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Anger and the speed of full-body approach and avoidance 
reactions
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The notion that anger is linked to approach motivation received support from behavioral studies, 
which measured various motor responses to angering stimuli. However, none of these studies 
examined full-body motions which characterize many if not most everyday instances of anger. The 
authors incorporate a novel behavioral motor task that tests motivational direction by measuring 
the reaction times (RTs) of stepping forward and backward in response to the words “toward” 
and “away.” The results show that, relative to anxiety and control conditions, anger induction 
resulted in a steeper approach–avoidance RT gradient which was shifted in favor of approach.
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Many studies sought to associate affects with approach or avoid-
ance behavior. In an early study participants were required to push 
cards with words either toward themselves or away from them-
selves (Solarz, 1960). Chen and Bargh (1999) used lever pulling 
and pushing. Other studies used arm flexion and extension move-
ments (e.g., Neumann and Strack, 2000; Cretenet and Dru, 2004; 
Centerbar and Clore, 2006). In a study by Wentura et al. (2000), 
participants made lexical decisions with adjectives as word stimuli. 
Some adjectives described things that are good or bad to a person if 
someone else possesses them such as “fair” and “aggressive,” respec-
tively. The results show relatively quick button presses (representing 
approach) in response to positive adjectives and relatively quick 
button releases (representing avoidance) in response to negative 
adjectives. In order to strengthen the association between press-
ing/releasing and approach/avoidance, the respective responses 
were accompanied with increases and decreases in stimulus size. 
Additional studies measured responses that decrease or increase 
the distance between the participant and the stimulus as a meas-
ure of approach and avoidance (e.g., Markman and Brendl, 2005; 
Lavender and Hommel, 2007; van Dantzig et al., 2008).

A limitation of all the above studies is that the participants oper-
ated levers or buttons that caused a clear change in the stimulus or 
changed the participant’s perceived location, but did not consist 
of an actual movement of the full body toward or away from the 
stimulus to guarantee that the participant actually had approach or 
avoidance motivation. A promising new approach was introduced 
by Chajut et al. (2010) who introduced a reaction time (RT) task 
involving the full-body motion of walking forward and backward 
on a “dance mat,” as a response to valenced stimulus words pre-
sented on a computer screen.

Several studies examined the association between anger and 
approach motor behavior. Lewis et al. (1990) found that infants who 
showed more angry expressions in a learning task, showed more 
active hand pulling movement, which might signify aggression 
and approach motivation. Buss and Goldsmith (1998) additionally 
found the use of approach motor behavior reduced the observable 

Introduction
Different emotional processes involve activation of either left or 
right frontal areas of the brain (see Coan and Allen, 2004; Harmon-
Jones, 2007). Relatively greater left frontal activity is typically asso-
ciated with greater positive affect (e.g., happiness, joy), whereas 
relatively greater right frontal activity is associated with greater 
negative affect (e.g., sadness, disgust, fear; see Harmon-Jones, 
2007). However, Harmon-Jones’s work (see Harmon-Jones and 
Allen, 1998; Harmon-Jones, 2007; Carver and Harmon-Jones, 2009) 
suggests that the hemispherical differences are not an indication 
of affective valence (feeling a positive or negative emotion), but of 
motivational tendencies of approach or withdrawal (toward or away 
from the stimulus). Anger constitutes a critical case that can help 
to differentiate between these two interpretations of hemispheric 
asymmetry. This is because anger is frequently experienced as a 
negatively valenced and unpleasant emotion, but is typically asso-
ciated in the literature with approach behavior, i.e., approaching 
with the intent of removing the stimulus (e.g., Harmon-Jones, 2003; 
Carver, 2004; Carver and Harmon-Jones, 2009), typically associ-
ated with arousal and an urge to attack or injure (e.g., Hoeksma 
et al., 2007). Anger is seen as an event triggered by goal blockage 
(Lazarus, 1966), or a “challenge of what ought to happen” (Frijda, 
1986). It arises when individuals feel that they are kept by another’s 
improper action from attaining a goal, yet feel capable of altering 
the situation (Frijda, 1986). In other words, anger is evoked when 
our goal-directed action is disrupted. Accordingly, key behavioral 
aspects of anger are aggression (e.g., Kassinove, 1995; Berkowitz 
and Harmon-Jones, 2004) and confrontation (Parrott, 2001), and 
individuals may become angry when expecting situations involving 
these actions (Tamir et al., 2008).

