
longer picture viewing could affect initiation responses to unpleasant 
images, causing the reaction time to pleasant and unpleasant images to 
become similar, or even to reverse in duration. However, this reappraisal 
strategy seems to only have affected the reaction time, since viewing 
duration affected no other variables. 
 Does this mean that the cognitive reappraisal strategy does not 
apply to variables of postural control? And if so, do spatio-temporal 
variables of the step reflect more automatic behavioural responses, 
which are less affected by cognitive intervention? Reappraisal studies 
have found both neurological (i.e. Moser et al., 2006; Ochsner et al., 
2002; Wang et al., 2017) and physiological (i.e. Urry, 2009) effects of 
reappraisal strategies during image viewing. An interesting idea for future 
research would be to investigate whether reappraisal during (unpleasant) 
image viewing affects reaction time and spatio-temporal variables in a 
different manner compared to the studies discussed here. This could shed 
light on whether the longer viewing duration indeed implicitly caused a 
reappraisal affecting only reaction time, and whether explicit reappraisal 
affects whole-body AA behaviour in another way than implicit reappraisal.
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5.2 Asymmetric AA effects
 Manual AA tasks have consistently shown affective congruency 
effects: pleasant items generally evoke approach behaviour, while 
unpleasant items generally evoke avoidance behaviour (Laham et al., 
2015; Phaf et al., 2014). This symmetry in approach and avoidance 
responses has not been a consistent finding in whole-body AA tasks, as 
discussed in the Introduction.  
 The experiment described in chapter 3 studied backward stepping 
in isolation and used Bayesian statistics in addition to frequentist statistics 
to find evidence for the null-hypothesis, namely that there was no effect 
of emotion on the backward step parameters. The ANOVAs for emotion 
on RT, APA and peak velocity were not significant, while the ANOVA for 
step size was. Bayesian statistics showed moderate evidence for RT and 
APA not being affected by the emotional content of the stimulus. The 
evidence for pleasant and unpleasant stimuli having a different effect 
than the neutral images on peak velocity was inconclusive, although 
moderate evidence was found for pleasant and unpleasant images having 
the same effect. For step size, pleasant and unpleasant images showed 
moderate evidence for having the same effect and there was strong 
evidence for pleasant images evoking a larger backward step compared 
to neutral stimuli.  
 To my knowledge, these six whole-body AA studies (Coudrat et 
al., 2017; Stins & Beek, 2011; Stins et al., 2011, 2014; Yiou et al., 2014; 
chapter 3) are the only published works that have included backward 
GI. In these studies only three significant effects were found, all related 
to step execution, not initiation time. Two of these effects are not in line 
with what is generally expected in AA tasks. Chapter 3 showed larger 
backward step for pleasant compared to neutral images, and Stins et 
al. (2011) showed the peak velocity to be lower for angry compared to 
happy faces. Yiou et al. (2014) found the COM velocity at the time of 
swing foot-off to be significantly lower for pleasant compared to neutral 
stimuli. 
 One of the reasons backward steps do not show the expected 
avoidance effects might reside in the operationalization of avoidance 
behaviour in whole-body AA experiments. When making a backward 
step, vision cannot be used to guide the execution of the step. For this 
reason, attention might be divided between ensuring a safe backward 
stepping movement and performing the instructed movement. However, 
in forward stepping attention does not have to be divided. Manual tasks 
do not suffer from this fundamental difference between responses: both 
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approach and avoidance behaviour (i.e. pressing a button, pulling a lever, 
moving your arm) occurs in front of the participant. This is an important 
consideration in deciding experimental set-up and might make manual 
tasks the preferred method of choice in at least some AA experiments. 
 The difference between whole-body approach and avoidance 
behaviour is apparent in real-life situations as well. Approach movements 
in real life nearly always consist of moving closer (i.e. forward) to the 
situation one wants to approach. However, avoidance behaviour might 
not be as clear-cut. Stepping back is but one of a myriad of options 
when confronted with something one wishes to avoid. Leaning backward, 
closing your eyes, screaming, moving your arm in front of you or turning 
away and running are other behavioural options. This range of alternative 
responses might explain why no strong connection between unpleasant 
stimuli and backward steps has been found to date. 
 To shed more light on the asymmetry of the effect of emotion on 
approach and avoidance behaviour, different ways of operationalization 
of avoidance may be considered. Reclining in a chair has been used 
previously (cf. Price & Harmon-Jones, 2011), suggesting that leaning 
backwards while standing might be a valid alternative for a whole-
body avoidance response. Future whole-body AA studies should take 
this limitation of avoidance behaviour into account in the experimental 
design. Other options for avoidance, such as leaning, or spontaneous 
interpersonal distance (e.g. Welsch et al., 2019), could be considered as 
an alternative.

5.3 Cognition or motivation 
5.3.1 Distance change versus response label
 The DR account postulates that pleasant and unpleasant stimuli 
automatically trigger AA motivation, resulting in a tendency to increase 
or decrease the distance between the individual and the emotional 
stimulus. The idea of automaticity is challenged by the ERC account, 
which emphasizes the role of cognition and, more specifically, response 
labels. The experiments in chapter 4 were designed in such a manner 
that the relative merits of the DR and ERC account could be compared. In 
particular, by having a movement both increase the distance (facilitated 
when responding to unpleasant stimuli in DR) and simultaneously 
labelling it as positive (facilitated when responding to pleasant stimuli 
in ERC), the accounts make contrasting predictions and can thus be 
compared accordingly.
 The first experiment of chapter 4 found support for the DR 
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account for peak velocity, but support for the ERC account for reaction 
time. This mix of results suggests that for step initiation, the cognitive 
representation of the response affects behaviour, whereas for step 
execution the distance to the stimulus does. What is striking about 
this result is its similarity to the idea of cognitive effects on reaction 
time versus spatio-temporal variables discussed in section 5.1. There, 
I speculated that cognitive effects (i.e. implicit cognitive reappraisal of 
unpleasant images due to longer viewing duration) affect reaction time, 
while parameters of the actual stepping movement seem to be more 
resistant to cognitive influences. The results of Experiment 1 in chapter 
4 seem to hint at a similar mechanism. 
 More support for the idea that both the distance and task goal 
contribute to whole-body AA behaviour is provided by the significant 
interaction of distance and response label for reaction time in both 
experiments reported in chapter 4. The fastest response times were 
found when moving closer to an image while the movement was 
labelled as ‘towards’. This congruency between label and distance to the 
emotional images suggests that behaviour is initiated fastest when both 
mechanisms are operating in parallel. 
 Although more research is needed on the interaction between 
distance change and movement goal in whole-body AA studies, the meta-
analyses by Beatty et al. (2016) and Laham et al. (2015) provide support 
for both theoretical accounts, implying that perhaps a hybrid account 
should be developed. 

