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Abstract

Resting-state and event-related frontal alpha asymmetry
have been suggested as potential neurobiological biomark-
ers for depression and other psychiatric conditions. To be
used as such, sufficient test-retest reliability needs to be
demonstrated. However, test-retest reliability is underinves-
tigated for event-related alpha asymmetry. The objective of
this study was to examine both short-term within-session
and long-term between-session reliability of stimulus-relat-
ed medial and lateral frontal as well as parietal alpha EEG
asymmetry in healthy subjects during a simple emotional
face processing task. Twenty-three healthy adults participat-
ed in two sessions with a test-retest interval of about 1 week.
Reliability was estimated with Pearson’s correlation coeffi-
cient and paired t test. Results revealed moderate to high
within-session reliability of stimulus-related alpha asymme-
try for all electrode sites and both conditions. Alpha asym-
metry mean values did not change significantly within ses-

sions. Between-session reliability was fair for frontomedial
and moderate for frontolateral stimulus-related asymmetry.
Exploratory exclusion of subjects with unstable between-
session self-rating scores of emotional state and empathy
toward stimuli resulted in some higher reliability values. Our
results indicate that stimulus-related alpha asymmetry may
serve as a useful electrophysiological tool given its adequate
within-session reliability. However, long-term stability of
stimulus-related frontal alpha asymmetry over 1 week was
comparatively low and varied depending on electrode posi-
tion. Influencing state factors during EEG recording, such as
current mood or stimulus engagement, should be consid-
ered in future study designs and analyses. Further, we rec-
ommend to analyze alpha asymmetry from both frontome-
dial and frontolateral sites. © 2020 S. Karger AG, Basel

Introduction

Impairments in emotional processing have been asso-
ciated with several psychiatric disorders [1-4]. Studies
have for instance found decreased accuracy in recognition
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of stimulus valence in unipolar depression [5-7], bipolar
disorders [8, 9], and schizophrenia [3, 4]. There is evi-
dence that frontal cortex areas, among other core domains
of the emotion-processing network, may be associated
with emotion recognition and processing bias [3, 10].

Resting frontal alpha asymmetry - the hemispheric
difference in the right versus the left power of the alpha
frequency band at frontal electrodes under resting condi-
tion - has been investigated as a potential neurobiological
biomarker for psychiatric disorders, e.g., affective [11-
15] and anxiety disorders [16, 17], attention deficit hyper-
activity disorder [18], and schizophrenia [13]. Several
studies have found evidence that individuals with major
depressive episodes show more relative left than right
hemispheric frontal alpha power compared to healthy
controls [19-22]. However, recent studies have reported
limited diagnostic value of resting alpha asymmetry in
unipolar depression, potentially due to differences in
methodology and clinical characteristics of investigated
samples across studies [17, 23]. It has been suggested that
resting frontal alpha asymmetry may be more useful in
investigating specific symptom clusters of psychiatric dis-
orders than diagnostic entities [16, 23]. Others have sug-
gested that measuring alpha asymmetry under emotional
task manipulation rather than under resting condition
might produce more consistent results by reducing un-
controlled variance [24].

In healthy individuals it was found that frontal alpha
asymmetry was associated with emotional processing and
related to motivational direction [25]. Stress induction
was associated with more relative left than right hemi-
spheric frontal alpha power [26]. Interestingly, healthy in-
dividuals who showed this asymmetric pattern of frontal
alpha power rated emotional stimuli as more negative [27,
28]. On the other hand, stimuli which are thought to be
approach-related are associated with relatively greater
right than left alpha power in healthy individuals [29-32].
Overall, these studies indicate that resting as well as stim-
ulus-related frontal alpha asymmetry is an important neu-
rophysiological parameter in the investigation of emotion
and behavior in healthy and clinical populations [16].