Neurological investigations also support the notion that anger 
is an approach related affect. Left prefrontal activity increases fol-
lowing exposure to positive incentive stimuli (see Coan and Allen, 
2004), but it also increases following angering interpersonal provo-
cations (Harmon-Jones and Sigelman, 2001; Harmon-Jones et al., 
2004, 2006).
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Aside from running a control group we also included an anxi-
ety group. We chose to induce anxiety because this emotion, like 
anger, is a negative affect involving physiological arousal, but unlike 
anger this emotion is not believed to be associated with increased 
approach motivation. Including this group made it possible for us 
to rule out the (not very likely) interpretation that the increased 
approach tendency was a reflection of negative emotion in general, 
as opposed to anger in particular.

To validate the mood induction we used self reports as mood 
checks. We also made an effort to obtain a behaviorally based 
measure of aggression, which was the mean sound level that the 
participant chose for her opponent.

Our primary dependent measure was the RT gradient of 
approach and avoidance (RT

avoid
 − RT

approach
). This gradient reflects 

the relative balance between approach and avoidance tendencies 
and higher values indicate a bias in favor of approach. We hypoth-
esized that relative to non-angered participants and conditions 
in which anger was not yet induced, the gradient would shift in 
favor of approach in the experimental blocks in which anger was 
successfully induced.

Materials and Methods
Participants
Participants were 30 healthy psychology undergraduate students 
(all female) who were recruited at Ben-Gurion University of the 
Negev, mean age 23.87 years (SD = 1.59 years). They participated in 
exchange for course credit. We used females only in order to make 
the groups homogenous and thus increase the statistical power. We 
chose to run females and not males because most of the students 
in the department are women. The participants were randomly 
assigned to one of the three groups, 10 in each group: anger induc-
tion, anxiety induction, and neutral affect (control).

Materials
Consent forms
The consent forms stated that the experiment tests the effect of 
emotional experience on movement speed, which is checked in a 
movement speed competition, performed online against a student 
from Tel Aviv University.

Mood checks
Participants rated their emotions four times during the experiment 
at the time points described below. Mood checks 1 and 4 contained 
10 emotions, presented in random order: happiness, anger, sadness, 
humiliation, anxiety, calmness, fear, irritation, hostility, and gen-
eral positive mood. Mood checks 2 and 3 involved four emotions: 
anger, anxiety, irritation, and general positive mood. Specifically, 
participants were asked to rate the intensity of each emotion (e.g., 
“How happy are you right now?” “How angry are you right now?”). 
Emotion intensities were displayed as values from 1 to 9, which 
participants could click on and a verbal description was associated 
with each number (e.g., 1 = not at all, 9 = very much so).

Dance mat and RT measurement
In order to assess the forward and backward RTs, participants were 
placed on an electronic dance mat (iDDR – “Israeli Dance Dance 
Revolution”©, http://www.iddr.co.il, see Figure 1). The mat was 

intensity of anger. Newhagen (1998) presented participants with 
television news’ images that induced anger, fear or disgust. The 
participants were instructed to rate the image by moving a compu-
ter paddle toward or away from the on-screen image, according to 
whether they wanted to get nearer or move away from the people 
in the image. The results indicated that anger images received the 
rating closest to the screen. Marsh et al. (2005) showed that angry 
faces facilitated arm extension and that fear faces facilitated arm 
flexion. Adams et al. (2006) introduced a behavioral task that gaged 
the speed with which angry and fearful faces (which moved toward 
or away from a participant’s gaze) were accurately detected. It was 
found that participants were quicker to correctly detect approach-
ing anger faces (i.e., faces that moved in the direction of their own 
gaze) but not fearful faces. Wilkowski and Meier (2010) used a 
distance regulation method in order to measure motor behavior as 
a response to angry or neutral facial expressions. They instructed 
participants to move an on-screen representation of themselves (the 
word “ME,” presented at the center of the screen) toward or away 
from the presented expression, and found that forward movements 
were initiated faster toward angry expressions.