5.3.2 Task relevance
 Emotion theorists often assume an automatic link between 
emotional stimuli and emotional behaviour, mediated by approach and 
avoidance motivational states (Lang et al., 1990; Reichardt, 2018). 
However, this automaticity has been challenged by more cognitive 
accounts of approach-avoidance behaviour (c.f. Eder & Hommel, 2013; 
Eder & Rothermund, 2008; Lavender & Hommel, 2007).
 Lavender and Hommel (2007) found that emotional content only 
affected behaviour when participants responded to the affective content 
of the stimuli, whereas the spatial orientation of the images affected 
behaviour only in the spatial condition. These results argue against an 
automatic hard-wired link between emotional content and behaviour 
and in favor of a cognitive model in which task-relevant features affect 
behaviour more strongly compared to task-irrelevant features. 
 In the second experiment described in chapter 4, the emotional 
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aspect of the stimuli was made task-irrelevant by having participants 
respond to the gender instead of the emotional expression of the faces. 
The results showed a complete absence of emotion effects, while the 
exploratory analysis produced multiple significant effects for gender. 
This is in line with the cognitive view of Lavender and Hommel (2007), 
according to which the task-relevance of the features outweighs any 
additional features of the stimuli. Since the goal of the participants was 
to respond to the gender of the images, this is where most effects were 
found. 
 This task-relevancy effect has been found in more studies, usually 
in absence of any significant effects of emotion when focusing on the 
gender of the stimuli (i.e. Roelofs et al. 2009; Rotteveel & Phaf, 2004; 
Stins et al., 2014; Volman et al., 2011). Out of three meta-analyses 
concerning AA behaviour, two of these (Beatty et al., 2016; Phaf et al., 
2014) concur with the cognitive view of the importance of task-relevancy 
and goals mediating the relationship between emotion and behaviour. 
The meta-analysis by Laham and colleagues (2015) did not show this 
effect although the authors do state there seemed to be a 'trend' towards 
larger congruency effects when the emotion was task-relevant. 
 To my knowledge, Experiment 2 in chapter 4 and the study by 
Stins et al. (2014) are the only published whole-body AA studies in which 
the task relevancy of emotion was manipulated. Stins and colleagues 
(2014) had participants step forward or backward in response to the 
gender of the faces on a screen. Half of the participants stepped forward 
when they saw a woman and backward when they saw a man. For the 
other half of the participants, this association was reversed. The emotional 
expressions of the faces were happy, angry, or neutral. This emotional 
feature was task-irrelevant, since particants responded to gender. No 
effects were found for postural immobility, step size, or peak velocity. For 
reaction time, the interaction between emotion and step direction was 
not significant although the emotional content was processed to some 
degree as evidenced by a significant main effect of emotion: participants 
responded faster to neutral and happy faces compared to angry faces. 

5.3.3 How relevant is the emotion? 
  In many whole-body AA studies the emotional content is directly 
associated with the task: the participant responds by stepping forward 
when seeing content X and steps backward when seeing content Y (cf. 
Coudrat et al., 2017; Stins & Beek, 2011; Stins et al., 2011; Yiou et al., 
2014). This type of task renders the emotional content of the stimuli 
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explicitly relevant, since the categorization of the valence of the stimulus 
is necessary to make the correct response. These forced-choice reaction 
time tasks are comparable to most manual AA studies (e.g. Lavender & 
Hommel, 2007; cf. Laham et al., 2015).
 However, not all whole-body AA studies employ this paradigm. For 
example, the participants in the study by Stins, Van Gelder, et al. (2015) 
always made one forward step at the cue for stepping (i.e. the onset or 
offset of the image). The content of the image, whether the emotional 
image was pleasant or unpleasant, was not relevant to task performance. 
This was also the case in the studies by Naugle et al. (2010, 2011, 2012), 
Vernazza-Martin et al. (2015), and those described in chapter 2 and 
chapter 3. Some studies have found a way to make judging the content 
of the stimuli relevant to task execution (e.g. Gélat & Ferrel-Chapus, 
2015; Gélat et al., 2011, 2018). In these experiments by Gélat and 
colleagues, participants were asked to judge the valence of the images 
in order to decide whether to step or refrain from stepping: the authors 
included neutral images as no-go cues. Similarly, in the first experiment 
of chapter 4, participants were tasked to respond to the presence (happy 
or angry) or absence (neutral) of an emotional expression on the faces.   
 Even though there are many whole-body AA studies in which 
the emotional content of the stimuli is not explicitly task-relevant (e.g. 
Naugle et al., 2010, 2011, 2012), it is also incorrect to state emotion was 
completely task-irrelevant. In the studies in which emotion was explicitly 
task-irrelevant, (i.e. experiment 2 of chapter 4; Lavender & Hommel, 
2007; Stins et al., 2014) there was a different stimulus feature (gender 
or spatial orientation) for participants to respond to. These studies hardly 
found an effect of emotion on behaviour. In the case of the studies in 
chapter 2, chapter 3, and by Naugle et al. (2010, 2011, 2012), Stins, 
Van Gelder, et al. (2015) and Vernazza-Martin et al. (2015), emotion was 
observed while performing a stepping task and multiple significant effects 
of emotion were found. 
 Although more work is needed to explore the effect of goals 
and task relevancy in whole-body AA tasks, there is some support that 
underscores the importance of these concepts. Emotional effects seem 
to be salient enough to affect behaviour when they are present during 
the execution of a whole-body task, even though they are not explicitly 
relevant for the correct execution of the task. In contrast, when a 
different stimulus feature is more important, the effect of emotion either 
diminishes or disappears entirely. Lavender and Hommel (2007) indeed 
acknowledge this by stating (p. 1291):
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 “We therefore claim that task-relevant feature dimensions are   
 likely to receive high intentional weights, thereby boosting effects  
 of feature overlap on these dimensions, but we do no assume   
 that the weights for nominally task-irrelevant feature dimensions  
 are necessarily zero.” 