One important precondition for the use of frontal al-
pha asymmetry as a neurobiological marker is sufficient
long-term stability. This is also of importance to allow for
correct interpretations of changes in alpha asymmetry
during the course of an illness or during early treatment
response in, e.g., depressive episodes [19]. Test-retest
studies in healthy individuals have shown between-ses-
sion correlation of alpha asymmetry scores of about 0.4-
0.7 for the midfrontal electrodes for up to 6 weeks [22, 28,

Reliability of Alpha Asymmetry

33, 34]. Hagemann et al. [35] found that about 60% of the
variance in resting frontal alpha asymmetry was tempo-
rally stable and that alpha asymmetry reflects both trait
and state characteristics. Anokhin et al. [36] found that
about 27% of variance in midfrontal alpha asymmetry can
be accounted for by genetic factors. Interestingly, Whee-
ler et al. [37] found that emotional reactivity evoked by
short film clips after EEG recording was related to alpha
asymmetry only in individuals with stable test-retest al-
pha asymmetry.

Reliability is crucial if stimulus-related alpha asymme-
try is to be used as a neurobiological marker. However,
while reliability of resting condition alpha asymmetry
was investigated in numerous studies, no study has yet to
our best knowledge published short- and long-term test-
retest reliability of stimulus-related alpha asymmetry.

The aim of this study was to examine both short-term
within-session and long-term between-session reliability
of frontal alpha asymmetry in a simple emotional face
processing paradigm with alternating trains of happy and
sad face stimuli in healthy subjects. Alternating emotion-
al stimuli were used to investigate whether transient
changes in emotional valence had an impact on reliabil-
ity of alpha asymmetry, which is increasingly used as a
neurobiological index for emotional processing and be-
havioral approach motivation [25] and as a marker for
psychiatric disorders. Face stimuli are commonly used in
studies to investigate emotion-related neuronal activity.
For example, studies on affective disorders have shown
that depressed individuals show selective attention to-
ward sad expressions and reduced attention for happy fa-
cial expressions [1]. In the current study, we investigated
nondepressed healthy individuals as these often serve as
a reference control group, and thus we did not assume a
response bias to either positive or negative face stimuli.
Alpha asymmetry was measured both at medial and lat-
eral frontal electrodes, as there is evidence that happy and
sad face stimuli processing is differentially associated
with frontomedial and frontolateral brain activity [38].
To estimate whether reliability was specific to particular
frontal sites or rather an estimate of a general reliability,
we also assessed asymmetry on parietal electrode sites.

Subjects and Methods

Subjects

A total of 23 healthy adults (12 female, 11 male; mean age +
standard deviation 27 + 10.8 years) participated in the study. All
subjects had completed secondary-level education. Exclusion cri-
teria were axis I psychiatric diagnoses according to DSM-IV (Mini-
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International Neuropsychiatric Interview [39]), except for nico-
tine and caffeine dependence. Further exclusion criteria were se-
vere internal or neurological diseases, known but untreated
hypothyroidism or diabetes mellitus, individuals using any psy-
chotropic medication, and individuals using more than two non-
psychotropic prescription medications a day. Individuals with any
known axis II psychiatric disorders were also excluded; however,
this was not assessed using a structural clinical psychiatric inter-
view.

Procedure

Subjects participated in two experimental sessions separated by
approximately 7 days (6.7 + 2.2; difference of time of day between
sessions 1.9 + 2.1). Participants were seated in a comfortable chair
with a headrest in a room adjacent to the recording apparatus. The
experimental task lasted about 13 min including breaks. Before the
first session, criteria for axis I psychiatric diagnosis were checked,
demographic information was obtained, and the participants com-
pleted the Beck Depression Inventory version 2 (BDI-II) to assess
subclinical depressive symptoms (BDI score 2.0 + 2.3, range 0-6).

Task

The task consisted of alternating trials showing a consecu-
tive series of either sad or happy gender-randomized facial expres-
sions (online suppl. Fig. 1; for all online suppl. material, see www.
karger.com/doi/10.1159/000505783). One trial consisted of a se-
ries of five to eight faces of one emotion. To control for attention,
participants were instructed to press a button as they noticed a
switch from one emotional expression to the other, i.e., a switch
from the happy to the sad or from the sad to the happy trial. After
six trials the participants were asked, “In how far were you able to
empathize with the faces?” followed by a short break of about 10 s
until the next six trials were presented. Subjects self-reported to
what extent they felt empathy toward the face stimuli on a Likert
scale ranging from 1 (very much) to 4 (very little).

