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Research Article

Emotions impact our everyday life. The ability to regulate 
one`s emotions and attentional focus are important aspects 
mindfulness-based interventions teach us. Mindfulness-based 
interventions (i.e. mindfulness meditation, mindfulness-based 
stress reduction, mindfulness-based cognitive therapy) have 
been derived from Buddhism and introduced to medicine 
around 40 years ago (mindfulness-based stress reduction pro-
gram1,2). Ever since, mindfulness-based interventions have 
been proven to effectively reduce psychological and physical 
symptoms in healthy individuals as well as in those who suf-
fer from cancer (for a review see Ref.3; for a meta-analysis see 
Refs.4,5). All over the world around 18 million people are 
diagnosed with cancer every year—a diagnosis which impairs 

the quality of life and poses physical as well as psychological 
burden on patients.6,7 One of the most prevalent psychological 
diseases associated with cancer is depression8,9 (for a review 
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Abstract
Objective: The aim of this study was to investigate changes in P3 amplitude and latency to emotional stimuli with 
different arousal and valence levels after a mindfulness-based intervention in oncological patients. Methods: P3 
amplitude and latency at Fz, Cz, and Pz to emotional salient stimuli differing in valence (positive vs. negative) and 
arousal (low vs. high) levels were measured in 17 oncological patients (Mage = 51 years, SD = 9.17, females = 11) before 
and after a mindfulness-based intervention in a waitlist-controlled clinical trial. Group sessions were held 2x/week 
over a period of 5 weeks. Results: Arousal and valence levels of emotional salient stimuli were significant modulators 
of P3 amplitudes (P = .050; P = .006, respectively). P3 amplitudes at Fz decreased significantly from pre-waitlist to 
post-intervention (P = .002). P3 latency for negatively valenced stimuli decreased from pre- to post-intervention with 
trending significance (P = .080). P3 latency at Pz showed a trend of being shorter than P3 latency at Cz (P = .066). 
Depressive symptoms showed a decreasing trend from pre- to post-treatment (P = .075). Conclusions: We could 
show that arousal and valence levels of emotional salient stimuli are important modulators of P3 amplitudes and 
latencies in oncological patients. P3 amplitudes at Fz decreased significantly from pre-waitlist until after mindfulness-
based intervention, decreases from pre-to post-intervention were linear, but not significant. In oncological patients 
the mindfulness-based intervention seems to have its strongest effect on the frontal electrode Fz, not the electrode 
Pz where its amplitude was largest. Depressive symptoms could be reduced.

Keywords
event-related potentials (ERPs), P3, mindfulness, depression, cancer

Submitted May 5, 2024; revised September 16, 2024; accepted October 10, 2024

https://us.sagepub.com/en-us/journals-permissions
https://journals.sagepub.com/home/ict
mailto:theresa.schweig@gmail.com
http://crossmark.crossref.org/dialog/?doi=10.1177%2F15347354241294057&domain=pdf&date_stamp=2024-12-16


2	 Integrative Cancer Therapies 

see Ref.10; for a meta-analysis see Ref.11). Several studies 
have shown that patients with depression display “negativity 
bias” meaning that they pay more attention to negative than to 
positive stimuli12-15(for a review see Ref.16). A systematic 
review and meta-analysis by Schumer et al17 stated that even 
a brief mindfulness-based intervention may lead to a modest 
reduction in negative affectivity. In line with that, a review by 
Tang et al18 reasoned that mindfulness practice reduces stress 
and enhances emotion regulation abilities.

There are multiple ways to assess emotion regulation on 
a neurophysiological basis. Scalp-recorded event-related 
potentials (ERPs) enable the assessment of neural responses 
to affective stimuli with excellent temporal resolution (i.e. 
milliseconds).19-21 Therefore, ERPs have become an impor-
tant tool in the assessment of emotional regulation. The 
P300 or P3 is a positive wave occurring 250 to 600 ms after 
stimulus presentation and is assumed to represent attention 
allocation, initial memory storage22 as well as evaluation of 
emotional stimuli.23 In order to elicit P3, oddball paradigms 
can be used in which an auditory or visual oddball is infre-
quently displayed. Thus, the P3 is considered to display the 
reaction to this unexpected stimulus.24-26 Olofsson et  al19 
summarized in their review that major determinants of P3 
amplitude were task-relevance, motivational significance, 
and arousal level. In addition, they stated that valence lev-
els (negative vs. positive) might modulate P3 when arousal 
levels (high vs. low) are controlled. Furthermore, P3 altera-
tions have been observed for different states, traits, and 
mood disorders. Cavanagh and Geisler27 found that patients 
with depression displayed decreased P3 amplitudes and 
delayed P3 latencies when looking at happy faces in com-
parison to healthy controls. In their interpretation patients 
with depression displayed reduced cognitive processing 
ability for mood inconsistent happy faces. These findings 
emphasize P3 amplitudes and latencies as neurophysiologi-
cal correlates for changes in emotion regulation in depressed 
individuals. Taken these findings together, P3 can be con-
sidered a valid neurophysiological marker for the assess-
ment of emotion processing.

P3 has been shown to be influenced by mindfulness-
based interventions. Diverse studies even suggest P3 as an 
objective marker for meditation experience. For instance, 
Atchley et al28 found that meditators showed increased P3 
amplitudes for target tones when instructed to attend to 
these while showing greater attenuation of P3 amplitudes 
when instructed to ignore them. Similarly, Sarang and 
Telles29 looked at the effects of cyclic meditation in com-
parison to supine rest on P3. Their participants practiced 
cyclic meditation for at least 3 months. The authors observed 
that P3 peak amplitudes at Fz, Cz, Pz were significantly 
increased and P3 latencies significantly decreased after 
cyclic meditation. They concluded that cyclic meditation 

led to increased stimulus processing speed, attentional 
resources, and efficiency. In a similar manner, Telles et al30 
examined participants who received a 3-month orientation 
program in OM meditation. This time, they assessed 
changes in P3 during the practice of 4 different mental 
states, namely (a) random thinking, (b) non-meditative 
focusing, (c) meditative focusing, and (d) defocused medita-
tion. Results showed significantly increased P3 amplitudes 
during meditative sessions (i.e. meditative focusing and 
defocused meditation). Further, defocused meditation led to 
significantly decreased P3 latencies. Yoshida et al31 investi-
gated P3 modifications in non-meditators following focused 
attention meditation. For this the researchers conducted 
EEG recordings including a three-stimulus oddball task 
before and after 8 weeks of focused attention meditation 
training. Their results showed that the meditation group dis-
played significantly increased P3 amplitudes and shorter 
reaction times in comparison to the control group. Regarding 
sustained modulation of emotion regulation Gootjes et al32 
investigated the effects of Yogic meditation on amplitudes 
of P3 and LPP (late positive potential). The researchers 
observed that cognitive reappraisal led to reduced P3 and 
LPP amplitudes. They reasoned that Yogic meditation is 
associated with increased positive affect and thought con-
trol ability. A review investigating neurophysiological 
effects of meditation summarized that ERP studies indicate 
increased attention and enhanced emotional control in 
meditators.33

Taken all findings together mindfulness-based interven-
tions seem to modulate P3 amplitudes and P3 latencies, thus 
influencing attention allocation, emotional regulation, and 
processing speed in meditators.