 The automaticity of emotional effects on behaviour, as assumed 
by emotion theorists (i.e. Lang et al., 1990; Reichardt, 2018), is 
definitely present in some form. If emotion would not automatically 
affect behaviour, no effect of emotion would be seen in the experiments 
in which it was not explicitly necessary to respond to the emotional 
content of the stimuli (e.g. Naugle et al., 2010, 2011, 2012). However, 
it is not automatic to the extent as often proposed by emotion theorists. 
In the two whole-body experiments in which emotion was explicitly task-
irrelevant (experiment 2 of chapter 4; Stins et al., 2014), the effect of 
emotion was not as prominent. This is in line with the cognitive view of 
Lavender and Hommel (2007) and Eder and Hommel (2013), in which 
cognition (i.e. the goal of the behaviour) is a mediator between the 
emotional stimulus and the behaviour. 
 The effect of emotion on whole-body AA behaviour thus seems 
to depend on an interaction between cognition and motivation. Task-
relevancy, cognition, and distance change all seem to play a role in the 
behaviour that is exhibited in response to emotional stimuli. 

5.4 Initiation vs. execution
5.4.1 Movement execution
 The influence of emotion on step initiation versus step execution 
might not be the same. Coombes et al. (2007) remarked that, once a 
movement has been selected, emotional stimuli have very little influence 
on the ensuing movement execution, as the movement enfolds in a fairly 
stereotypic fashion. It has been suggested that emotion might have a 
more profound effect on measures of step initiation (e.g. reaction time) 
compared to measures of step execution (e.g. step size; cf. Stins & 
Beek, 2011). Indeed, Stins and Beek (2011) found faster reaction time 
results when participants stepped towards pleasant images compared 
to unpleasant images, but none of the other GI measures (i.e. APA, 
step size, and movement time) were significant for any of the emotion 
conditions. 
 While reaction time seems to be the most often used measure in 
AA studies, both in manual and whole-body AA tasks, it is certainly not 
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the only behavioural measure that is affected by emotionally relevant 
stimuli. A telling example showing the effect of emotional content 
during step execution can be found in the study by Caffier et al. (2017). 
They simulated crossing a road by letting participants walk across the 
laboratory floor while presenting a stimulus to their left. During their first 
step, i.e. when gait was already initiated, one of three types of stimuli 
was presented on the left: a neutral control slide, a threatening IAPS 
image, or images of approaching cars. They found that participants 
adjusted both their first and their second step more laterally to the right 
(i.e. away from the image) when looking at threatening IAPS images and 
approaching cars compared to neutral stimuli. 
 Another example of emotions affecting movement execution 
during walking can be found in Naugle et al. (2010). They had participants 
walk 2.5 m before presenting a pleasant, unpleasant, or neutral image in 
front of them. In this study, many step execution variables were affected 
by the emotional content of the stimuli. For example, the second step 
of the participants was larger after image onset when a pleasant image 
was on the screen compared to a unpleasant image. In addition, the 
stride length was larger for high-arousal pleasant stimuli compared to all 
unpleasant image categories. 

5.4.2 Comparability
 Although many studies have since found evidence refuting the 
hypothesis that emotions only affect step initiation and not execution, 
Yiou et al. (2014) found a similar lack of emotional effects in their 
step execution measures as Stins and Beek (2011). However, this only 
pertained to measures derived from the COP signal. In contrast, they 
found a difference between neutral and pleasant images for variables 
calculated with the COM for both forward (lower peak velocity of the 
center of mass for pleasant compared to neutral) and backward steps 
(lower anticipatory COM velocity for pleasant compared to neutral). 
 Yiou et al. (2014) claimed that the lack of significant results in 
the study of Stins and Beek (2011) was due to their use of COP-based 
dependent variables.  This statement can be questioned by looking at 
other whole-body AA experiments. For example, Stins et al. (2011) used 
the COP signal to calculate peak velocity and found significant results 
involving emotional content. Gélat and Ferrel-Chapus (2015) used the 
COP signal exclusively to calculate both the reaction time and APA. 
Other studies used a combination of COP and COM signals to calculate 
the dependent variables of interest (i.e. Gélat et al., 2018), while still 
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others used an optical motion capture system (i.e. Naugle et al., 2010) 
to study kinematics. In all of these studies effects of emotional content 
were found. 
 The statement of Yiou et al. (2014) regarding the COP-based 
measures does raise an important issue within the whole-body AA field. 
Namely, nearly every study uses a slightly different way of calculating 
the dependent variables. Even when multiple studies calculate the same 
variable, such as reaction time, calculations vary widely. For example, 
Gélat et al. (2018) calculated reaction time as the time between the cue 
to start walking and the instant at which 10% of the first peak of the COP 
velocity was reached. In contrast, Yiou et al. (2014) calculated it as the 
time between picture onset and the initial rise of the COM acceleration 
trace. Stins, Van Gelder, et al. (2015) used the COM (which they label 
COG) as well, but calculated reaction time instead as the time between 
the cue and the first change in COG displacement. The experiments in 
this thesis all employ the same method, namely the time at which 5N 
force in the axis of progression is exerted after the cue, which again sets 
them apart from other studies. 
 Besides reaction time, many different variables are studied in 
whole-body AA experiments. Although there is some overlap (i.e. step 
size is often used, just as velocity), many variations exist in the literature, 
mostly based on different calculations. This hampers comparability 
across studies. Yiou et al. (2014) stated that changes in experimental 
set-up may change results completely and arguably the same holds for 
different ways of calculating dependent variables. It is clear that some 
consensus needs to be reached within the AA field to render the studies 
more comparable. In particular, the field would benefit from an extensive 
analysis of spatio-temporal variables and how they are affected by 
emotional stimuli. 

