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Abstract The aim of the present study was to analyze if
the left hemisphere preferentially controls flexion responses
toward positive stimuli, while the right hemisphere is spe-
cialized toward extensor responses to negative pictures. To
this end, right-handed subjects had to pull or push a joy-
stick subsequent to seeing a positive or a negative stimulus
in their left or right hemifield. Flexion responses were faster
for positive stimuli, while negative stimuli were associated
with faster extensions responses. Overall, performance was
fastest when emotional stimuli were presented to the left
visual hemifield. This right hemisphere superiority was
especially clear for negative stimuli, while reaction times
toward positive pictures showed no hemispheric difference.
We did not find any interaction between hemifield and
response type. Neither was there a triple interaction
between valence, hemifield and response type. We suppose
that response dichotomies in humans are not as tightly
linked to a hemisphere- and valence-bound reaction type as
previously assumed.

C. Onal-Hartmann

Human Cortical Physiology and Motor Control Laboratory,
Department of Neurology, University of Wiirzburg,
Wiirzburg, Germany

C. Onal-Hartmann - P. Pauli ()

Department of Psychology (Biological Psychology,
Clinical Psychology, and Psychotherapy),
University of Wiirzburg, Wiirzburg, Germany
e-mail: pauli@psychologie.uni-wuerzburg.de

S. Ocklenburg - O. Giintiirkiin
Department of Biopsychology,
Ruhr-University Bochum, Bochum, Germany

Introduction

Emotions are often seen as events that only describe subjec-
tive feelings of an individual. Yet, there are various evi-
dences indicating that emotions may be traced back to
primordial reaction types such as approach-appetitive, con-
sumption-oriented or withdrawal-avoidant, directed at min-
imizing unfavorable or maximizing favorable input (Lang
et al. 1990). Given this perspective, positive emotions are
associated with movements toward a desirable stimulus. A
bodily response that is closely associated with approach is
the contraction of the arm flexor, which is involved in pull-
ing an object closer to the self. On the contrary, negative
emotions likely relate to a movement away from an aver-
sive source and seem to be coupled with the contraction of
the arm extensor to push an object away from the self. Sev-
eral studies have indeed shown that responses using flexor
or extensor muscles are associated with a response bias
toward pleasant or unpleasant emotional stimuli, respec-
tively (Chen & Bargh, 1999; Coombes, Cauraugh, &
Janelle, 2007; Duckworth, Bargh, Garcia, & Chaiken,
2002; Solarz, 1960; Rotteveel & Phaf, 2004; Wentura,
Rothermund, & Bak, 2000).

Another frequently investigated issue in neuropsychol-
ogy and affective neuroscience is whether, and how, emo-
tional processes are functionally lateralized across the
hemispheres (Canli, 1999; Demaree, Everhart, Young-
strom, & Harrison, 2005). Two main theories have been
proposed. The first one is the “right hemisphere hypothe-
sis”. It posits that emotional processing of both positive
and negative emotions is lateralized toward the right
hemisphere (Borod, 1992; Borod, Bloom, Brickman,
Nakhutina, & Curko, 2002). Numerous studies have sup-
ported this hypothesis (Borod, Kent, Koff, Martin, &
Alpert, 1988; Christman & Hackworth, 1993; Hugdahl,
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Iversen, & Johnsen, 1993; McLaren & Bryson, 1987;
Moreno, Borod, Welkowitz, & Alpert, 1990; Tamietto,
Latini Corazzini, de Gelder, & Geminiani, 2006). The
second theory is the “valence hypothesis”, which states
that hemispheres differ according to emotional valence
with the right brain dominant for the processing of nega-
tive emotions and the left brain dominant for the process-
ing of positive emotions (Davidson, 1995; Silberman &
Weingartner, 1986). Evidence for this theory has also
been reported by several studies (Ahern & Schwartz,
1985; Canli, Desmond, Zhao, Glover, & Gabrieli, 1998;
Davidson, Ekman, Saron, Senulis, & Friesen, 1990;
Jansari, Tranel, & Adolphs, 2000; Jones & Fox, 1992;
Pauli, Wiedemann, & Nickola, 1999; Reuter-Lorenz &
Davidson, 1981; Wiedemann et al. 1999).

Some recent studies with brain-damaged patients have
supported the right hemisphere hypothesis: patients with
lesions to the right hemisphere have greater impairment in
the perception of emotional faces, regardless of the
valence of the expressed emotion (Adolphs, Damasio,
Tranel, Cooper, & Damasio, 2000; Borod et al., 1998;
Bowers, Bauer, Coslett, & Heilman, 1985). Nevertheless,
other studies have also provided support for the valence
hypothesis: unilateral brain damage to the right hemi-
sphere impaired the perception of negative emotions,
while the perception of positive ones was preserved (Adolphs,
Damasio, Tranel, & Damasio, 1996; Adolphs, Jansari, &
Tranel, 2001).