Looking at the findings of emotion regulation and mind-
fulness-based interventions on P3, we aimed to investigate in 
which ways mindfulness-based intervention may enhance 
emotion regulation and reduce depressive symptoms in onco-
logical patients. For this, we looked at effects on (i) P3 ampli-
tudes and latencies at Fz, Pz, and Cz as neurophysiological 
markers of emotion regulation and (ii) clinical outcomes. 
From this, we derived our hypotheses. Regarding depressive 
symptoms as indicated by PHQ-9 sum scores we expected a 
significant reduction after our mindfulness-based interven-
tion. Replicating findings in healthy participants, we expected 
P3 amplitudes to be significantly higher for high arousal 
stimuli than for low arousal stimuli. Further, we expected P3 
amplitudes for negative stimuli to be significantly lower and 
P3 amplitudes for positive stimuli to be significantly higher 
after our mindfulness-based intervention. Also, we expected 
P3 latencies to be significantly shorter after mindfulness-
based intervention reflecting faster processing speed.

To our knowledge, this is the first study that investigated 
the effects of a mindfulness-based intervention on P3 
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parameters in oncological patients. Knowledge derived 
from our data could thus be of use for psycho-oncological 
treatment as well as in research settings.

Method

The presented single arm waitlist-controlled study was part 
of a randomized-controlled trial (for results see Ref.34) 
which was registered at the German Clinical Trials Register 
ID: DRKS00015773. Approval of the ethics committee of 
the Medical Faculty of the University of Duisburg-Essen 
(Nr.: 18-8079-BO) to perform this study was obtained. The 
study was conducted from October 2018 to April 2021. It 
was interrupted during the first COVID-19 pandemic shut-
down in Germany from March 2020 to May 2020.

Study Design and Procedure

The current study focused on changes in P3 and depression 
measurements after mindfulness-based intervention in 
comparison to a wait-list control phase (see Figure 1). After 
recruitment, all patients were given full information about 
the study procedure and their rights as participants in a per-
sonal meeting with the principal investigator (MF) after 
which informed consent was granted. Afterward patients 
filled in the first set of questionnaires and the first EEG (t0) 
was recorded. Following, a waiting period of 5 weeks took 
place. Subsequently, patients came in for the second EEG-
recording (t1) and filled in the second set of questionnaires. 
Then, the mindfulness-based group intervention took place 
twice a week over 5 consecutive weeks. Shortly after, the 
third EEG (t2) was recorded, and patients filled in the third 
set of questionnaires.

EEG Data Acquisition

Patients sat comfortably in an insulated, lightly dimmed 
room, 1.5 m distant from the presentation screen. Active 
sintered Ag-AgCl electrodes of the extended 10 to 20 sys-
tem were used for derivation: Fp1, Fp2, F7, F3, Fz, F4, F8, 
Fc7, Fc3, Fcz, Fc4, Fc8, T3, C3, Cz, C4, T4, Tp5, Cp3, Cpz, 
Cp4, Tp6, T5, P3, Pz, P4, T6, Oz. Fz was used as recording 
reference. To control for eye movements, horizontal and 
vertical EOG (VeogAbove, VeogBelow, HeogLe, HeogRi) 
were recorded. Patients were instructed to click either the 
left or right button of a computer mouse whenever they per-
ceived a presented picture as emotionally negative or posi-
tive which was randomized across patients. No reaction was 
required for neutral stimuli. Hereby, it was emphasized that 
only their subjective perception should be decisive. For 
EEG-data recording, we used a 32-channel BrainVision 
DC-EEG amplifier and BrainVision-Recorder software 
(BrainVision-Recorder, Version 1.23.0001, Brain Products 
GmbH, Gilching, Germany) which recorded at a sampling 

rate of 1000 Hz in the frequency range from 0.016 to 250 Hz. 
The software Presentation® (Version 20.2, Neurobehavioral 
Systems, Inc., Berkeley, CA, www.neurobs.com) was used 
for stimulus presentation.

Visual Oddball Paradigm

For investigation of emotional processing, a visual oddball 
paradigm with emotionally significant target stimuli was 
used. The 230 visual target stimuli (for IAPS identification 
numbers see Appendix) were derived from the international 
affective picture system (IAPS)35,36 and presented for 
500 ms with an inter-trial interval of 2500 ms. The EEG 
measurement took place for 30 minutes, resulting in 600 
stimuli presentations per participant. The target stimuli con-
tained of different valence (positive – negative) and arousal 
(low – high) levels, namely positive-low (5%), positive-
high (5%), negative-low (5%), negative-high (5%). The 
remaining 80% of visual stimuli had neutral content. The 
picture set consisted of 70 neutral stimuli (Mvalence = 5.124 
(0.349); Marousal = 3.034 (0.561)), 80 positively valenced (40 
arousalhigh, 40 arousallow) and 80 negatively valenced stim-
uli (40 arousalhigh, 40 arousallow). The mean arousal and 
valence ratings were as follows: arousallow/valenceneg = 4.512 
(0.345) and 2.86 (0.31), arousalhigh / valenceneg = 6.483 
(0.321) and 2.87 (0.45); arousallow / valencepos = 4.44 
(0.251) and 7.232 (0.223); arousalhigh/valencepos = 6.547 
(0.399) and 7.158 (0.372). The stimuli sets were based on 
IAPS scores. IAPS scores of valence dimension ranged 
from 1 (very unpleasant) to 9 (very pleasant) and of arousal 
dimension from 1 (very relaxing) to 9 (very exciting). Both 
differed significantly from the neutral set (valence: 
F(4.12) = 13 454.8, P ≤ .001; arousal: F(4.3) = 41 242.890, 
P ≤ .001).

EEG Data Analyses

Analyzes of EEG data was performed with BrainVision 
Analyzer software (BrainVision Analyzer, Version 2.2.0, 
Brain Products GmbH, Gilching, Germany). P3 amplitudes 
and latencies of midline electrodes (Fz, Pz, Cz) in response 
to emotional stimuli were of primary interest. First, move-
ment artifacts were excluded from further analysis before 
re-referencing the data to left and right earlobes as new ref-
erence. Then, a bandpass finite impulse response filter 
between 0.032 and 30 Hz was applied and eye movements 
were corrected using an implemented independent compo-
nent analysis.37 In the following, data were segmented 
(−100 to 1000 ms), baseline-corrected (−100 to 0 ms) and 
averaged for each individual and combined test condition: 
standard neutral (S10), valence positive/arousal low (S20), 
valence positive/arousal high (S25), valence negative/
arousal low (S30), valence negative/arousal high (S35), 
arousal low/valencepositive and negative (S20_S30), 

www.neurobs.com
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arousal high/valence positive and negative (S25_S35); 
valence positive/arousal low and high (S20_S25), valence 
negative/arousal low and high (S30_S35), and all deviances 

(S20_S25_S30_S35). Thus, yielding in total 10 different 
test conditions. In a last step positive peak amplitudes of the 
P3 at Fz, Cz, and Pz from the single-subject averages were 

Figure 1.  CONSORT flow diagram.
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identified in the time range from 250 to 600 ms after stimu-
lus onset. Resulting data sets were then exported to SPSS, 
Version 27.0 (IBM SPSS Statistics for Windows, Armonk, 
NY: IBM Corp, 2019) for further statistical analyses.

Depression Measurement

Depression was measured by the German version of the 
Patient Health Questionnaire Depression Scale–9 (PHQ-
9)38,39 which is composed of 9 items and has a Cronbach’s α 
of .839.40 The items refer to symptoms patients experienced 
within the past 14 days and range from 0 (never) to 3 (almost 
every day). Sum scores range from 0 to 27, indicating symp-
tom severity. Scores under 5 indicate the absence of depres-
sive symptoms. Mild severity is assumed for scores ranging 
from 5 to 9, moderate severity for scores from 10 to 14, 
strong severity for scores from 15 to 19 and highest severity 
for scores 20 or higher.