The studies reviewed above, while providing evidence for 
approach intent are limited in the same respect: the behavioral 
tasks did not require an actual full-body movement indicative of 
approach or avoidance during the induced anger, thus not fully 
representing approach or avoidance motivation. Our main goal 
was to link anger to motivational direction, using simple forward 
and backward walking movement RT time task, during induced 
anger. In our study, we asked participants to stand on a “dance 
mat” placed in front of the computer monitor and asked them to 
simply step forward in response to the stimulus word “toward” 
and step backward in response to the stimulus word “away” while 
we measured RT (similar to the procedures used in Chajut et al., 
2010). The participants were asked to react as quickly as possi-
ble and were led to believe that they were competing against an 
opponent (similar to procedures used in Anderson and Bushman, 
1997). To induce anger, we used several established manipula-
tions without any attempt to assess their specific contribution. 
Rather, we were interested in ensuring as much as possible that 
a genuine feeling of anger would be evoked. The manipulations 
involved frustration (Berkowitz, 1989), unfairness (Weiss et al., 
1999), unpleasant conditions (Berkowitz, 1990), and interper-
sonal harassment (Lobbestael et al., 2007; Quartana and Burns, 
2007). In addition, we primed the participants for anger by asking 
them to recall in detail an angry experience (Rusting and Nolen-
Hoeksema, 1998) and had them listen to a piece of grossly atonal 
piece of music that was previously judged to generate unrest. 
Specifically, the critical steps in our procedure were the follow-
ing. The participants first listened to a piece of music designed 
to induce a given emotion, then completed an event recall proce-
dure (in the anger and control groups). The next stage involved 
the RT testing in which the participants were led to believe that 
they compete against a student from another university. In the 
anger group, the rules of this “competition” were that the winner 
induces unpleasant sound in the ear of the opponent and can 
control the level of this noise. In addition to these critical steps, 
the participants filled some questionnaires and mood checks as 
described below.
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the on-screen Hebrew words for “toward” and “away.” Although 
we did not instruct the participants which foot to use, the vast 
majority used the right foot for both responses while standing 
on their left foot. Following a presentation of a “+” sign in the 
middle of the screen for 1000 ms, these words were presented 
in the middle of the screen in 28 point size Times New Roman 
font, and disappeared when the correct arrow on the mat was 
pressed with the participant’s foot. The participants were told to 
fully press the forward/backward arrows according to the word 
that appeared, and then return to the “home” space.

Music phase
The participants were instructed to put on headphones and listen 
to a 6-min musical piece. The anger group listened to “Stockhausen 
Recomposed” by Jim Jandt, a contemporary and grossly disso-
nant piece, found in a pilot study to increase reports of unrest 
and irritability. The anxiety group listened to “Halloween” by John 
Carpenter, which was found to induce anxiety in previous research 
(Moritz et al., 2009). The control group listened to “Spacewalker” 
by Depeche Mode, an instrumental piece found in a pilot study 
not to induce any particular emotion.

Event recall
Participants were instructed to put on headphones and listen to 
instructions detailing the recollection of an emotional experi-
ence. The instructions directed the participants to vividly rec-
ollect an event and write it down. The anger group received 
instructions for recollecting an angering and humiliating 
experience:

“Take a few moments to think about times that you were angry 
about a friend, family member or any other person because you 
felt he or she humiliated you or did you wrong, and you wanted to 
get back at them for it and make that person hurt.”

The control group was asked to recall a neutral experience:

“Take a few moments to think of a memory in which you were in 
contact with another person, and that person did not make you 
feel any emotion. It could be a friend, a family member, or any 
other person.”

Anxiety induction
For the anxiety group, a visible video camera was put inside the 
room. The participants were informed that the camera would be 
turned on during the competition phase and that the recorded 
video would be presented to raters afterward so that the partici-
pants’ stress level could be assessed by watching their facial expres-
sions during the competition.