The assumption of strong relations between specific
emotions (positive/negative) and specific motor behavior
(approach/avoidance), and the concept of specific emo-
tions being connected to specific cerebral hemispheres,
leads to the question whether there is a relationship
between motor behavior and hemispheres. In a recent
study, Maxwell and Davidson (2007) have shown that
flexion and extension responses are asymmetrically repre-
sented across the cerebral hemispheres, with flexion
responses being associated with the left hemisphere (LH)
and extension responses with the right hemisphere (RH).
In this reaction time experiment, a participant was
required to point a finger in response to the direction of a
flashed arrow appearing either in the left or the right visual
field and pointing away (extension) or toward (flexion) the
subject. Facilitation of flexor responses relative to exten-
sor responses was greater in the LH than in the RH, while
facilitation of extensor responses relative to flexor
responses was greater in the RH than in the LH. This pat-
tern of hemispheric specialization was observed to a
greater degree with participants who evidence a higher
self-reported level of daily positive affect (according to
PANAS; Watson, Clark, & Tellegen, 1988) and a lower
self-reported level of dispositional anxiety (according to
STAI_X2; Spielberger & Diaz-Guerrero, 1983).
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Based on the above-mentioned studies, we aimed to
answer the question whether flexion and extension
responses toward positive or negative emotional pictures
would bias motor processing toward the LH and RH in a
similar manner as shown by Maxwell & Davidson (2007).
Contrary to Maxwell and Davidson (2007), who induced
flexion and extension responses by simple finger responses,
we designed an experiment where flexion and extension
responses had to be executed via arm movements with a
joystick to use a more naturalistic response of approach and
avoidance. In addition, we used emotional stimuli to possi-
bly reveal a triple interaction between valence, hemifield
and response type. Driven by previous evidence, we pre-
dicted faster flexion responses to positive stimuli and faster
extensions to negative stimuli. We also expected a hemi-
spheric asymmetry for this mapping between valence and
motor behavior, so that faster flexions to positive stimuli
would be mediated by the left hemisphere, while the right
hemisphere would dominate faster extensions to negative
stimuli.

Methods
Participants

Thirty neurologically healthy subjects (15 women, 15 men,
aged 19-39 years) participated in this study. The mean age
of the women was 25.07 years (SD =5.35, range: 19—
39 years) and that of the men was 27.87 years (SD =4.16,
range: 20-37 years). All participants were right handed, as
determined by the Edinburgh Handedness Inventory (Old-
field, 1971). The laterality-index (LQ) provided by this test
is calculated by LQ = [(R — L)/(R + L)] x 100, resulting in
values between —100 and +100. Positive values indicate a
preference for the right hand, while negative values indicate
left handedness. Women had a mean LQ of 92.48
(SD = 12.35, range: 63.63—-100), while the mean LQ for
men was 93.59 (SD = 10.26, range: 68.42—-100). All sub-
jects were students recruited from the University of
Bochum, Germany. They all gave written consent for par-
ticipating in the experiment. Each subject in the experiment
received a certificate stating the hours they had spent as test
subjects (as required for their studies). The study was
approved by the ethics committee of the Medical Faculty at
the University of Bochum.

Affective stimuli

The emotional pictures were taken from the International
Affective Picture System (IAPS; Lang, Bradley, & Cuth-
bert, 2008). Of these, we chose 40 pleasant (positive) and
40 unpleasant (negative) scenes. Positive pictures included
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erotic couples and happy families; negative pictures
included mutilated bodies and scenes of attack and threat.'
The pictures were selected on the basis of their mean nor-
mative ratings of valence and arousal (Lang et al., 2008)
with positive and negative pictures differing in valence
(positive: 7.3, negative: 2.5) but not in arousal (positive:
6.3, negative: 5.6).

Picture presentation

The participants were asked to place their head on a chin
rest, at a distance of approximately 57 cm from a monitor,
so that 1 cm represents 1° visual angle. The inner edge of
the photographs was placed 4° from the central cross. To
insure that lateralized stimuli were presented more than 2°
visual angle to the left or right of a central fixation cross,
we instructed our participants to keep their head and body
still and to fixate that cross during the whole experiment.
All stimuli were presented in a frame of 11.5 cm in width
and 11.5 cm in height. Each picture was presented on a 16-
in. computer screen with a frame refresh rate of 75 Hz. The
stimuli were presented with Presentation 12.2 software.