Mindfulness-Based Intervention

The intervention manual (available upon request) was 
handed to the patients in the first session and was composed 
of the German translation of validated and widely used 
exercises for mindfulness-based interventions.41,42 The 
mindfulness-based intervention was held in small groups 
(2-5 patients) and led by an experienced and trained medita-
tion trainer (MF). During sessions patients learned about 
the theory of mindfulness and practiced different techniques 
to approach a mindful mindset. The sessions started with 
breathing meditation in which patients were trained to focus 
entirely on their breath. Subsequently, a new technique was 
trained during each session ranging from stretch meditation 
to mindful thought experiments. Group sessions lasted for 
40 minutes and were held twice a week over a period of 
5 weeks. Median attendance was 9 sessions, with a range 
from 7 to 10 sessions from a total of 10 sessions.

Statistical Analysis

Statistical analyses were performed using SPSS, Version 
27.0 (IBM SPSS Statistics for Windows, Armonk, NY: 
IBM Corp, 2019). For all analyses level of significance 
was set at α = .05. Values deviating more than three inter-
quartile ranges from the mean were identified as statisti-
cal outliers via boxplot (n = 1). Descriptive statistics of 
the PHQ-9, Pz-, Fz-, and Cz-electrode can be found in the 
Appendix (Tables A1-A6). For interpretation of the 
PHQ-9 sum scores have been formed. In order to reveal 
changes over time, we computed a repeated measurement 
analysis of variance. Time (t0, t1, t2), electrodes (Fz, Cz, 
Pz), arousal level (low, high), and emotional valence 
(positive, negative) were set as within factors. Results are 

reported regarding Greenhouse-Geisser adjusted results 
as Mauchly’s-test of sphericity yielded significant results. 
Bonferroni-adjusted pairwise comparisons were used for 
post-hoc tests. For estimation of effect size η2 has been 
reported. Here, values < 0.06 can be interpreted as small, 
values between 0.06 and 0.14 as medium, and val-
ues > 0.14 as large effects.43 In an explorative manner 
repeated measurement analysis of covariates with age and 
PHQ-score as covariates were calculated.

Results

Participants

Recruitment took place at the West German Cancer Center, 
University Hospital Essen. 18 patients were enrolled in the 
study of which one patient resigned due to fear of COVID-
19 infection. Thus, the final sample consisted of 17 onco-
logical patients with a mean age of 51 years (SD = 9.17, 
range = 32-67). The CONSORT flowchart of the entire 
RCT is displayed in Figure 1, whereas the single arm 
described by this paper is circled. Fifteen patients were 
right-handed, one patient left-handed and one patient ambi-
dextrous. All patients had normal or corrected-to-normal 
vision. For study inclusion patients had to be diagnosed 
with a malignant tumor and be aged between 18 and 
70 years. Exclusion criteria encompassed major depressive 
episode (F32.2, F33.3, F33.2, F33.3), history of neurologi-
cal disease including neurological metastasis, psychotic 
symptoms or disease, acute suicidality, poor language 
competence, or drug abuse. Patients had various cancer 
entities with a median UICC (Union for international can-
cer control) stage of IV. Demographics, cancer entity and 
UICC stage of our patients are displayed in Table 1.

P3 Amplitudes

The P3 mean amplitudes across Fz, Cz and Pz decreased 
from 6.174 µV (t0) to 6.040 µV (t1) to 5.740 µV (t2). Main 
factor time revealed no significant effect (F(1.839) = 0.596, 
P = .544, η2 = .036).

The main factor arousal yielded a significant effect 
(F(1) = 4.511, P = .050, η2 = .220). Post-hoc analyses 
revealed that high arousal stimuli yielded significantly 
higher P3 amplitudes than low arousal stimuli (arousallow 
M = 5.700 µV, arousalhigh M = 6.270 µV, P = .050). The main 
factor valence as well revealed significant differences 
(F(1) = 9.848, P = .006, η2 = .38). Post-hoc analyses showed 
that positive stimuli evoked significantly higher amplitudes 
than negative stimuli (valencepos M = 6.368 µV, valenceneg 
M = 5.601 µV, P = .006).

There were no interactions of time * electrode, time * 
arousal and time * valence (time * electrode: F(3.024) = 1.850, 
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P = .150, η2 = .104 ; time * arousal: F(1.847)= 0.539, 
P = .575, η2 = .033; time * valence: F(1.942) = 0.309, 
P = .730, η2 = .019).

The main factor electrode also revealed significant dif-
ferences (F(1.513) = 11.807, P = .001, η2 = .425). Post-hoc 
analyses using Bonferroni correction showed that Fz ampli-
tudes (M = 4.421 µV, SE = 0.483, SD = 0.117) differed sig-
nificantly from Pz amplitudes (M = 8.697 µV, SE = 0.590, 
SD = 0.143, P = .008) as well as Cz amplitudes (M = 4.836 µV, 
SE = 0.462, SD = 0.112) differed significantly from Pz 
amplitudes (P = .001). The difference between Fz and Cz 
amplitudes was not significant (P = 1.00).

P3 amplitudes with age as covariate.  As our patients age 
ranged from 32 to 67 years, we decided to use the variable 

age as a covariate in a repeated measures ANOVA. The 
covariate age did not interact significantly with the main 
factors electrode (F(1.541) = 0.807, P = .429, η2 = .051) or 
arousal (F(1) = 2.564, P = .130, η2 = .146). However, the 
covariate age interacted significantly with the main factor 
valence (F(1) = 7.636, P = .014, η2 = .337). Also the inter-
action between time * valence * age yielded significant 
differences (F(1.934) = 4.428, P = .022, η2 = .228). Look-
ing at the graphs it is shown that amplitudes for positive 
stimuli were reduced over time.

P3 amplitudes with PHQ-score as covariate.  To test whether 
PHQ-score influences P3 amplitudes we used PHQ-score as 
a covariate. This yielded no significant main or interaction 
effect.

P3 amplitudes at Fz, Cz, and Pz.  In order to further inves-
tigate differences over time at Fz, Cz, and Pz, we used 
repeated-measures ANOVA. We found no significant dif-
ferences over time for the P3 mean amplitude at Cz- and 
Pz-electrodes. However, we found changes in P3 mean 
amplitude over time for the Fz-electrode. Amplitudes 
decreased significantly for the following stimulus condi-
tions: neutral (F(1.870 = 6.260, P = .006, η2 = .281), 
valencepos (F(1.896) = 4.281, P = .025, η2 = .211), arousal-

low (F(1.724) = 3.525, P = .049, η2 = .181), arousalhigh 
(F(1.854) = 5.608, P = .010, η2 = .260) and all deviances 
(F(1.805) = 8.164, P = .002, η2 = .338). For stimuli with 
valenceneg a trend could be observed (F(1.692) = 2.640, 
P = .097, η2 = .142).

Post-hoc tests revealed that decreases at Fz-electrode 
were linear from t0 to t2, but only significant when com-
paring t0 with t2, not when comparing t1 to t2. For stim-
uli with valencepos post-hoc tests showed that Fz mean 
amplitudes decreased from 5.438 µV (t0) to 4.221 µV (t1) 
to 3.771 µV (t2), P = .044, SE = 0.608. For valenceneg 
mean amplitudes decreased from 4.321 µV (t0) to 
3.764 µV (t1) to 2.789 µV (t2), P = .031, SE = 0.526, 
SD = 0.128. For arousallow mean amplitudes decreased 
from 4.732 µV (t0) to 4.069 µV (t1) to 2.971 µV (t2), 
P = .048, SE = 0.654. For arousalhigh mean amplitudes 
decreased from 5.379 µV (t0) to 4.297 µV (t1) to 3.189 µV 
(t2), P = .006, SE = 0.590. These changes are displayed in 
Figures 2 and 3. For all deviances, Fz mean amplitudes 
decreased from 4.941 µV (t0) to 3.727 µV (t1) to 2.782 µV 
(t2), P = .002, SE = 0.484, SD = 0.117.