Competition phase
Following the event recall phase, the participants were told that 
the competition was about to begin. The experimenter entered the 
other room in order to “check” if the other student was prepared, 
and told the participant that the competition would now begin. 
The competition consisted of three blocks of trials.

For the anger group, the participants were instructed to put on 
the headphones. The experimenter explained: “During the compe-
tition, each time a competitor loses (is slower than the opponent), 

80 cm × 80 cm. The participants stood on the center square and 
the distance from this square to the up and down keys which were 
used was 28 cm. The dance mat emulates the arrow key presses 
which were recorded by the desktop computer that was attached 
to it and to a 17″ monitor.

State-Trait Anger Expression Inventory-2
The State-Trait Anger Expression Inventory-2 (STAXI-2) is a 
57-item self report scale that was developed by Spielberger (1996) 
to quantify the experience, expression, and control of anger, both 
at the state and trait levels. The STAXI-2 has a 15-item scale that 
measures state-anger. Other items measure overall trait anger, trait 
anger expression, and the control of anger. The STAXI-2 has been 
found to be a valid and reliable measure of the constructs it was 
intended to represent (Spielberger, 1996).

Mood restoration
A short funny story (“Shriki” by Keret, 2002) was used in order to 
restore neutral or positive mood in the participants. The story was 
found to neutralize negative mood in a pilot study.

Procedure
Introductory phase
Testing was done individually. After greeting the participants, the 
experimenter asked them to fill out an informed consent form and 
stressed the importance of starting the experiment on time, since 
the experiment is performed online and consists of a competi-
tion against a student from another university in Israel (Tel Aviv 
University) and that it is crucial to start together.

After filling out the consent forms, participants entered the test-
ing room and were told to take off their shoes for the use of the 
dance mat, which was currently put aside. Participants were told 
to sit in front of the computer monitor for the initial phase of 
the experiment, which involved an on-screen introduction, demo-
graphics questions and mood check 1. Afterward, a practice phase 
of the approach/avoidance task ensued to ensure understanding of 
the task and the use of the mat.

Practice phase
The practice phase consisted of 12 trials (6 for approach, 6 for 
avoidance). The participants were reminded that speed is impor-
tant, particularly in the context of the “contest” with the other 
student. They were placed about 1 m from the computer monitor. 
Their task was to step forward on the “up” key of the “dance mat” 
or backward on the “down” key of the dance mat in response to 

Figure 1 | The Dance Dance Revolution Mat (http://www.iddr.co.il) used 
for reaction time measurement.
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he/she hears a noise. Before each trial, both sides are prompted to 
select the noise volume to be presented to their opponent, if he/
she loses. The noise level is on a scale of 1–100.”

The computer volume was set so the noise of the highest volume 
heard by the participants (computer volume at 25% for all partici-
pants) would be clearly heard, but not harmful. The number of 
trials the participants lost and the noise levels the participants heard 
were in fact predetermined because the opponent was fictitious.

The first block consisted of 32 trials (16 approach trials and 16 
avoidance trials), 50% of which the participants won, and 50% of 
which they lost. The second and third rounds consisted of 44 trials 
each (22 of approach and 22 of avoidance) in which the participants 
in the anger group “lost” the competition in 80% of the trials while 
in the other groups they lost 50% of the trials.

In the anger group, when losing the competition in a given trial, 
the participants heard a noise (volume levels ranged between 30 
and 60% of the maximum in block 1 and between 60 and 90% 
in blocks 2 and 3) over the headphones. As mentioned above, 
the levels of noises administered by the anger group participants 
were recorded.

In each trial, following the approach/avoidance task described 
above (in the practice phase), a message saying “checking reaction 
times…” appeared for 3000 ms, followed by a message relating to 
the participant whether she/he won or lost. The message for a “win” 
trial was, “You won! Your opponent will now hear a noise in volume 
X,” with X being the volume the participant chose before the trial. 
The message for a “lose” trial was, “You lost. You will now hear a 
noise in volume Y,” with Y being the volume randomly chosen for 
the participant to hear in that trial (see above). The noise began 
500 ms after the message appeared, and was superimposed on the 
message screen. The noise was a “buzz” sound judged as being 
irritating by participants in a pilot study. The buzz sounded three 
times, for 1000 ms each. Afterward, a “+” sign appeared again in 
the middle of the screen for 1000 ms, and the next trial ensued. RTs 
for the forward and backward movements on the dance mat were 
recorded as well as the accuracy of these responses.