After 18 trials the participants were also asked, “How do you
feel?” followed by a long break of about 20 s. Subjects self-reported
how they themselves felt on a Likert scale ranging from 1 (very
good) to 4 (very bad). Overall, there were 36 trials of sad and 36
trials of happy facial expressions and 8 short and 3 long breaks
(235 + 6.5 face stimuli per emotion; duration of face stimuli pre-
sentation: 1,000 ms). We used happy and sad emotional face stim-
uli from the Karolinska Directed Emotional Faces database which
have been evaluated on emotional content, intensity, and arousal
[40].

Data Collection and Analysis

Continuous EEG was recorded during visual stimulus presen-
tation from 29 scalp locations using an electrode cap following the
International 10/20 system with additional electrodes (BrainAmp
recorder, Brain Products GmbH, Gilching, Germany; EasyCap,
EASYCAP GmbH, Herrsching, Germany). Fpz served as ground
and Afz as reference. Electrode impedance was <10 kQ). Data were
collected at a sampling rate of 500 Hz (gain 5,000; analog band-
pass filter 0.15-100 Hz).

Offline EEG analysis was performed using Brain Vision Ana-
lyzer version 2.1 (Brain Products GmbH) and EEGLAB version
13.1.1 [41]. Following offline filtering of the continuous EEG sig-
nal (Butterworth band-pass 0.5-30 Hz, noise filter 50 Hz, 12 dB),
transient artifacts (e.g., ocular or other muscular movements and
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electrocardiac artifacts) were automatically corrected using the
EEGLAB plugins Artifact Subspace Reconstruction version 0.13
[42] and Automatic Artifact Removal version 1.3 [43]. In some
instances, eye movements and electrocardiac artifacts could not be
corrected using automatic procedures. In these cases, ICA-based
correction was performed by manual elimination of the indepen-
dent components corresponding to eye movements and electro-
cardiac artifacts. After transforming to average reference and arti-
fact rejection (100 V), the continuous EEG signal was segment-
ed (1,000 ms after stimulus onset) and fast Fourier transformed
(Hamming window, windows length 10% with variance correc-
tion, periodic windows function; resolution 0.49 Hz). The FFT sig-
nal for each segment was averaged without overlap, separated for
the first and second half of each test session. These were also aver-
aged separately for the happy and sad face conditions. Power for
the alpha frequency band (8-13 Hz) was extracted for left and right
frontal and parietal electrodes (frontomedial, F3/F4; frontolateral,
F7/F8; parietomedial, P3/P4; parietolateral, P7/P8) for further sta-
tistical analysis.

Alpha asymmetry scores were computed by subtracting left
from right In-transformed mean power values. Processing and
analysis were performed in a blinded fashion regarding time of ses-
sion.

There was no significant difference between segments after ar-
tefact rejection, either within or between sessions (within sessions,
first versus second block of both sessions: happy face condition,
224 +5vs.226 £5,t=-1.6, p > 0.1; sad face condition, 223 + 6 vs.
225+5,t=-1.2, p > 0.1; between sessions, first versus second ses-
sion: happy face condition, 224 + 5vs. 226 £ 6, t=-1.3, p > 0.1; sad
face condition, 224 + 4 vs. 223 + 6, t = -0.5, p > 0.1).

Data Analyses and Statistics

All statistical analyses were conducted using the Statistical
Package for Social Sciences (SPSS version 15.0 for Windows; SPSS
Inc., Chicago, IL, USA). All parameters are presented as mean and
standard deviations as appropriate. Test-retest reliability was esti-
mated with Pearson’s correlation coefficient within sessions (first
versus second halves of both sessions) and between sessions (entire
first session versus entire second session) separately for the two
emotional face conditions (happy and sad faces). Reliability was
defined as follows: correlation coefficient ranges 0.0-0.10, virtu-
ally none; 0.11-0.40, slight; 0.41-0.60, fair; 0.61-0.80, moderate;
0.81-1.0 high [44]. Intraclass correlation coefficients with consis-
tency over all test sessions within conditions were reported for
descriptive purposes. Statistical significance was defined as p <
0.05. All tests were two-tailed. Comparison of within- and be-
tween-session power values was conducted using ¢ tests without
correcting for multiple testing. We did this on the basis that cor-
rection for multiple testing would introduce a bias toward a con-
clusion of no differences between and within sessions.

