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Abstract

Recently, a deep impact of psychosocial effects on the outcomes of neurofeedback training was suggested. Previous findings
point out an association between locus of control in dealing with technology and the individual ability to up-regulate the
sensorimotor rhythm (12-15 Hz) in the EEG. Since the antecedents of locus of control in dealing with technology differ
between males and females, we have investigated the effect of sex of participant and experimenter on the outcomes of neu-
rofeedback training. Mindfulness and SMR baseline power also were assessed as possible confounding variables. Under-
graduate psychology students (n=142) took part in a single session of neurofeedback training conducted by either male or
female experimenters. Male participants as well as those female participants instructed by male experimenters were able to
upregulate SMR, while female participants trained by female experimenters were not. A strong positive correlation between
training outcomes and locus of control in dealing with technology was observed only in the female participants trained by
female experimenters. These results are suggestive about the impact of psychosocial factors—particularly gender-related

effects—on neurofeedback training outcomes and the urgent need to document it in neurofeedback studies.

Keywords SMR up-regulation - Psychosocial effects - Neurofeedback - Mindfulness - Locus of control in dealing with

technology

Introduction

Neurofeedback is a technique to achieve control of specific
brain signals by means of feedback training. Neurofeed-
back learning outcomes are usually believed to recruit basic
mechanisms of skill learning (Sitaram et al. 2017) and be
largely independent of consciousness and verbal instructions
(Birbaumer et al. 2013). Over the years, some authors caught
attention to the role of higher cognitive processes (Strehl
2014; Wood et al. 2014) in neurofeedback learning, but liter-
ature review reveals only a few studies directly investigating
how these processes determine neurofeedback training out-
comes (Alkoby et al. 2017). Other authors argued that out-
comes of neurofeedback training are probably not as much
driven by basic mechanisms of skill learning (Thibault et al.
2017), as by placebo or other expectancy and psychosocial
effects (Thibault et al. 2016; Thibault and Raz 2017).
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Some studies report an effect of psychosocial factors
on the ability to self-regulate brain activity. Burde and
Blankertz (2006) assessed locus of control in dealing with
technology as indexed by the KUT (control beliefs in deal-
ing with technology; Beier 2004) influences the ability to
down-regulate the sensorimotor rhythm of EEG (12-15 Hz,
henceforth SMR) in healthy participants during a motor
imagery task. These authors reported a positive correlation
between locus of control in dealing with technology and
the down-regulation of the SMR rhythm. Moreover, Witte
et al. (2013) investigated the association between locus of
control in dealing with technology and the ability to upregu-
late SMR power through neurofeedback training. A strong
negative correlation between locus of control in dealing with
technology and the ability to upregulate SMR was observed
after ten training sessions. Together, these results are sug-
gestive about the existence of an association between locus
of control in dealing with technology and the ability to both
up- and down-regulate the SMR. The mechanisms respon-
sible for this association remain nevertheless elusive. Witte
et al. (2013) argued that stronger locus of control in dealing
with technology may lead to an increase of conscious effort
to regulate brain signals during training. Since the regulation
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of brain signals depends mainly on non-conscious associa-
tive learning mechanisms (Birbaumer et al. 2013; Gruzelier
2014; Sitaram et al. 2017), such increase of conscious effort
should be counterproductive and might reduce the respon-
sivity to neurofeedback training programs.

Interestingly, locus of control in dealing with technology
is also associated with gender roles. In a study examining the
effect of gender roles on technology self-efficacy in under-
graduate psychology students, a positive correlation between
masculinity and technology self-efficacy was observed
(Huffman et al. 2013). In another study, Saleem et al. (2011)
found out that the antecedents of computer self-efficacy are
different in male and female students. Accordingly, the cor-
relations between locus of control in dealing with technol-
ogy and the ability to up-regulate the SMR may be gender
specific. Unfortunately, earlier neurofeedback studies on the
topic examined too few participants to be informative on
this respect (Burde and Blankertz 2006; Witte et al. 2013).