5.5 Choice of emotional stimuli
5.5.1 Stimulus choice
 Many AA studies make use of IAPS images. The IAPS (Lang et 
al., 2008) database provides a large collection of validated images that 
have been given normative ratings based on their valence (pleasant vs. 
unpleasant), arousal, and dominance scores using the Self-Assessment 
Manikin (SAM). There is some overlap in IAPS image choice between 
different studies. For example, the erotica and mutilation images used in 
chapter 2 were also used in chapter 3, Naugle et al. (2011), Yiou et al. 
(2014), and Stins, Van Gelder, et al. (2015). However, Stins, Van Gelder, 
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et al. (2015) also used low-arousal pleasant (children and animals) and 
low-arousal unpleasant (contamination and famine) images, creating five 
image categories including a neutral category. Coudrat et al. (2017) used 
similar images as Stins, Van Gelder, et al. (2015), but did not distinguish 
different arousal categories. In their study, Coudrat et al. (2017) used 
images of erotica, extreme sports, babies and cute animals for the 
pleasant category and images of famine, mutilation and threat for the 
unpleasant category. Naugle et al. (2010) assembled different categories 
again, arguing that it is important not to group images of a similar 
valence and/or arousal but rather to keep them separate. Their study 
included five categories, the effects of which on AA behaviour were all 
compared to the effect of neutral images: erotica, happy people, attack/
threat, mutilation, contamination. Naugle et al. (2011) used slightly 
different image categories, with high-arousal unpleasant (threat), high-
arousal pleasant (erotica), low-arousal unpleasant (crying people), and 
low-arousal pleasant (happy people and babies) images. 
 These differences in stimuli between whole-body AA experiments 
demonstrate that the use of a single database in all these studies may 
still generate a large variability in the images used. These variations in 
stimulus choice become even larger when taking the studies in which 
no use is made of the IAPS into account. While most whole-body AA 
experiments use IAPS to evoke emotional responses, some used faces 
as their stimulus of choice. The use of faces is common in manual AA 
studies as well, with multiple manual tasks using emotional categories to 
evoke AA responses (e.g. Roelofs et al., 2009; Rotteveel & Phaf, 2004). 
The experiments in chapter 4 used happy, angry and neutral faces from 
the RaFD (Langner et al., 2010), while three other studies used happy, 
angry and neutral faces from different databases (cf. Ly et al., 2014; 
Stins et al., 2011, 2014). 
 Similar to the image categories of the IAPS, there has been 
some debate on which facial expressions to use to evoke approach and 
avoidance tendencies. Particularly the use of angry faces has fueled this 
debate. Carver and Harmon-Jones (2009) published a review in which 
anger proved to be convincingly related to approach motivation, although 
this was mostly anger in the actor, not in the stimulus. Regarding AA 
studies, there are mixed results. Stins et al. (2011) and Rotteveel and 
Phaf (2004) found marked differences in reaction times between happy 
and angry faces, with angry faces seemingly triggering avoidance 
responses. However, Krieglmeyer and Deutsch (2013) and Wilkowski 
and Meier (2010) found facilitation of approach behaviour in response 
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to angry faces instead. Paulus and Wentura (2016) investigated this 
phenomenon and concluded that a key role for approach or avoidance 
tendencies resides in the contrast between the various facial expressions 
within an experimental design. A crucial observation was that angry 
faces elicited avoidance reactions when paired with happy faces, but 
approach reactions when paired with fearful faces. Wilkowski and Meier 
(2010) contrasted angry faces with neutral faces and found that angry 
faces consistently elicited approach tendencies. Krieglmeyer and Deutsch 
(2013) concluded that angry faces only elicit approach behaviour when 
the behaviour is labelled as ‘aggressive’, confirming the idea that the 
response to anger is malleable.  
 To my knowledge, no whole-body AA stepping or locomotion 
studies have been conducted using words or sentences as emotional 
stimuli. Manual tasks have successfully used this type of stimuli in the 
past (e.g. Krieglmeyer & Deutsch, 2010) but the effect of this arguably 
more cognitive type of stimuli on stepping behaviour has not been 
investigated to date. 
 Two meta-analyses provided contrasting answers in regard to the 
question which stimuli produce the clearest approach-avoidance effects 
and should thus be preferred in this domain. Laham et al. (2015) found 
that for arm flexion and extension AA tasks, the stimulus choice affected 
the results. They found compatibility effects emerged when using faces, 
but not when using words and pictures. They even found that angry 
faces amplified the avoidance response in these types of tasks. Phaf et 
al. (2014), again in manual tasks, found that all types of stimuli showed 
significant AA effects. No differences between the different types of 
stimuli were found. 