Results

Self-Ratings and Behavioral Data

Self-Ratings. Data and statistical analyses of self-rat-
ings are shown in Table 1. Self-rated emotional state de-
creased slightly within but not between sessions. Self-rat-
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Table 1. Self-ratings (mean + SD) and statistical comparisons

Within sessions

Between sessions All sessions,

o)
block 1 block 2 Pearson f test session 1  session 2 Pearson t test e e QY
Emotional state! 1.7240.55 1.79+0.54 (.97*%** _) 4%* 1.74+£0.52 1.77+0.63 0.78%*** _(.327¢ 0.79 (0.65-0.89)
Empathy toward faces?
Happy 1.67£0.51 1.83+0.56 (.89**** _) g** 1.67+£0.54 1.83£0.58  0.73**** _1.78* 0.70 (0.53-0.84)
Sad 1.9940.66 2.11+0.63 (.90**** _1.9* 2.09+0.70 2.01£0.62  0.81**** (.88"¢ 0.78 (0.63-0.88)
Overall 1.83+0.54 1.9720.56 0.89**** _2 6** 1.88+0.56  1.92+0.57  0.69**** -0.39"¢ 0.65 (0.50-0.80)

Within- and between-session (Pearson’s R) and overall reliability (ICC with 95% CI, model 3.1 with consistency). ICC, intraclass
correlation coefficient. * p < 0.1, ** p < 0.05, **** p < 0.001, " p > 0.1. ! Emotional state (“How do you feel?”): higher values indicate
lower ratings of self-rated emotional state. 2 Empathy toward faces (“In how far were you able to empathize with the faces?”): higher

values indicate lower ratings of empathy toward the face stimuli.

Table 2. Alpha power (uV?) for frontomedial (F3, F4) and frontolateral (F7, F8) electrodes (mean + SD) and statistical comparisons

Within sessions

Between sessions

All sessions,

0,
block 1 block 2 Pearson t test session 1 session 2 Pearson t test o e

Left frontomedial

Happy  0.285+0.172 0.317£0.209 0.98**** 2 72%* 0.282+0.174 0.321+0.227 (.79**** 1,34 0.87 (0.77-0.94)

Sad 0.292+0.190 0.308+0.199 (.97**** _1,51" 0.278+0.175 0.322+0.226 (0.85**** _1.76* 0.89 (0.81-0.95)
Right frontomedial

Happy  0.299+0.188 0.329+0.201 0.99**** _3.88****  (.288+0.171 0.341+0.228 0.88**** _229** 0.93 (0.87-0.96)

Sad 0.309+0.202 0.327+0.206 (.97**** _1.67" 0.29740.193 0.339+0.221 0.91** _2.16** 0.92 (0.86-0.96)
Left frontolateral

Happy  0.426+0.429 0.473£0.499 0.99%** _2 73%** 0.395+0.339 0.505+0.611 (.89**** 1,527 0.92 (0.85-0.96)

Sad 0.41840.411 0.461+0.491 (.99**** _1.98* 0.37520.309 0.504+0.634 (.79**** —1.44" 0.91 (0.84-0.99)
Right frontolateral

Happy  0.357+0.234 0.385%£0.244 0.98**** _2 73%** 0.32340.157 0.419+0.348 (.73**** _1.79% 0.84 (0.73-0.92)

Sad 0.355+0.215 0.372+0.233 (.98**** _1.67" 0.326+0.168 0.401£0.305 (Q.74**** 171" 0.87 (0.77-0.93)

Within- and between-session (Pearson’s R) and overall reliability (ICC with 95% CI, model 3.1 with consistency). ICC, intraclass

correlation coefficient. * p < 0.1, ** p < 0.05, **** p < 0.001, " p > 0.1.

ed empathy toward faces decreased for the happy condi-
tion with a statistical significance within sessions and
with a statistical trend between sessions. There was a sta-
tistical trend for reduced empathy toward sad faces with-
in sessions and no statistically significant difference be-
tween sessions.