Grand averages were calculated for all patients at t0, 
t1, and t2 at electrodes Fz, Cz, and Pz as displayed in 
Figure 4.

P3 Latencies

The main factor time showed no significant effect on P3 
mean latencies across Fz, Cz and Pz (F(1.870) = 0.017, 

Table 1.  Demographics.

n
Percent 

(%)

Gender  
  Female 11 64.7
  Male 6 35.3
Relationship  
  Yes 11 64.7
  No 6 35.3
Employment status  
  Employed 6 35.3
  On sick leave 8 47.1
  Retired 1 5.9
  Other 2 11.8
Education  
  High school diploma 9 52.9
  Secondary school degree 

(“Realschulabschluss”)
6 35.3

  Secondary school degree 
(“Hauptschulabschluss”)

2 11.8

Cancer entity  
  Breast 4 23.5
  Lymphoma 3 17.7
  Leukemia 2 11.8
  Rectum 1 5.9
  Lung 1 5.9
  Pancreas 1 5.9
  Colon 1 5.9
  Biliar 1 5.9
  Multiple myeloma 1 5.9
  ENT 1 5.9
  Ovarial 1 5.9
UICC stage  
  I 1 5.9
  II 1 5.9
  III 6 35.3
  IV 9 52.9
n = 17 17 100.0
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P = .979, η2 = .001). The main factor electrode revealed sig-
nificant differences in mean latencies (F(1.191) = 4.568, 
P = .040, η2 = .222). Bonferroni-corrected post-hoc analyses 
showed that Pz mean latencies of 419.892 ms showed a 
trend of being shorter than Cz mean latencies of 441.91 ms 
(P = .066, SE = 8.683, SD = 2.106).

Mean latencies for the main factor valence showed a 
trend (F(1) = 3.503, P = .080, η2 = .180). Post-hoc com-
parisons showed that mean latency for negatively 
valenced stimuli was shorter than for positively valenced 
stimuli with 427.712 to 439.667 ms, respectively 
(P = .080, SE = 6.387, SD = 1.549). The main factor 
arousal revealed no significant differences (F(1) = 2.101, 
P = .167, η2 = .116).

P3 latencies with age as covariate.  No significant interaction 
between time * age could be observed (F(1.827) = 0.512, 
P = .586, η2 = .033). The interaction time * valence * age 
revealed significant differences (F(1.372) = 5.901, P = .017, 
η2 = .282). Additionally, we could observe a significant 
interaction effect between time * valence * arousal * age 
(F(1.912) = 3.375, P = .050, η2 = .184).

P3 latencies with PHQ-score as covariate.  To test whether 
PHQ-score influenced P3 mean latencies, we used PHQ-
score as a covariate. This yielded no significant main or 
interaction effect.

Depressive Symptoms

The prevalence of mild depressive symptoms (PHQ-9 sum 
scores ≥ 5) in our sample at study inclusion (t0) was 65% 
(n = 11). The prevalence of moderate depressive symptoms 
(PHQ-9 sum scores ≥ 10) at t0 was 35%. After a 5-week 
waiting period before intervention, it decreased slightly to 
31% (t1) and after intervention decreased slightly to 29% 
(t2). Paired sample t-tests were used to compare mean 
PHQ-scores between t0 (pre-waitlist), t1 (pre-), and t2 
(post-treatment). No significant differences could be 
observed between t1 and t2 (t1/t2: M = 1.750, SD = 4.203, 
t(15) = 1.665, P = .117). Looking at the waiting period, again 
no significant differences could be observed (t0/t1: 
M = 0.188, SD = 3.816, t(15) = 0.197, P = .847). When com-
paring t0 with t2, a trend could be observed (t0/t2: M = 2.059, 
SD = 4.465, t(16) = 1.901, P = .075). These findings are dis-
played in Figures 5 and 6.

Discussion

To our knowledge this is the first study which investigated 
changes in P3 mean amplitudes and latencies in response to 
emotional stimuli with different arousal and valence levels 
in oncological patients before and after a mindfulness-based 
intervention. In line with previous studies in other popula-
tions, the present study also found changes in P3 character-
istics to emotional salient stimuli in a sample of oncological 
patients. As expected, we could show that amplitudes for 
high-arousal stimuli yielded higher values than for low-
arousal stimuli. Further, we could see that positively 
valenced stimuli yielded higher P3 amplitudes than nega-
tively valenced stimuli. This implies that even though our 
sample is psychologically burdened the perception of posi-
tively valenced stimuli does not seem to be impaired as 
oftentimes observed in patients with major depression dis-
order displaying negativity bias (for a review see Ref.16). At 
the same time, we observed shorter P3 latencies for nega-
tively valenced stimuli than for positively valenced stimuli. 
This may suggest a subtle negativity bias in our sample. On 
one hand this could be explained by the psychological bur-
den our sample had to face and its depressive symptomatol-
ogy. On the other hand, it could be interpreted as a 
confrontational approach to negative aspects of life. Further, 
it has been argued that a faster reaction to negatively 
valenced stimuli is also observed in psychologically healthy 
participants as it is crucial for survival to react fast to nega-
tive stimuli (e.g., Refs.44,45). Surely, it must be noted that 
our sample did not consist of patients with major depression 
disorder, but rather of oncological patients with depressive 
symptoms.

Regarding electrodes we could replicate the finding 
that amplitudes for emotional relevant stimuli seemed to 
evoke highest amplitudes for parietal electrodes,25 in our 

Figure 2.  Amplitudes low and high arousal stimuli at t0, t1, t2 
with error bars.

Figure 3.  Amplitudes positive and negative valence stimuli at 
t0, t1, t2 with error bars.
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case Pz. P3 amplitudes at Pz were significantly higher 
than P3 amplitudes at Fz or Cz, whereas P3 amplitudes 
for Fz and Cz did not differ significantly from each 
other.

Looking more specifically at P3 amplitudes at Fz we 
could observe a decrease in P3 mean amplitude over time in 
several conditions. P3 amplitude decreases could be 

Figure 4.  Grand averages at Fz, Pz, Cz at t0, t1, and t2. N = 17.
Abbreviations: PosLow, positive valence, low arousal; PosHigh, positive valence, high arousal; NegLow, negative valence, low arousal; NegHigh, negative 
valence, high arousal; STD, standard (neutral stimuli).