5.5.2 Discussion
 The choice of emotional stimuli in (whole-body) AA experiments 
requires careful consideration. The IAPS database, the most frequently 
used stimuli set in AA whole-body experiments, is not without 
shortcomings in that it contains both outdated and culturally specific 
images. Moreover, from the IAPS database many different stimulus sets 
can be generated that differ in valence and arousal. The role of arousal 
in AA behaviour remains unclear. Some studies reported more effects of 
high-arousal stimuli (e.g. Naugle et al., 2011; who found more effect for 
high-arousal pleasant compared to low-arousal pleasant), while others 
reported effects for both low-arousal and high-arousal stimuli (e.g. Stins, 
Van Gelder, et al., 2015; who found some effects for low-arousal only, 
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some for high-arousal only, and some for both). 
 Apart from the IAPS images, the role of facial expressions in 
evoking approach and avoidance behaviour is up for debate. While it 
may be argued that angry faces could evoke approach responses and 
are therefore unfit to be used to elicit avoidance responses, others found 
them to be strongly related to avoidance behaviour (Laham et al., 2015). 
Due to the link between anger and approach, some have argued that 
affect and approach-avoidance behaviour are orthogonal dimensions 
(cf. Coombes et al., 2007; Phaf et al., 2014). Although this is a valid 
argument, it is difficult to assess the effect of emotional stimuli on 
avoidance behaviour within the whole-body AA field. As discussed in 
section 5.2, avoidance behaviour (operationalized as stepping backward) 
does not seem to be affected by emotional stimuli all that much, while 
forward stepping seems to be affected differentially by happy and angry 
faces. For example, Stins et al. (2011) found faster reaction times when 
stepping forward in response to happy compared to angry faces. 
 Different choices of stimuli are made across different whole-
body AA studies. Despite this fact, congruency effects of the emotional 
content on whole-body AA behaviour seem to be robust. So even though 
the importance of valid stimuli cannot be denied, the general idea that 
pleasant stimuli evoke approach behaviour while unpleasant stimuli do 
not is widely supported in whole-body AA studies.

5.6 Outlook on the field
5.6.1 Application
 Approach-avoidance tasks have applications in various fields. As 
discussed extensively in this thesis, emotional content is able to affect 
motor behaviour. Coombes et al. (2007) suggested that this effect of 
emotional stimuli may help patient groups with motor impairments. 
Some of these applications will be highlighted in this section. 

5.6.1.1 Parkinson’s disease
 Whole-body AA studies mainly pertain to the effect of emotion on 
gait initiation and execution. These studies contribute to the knowledge 
of emotional effects, which can then be compared to specific patient 
groups. One of the applications of this knowledge is the effect of emotion 
on movement parameters in patients with movement disorders. For 
example, Parkinson’s disease (PD) is characterized by difficulties with gait 
initiation (Naugle et al., 2012; Rosin et al., 1997). In addition, studies 
have shown that emotional dysfunction (e.g. depression and apathy) is 
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prominent in patients with PD as well (cf. McDonald et al., 2003). 
 Naugle et al. (2012) compared the responses of 23 PD patients 
with those of 26 controls. The participants were shown 30 images in six 
categories: neutral, erotica, happy people, mutilation, contamination, 
and attack. Participants walked for 4 meters after picture offset, and all 
gait parameters were calculated relative to the response to the neutral 
images. The PD patients exhibited reduced movement parameters (i.e. 
reduced COP displacement and velocity, and reduced step length and 
velocity) compared to the control subjects, in the absence of any effect of 
depression and anxiety. 
 Regarding the effect of emotion on gait parameters, Naugle et al. 
(2012) showed that attack images, compared to the other categories, 
speeded up RT in both PD and control subjects. For the first step, PD 
patients’ produced lower step velocity when exposed to mutilation images 
compared to happy people images and also when compared to the 
response of the control group to mutilation and erotica images. Finally, 
APA was facilitated for pleasant compared to unpleasant stimuli for both 
subject groups. 
 Naugle et al. (2012) concluded that emotional stimuli affect 
movement parameters in both PD and healthy subjects. In addition, 
pleasant images facilitate gait initiation (i.e. APA) in PD patients, 
suggesting that the use of emotional images may be helpful in therapeutic 
interventions in PD.  

5.6.1.2 Autism spectrum disorders
 Autism spectrum disorders (ASDs) is another type of disorder in 
which emotional and motor deficits co-exist (cf. American Psychiatric 
Association [APA], 2013; Coll et al., 2020; Stins & Emck, 2018). Stins, 
Emck, et al. (2015) found a difference in postural control in children 
with mild ASD symptoms when standing upright compared to the control 
group when the eyes were closed. Ghanouni et al. (2017) had children 
with ASD and controls look at neutral faces and objects and found an 
increase in postural sway for children with ASD when looking at the 
faces. More related to AA tasks, Gouleme et al. (2017) showed faces 
depicting emotional expression and they found children with ASD had 
more difficulty to maintain postural control. In addition, happy and sad 
emotional faces increased postural sway in these children.  
 Reduced motoric abilities could lead to less participation in sports, 
leading to less overall fitness in people with ASD (Wall, 2004) and 
social exclusion. The effect of environmental factors, such as emotional 
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stimuli, could contribute to these postural abilities. Longuet et al. (2012) 
instructed 20 children with ASD and healthy controls to walk across 
the room to grab an object that they themselves chose being positive 
or negative for them. No instructions were given how fast or with what 
trajectory the children had to reach the object. When grabbing the 
positive object, no differences in locomotion were observed between the 
two groups. For negative objects, some ASD children stopped altogether 
before even reaching the object or displayed avoidant trajectories, while 
controls did not show this behaviour. Vernazza-Martin et al. (2013) 
performed a similar experiment in which 20 children were instructed 
to grab a positively or negatively valenced object. They concluded that 
positive environmental objects promote movement planning, while 
negative environmental objects disturb movement planning in children 
with ASD.  
 Although more research is necessary on the relationship between 
positive stimuli and movement behaviour, these studies do suggest a 
link between motor behaviour and emotions in this specific population. 
The effect of positive environmental stimuli in studies of behaviour and 
behavioural therapy may be an interesting avenue for future whole-body 
AA experiments. 