Behavioral Data. Data and statistical analyses of be-
havioral data are shown in supplementary Tables 1 and 2.
There were no significant differences between the num-
ber of correctly identified changes in faces’ emotion with-
in and between sessions. Reaction time tended to be slow-
er for the second compared to the first block of sessions
for both face conditions. Correlations between behavior-
al data and alpha power and asymmetry values are shown

Reliability of Alpha Asymmetry

for descriptive purposes in supplementary Tables 3 and
4. Reaction time of the sad but not of the happy face con-
dition was positively correlated with alpha power at most
electrodes for the second but not first block and session.
Alpha asymmetry was negatively correlated with reaction
time in the sad face condition for the frontolateral sites
for block 2 and session 2.

Electrophysiological Results

The alpha power values and the within- and between-
session comparisons are shown for frontal and parietal
alpha power and alpha asymmetry in Tables 2-4, respec-
tively. Online supplementary Figure 2 shows topograph-
ic maps of alpha power for each block and session.
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Table 3. Alpha power (uV?) for parietomedial (P3, P4) and parietolateral (P7, P8) electrodes (mean + SD) and statistical comparisons

Within sessions

Between sessions

All sessions,

0
block 1 block 2 Pearson f test session 1 session 2 Pearson f test ICC (95% CI)

Left parietomedial

Happy  0.424+0.278 0.472+0.315 0.98**** _3,04*** 0.373£0.219 0.524+0.399 0.79**** _2.79** (.92 (0.86-0.98)

Sad 0.445+0.318 0.475+0.331 0.93**** _-1.15™ 0.392+0.255 0.528+0.421 0.76**** _231**  0.88(0.78-0.94)
Right parietomedial

Happy  0.402+0.233 0.462+0.280 0.97**** _354%%* 0.368+0.202 0.496+0.334 0.78**** _2.82**  0.87(0.77-0.94)

Sad 0.4114£0.249 0.449+0.272  0.95%*** _2 09**  0.363+£0.207 0.497+0.833 (0.79**** _3,01*** 0.86 (0.76-0.93)
Left parietolateral

Happy  0.536£0.355 0.584+0.406 0.98**** _235%  0.461+0.241 0.660+0.556 0.76**** _2.36**  0.83(0.71-0.91)

Sad 0.542+0.353 0.575+0.417 0.96**** -1.29" 0.461+0.249 0.655£0.562 0.74**** _223**  (0.83(0.71-0.92)
Right parietolateral

Happy  0.543+0.320 0.611£0.380 0.97**** _3.22%* (0.502+£0.282 0.653+0.449 0.79**** _258*  0.87 (0.77-0.94)

Sad 0.564+0.346  0.606+0.387  0.94**** —1.46™ 0.506+0.299 0.665+0.457 0.81**** _2.74** (.86 (0.76-0.93)

Within- and between-session (Pearson’s R) and overall reliability (ICC with 95% CI, model 3.1 with consistency). ICC, intraclass
correlation coefficient. ** p < 0.05, *** p < 0.01, **** p < 0.001, " p = 0.1.

Table 4. Alpha asymmetry values for medial and lateral, frontal and parietal brain sites (mean + SD) and statistical comparisons

Within sessions

Between sessions

All sessions,

0,
block 1 block 2 Pearson f test session 1 session 2 Pearson f test ICIGIE)

Frontomedial

Happy 0.029+0.177 0.052+0.161 0.77**** -0.93" 0.019+0.210 0.07040.149 0.42** -1.23™ 0.50 (0.29-0.71)

Sad 0.045+0.161 0.058+0.129 (.89**** —(0.84" 0.046+0.187 0.06240.126 (0.45** -0.45" 0.53 (0.33-0.73)
Frontolateral