Figure 5.  PHQ-9 Mean sum score at t0, t1, t2. Figure 6.  Prevalence of moderate depressive symptoms in 
percentage at t0, t1, t2.
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observed for stimuli with positive and negative valence as 
well as for stimuli with low and high arousal. This effect 
was also observed when all emotional stimuli were com-
bined. We may interpret this as if patients have learned to 
react less strongly to emotional salient stimuli over time. 
Thus, endorsing a higher level of emotional regulation dur-
ing the course of our study. The P3 can be divided into two 
components, namely P3a and P3b. Whereas P3a is thought 
to be derived from frontal lobe areas and to reflect top-down 
attentional mechanisms and subjective stimulus salience; 
P3b is believed to originate from the parietal and medial 
temporal lobe and to reflect the processing of an incoming 
stimuli, its context updating and subsequent memory stor-
age.22 As we observed a decrease in P3 mean amplitude 
over time in several conditions at Fz only, we could assume 
that this mainly reflects changes of the P3a component. 
Thus, we could interpret that our participants might have 
needed less attention allocation for target discrimination 
during the course of our study which would support the idea 
of enhanced emotion regulation capacities. In line with that 
Tillman et  al46 found that the P3a amplitude to trauma-
related stimuli in PTSD patients was reduced after success-
ful trauma-focused PTSD treatment. The researchers 
interpreted this finding as well as enhanced emotion regula-
tion capacities within their participants. Next to target dis-
crimination the P3a in comparison to the P3b component is 
considered to be more rapidly affected by habituation 
effects.47 We used the same visual stimuli derived from the 
IAPS across all three measurement times. Thus, simple 
habituation effects might partly explain our observations. 
Regarding a P3a and P3b component-based analysis, it 
must be noted that studies which particularly aim at a P3a 
and P3b component-based analysis usually use a three-
stimulus oddball task in order to elicit the distinctive P3a 
and P3b component more profoundly.

We recruited our patients in the West German Cancer 
Centre in Essen where patients received ongoing oncologi-
cal treatment. Thus, at time of inclusion many patients just 
finished a course of treatment—simply by passing some 
weeks between treatment and the second measurement 
might have already improved emotion regulation capacities 
of our patients. Further, the idea of study inclusion and thus 
the reception of psycho-oncological support in near future 
might as well have led to improved emotion regulation 
capacities. We advise future studies to include a measure-
ment encompassing cancer-related symptom severity to 
rule out this possible bias. As the effects from pre-to post-
treatment displayed a linear decrease, we assume that our 
mindfulness-based intervention might have partly improved 
emotional regulation in our patients, thus yielding lower P3 
amplitudes for emotional salient pictures. This is in line 
with a study by Gootjes et al , which has found that Yogic 

meditation led to reduced P3 and LPP amplitude which the 
researchers interpreted as increased thought control abil-
ity32 and with the findings of a review by Schumer et al17 
who have found that even short mindfulness-based inter-
ventions may reduce negative affectivity. Although it must 
be noted that other studies on P3 changes after mindfulness-
based intervention reported an increase in P3 amplitudes 
after mindfulness-based intervention rather than a decrease. 
This is usually explained by heightened attention allocation 
resources after mindfulness-based intervention.30,31,33 Given 
the fact that the P3 decrease was only significant when 
comparing P3 amplitudes at inclusion with P3 amplitudes 
after treatment, we cannot assume that our mindfulness-
based intervention led to the P3 amplitude decrease. Rather 
it might have been a mixture of adaptation over time and 
our intervention. This would be in line with the linear char-
acter of the decrease of P3 amplitudes.

Oncological patients are especially burdened - psycho-
logically as well as physically.6,7,48 Further, oncological 
patients have many therapy appointments leaving them with 
less time for psycho-oncological interventions. To meet their 
special needs, we have decided for this shortened, manual-
based 5-week long intervention. Looking at our results, it 
might be that oncological patients need a more intensified 
intervention to profit. Most other studies using mindfulness-
based interventions apply a 10-week long intervention, as 
suggested by Kabat-Zinn.1 As our intervention only lasted 
5 weeks, this period might have been too short to elicit pro-
nounced effects on emotion regulation. This would also 
explain that PHQ-scores did not improve as much as we 
have anticipated. Although some studies suggest that even a 
brief mindfulness-intervention might enhance emotion regu-
lation capacities.17 Looking only at PHQ-measurements our 
study lacks statistical power to derive conclusions. Thus, we 
included PHQ-measurements only to get an idea of the evo-
lution of depressive symptoms, primary object of this study 
was the investigation of effects of a mindfulness-based inter-
vention on P3 amplitudes and latencies.

Limitations

As our study fell in the time of COVID-19 pandemic, 
recruitment was more difficult than expected. Especially 
conducting a study with high-risk patients like oncological 
patients posed challenges and led to a smaller study sample 
than anticipated. Furthermore, our study design as a single 
arm waitlist-controlled design as part of a RCT does not 
allow for full understanding of underlying mechanisms. 
This design has been chosen due to the high mortality and 
morbidity of our patients and to enable all patients immedi-
ate access to the intervention. In addition, a higher degree of 
blinding would certainly have been beneficial.
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Clinical and Empirical Implications

Our study supports the idea that oncological patients profit 
from mindfulness-based interventions in terms of depres-
sive symptomatology as well as emotion regulation capaci-
ties as shown by effects on P3 mean latencies and 
amplitudes. Empirically, this study could inspire other 
research groups to further investigate changes in P3 charac-
teristics in oncological patients after a mindfulness-based 
intervention which might lead to the establishment of 
changes in P3 characteristics as an objective marker for the 
effectiveness of mindfulness-based interventions in the psy-
cho-oncological treatment. This might support the further 
establishment of mindfulness-based interventions in psy-
cho-oncological treatment. Thus, enabling more oncologi-
cal patients to profit from its benefits.

Conclusion

The aim of the current study was to investigate changes 
in P3 amplitude and latency to emotional stimuli with 
different arousal and valence levels after mindfulness-
based intervention in oncological patients. We could 
show that arousal and valence levels are important mod-
ulators of P3 amplitudes and latencies in oncological 
patients. P3 mean amplitudes at Fz decreased signifi-
cantly from study inclusion until after mindfulness-based 
intervention, decreases from pre-to post-intervention 
were not significant. Depressive symptoms could be alle-
viated. We suggest further studies to replicate our find-
ings with a larger and more homogeneous sample to draw 
clear conclusions. A longer mindfulness-based interven-
tion period may be advisable.

Appendix

Table A1.  Descriptive Statistics of PHQ and Pz Amplitude.

Outcome N M SD S (SE) K (SE)