After each competition block, the participants’ mood was checked 
(mood checks 2, 3, and 4 after the first, second, and third blocks of the 
competition phase, respectively). At the end of the competition phase, 
participants completed the STAXI-2. Following the completion of 
the STAXI-2, participants the anger and anxiety groups were given 
the mood restoration. Finally, all the participants were debriefed and 
the rationale of the experiment was explained to them.

Results and Discussion
Mood Checks
We ran a series of repeated measures two-way analyses of vari-
ance (ANOVAs) according to group and mood check point on 
each reported mood (Figures 2–5 for the mean values). The two-
way interaction was significant for anger, F(6,81) = 2.92, p < 0.01 
and approached significance for anxiety, F(6,81) = 2.09, p = 0.068. 
Hostility was checked only in mood checks 1 and 4. For this emo-
tion, the interaction between group and mood check approached 
significance, F(2,27) = 3.06, p = 0.067. The results for irritation 
were non-significant. We also ran a series of planned contrasts 
comparing the reported emotions in a given time point to the same 
emotion as measured in baseline (mood check 1). These contrasts, 

Figure 2 | Anger mood checks as a function of mood check number and 
group. Error bars represent confidence intervals based on the MSE of the 
interaction.

Figure 3 | Anxiety mood checks as a function of mood check number 
and group. Error bars represent confidence intervals based on the MSE of 
the interaction.

Figure 4 | Irritation mood checks as a function of mood check number 
and group. Error bars represent confidence intervals based on the MSE of 
the interaction.
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Table 1 | Planned contrasts for the mood checks*.

Emotion	E motion	 Mood points	 F	 MSE	 p 

rated	 induced	 contrasted

Anger	 Anger	 1 vs. 2	 7.20	 6.39	 0.018*

Anger	 Anger	 1 vs. 3	 22.05	 20.22	 <0.001*

Anger	 Anger	 1 vs. 4	 18.05	 29.90	 <0.001*

Anger	 Control	 1 vs. 2	 0.20	 0.18	 0.677

Anger	 Control	 1 vs. 3	 0.80	 0.73	 0.399

Anger	 Control	 1 vs. 4	 0.20	 0.33	 0.570

Anger	 Anxiety	 1 vs. 2	 0.20	 0.18	 0.677

Anger	 Anxiety	 1 vs. 3	 0.20	 0.18	 0.672

Anger	 Anxiety	 1 vs. 4	 0.45	 0.74	 0.396

Anxiety	 Anger	 1 vs. 2	 4.05	 3.13	 0.088

Anxiety	 Anger	 1 vs. 3	 1.25	 0.67	 0.419

Anxiety	 Anger	 1 vs. 4	 2.45	 2.01	 0.168

Anxiety	 Control	 1 vs. 2	 0.45	 0.35	 0.560

Anxiety	 Control	 1 vs. 3	 0.45	 0.24	 0.626

Anxiety	 Control	 1 vs. 4	 3.20	 2.63	 0.117

Anxiety	 Anxiety	 1 vs. 2	 4.05	 3.13	 0.088

Anxiety	 Anxiety	 1 vs. 3	 7.20	 3.88	 0.059

Anxiety	 Anxiety	 1 vs. 4	 174.05	 39.19	 <0.001*

Hostility	 Anger	 1 vs. 4	 20.00	 10.69	 0.003*

Hostility	 Control	 1 vs. 4	 0.05	 0.03	 0.871

Hostility	 Anxiety	 1 vs. 4	 8.45	 4.52	 0.043*

Irritation	 Anger	 1 vs. 2	 1.80	 1.38	 0.249

Irritation	 Anger	 1 vs. 3	 12.80	 7.95	 0.009*

Irritation	 Anger	 1 vs. 4	 12.80	 13.61	 0.001*

Irritation	 Control	 1 vs. 2	 0.45	 0.35	 0.561

Irritation	 Control	 1 vs. 3	 0.28	 1.61	 0.601

Irritation	 Control	 1 vs. 4	 1.80	 1.91	 0.178

Irritation	 Anxiety	 1 vs. 2	 3.20	 2.46	 0.128

Irritation	 Anxiety	 1 vs. 3	 1.80	 1.12	 0.300

Irritation	 Anxiety	 1 vs. 4	 5.00	 5.31	 0.029*

*p < 0.05.