Happy -0.052+0.247 -0.062+£0.269 0.91****  0.46" -0.062+0.326 -0.058+0.237 0.69**** -0.08" 0.70 (0.53-0.84)

Sad -0.046+0.253 -0.054+0.278 0.95****  (0.47™ -0.033+0.323 -0.064+0.256 (.63*** 0.59"s 0.70 (0.53-0.84)
Parietomedial

Happy -0.007+0.229 0.014+0.247 0.86**** -0.78" 0.008+0.242  0.002+0.255 (Q.75**** (.18" 0.72 (0.55-0.85)

Sad -0.017+0.241 -0.008+0.235 (.89**** -(.41" -0.029+0.268  0.001+0.232 (.73**** _(0,76" 0.70 (0.53-0.84)
Parietolateral

Happy 0.049+0.225 0.070+0.221 0.80**** -0.73"¢ 0.065+0.267 0.064+0.257 0.30™ 0.00™ 0.44 (0.23-0.66)

Sad 0.065+0.228 0.087+0.221 0.90**** -1.07"¢ 0.071£0.269 0.088+0.250 0.41** -0.29™ 0.54 (0.34-0.74)

Within- and between-session (Pearson’s R) and overall reliability (ICC with 95% CI, model 3.1 with consistency). Asymmetry was
computed as In(right alpha power) - In(left alpha power). ICC, intraclass correlation coefficient. ** p < 0.05, *** p < 0.01, **** p < 0.001,

®p>0.1.

Frontal Alpha Power. Within-session retest reliabili-
ties of alpha power for frontomedial and frontolateral
electrodes were high for both happy and sad face stimuli
(correlation coefficients: 0.97-0.99). Between-session re-
test reliabilities were moderate to high for both frontal
electrode sites under both stimulus conditions (correla-
tion coefficients: 0.73-0.91). Within sessions, alpha pow-
er values increased significantly for all alpha power values
in the happy face condition, but not significantly in the
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sad face condition, despite a trend in this direction across
both the frontomedial and frontolateral sites. Between
sessions, in both conditions only the right frontomedial
alpha power increased significantly over time between
the first and second session. For some of the other elec-
trode sites, an increase with a statistical trend was ob-
served (Table 2).

Parietal Alpha Power. Within-session reliabilities were
significantly high for all parietal alpha power values (reli-
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ability range: 0.93-0.98). Between-session reliabilities
were significantly moderate to high (correlation coeffi-
cients: 0.74-0.81). As seen for the frontal electrode sites,
parietal alpha power increased significantly within ses-
sions for all happy-related alpha power values. Addition-
ally, a significant increase was also observed for the sad-
related right parietomedial electrode sites. For the other
sad-related conditions, however, no statistically signifi-
cant changes were observed. Between sessions there was
a statistically significant increase in alpha power for all
parietal electrodes under all conditions (Table 3).

Frontal and Parietal Alpha Asymmetry. Within-ses-
sion reliability values for frontal and parietal alpha asym-
metry were high for all (correlation coefficients: 0.86-
0.95) except the happy-related asymmetry at the fronto-
medial (r = 0.77) and parietolateral (r = 0.80) sites, which
were moderate (Table 4). Between-session reliability was
moderate for frontolateral and parietomedial asymmetry
for both conditions (correlation coefficients: 0.63-0.75).
Reliability was fair for all other sites and conditions (cor-
relation coefficients: 0.41-0.45) but for the happy-related
parietolateral asymmetry (correlation coefficients: not
significant). Asymmetry values did not differ significant-
ly within and between sessions (Table 4).