t0 PHQ-score 18 9.67 6.117 1.014 (0.536) 0.056 (1.038)
t1 PHQ-score 16 9.06 5.144 0.936 (0.564) 0.12 (1.091)
t2 PHQ-score 17 6.94 5.494 1.325 (0.55) 1.107 (1.063)
∆PHQ (t1 − t0) 16 −0.19 3.816 0.09 (0.564) 2.017 (1.091)
∆PHQ (t2 − t0) 17 −2.06 4.465 −1.241 (0.55) 2.164 (1.063)
∆PHQ (t2 − t1) 16 −1.75 4.203 2.281 (0.564) 6.401 (1.091)
t0 BADO Age 18 51.39 9.217 −0.74 0.133
t0 PzP3 std Amplitude 17* 7.369 5.245 2.05 (0.55) 5.021 (1.063)
t0 PzP3 poslow Amplitude 17 9.055 4.757 0.948 (0.55) 0.355 (1.063)
t0 PzP3 poshigh Amplitude 17 8.923 4.331 0.62 (0.55) 0.105 (1.063)
t0 PzP3 neglow Amplitude 17 7.72 4.929 0.99 (0.55) 0.627 (1.063)
t0 PzP3 neghigh Amplitude 17 9.097 5.369 0.96 (0.55) 2.902 (1.063)
t1 PzP3 std Amplitude 17* 7.637 6.526 2.262 (0.55) 6.835 (1.063)
t1 PzP3 poslow Amplitude 17* 9.193 6.231 2.288 (0.55) 6.542 (1.063)
t1 PzP3 poshigh Amplitude 17 8.953 5.44 1.559 (0.55) 3.241 (1.063)
t1 PzP3 neglow Amplitude 17 8.297 6.476 1.181 (0.55) 1.562 (1.063)
t1 PzP3 neghigh Amplitude 17 8.424 5.753 1.294 (0.55) 2.022 (1.063)
t2 PzP3 std Amplitude 17 6.991 4.959 1.726 (0.55) 3.446 (1.063)
t2 PzP3 poslow Amplitude 17 8.81 6.558 1.478 (0.55) 2.957 (1.063)
t2 PzP3 poshigh Amplitude 17 8.302 5.042 1.534 (0.55) 1.369 (1.063)
t2 PzP3 neglow Amplitude 17 9.054 5.407 0.953 (0.55) 1.247 (1.063)
t2 PzP3 neghigh Amplitude 17 8.538 4.726 0.938 (0.55) 0.723 (1.063)
∆P3Pz poslow (t2 − t1) 17 −0.383 2.663 0.192 (0.55) −1.111 (1.063)
∆P3Pz poshigh (t2 − t1) 17 −0.651 3.229 −0.222 (0.55) −0.2 (1.063)
∆P3Pz neglow (t2 − t1) 17 0.757 3.768 0.176 (0.55) −0.891 (1.063)
∆P3Pz neghigh (t2 − t1) 17 0.114 3.425 0.661 (0.55) −0.288 (1.063)
∆P3Pz poslow (t2 − t0) 17 −0.246 4.051 0.578 (0.55) −0.637 (1.063)
∆P3Pz poshigh (t2 − t0) 17 −0.621 2.994 −0.268 (0.55) −0.156 (1.063)
∆P3Pz neglow (t2 − t0) 17 1.334 3.854 −0.309 (0.55) 0.721 (1.063)
∆P3Pz neghigh (t2 − t0) 17 −0.559 4.868 0.387 (0.55) −0.131 (1.063)
∆P3Pz poslow (t1 − t0) 17 0.138 4.118 0.676 (0.55) 0.046 (1.063)
∆P3Pz poshigh (t1 − t0) 17 0.031 3.664 0.297 (0.55) −0.267 (1.063)
∆P3Pz neglow (t1 − t0) 17 0.577 3.915 1.259 (0.55) 1.376 (1.063)
∆P3Pz neghigh (t1 − t0) 17 −0.673 4.136 0.986 (0.55) 0.215 (1.063)

Abbreviations: N, sample size; M, mean; SD, standard deviation; S, skewness; K, kurtosis; SE, standard error.
*Statistical outlier IQR ≥ 3; N = 1.



Schweig et al	 11

Table A2.  Descriptive Statistics of Cz Amplitude.

Outcome N M SD S (SE) K (SE)

t0 CzP3 std Amplitude 17 4.842 4.617 1.922 (0.55) 5.127 (1.063)
t0 CzP3 poslow Amplitude 17 4.651 4.948 1.303 (0.55) 2.063 (1.063)
t0 CzP3 poshigh Amplitude 17 5.634 4.825 0.101 (0.55) −1.531 (1.063)
t0 CzP3 neglow Amplitude 17* 3.089 3.857 2.031 (0.55) 4.281 (1.063)
t0 CzP3 neghigh Amplitude 17 4.875 4.741 1.248 (0.55) 0.885 (1.063)
t1 CzP3 std Amplitude 17 5.139 5.538 2.04 (0.55) 5.86 (1.063)
t1 CzP3 poslow Amplitude 17 5.219 5.692 1.35 (0.55) 2.192 (1.063)
t1 CzP3 poshigh Amplitude 17 6.015 5.018 1.302 (0.55) 1.123 (1.063)
t1 CzP3 neglow Amplitude 17 4.147 5.668 0.942 (0.55) 1.129 (1.063)
t1 CzP3 neghigh Amplitude 17 5.359 5.694 0.897 (0.55) 1.884 (1.063)
t2 CzP3 std Amplitude 17 4.901 4.518 1.193 (0.55) 0.269 (1.063)
t2 CzP3 poslow Amplitude 17 4.912 5.37 0.629 (0.55) −0.58 (1.063)
t2 CzP3 poshigh Amplitude 17 5.401 4.789 0.592 (0.55) 0.08 (1.063)
t2 CzP3 neglow Amplitude 17 3.853 4.798 0.434 (0.55) 0.683 (1.063)
t2 CzP3 neghigh Amplitude 17 4.873 4.877 0.116 (0.55) −0.057 (1.063)
∆P3Cz poslow (t2 − t1) 17 −0.307 3.464 0.452 (0.55) 0.037 (1.063)
∆P3Cz poshigh (t2 − t1) 17 −0.614 3.072 −0.103 (0.55) −1.208 (1.063)
∆P3Cz neglow (t2 − t1) 17 −0.294 3.629 0 (0.55) −0.944 (1.063)
∆P3Cz neghigh (t2 − t1) 17 −0.486 3.77 0.155 (0.55) −0.276 (1.063)
∆P3Cz poslow (t2 − t0) 17 0.261 2.882 1.007 (0.55) 0.598 (1.063)
∆P3Cz poshigh (t2 − t0) 17 −0.233 4.611 −0.69 (0.55) 0.201 (1.063)
∆P3Cz neglow (t2 − t0) 17 0.763 2.677 −0.46 (0.55) 0.051 (1.063)
∆P3Cz neghigh (t2 − t0) 17 −0.002 3.669 −0.503 (0.55) −0.264 (1.063)
∆P3Cz poslow (t1 − t0) 17 0.568 3.146 0.19 (0.55) −1.036 (1.063)
∆P3Cz poshigh (t1 − t0) 17 0.381 4.021 −0.309 (0.55) −0.048 (1.063)
∆P3Cz neglow (t1 − t0) 17 1.057 3.793 0.176 (0.55) −1.097 (1.063)
∆P3Cz neghigh (t1 − t0) 17 0.484 4.013 −0.219 (0.55) −0.127 (1.063)

Abbreviations: N, sample size; M, mean; SD, standard deviation; S, skewness; K, kurtosis; SE, standard error.
*Statistical outlier IQR ≥ 3; N = 1.
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Table A3.  Descriptive Statistics of Fz Amplitude.

Outcome N M SD S (SE) K (SE)