5.6.1.3 Emotional disorders and addiction
 Individual differences in approach and avoidance motivation have 
been investigated in personality research (cf. Elliot & Thrash, 2002). 
Some people are more inclined to avoid while others are more inclined to 
approach. However, more extreme deviations can be found in emotional 
disorders, such as phobias (Rinck & Becker, 2007) or social anxiety 
disorder (SAD; Heuer et al., 2007).  
 Rinck and Becker (2007) employed a manual AA task and added 
a zooming feature, which increased the size of the images on the screen 
when pulling the joystick and decreased it when pushing it. This creates 
an illusion of distance change and has been shown to strengthen the AA 
effect in manual AA tasks (cf. Krieglmeyer & Deutsch, 2010). Rinck and 
Becker (2007) found behavioural avoidance in response to spider images 
for participants with spider phobia compared to participants without 
spider phobia, even in conditions in which the presence of the spider was 
task-irrelevant. 
 Heuer et al. (2007) had participants with and without SAD 
respond to images of angry, happy and neutral faces. All participants 
avoided the angry faces and rated them accordingly. The main difference 
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between individuals with SAD and controls was that controls rated happy 
faces as pleasant and approached them, while SAD individuals rated 
them as pleasant but avoided them instead. These results show another 
advantage of the AA paradigm: they may also be used to assess implicit 
or purposefully hidden behavioural responses to specific emotional 
stimuli, as an addition to self-report measures (Krieglmeyer & Deutsch, 
2010). 
 Studies involving behavioural therapy have used manual AA tasks 
not only to assess approach or avoidance bias, but also to assist in the 
treatment of anxiety and addiction. This type of treatment is called the 
cognitive bias modification (CBM) and is used to change approach or 
avoidance tendencies in response to harmful or unwanted stimuli (Hahn 
et al., 2019). The approach bias CBM uses an AA task in which the crucial 
stimuli (e.g. alcohol) are implicitly avoided. Participants respond to the 
orientation of the image instead of the content, causing them to push the 
joystick away when the image is presented vertical and pull towards them 
when the image is horizontal. The presence of alcohol in the horizontal 
(avoidance) stimuli is task-irrelevant (Wiers et al., 2011). A similar task 
has been used to change avoidance bias in SAD (Rinck et al., 2013).
 Experiments have successfully employed such an AA task in 
the treatment of alcoholism, and have yielded some positive effects on 
patients (Eberl et al., 2013; Wiers et al., 2011). Some success of AA 
task training has also been shown in avoiding smoking (e.g. Machulska 
et al., 2016) and avoiding energy drinks (Kemps et al., 2019). Hahn and 
colleagues (2019) have even shown that approach and avoidance bias 
can be trained simultaneously in their study in which both avoidance of 
alcohol and approach of condom use were assessed. 
 To date, no whole-body responses have been used in studies 
examining the potential of AA tasks in behavioural therapy. Seeing as 
perceived distance change seems to be an important facet in these types 
of experiments (cf. Krieglmeyer & Deutsch, 2010; Rinck & Becker, 2007), 
distance change using whole-body movement might be an interesting 
new direction to explore in studying cognitive bias modification.   

5.6.2 Virtual reality
 Another promising new research avenue concerns the use of 
AA tasks in virtual reality (VR; Parsons et al., 2017). This methodology 
combines (virtual) movement and distance change in more realistic 
environments. Recent studies have reliably shown that approach and 
avoidance behaviour can be evoked in these virtual environments. For 
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example, McCall et al. (2016) had participants roam around a virtual 
world with valenced objects around them. Even though there was no 
task to be conducted by the participants, they approached and looked at 
pleasant objects more often compared to unpleasant objects. They also 
physically avoided angry virtual humans compared to those with sad and 
neutral expressions. Rinck et al. (2010) had socially anxious participants 
move around in a virtual supermarket and found that higher anxiety was 
related to slower approach of and more distance to the virtual manikins.
 Lange and Pauli (2019) went beyond these emerging paradigms 
by having participants with and without social anxiety physically walk 
through a virtual world. They had participants bypass virtual manikins 
with neutral or angry expressions. All participants showed more 
avoidance behaviour in response to angry manikins, while socially anxious 
individuals showed more avoidance behaviour to all manikins compared 
to controls.  
 Recently, a trial has been published for a protocol to use VR to 
help people stop smoking by use of an AA task (Machulska et al., 2020). 
Participants will be trained to avoid smoking-related objects and approach 
alternate objects, such as healthy food. Although movement through the 
VR world is done manually with the arms of participants instead of actual 
movements, the perceived distance to the stimuli in the virtual world 
does change. 
 Combining virtual reality with whole-body AA tasks for studying 
behavioural changes in various disorders is a research avenue that 
could have immense potential in treatment, and increase our scientific 
understanding of AA behaviour. 

5.6.3 Conclusion
 In the past decade, whole-body approach-avoidance tasks have 
been used to investigate the coupling of emotion and movement. Overall, 
results are similar to those found for manual AA tasks. Across paradigms, 
a robust finding is that pleasant stimuli appear to facilitate approach 
responses. The role of avoidance in whole-body responses is less clear 
and does not show the same symmetric effects as in manual responses. 
 Finding applications for whole-body AA tasks seems the next 
logical step. This step has been successfully made in manual AA tasks 
for the treatment and assessment of addictions, such as smoking and 
alcohol consumption, and emotional disorders, such as phobias and 
anxiety. For whole-body AA tasks, two avenues can be explored. First, 
the assessment and treatment of disorders in which both emotion 
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regulation and movement are impaired, such as ASD and PD. Second, 
the use of VR in combination with whole-body AA tasks to create an 
even more ecologically valid and realistic environment in which to study 
motor behaviours in response to emotional and/or addictive stimuli. By 
exploring these lines of research, we might be able to bring whole-body 
approach-avoidance research yet another step further.
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 Approaching pleasant and avoiding unpleasant situations are 
important adaptive human behaviours. In the past decade, experimental 
designs have started implementing whole-body movements to investigate 
how emotional situations prime approach and avoidance behaviour. In 
this thesis I investigated the effects of emotional stimuli on goal-directed 
stepping behaviour in a series of experiments, and how these effects 
related to current theories of approach-avoidance (AA) behaviour. 