Motor task and procedure

The experimental task consisted of two conditions. In one
condition positive pictures were responded to by joystick
flexion (i.e., self-directed movements) and negative pic-
tures by joystick extension (i.e., movements directed away
from the self); in the second condition these relations were
inversed, negative pictures were responded to by joystick
flexion (i.e., self-directed movements) and positive pictures
by joystick extension (i.e., movements directed away from
the self). Participants had to respond as quickly and as cor-
rectly as possible.

Each participant completed both task conditions with
800 trials each. Within each condition, the responding hand
was changed after 400 trials. Task conditions were sepa-
rated by a 15-min break and started with 40 practice trials.
Within each task condition, each picture was presented ten
times in a randomized order. The order of task condition
and hand use was balanced using a randomized block
design.

" The numbers of IAPS pictures used were as follows. Positive: 2040,
2050, 2057, 2058, 2070, 2071, 2080, 2260, 2660, 1710, 1440, 1441,
2150, 1920, 2091, 2332, 2311, 2345, 2344, 2153, 4607, 4608, 4643,
4652, 4656, 4658, 4659, 4660, 4680, 4670, 4676, 4677, 4681, 4683,
4687, 4689, 4694, 4695, 4800 and 4810; negative: 6555, 6200, 6244,
6213, 6250, 6550, 6300, 6570.1, 6510, 6230, 6212, 6540, 2811, 6560,
6313, 6350, 1930, 1300, 1301, 2120, 3000, 3010, 9435, 6021, 6022,
3016, 3062, 9433, 2800, 3069, 3005.1, 3015, 3063, 1113, 1120, 1201,
1052, 1050, 1111 and 2095.

Each trial began with the presentation of a central fixa-
tion cross presented for 1,000 ms. Then the lateralized
picture appeared randomly either in the left or the right
visual hemifield for 180 ms. The participants were
instructed to respond as fast and as accurately as possible.
After their response, the subjects had to move back the
joystick into start position; this immediately started the
next trial.

Data analysis

Reaction time was recorded with Presentation 12.2 soft-
ware. For statistical analysis of the behavioral data,
SPSS Statistics 17 for Windows (SPSS Inc., Chicago, IL)
was used. For both task conditions, we measured the
median reaction time of all responses for each subject
differentiated for the experimental conditions. Median
reaction times were analyzed with a mixed 2 x 2 x 2
ANOVA with response type (flexion, extension), valence
(positive, negative) and hemifield (RVH, LVH) as
within-subjects factors. The assumption of normality for
each condition was tested using the Kolmogorov—Smir-
nov test. The results of these tests showed that the data
for all conditions were normally distributed (all
p’s > 0.05). Thus, no significant deviation from normal-
ity was observed.

Results

Reactions were faster when stimuli were presented to the
left (mean =477.50 ms; SD = 11.06 ms) than to the right
hemifield (mean = 482.17 ms; SD = 11.89).

We found a significant interaction of hemifield and
valence [F (1, 29)=9.890, p =0.004] with participants
responding faster to negative stimuli presented in the left
visual hemifield (LVH) than in the RVH (paired f test,
p =0.001). No such hemispheric differences in reaction
times were observed for positive stimuli (paired f test,
p = 0.936). For neither the RVH (paired ¢ test, p = 0.074)
nor for the LVH (paired ¢ test, p = 0.709) did response
latencies to negative and positive stimuli differ (see
Fig. 1).

As shown by a significant interaction of valence and
response type, [F (1, 29) =6.335, p=0.018] (see Fig. 2)
responses to positive stimuli were faster in the flexion con-
dition than in the extension condition (paired f test,
p =0.006), whereas responses to negative stimuli were
faster in the extension condition than in the flexion condi-
tion (paired ¢ test, p = 0.001).

There was no significant interaction of response type and
hemifield (F < 1) and no triple interaction of response type,
hemifield and valence (F < 1).
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Fig. 1 Average median reaction times (ms) of all responses for both
positive and negative emotional stimuli presented to both left and right
hemifields. Error bars show standard deviation
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Fig. 2 Average median reaction times (ms) of both flexion and exten-
sion responses for both positive and negative emotional stimuli. Error
bars show standard deviation

Discussion

We investigated if motor response patterns, i.e., arm flexion
versus extension, were associated with a lateralized organi-
zation of emotions. Overall, reactions were faster for emo-
tional stimuli presented in the left visual hemifield.
Corroborating previous studies (e.g., Chen & Bargh, 1999;
Duckworth et al., 2002), we also observed that positive and
negative stimuli were associated with faster flexion and
extension responses, respectively. This effect was further
modulated by the valence, with only negative photographs
presented in the LVH eliciting faster responses. No triple
interaction between valence, hemifield and response type
was found. We will discuss these points, one by one.