In an exploratory partial correlation, we included age
and BDI scores as control variables. However, there were
no relevant changes of any asymmetry correlation coef-
ficients (data not shown). Exclusion of subjects (n = 4)
whose handedness score was <60, indicating more ambi-
dexterity or left-handedness, did not change the correla-
tion coefficients substantially (data not shown). We fur-
ther tested whether changes in self-reports of emotional
state (“How did you feel?”) and of empathy with the pre-
sented face stimuli (“In how far were you able to empa-
thize with the faces?”) within and between sessions influ-
enced reliability. This partial correlation analysis did not
change correlation coefficients (data not shown). In a da-
ta-driven exploratory analysis, we excluded subjects
whose self-rating scores of emotional state and empathy
toward the faces differed more than 1.7 standard devia-
tions between sessions (n = 9). This resulted in some
higher between-session correlation coefficients for fron-
tomedial (happy condition: r = 0.65, p < 0.013; sad condi-
tion: r = 0.61, p < 0.022) and frontolateral (happy condi-
tion: r=0.87, p <0.0001; sad condition: r=0.77, p < 0.002)
asymmetry. The correlation coefficients for parietal
asymmetry scores did not change (parietomedial: happy
condition, r = 0.79, p < 0.001; sad condition, r = 0.75, p <
0.001) or were lower than before exclusion (parietolater-
al: happy condition, r = 0.25, p > 0.38; sad condition: r =

Reliability of Alpha Asymmetry

0.40, p > 0.15). Subjects who were excluded from this
analysis and those who were not did not differ signifi-
cantly in age (T(31) = 0.12, p > 0.8), handedness (T 3;) =
1.02, p > 0.32), ratio of female gender (x> = 0.68, p > 0.79),
days between test sessions (T(y;) = 1.2, p > 0.22), or day-
time of test sessions (T(,1) = 1.3, p > 0.19). Within-session
asymmetry correlation coefficients for this sample were
between 0.75 and 0.96 (all p < 0.003).

Discussion

Resting and stimulus-related frontal alpha asymmetry
has been increasingly used as a neurobiological index for
emotional processing and behavioral approach motiva-
tion both in general and psychiatric populations [16, 25,
45]. Reliability is a crucial requirement in the use of neu-
robiological markers. While resting-state alpha asymme-
try reliability has been investigated in numerous studies,
short- and long-term reliability of stimulus-related alpha
asymmetry has not been investigated sufficiently. For that
purpose, we measured stimulus-related frontal alpha
asymmetry at medial and lateral frontal sites, and for
comparison reasons also at parietal electrodes.

Overall, the reliability of stimulus-related alpha asym-
metry, which was moderate for within-session short-
term reliability and fair to moderate for long-term be-
tween-session reliability, was in line with the results of
studies investigating resting alpha asymmetry. Reliability
of alpha asymmetry was observed independent of stimu-
lus condition, i.e., presentation of happy versus sad faces.
However, we revealed a varying long-term stability de-
pending on brain region (i.e., frontal, parietal; medial, lat-
eral). Moderate reliability of alpha asymmetry was found
for the frontolateral and the parietomedial electrode sites.
The low reliability of the frontomedial asymmetry may
indicate that internal and/or external state factors in some
subjects may affect the temporal stability in these areas.
In line with this interpretation, we found better reliability
values after exclusion of subjects who showed more vari-
ance in self-ratings of mood state and empathy over time
in our exploratory analysis.

Other studies have reported better reliability at the
frontomedial sites (moderate levels between 0.53 and
0.69) [22, 28, 34, 46]. On the other hand, we found better
reliability for the lateral frontal asymmetry than two pre-
vious studies [22, 28]. Low reliability could be one of the
reasons for the heterogeneity of the results of studies in-
vestigating resting alpha asymmetry in depressed patients
and healthy controls [23]. In accordance with Debener et
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al. [22] and Sutton and Davidson [28], parietal asymme-
try reliabilities were moderate for medial but less than
moderate for lateral parietal sites.

Differences in reported reliability may be related to dif-
ferences between laboratories and methods applied. In a
recent study, Tenke et al. [33] investigated the test-retest
reliability (mean 7.6 days) of a four-center study and
found mean correlations of alpha asymmetry between
0.37 and 0.70. Notably, they also reported great differenc-
es in reliability values across study sites: for example, reli-
ability at the frontomedial electrode position ranged be-
tween —0.09 and 0.65 (mean 0.37) and at the frontolateral
position between 0.19 and 0.79 (mean 0.59). However, this
may also be related to the small sample size at each study
site. Despite methodological differences between our and
Tenke et al.’s study (which used CSD reference and PCA
techniques), they yielded a similarly high reliability of al-
pha power (mean range across electrode positions 0.73-
0.88, range across study sites and electrode 0.32-0.98).