 In chapter 1 I provided a theoretical basis for AA behaviour, and 
described how it has been studied, including the history and emergence 
of the whole-body approach. After discussing postural control and 
stepping behaviour, I gave an overview of the topics addressed in this 
thesis. These were viewing duration, the asymmetric nature of AA effects 
in whole-body studies, and the difference between motivational and 
cognitive accounts of whole-body AA behaviour.  

 In the experiment described in chapter 2, viewing duration was 
manipulated in order to assess its effect on AA behaviour. The main 
question was: does processing emotional images for a short time before 
stepping affect stepping behaviour differently compared to processing it 
for a longer period of time? Participants viewed highly arousing pleasant 
and unpleasant images for a short (100-500 ms), medium (1-2 s) and 
long (3-4 s) period of time, after which they made a single forward step 
on a force platform. Viewing duration affected step size and peak velocity 
regardless of valence: a larger step size was found for short duration 
viewing compared to medium and long duration and a higher peak velocity 
for short duration compared to long duration viewing. Only reaction 
time – the time it took participants to initiate their response – showed a 
significant interaction between viewing duration and emotional content. 
For the short viewing duration, neutral images were responded to faster 
than both emotional categories. This difference disappeared entirely for 
the longest viewing duration: the reaction time slowed when viewing 
duration increased for neutral images and speeded up for the emotional 
images. I argued that a loss of alertness could account for these findings. 
High-arousal pleasant and unpleasant images had the exact opposite 
effect, starting with slower reaction times for the short viewing duration 
and quicker reaction times for the longer viewing duration. In this case, 
the impact of the emotional content may have captivated attention to 
such a degree that it interfered with step initiation when viewed for a 
short time, whereas longer viewing diminished the impact of the image.  
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 In whole body AA studies, approach facilitation in response to 
pleasant stimuli is a robust finding. But the converse effect, namely 
avoidance facilitation in response to unpleasant stimuli, has not been a 
consistent finding. The study reported in chapter 3 focused specifically 
on backward steps to assess avoidance responses in isolation. In addition 
to frequentist statistics, Bayesian statistics were used to verify whether 
there was evidence for the null-hypothesis, i.e. no effect of emotional 
valence on backward steps. Neutral images, as well as high-arousal 
pleasant and unpleasant images were shown. Participants always stepped 
backwards after the image disappeared from the screen. Reaction time, 
APA and peak velocity did not show significant statistical differences in 
response to the emotional content of the stimuli. For reaction time and 
APA, Bayesian statistics yielded moderate evidence supporting the null-
hypothesis of an absence of emotional effects on these variables. For 
peak velocity, moderate evidence existed for the two emotional categories 
having identical effects, while the evidence for neutral images differing in 
their effect from the emotional images was inconclusive. Step size did 
show a significant difference between the different stimulus categories, in 
that a larger backward step was made in response to pleasant compared 
to neutral images. The Bayesian statistics provided strong evidence for 
this difference and moderate evidence for the similarity between pleasant 
and unpleasant stimuli. In addition, an exploratory analysis of sway 
path length (during quiet standing before the step) showed that high-
arousal stimuli elicited more sway 200 ms after image offset compared 
to the neutral images. This study thus provided the first evidence of an 
absence of emotional impact on some of the spatio-temporal variables 
in a whole-body avoidance response. This absence of emotional effects 
and – in the case of larger step size in response to pleasant images – 
an effect in an unexpected direction, may be due to the nature of the 
avoidance response. I suggested that backward stepping might therefore 
be unsuitable to study avoidance tendencies.   

 Emotion and cognitive theorists disagree on the mechanisms 
behind AA behaviour. Emotion theorists claim that the emotional stimuli 
automatically trigger approach and avoidance motivational states, 
resulting in approach and avoidance tendencies. Cognitive theorists argue 
against the automatic link between emotional stimuli and AA behaviour 
and instead point to the intended outcome or goal of the behaviour as 
the main motivator for AA responses. In the experiments discussed in 
chapter 4, participants stepped sideways based on cognitively coded 
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approach (‘towards’) or avoidance (‘away from’) instructions, which could 
either increase or decrease the distance to a happy or angry face. In 
Experiment 1, participants responded to the emotional content of the 
stimuli and in Experiment 2 the emotional content was made implicit, in 
that the gender of the faces was the stimulus feature that participants 
had to classify and respond to. Besides the main analysis for emotional 
content, distance and cognitive labeling, an exploratory analysis based 
on gender and emotion was performed, since the participants responded 
to the gender of the faces in Experiment 2. The results for Experiment 1 
showed a significant effect of label by emotion for reaction time, but also 
a significant distance by emotion effect for peak velocity. This suggested 
that the initiation of the step is more affected by cognitive manipulations, 
while the execution of the step is more affected by the distance to the 
emotional stimulus. The effects for emotion were absent in Experiment 
2, in which the emotional content of the stimulus was not relevant to 
the task. In contrast, the exploratory analysis of gender showed only 
one significant effect for Experiment 1, while gender affected every 
dependent variable in Experiment 2. These experiments showed that a 
combination of cognitive and motivational factors affect AA behaviour 
when emotion is a task-relevant feature in whole-body AA behaviour. 
However, when emotion is not relevant to the task, its effects are not 
as strong. This challenges the idea of automaticity, that is central to 
motivational theories of AA behaviour.  