First, our results in line with previous studies (Chen &
Bargh, 1999; Coombes et al., 2007; Duckworth et al., 2002;
Solarz, 1960; Rotteveel & Phaf, 2004) showed that flexion
and extension responses are facilitated positive and nega-
tive stimuli, respectively. The application of various stimu-
lus types has hitherto shown this association between the
direction of a motor response and a bidirectional stimulus
valence. This has been revealed for valenced words
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(Chen & Bargh, 1999), abstract images (Duckworth et al.,
2002), facial expressions (Marsh, Kleck, & Ambady,
2005), object pictures (Lavender & Hommel, 2007) and
phobic objects (Rinck & Becker, 2007). The vast majority
of these experiments utilized arm movements, although
also finger movements (Maxwell & Davidson, 2007) and
button presses (Wentura et al., 2000) were employed. Thus,
our data meet with plenty of support from the literature,
making it likely that the approach to a desired target and the
avoidance of agonistic stimuli are evolutionarily coded by
prefixed movement patterns.

Second, our results showed that reaction times for emo-
tional stimuli presented in the LVH were overall faster than
for stimuli presented in the right hemifield. This result is
consistent with the right hemisphere hypothesis, which pos-
its that this brain half is characterized by an overall superi-
ority for emotional cues, independent of their valence
(Alves, Aznar-Casanova, & Fukusima, 2009; Christman &
Hackworth, 1993; Dimberg & Petterson, 2000; Hugdahl
et al., 1993; McLaren & Bryson, 1987; Moreno et al., 1990;
Narumoto, Okada, Sadato, Fukui, & Yonekura, 2001;
Rodway & Schepman, 2007; Sato, Kochiyama, Yoshikawa,
Naito, & Matsumura, 2004; Tamietto et al., 2006). How-
ever, if these results are differentiated according to valence
and visual hemifield, the overall pattern changes. Now
responses to negative emotional cues were faster in the
LVH, with no difference to positive cues between hemi-
fields. Thus, our results support a mixed pattern of valence
and right hemisphere hypotheses. This resembles a large
number of studies that show a right hemispheric specializa-
tion for negative affect and a bihemispheric processing of
positive valence issues (Adolphs et al., 2001; Asthana
& Mandal, 2001; Kensinger & Choi, 2009; Killgore &
Yurgelun-Todd, 2007; Kimura, Yoshino, Takahashi, &
Nomura, 2004; Mandal, Tandon, & Asthana, 1991; Natale,
Gur, & Gur, 1983; Noesselt, Driver, Heinze, & Dolan,
2005; Sato & Aoki, 2006; Simon-Thomas, Role, & Knight,
2005; Smith & Bulman-Fleming, 2004). Thus, neither do
we seem to have a simple dominance pattern for an overall
processing of emotions, nor are negative and positive
affects simply mapped in a complementary way onto the
two hemispheres.

Third, although we revealed that fast flexion responses
were related to positive and fast extensions to negative emo-
tional stimuli, this mapping was independent of hemi-
spheres. To some extent, this contradicts a couple of
previous studies. Maxwell and Davidson (2007) revealed a
differential lateralization of finger flexion and extension
actions, which were associated with left hemispheric flexion
and right hemispheric extension responses, respectively.
Cretenet and Dru (2004) and Dru and Cretenet (2005)
showed that right-arm flexion together with left-arm exten-
sion shifted evaluations toward positive values, while the
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opposite arm movements resulted in negative judgments.
However, our study supports the previous report of Sobotka,
Davidson and Senulis (1992), who also could not reveal a
triple interaction between valence, movement direction and
hemisphere in the alpha power of the frontal EEG.

It is always difficult to interpret nonsignificant findings,
and we are therefore cautious with our following statements
on the absence of a triple interaction. While doing so, we
would like to emphasize that our approach differs to some
extent from previous ones. First, different from some of the
cited studies (Sobotka et al., 1992; Maxwell & Davidson,
2007), we included an overt emotional manipulation and
additionally required our subjects to perform full arm and
not mere finger movements. Second, different from Crete-
net and Dru (2004) and Dru and Cretenet (2005), we did
not analyze alterations in stimulus judgments, but reaction
times after emotional stimulus presentations. Thus, we
devised our experiment as being relatively close to a possi-
ble evolutionary scenario in which appetitive or aversive
stimuli are to be responded to by means of movements that
either drag them toward the subject or push them away. The
fact that our triple interaction did not even approach a level
of significance could imply that response dichotomies in
humans are not as tightly linked to one hemisphere- and
valence-bound reaction type as previously assumed.
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