The fact that long-term reliability differed between
medial and lateral frontal electrode sites in our study may
be of relevance, as some studies have collapsed resting al-
pha power across medial and lateral electrode sites [22,
30, 47, 48]. In contrast, others have found differences or
an opposite pattern in alpha asymmetry between medial
and lateral frontal sites [12, 49-52]. Anokhin et al. [36]
found heritability for frontomedial but not for frontolat-
eral resting alpha asymmetry. These studies together with
our results of varying reliability may indicate that medial
and lateral frontal alpha asymmetry depend on different
underlying processes.

The limited long-term reliability for some asymmetry
scores was not caused by low alpha power stability in our
study, as alpha power showed moderate to high long-
term reliability across all conditions and electrode sites.
The alpha power long-term reliability in the present study
was in the range of the reliability of evoked potential
across different paradigms (range: 0.74-0.91) [53] and
was quite similar to the reliability for the visual evoked
N170 amplitude in response to happy and neutral faces
(0.82 and 0.85) [53].

Interestingly, alpha power showed some differential
increases over time. However, as explained in Subjects and
Methods, we did not correct for multiple testing. Thus, we
are aware that conclusions should be drawn with caution.
Within a session, there was an increase in happy-related
alpha power for all electrode sites. In contrast, an increase
in sad-related alpha power was only seen at the right me-
dioparietal site. This may indicate differences in engage-
ment and/or arousal between both stimuli during the ses-
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sion [54] and a distinct involvement of parietal cortex ar-
eas in emotional processing or related arousal. We also
observed alpha power changes across sessions. Alpha
power increased at all parietal sites independent of stimu-
lus condition. This may be related to the familiarity of the
study procedure at the retest session, evoking less arousal.
In contrast, frontal alpha power did not increase at all but
only at the frontomedial electrode sites, indicating that the
frontal lobe might continuously stay engaged or did not
deactivate compared to parietal sites during the process-
ing of affective stimuli even in more familiar low-arousal
situations. In an exploratory analysis we investigated the
relation between reaction time (time until subjects pressed
the button to indicate they detected a change in emotions)
and alpha power and asymmetry. Interestingly, alpha
power was related to reaction time only in the sad face
condition and only when participants were familiar with
the task, i.e., in the second block and in the second session:
less arousal, indicated by higher alpha power, was related
to slower reaction time for sad face detection. For the fron-
tolateral alpha asymmetry, we found a negative correla-
tion between reaction time and sad face detection for the
second block and session. This may indicate that a pattern
of more right compared to left frontal alpha power — which
can be interpreted as approach motivation [25] — was re-
lated to shorter reaction time for the detection of the sad
face stimulus after a series of happy face stimuli. The sig-
nificance of these findings will need to be evaluated in
studies with larger sample sizes.

There are some important limitations to our study.
Firstly, we investigated reliability only in a small sample
of healthy individuals. Reliability may also differ in clini-
cal samples. Furthermore, we asked the subjects to rate in
how far they were able to empathize with the presented
stimuli and to indicate their mood state during the test
sessions, but we did not have individual ratings about
arousal and valence of the stimuli used. We did not use
corrections for multiple testing as explained in the meth-
ods section. Lastly, it should be kept in mind that due to
absence of studies on stimulus-related alpha asymmetry
at present, it is only possible to compare our findings to
those studies investigating resting-state data.

Conclusion

Stimulus-related frontal alpha asymmetry during af-
fective face processing may serve as a useful electrophys-
iological tool given its moderate to high within-session
reliability. However, long-term stability was compara-
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tively low and varied depending on electrode position.
Our results also indicate that individual state factors such
as affective state or stimulus engagement may influence
long-term reliability and should be considered in those
studies that investigate treatment effects or the course of
illness using alpha asymmetry as an indicator. Our results
also provide evidence that frontal alpha asymmetry at
medial and lateral sites may represent different physio-
logical processes and thus should be assessed and report-
ed from both positions.
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