t0 FzP3 std Amplitude 17 3.602 3.017 0.83 (0.55) −0.26 (1.063)
t0 FzP3 poslow Amplitude 17 5.692 3.59 0.192 (0.55) −1.558 (1.063)
t0 FzP3 poshigh Amplitude 17 6.099 3.199 0.231 (0.55) −1.215 (1.063)
t0 FzP3 neglow Amplitude 17 4.193 3.339 0.639 (0.55) −0.606 (1.063)
t0 FzP3 neghigh Amplitude 17 5.061 3.822 0.713 (0.55) 0.047 (1.063)
t1 FzP3 std Amplitude 17 2.513 3.305 0.33 (0.55) −0.523 (1.063)
t1 FzP3 poslow Amplitude 17 4.419 3.796 0.711 (0.55) −0.24 (1.063)
t1 FzP3 poshigh Amplitude 17 4.751 3.229 1.33 (0.55) 0.976 (1.063)
t1 FzP3 neglow Amplitude 17* 3.295 4.278 1.295 (0.55) 0.96 (1.063)
t1 FzP3 neghigh Amplitude 17 4.405 4.662 0.464 (0.55) −0.408 (1.063)
t2 FzP3 std Amplitude 17 2.3 3.011 0.841 (0.55) −1.063 (1.063)
t2 FzP3 poslow Amplitude 17 3.91 4.163 −0.64 (0.55) 0.442 (1.063)
t2 FzP3 poshigh Amplitude 17 4.689 3.172 0.267 (0.55) −0.415 (1.063)
t2 FzP3 neglow Amplitude 17 3.086 3.443 −0.581 (0.55) 1.478 (1.063)
t2 FzP3 neghigh Amplitude 17 3.454 3.060 0.062 (0.55) −1.188 (1.063)
∆P3Fz poslow (t2 − t1) 17 −0.509 2.894 −0.692 (0.55) 0.969 (1.063)
∆P3Fz poshigh (t2 − t1) 17 −0.062 2.366 −0.299 (0.55) −0.648 (1.063)
∆P3Fz neglow (t2 − t1) 17 −0.209 2.51 −0.249 (0.55) −1.012 (1.063)
∆P3Fz neghigh (t2 − t1) 17 −0.952 3.613 0.681 (0.55) 0.319 (1.063)
∆P3Fz poslow (t2 − t0) 17 −1.782 3.506 0.641 (0.55) 0.652 (1.063)
∆P3Fz poshigh (t2 − t0) 17 −1.41 3.271 0.646 (0.55) −0.648 (1.063)
∆P3Fz neglow (t2 − t0) 17 −1.107 3.168 −0.87 (0.55) 0.913 (1.063)
∆P3Fz neghigh (t2 − t0) 17 −1.607 3.458 −0.255 (0.55) −0.587 (1.063)
∆P3Fz poslow (t1 − t0) 17 −1.273 3.903 0.198 (0.55) −0.577 (1.063)
∆P3Fz poshigh (t1 − t0) 17 −1.348 3.136 −0.76 (0.55) −0.662 (1.063)
∆P3Fz neglow (t1 − t0) 17 −0.898 3.635 −0.562 (0.55) 0.301 (1.063)
∆P3Fz neghigh (t1 − t0) 17 −0.655 3.834 0.766 (0.55) −0.556 (1.063)

Abbreviations: N, sample size; M, mean; SD, standard deviation; S, skewness; K, kurtosis; SE, standard error.
*Statistical outlier IQR ≥ 3; N = 1.
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Table A4.  Descriptive Statistics of Pz Latencies.

Outcome N M SD S (SE) K (SE)

t0 PzP3 std Latency 17 454.412 105.884 0.282 (0.55) −1.083 (1.063)
t0 PzP3 poslow Latency 17 415 74.799 0.127 (0.55) −1.581 (1.063)
t0 PzP3 poshigh Latency 17 418.647 82.833 −0.069 (0.55) −1.326 (1.063)
t0 PzP3 neglow Latency 17 399.765 71.991 0.152 (0.55) −1.238 (1.063)
t0 PzP3 neghigh Latency 17 428.353 88.111 0.534 (0.55) −1.207 (1.063)
t1 PzP3 std Latency 17 459.706 100.238 −0.03 (0.55) −1.097 (1.063)
t1 PzP3 poslow Latency 17 419.471 82.083 0.662 (0.55) 0.203 (1.063)
t1 PzP3 poshigh Latency 17 440.471 63.948 0.368 (0.55) −0.497 (1.063)
t1 PzP3 neglow Latency 17 407.824 71.786 0.5 (0.55) 0.755 (1.063)
t1 PzP3 neghigh Latency 17 432.882 65.240 −0.329 (0.55) −0.704 (1.063)
t2 PzP3 std Latency 17 426.059 94.821 0.221 (0.55) −1.307 (1.063)
t2 PzP3 poslow Latency 17 426.588 89.075 0.331 (0.55) −0.324 (1.063)
t2 PzP3 poshigh Latency 17 419 78.593 −0.123 (0.55) −0.951 (1.063)
t2 PzP3 neglow Latency 17 402.765 76.775 −0.214 (0.55) −0.723 (1.063)
t2 PzP3 neghigh Latency 17 427.941 84.615 0.35 (0.55) −0.091 (0.55)
∆P3Pz poslow (t2 − t1) 17 7.118 111.112 −0.296 (0.55) 0.543 (1.063)
∆P3Pz poshigh (t2 − t1) 17 −21.471 58.081 −0.512 (0.55) −1.024 (1.063)
∆P3Pz neglow (t2 − t1) 17 −5.059 101.134 −0.026 (0.55) −1.021 (1.063)
∆P3Pz neghigh (t2 − t1) 17 −4.941 73.25 1.071 (0.55) 1.033 (1.063)
∆P3Pz poslow (t2 − t0) 17 11.588 108.653 0.582 (0.55) 0.311 (1.063)
∆P3Pz poshigh (t2 − t0) 17 0.353 96.239 0.269 (0.55) −1.134 (1.063)
∆P3Pz neglow (t2 − t0) 17 3 98.135 −0.164 (0.55) 0.027 (1.063)
∆P3Pz neghigh (t2 − t0) 17 −0.412 87.062 −0.668 (0.55) −0.226 (1.063)
∆P3Pz poslow (t1 − t0) 17 4.471 53.036 0.445 (0.55) 0.818 (1.063)
∆P3Pz poshigh (t1 − t0) 17 21.824 75.644 −0.102 (0.55) −0.068 (1.063)
∆P3Pz neglow (t1 − t0) 17* 8.059 77.471 −0.969 (0.55) 2.595 (1.063)
∆P3Pz neghigh (t1 − t0) 17 4.529 79.912 −0.076 (0.55) −0.817 (1.063)

Abbreviations:N, sample size; M, mean; SD, standard deviation; S, skewness; K, kurtosis; SE, standard error.
*Statistical outlier IQR ≥ 3; N = 1.
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Table A5.  Descriptive Statistics of Cz Latencies.

Outcome N M SD S (SE) K (SE)

t0 CzP3 std Latency 17 476.471 92.691 0.303 (0.55) −1.261 (1.063)
t0 CzP3 poslow Latency 17 447.118 81.055 0.401 (0.55) −0.37 (1.063)
t0 CzP3 poshigh Latency 17 464.353 85.242 0.172 (0.55) −0.717 (1.063)
t0 CzP3 neglow Latency 17 429.706 83.164 0.755 (0.55) 0.751 (1.063)
t0 CzP3 neghigh Latency 17 434.236 80.774 0.374 (0.55) −0.924 (0.1063)
t1 CzP3 std Latency 17 467.176 96.05 0.184 (0.55) −1.531 (1.063)
t1 CzP3 poslow Latency 17 436.412 88.717 0.623 (0.55) 0.064 (1.063)
t1 CzP3 poshigh Latency 17 452.882 52.561 0.379 (0.55) 0.443 (1.063)
t1 CzP3 neglow Latency 17 434.529 85.502 0.633 (0.55) 0.637 (1.063)
t1 CzP3 neghigh Latency 17 444.765 67.371 0.173 (0.55) −0.941 (0.1063)
t2 CzP3 std Latency 17 450.118 79.789 0.407 (0.55) −1.527 (1.063)
t2 CzP3 poslow Latency 17 443 76.531 0.518 (0.55) 0.394 (1.063)
t2 CzP3 poshigh Latency 17 454.588 73.077 −0.1 (0.55) −0.449 (1.063)
t2 CzP3 neglow Latency 17* 430.294 70.064 0.133 (0.55) 1.701 (1.063)
t2 CzP3 neghigh Latency 17 431 89.196 −0.11 (0.55) −0.226 (1.063)
∆P3Cz poslow (t2 − t1) 17 −4.118 88.859 0.763 (0.55) 0.513 (1.063)
∆P3Cz poshigh (t2 − t1) 17 −9.765 100.038 0.819 (0.55) 0.479 (1.063)
∆P3Cz neglow (t2 − t1) 17 0.588 76.097 −0.964 (0.55) 2.517 (1.063)
∆P3Cz neghigh (t2 − t1) 17 −3.235 82.406 −0.758 (0.55) 0.668 (1.063)
∆P3Cz poslow (t2 − t0) 17 6.588 89.078 −1.462 (0.55) 1.933 (1.063)
∆P3Cz poshigh (t2 − t0) 17 1.706 69.436 1.686 (0.55) 5.394 (1.063)
∆P3Cz neglow (t2 − t0) 17 −4.235 64.805 −0.242 (0.55) 0.358 (1.063)
∆P3Cz neghigh (t2 − t0) 17 −13.765 66.939 0.53 (0.55) 0.063 (1.063)
∆P3Cz poslow (t1 − t0) 17 −10.706 95.335 0.085 (0.55) 0.187 (1.063)
∆P3Cz poshigh (t1 − t0) 17 −11.471 74.368 −0.049 (0.55) −0.73 (1.063)
∆P3Cz neglow (t1 − t0) 17 4.824 79.669 −0.599 (0.55) 0.775 (1.063)
∆P3Cz neghigh (t1 − t0) 17 10.529 76.916 0.175 (0.55) −0.768 (1.063)