 Chapter 5 reviewed the studies of the previous chapters in a 
broader scientific context. 
Viewing duration. I discussed the effect of viewing duration on stepping 
behaviour and found support for the idea that it affects reaction time to a 
greater extent than the spatio-temporal variables of stepping behaviour, 
both in my own study and in other studies. The mechanism behind this 
may be reappraisal, i.e. a cognitive mechanism that diminishes the 
impact of highly emotional stimuli. Comparing the effects of implicit and 
explicit reappraisal on whole-body AA effects is an interesting topic for 
future studies.  
 Avoidance. Since backward stepping seems to be more resistant 
to emotional influences, I speculated that the nature of backward steps 
might be inappropriate for studying avoidance responses and suggested 
an alternative, namely backward leaning, which could be studied as an 
avoidance response.
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 Cognition vs. motivation. Both cognitive and motivational accounts 
of AA behaviour have received partial support in the literature. I therefore 
suggested that both mechanisms play a role in AA behaviour, with 
cognition affecting response selection (reaction time), and motivational 
aspects such as distance change might have a more profound effect on 
step execution. 
 Beside the themes of the previous chapters, I discussed 
methodological aspects of the experimental set-up of whole-body 
AA studies, such as initiation cue, stimulus choice, and the distinction 
between gait initiation and execution. I also discussed future directions 
in this research domain. I feel that a promising next step would be the 
application of the whole-body AA paradigm in studying emotional and 
postural disorders in a clinical setting, possibly with the use of virtual 
reality. In all likelihood, this would take AA research yet another step 
further.   
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Samenvatting
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 Plezierige situaties benaderen en nare situaties vermijden zijn 
belangrijke aspecten van menselijk gedrag. Dit zogenoemde approach-
avoidance-gedrag (afgekort tot AA-gedrag) wordt vaak bestudeerd 
door proefpersonen manuele taken te laten uitvoeren (zoals een 
joystick bewegen of op een knop drukken). AA-gedrag uit zich in deze 
experimenten als een snellere reactietijd wanneer het gedrag (toenaderen) 
overeenkomt met de stimulus (een puppy) en een langzamere reactietijd 
wanneer het gedrag (toenaderen) niet overeenkomt met de stimulus 
(een agressieve hond). 
 De laatste tien jaar worden naast manuele taken ook taken gebruikt 
waarbij het hele lichaam is betrokken, zoals stappen, lopen of leunen in 
de richting van de stimulus of juist daarvandaan. Zulke bewegingen van 
het hele lichaam worden door de betrokken onderzoekers als meer valide 
gezien dan manuele taken omdat in dit geval de begrippen toenadering 
en vermijding letterlijk betekenis hebben. In dit proefschrift bestudeer 
ik de effecten van emotionele stimuli op doelgericht stapgedrag en de 
implicaties van deze effecten voor gangbare theorieën over AA-gedrag. 
 In vier experimenten, die worden gerapporteerd in de 
hoofdstukken 2, 3 en 4, heb ik verschillende aspecten van AA gedrag 
bestudeerd, te weten de kijkduur, de asymmetrie van AA-effecten die 
eerder werd gevonden in experimenten met bewegingen van het hele 
lichaam en het verschil tussen zogenoemde motivationele en cognitieve 
theorieën over AA-gedrag. 
 In de betreffende experimenten deden de proefpersonen 
een enkele stap voorwaarts, zijwaarts of achterwaarts op een 
krachtenplatform, waarmee de voetreactiekrachten die gepaard gaan 
met de stap werden gemeten. Uit deze voetreactiekrachten werden 
vervolgens meerdere stapvariabelen afgeleid, waaronder stapgrootte en 
pieksnelheid. 
 In hoofdstuk 2 wordt een experiment beschreven waarin de 
kijkduur werd gemanipuleerd om het effect hiervan op het AA-gedrag 
te bestuderen. Neutrale, plezierige en onplezierige plaatjes werden voor 
een korte, middellange of lange tijd getoond, waarna proefpersonen 
een voorwaartse stap deden. De hoofdvraag was: is het effect van het 
bekijken van neutrale en emotionele (plezierige en onplezierige) plaatjes 
op de stapbeweging afhankelijk van de kijkduur? Dit bleek het geval te 
zijn.
 In eerdere AA-studies met bewegingen van het hele lichaam werd 
wel een effect van positieve stimuli op toenaderingsbewegingen gevonden, 
maar geen effect van negatieve stimuli op vermijdingsbewegingen. Deze 
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asymmetrie in toenadering en vermijding werd in hoofdstuk 3 aan 
een nader onderzoek onderworpen. Aan proefpersonen werd gevraagd 
om naar achteren te stappen na het zien van neutrale, plezierige en 
onplezierige plaatjes. Met behulp van klassieke en Bayesiaanse statistiek 
werd getracht antwoord te geven op de vraag of vermijdingsgedrag 
optreedt in een AA-experiment met bewegingen van het hele lichaam. Dit 
kon niet overtuigend worden aangetoond. De resultaten lieten zien dat 
emotionele stimuli nauwelijks effect hadden op achteruit stappen, al leek 
er wel een effect zichtbaar te zijn in de houdingsregulatie vlak voor het 
starten van de stapbeweging.
 In de literatuur zijn verschillende theoretische verklaringen te 
vinden voor AA-gedrag. Zo beweert de ‘distance regulation’ (DR)-theorie 
dat de afstand tot de situatie bepalend is voor AA-gedrag. Immers, als je 
iets leuks ziet wil je de afstand daartoe verkleinen en bij een vervelende 
situatie doe je liever een stap terug. Een meer cognitieve verklaring, de 
‘evaluative response coding’ (ERC)-theorie, verklaart AA-gedrag vanuit 
de intentie van het subject: als het doel van de beweging (toenaderen) 
overeenkomt met de situatie (positief) dan zal deze gefaciliteerd worden, 
ook al wordt de afstand tot de situatie groter. In hoofdstuk 4 worden 
twee experimenten beschreven waarin de afstand tot een stimulus en 
de intentie van de beweging werden gemanipuleerd om beide genoemde 
theorieën met elkaar te vergelijken. De resultaten wezen uit dat zowel de 
afstand als de intentie de stapbeweging kunnen beïnvloeden. 
 In hoofdstuk 5 bespreek ik de beschreven studies en de daarin 
verkregen resultaten in een bredere theoretische context. Ook blik ik 
vooruit naar wat AA-studies met bewegingen van het hele lichaam ons 
in de toekomst kunnen brengen. Vooral de toepassing van AA-thematiek 
in de behandeling en herkenning van verschillende stoornissen, al dan 
niet met behulp van Virtual of Mixed Reality, lijkt een veelbelovende 
vervolgstap.
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