detailed in Table 1, reveal that, relative to baseline, participants in 
the anger group became more angry hostile and irritated, partici-
pants in the anxiety group became somewhat more anxious (the 
results were only close to significance), hostile and irritated and the 
results for the control group did change relative to baseline. Other 
effects were not significant.

State-Trait Anger Expression Inventory-2
Our predictions regarding the participants’ scores on the STAXI-2 
questionnaire, filled out at the end of the experiment, were that the 
anger group would show more state-anger than others did, and that 
there would be no trait anger differences between groups, due to 
random selection. Contrary to expectation, the effect of emotion 
induction on state-anger scores was non-significant, F(2,27) = 0.88, 
p = 0.43. The mean state-anger score was only slightly higher for 
the anger group compared to the other groups (M = 18.6, 17.4, 
and 17.3 for anger, control, and anxiety, respectively). This lack 
of significance contrasts with the results of a pilot experiment, 
in which we found a significant difference between the anger and 
control groups. A possible explanation for this finding could be 
the longer duration of the competition phase in this experiment as 
compared with the pilot, such that more time elapsed over which 
the participants’ anger could diminish. Note that this implies lesser 
differences in anger between the groups, which theoretically would 
make it more difficult to support our core prediction. The effect of 
emotion induction on trait anger scores was clearly non-significant, 
F(2,27) = 0.024, p = 0.98, thus validating the success of creating 
equivalent groups by the random assignment.

Noise Levels
We predicted that the administered noise levels by the participants 
in the anger group (indicating anger-related aggression) would 
increase as the anger induction strengthened in blocks 2 and 3 
of the competition phase. The effect of block on noise levels was 
non-significant, F(2,18) = 1.65, p = 0.22. However, the mean noise 
level was higher for blocks 2 and 3 compared to block 1 (M = 54.81, 
49.95 compared to M  =  41.70, respectively), which falls in line 
with our predictions. The explanation for the lack of significance 
is not necessarily a weak anger induction. Based on our debriefing 
we suggest another explanation for this null finding according to 
which the participants were careful not to increase the noise level, 
in order to avoid a similar reaction from their opponent.

Effects of Emotion on Approach and Avoidance RTs
We ran a mixed model three-way ANOVA on the RT results with 
group (anger/anxiety/control) as a between-subjects variable, and 
movement direction (approach vs. avoidance) and block as with-
in-subjects variables. The three-way interaction was significant, 
F(4,54) = 3.78, p < 0.01 (Figure 6).

Because the approach–avoidance gradient serves as the indicator 
of approach tendencies, the simple two-way interaction between 
group and movement direction tests the difference between groups 
in their approach tendencies within a given block. An examination 
of this interaction in block 1 (in which the angry participants were 
not as angry as in blocks 2 and 3) was not significant, F(2,27) = 1.15, 
p = 0.33, as would be expected. In contrast, during blocks 2 and 3, the 
parallel simple two-way interaction was significant, F(2,27) = 16.61, 

Figure 5 | Hostility mood checks as a function of mood check number 
and group. Error bars represent confidence intervals based on the MSE of 
the interaction.

p <  0.01, revealing a distinct pattern of a shift toward approach 
in angry participants. A useful way to describe the triple interac-
tion is based on the RT gradient (RT

avoidance
 − RT

approach
). The triple 
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interaction implies that this RT gradient was significantly influenced 
by the interaction between group and block. As can be seen in Figure 
7, there was a shift in balance in favor of approach which appeared 
only in the anger group and only in the blocks in which this group 
lost most of the trials and reported increasing levels of anger.
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