Abbreviations: N, sample size; M, mean; SD, standard deviation; S, skewness; K, kurtosis; SE, standard error.
*Statistical outlier IQR ≥ 3; N = 1.



Schweig et al	 15

IAPS Identification Numbers

Unpleasant pictures:

2730, 3030, 3400, 6230, 6250, 6260, 6300, 6313, 6350, 
6370, 6510, 6530, 6550, 8485, 9250, 9600, 2811, 3150, 
3195, 3212, 6360, 3500, 3550a, 6200, 6231, 6263, 6312, 
6415, 6520, 6540, 6560, 6570, 6821, 9050, 9163, 9810, 
9904, 9908, 9921, 9910, 2276, 2301, 2375a, 2750, 2900a, 
3300, 7361, 9000, 9001, 9002, 9007, 9008, 9031, 9041, 
9102, 9186, 9220, 9265, 9280, 9290, 9291, 9320, 9330, 
9331, 9341, 9342, 9395, 9415, 9417, 9432, 9561, 9584, 
9830, 9831, 9832, 9912, 9471, 9440, 9390, 6561.

Neutral pictures:
5740, 6150, 7000, 7001, 7002, 7003, 7004, 7006, 7009, 
7010, 7012, 7018, 7020, 7021, 7025, 7026,7030, 7031, 
7032, 7035, 7036, 7037, 7039, 7040, 7041, 7042, 7045, 
7050, 7052, 7059, 7060, 7061, 7062, 7080, 7081, 7090, 
7095, 7100, 7130, 7140, 7150, 7160, 7165, 7170, 7175, 
7179, 7185, 7186, 7187, 7188, 7217, 7224, 7233, 7235, 
7236, 7490, 7495, 7705, 7950, 7205, 7055, 7043, 7017, 
7019, 7053, 7161, 7491, 7512, 7547, 5731.

Pleasant pictures:
4607, 4608, 4660, 4670, 4680, 5621, 5629, 8030, 8080, 
8180, 8185, 8186, 8370, 8400, 8490, 8501, 4220, 4290, 
4311, 4490, 4611, 4643, 4652, 4659, 4687, 4689, 4690, 
4694, 4695, 4656, 5470, 7405, 7650, 8034, 8492, 8161, 
8163, 8170, 8178, 8179, 1340, 1410, 1441, 1463, 1500, 
1510, 1540, 5829, 1590, 1600, 1630, 1721, 1731, 1920, 
1999, 2057, 2091, 2151, 2156, 2165, 2170, 2222, 2224, 
2274, 2306, 2310, 2311, 2314, 2331, 2332, 2341, 2391, 
2395, 2398, 2550, 2650, 2660, 4614, 4622, 5594.
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Table A6.  Descriptive Statistics of Fz Latencies.

Outcome N M SD S (SE) K (SE)

t0 FzP3 std Latency 17 475.824 85.554 0.461 (0.55) −0.838 (1.063)
t0 FzP3 poslow Latency 17 449.412 68.194 0.809 (0.55) 1.635 (1.063)
t0 FzP3 poshigh Latency 17 464.471 80.331 0.665 (0.55) 0.381 (1.063)
t0 FzP3 neglow Latency 17 424.353 66.299 0.568 (0.55) 2.424 (1.063)
t0 FzP3 neghigh Latency 17 438.176 83.093 0.649 (0.55) −0.815 (1.063)
t1 FzP3 std Latency 17 457.588 82.473 0.582 (0.55) −0.674 (1.063)
t1 FzP3 poslow Latency 17* 420.706 84.643 1.276 (0.55) 2.257 (1.063)
t1 FzP3 poshigh Latency 17 455.765 52.502 0.529 (0.55) −0.258 (1.063)
t1 FzP3 neglow Latency 17* 422.353 74.806 0.701 (0.55) 2.169 (1.063)
t1 FzP3 neghigh Latency 17 439.294 60.161 0.623 (0.55) −0.065 (1.063)
t2 FzP3 std Latency 17 437.941 69.865 0.905 (0.55) −0.624 (1.063)
t2 FzP3 poslow Latency 17* 438.765 61.543 1.589 (0.55) 3.298 (1.063)
t2 FzP3 poshigh Latency 17 447.353 65.844 −0.037 (0.55) 0.504 (1.063)
t2 FzP3 neglow Latency 17 436.882 61.448 0.458 (0.55) 2.83 (1.063)
t3 FzP3 neghigh Latency 17 433.706 84.797 −0.332 (0.55) −0.149 (1.063)
∆P3Fz poslow (t2 − t1) 17* 18.059 81.362 −2.006 (0.55) 5.676 (1.063)
∆P3Fz poshigh (t2 − t1) 17 −8.412 53.962 0.155 (0.55) 1.827 (1.063)
∆P3Fz neglow (t2 − t1) 17 14.529 50.169 0.63 (0.55) −0.493 (1.063)
∆P3Fz neghigh (t2 − t1) 17 −5.588 56.256 −0.224 (0.55) −1.68 (1.063)
∆P3Fz poslow (t2 − t0) 17 −10.647 44.055 0.046 (0.55) 0.09 (1.063)
∆P3Fz poshigh (t2 − t0) 17 −17.118 80.721 0.613 (0.55) 0.863 (1.063)
∆P3Fz neglow (t2 − t0) 17 12.529 64.94 −1.14 (0.55) 3.852 (1.063)
∆P3Fz neghigh (t2 − t0) 17 −4.471 89.634 −0.567 (0.55) −0.464 (1.063)
∆P3Fz poslow (t1 − t0) 17* −28.706 93.321 1.083 (0.55) 2.766 (1.063)
∆P3Fz poshigh (t1 − t0) 17 −8.706 71.018 −0.267 (0.55) −0.899 (1.063)
∆P3Fz neglow (t1 − t0) 17 −2 59.537 −0.887 (0.55) 0.898 (1.063)
∆P3Fz neghigh (t1 − t0) 17 1.118 68.144 0.438 (0.55) 0.049 (1.063)

Abbreviations: N, sample size; M, mean; SD, standard deviation; S, skewness; K, kurtosis; SE, standard error.
*Statistical outlier IQR ≥ 3; N = 2.
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