Interactions between the gender of participant and experi-
menter are well known and can determine the intensity and
direction of gender effects. For instance, Kallai et al. (2004)
reported a significant interaction of experimenter gender
and participant gender on pain tolerance. These authors
observed longer tolerance for pain when they were tested by
an experimenter of the opposite sex as well as a significant
main effect for experimenter gender, which indicates higher
pain intensities for participants tested by female experiment-
ers. These findings have been confirmed by meta-analytical
approaches (Alabas et al. 2012). Moreover, Aslaksen et al.
(2007) report significant interactions between experimenter
gender and participant gender on pain intensity and arousal,
but no interactions in the physiological data. This interesting
finding indicates that the lower pain report in male subjects
to female experimenters was not mediated by changes in
autonomic parameters but rather by psychosocial factors.
Therefore, it is not clear whether gender of participant and
experimenter have an impact on learning observed during
neurofeedback training. On the one side, gender has a selec-
tive impact on locus of control in dealing with technology,
which themselves have an impact on SMR neurofeedback.
Accordingly, at least an indirect effect of gender on neuro-
feedback outcomes may exist. As indicated by studies on tol-
erance for pain, physiological responses may not necessarily

be affected by main- and interaction effects involving gender
(Aslaksen et al. 2007). Therefore, gender effects on neu-
rofeedback may also be psychosocial and not physiologi-
cal. On the other side, neuroscientific techniques are able
to elicit strong expectation effects even in well-educated
undergraduate students (Ali et al. 2014), and these expecta-
tions may trigger specific vigilance and arousal reactions
(Schwarz et al. 2016), which may indeed interfere with the
(electro)physiological basis of SMR up-regulation training.
Accordingly, gender may lead to specific responses to SMR
neurofeedback training.

In the present study, the effects of sex of participant, sex
of experimenter, as well as the role of locus of control in
dealing with technology will be investigated. In previous
studies, mindfulness (Kikkert 2015; Kober et al. 2017b) and
SMR baseline power (Reichert et al. 2015) have been related
to SMR up-regulation learning. Higher mindfulness scores
predict a higher ability not only to up-regulate the SMR
rhythm (Kober et al. 2017b), but also other EEG rhythms
(Kikkert 2015). Moreover, different studies reported that
SMR baseline power is associated with the ability to regulate
the SMR both up (Reichert et al. 2015) and down (Blankertz
et al. 2010). Although the purpose of the present study is not
to investigate further the effects of mindfulness and SMR
baseline power on neurofeedback training outcomes, their
impact will be measured and controlled statistically in the
experimental design.

Methods
Participants

Undergraduate students took part in this study (n =142, 48
females, mean age =23 years, SD=3.2 years, see Table 1 for
more details). Participants received time credits for their par-
ticipation in the study. They were informed about their right
to interrupt participation in the study at any time without
the specification of particular reasons. Data were collected
by 13 undergraduate students (6 female, mean age =23
years, SD =2 years) acting as experimenters, who were not
informed about the investigation of gender effects. Experi-
menters trained between 8 and 14 participants of both sexes

Table 1 Distribution of age, baseline SMR, locus of control in dealing with technology (KUT), mindfulness, and number of responders per

group
Group Age (years) Baseline SMR (uV?) Control beliefs Mindfulness No. responders
Female,,,~female,,;c n=19 23(0.72) 2.49 (0.41) 30 (1.52) 39(1.29) 8/19
Female,,,—male,, ;. n=57 23(0.42) 2.84 (0.24) 30 (0.88) 38(0.75) 36/57
Male,,,~female ;. =29 25 (0.58) 2.75 (0.33) 31(1.23) 39 (1.04) 21/29
Male,,,—male,,, . n=37 23 (0.52) 2.46 (0.29) 28 (1.09) 39(0.92) 26/37

@ Springer



Applied Psychophysiology and Biofeedback (2018) 43:293-300

295

(average =11, SD=2). Data of further 14 participants were
deleted from the data basis because of faulty EEG record-
ings or failure to fill one or more questionnaires. The study
was approved by the local ethics committee and conducted
in conformity with the conference of Helsinki.

Freiburg Mindfulness Inventory (FMI, Short Version,
Walach et al. 2006)

This 14 items scale is a one-dimensional, semanti-
cally robust, and psychometrically stable (Cronbach’s
alpha=0.86) measurement of mindfulness. Items are con-
structed in a 4-point Likert scale rating the frequency of
subjective experiences as “rarely”, “occasionally”, “fairly
often”, or “almost always”. Typical items are “I see my mis-
takes and difficulties without judging them” and “I watch my
feelings without getting lost in them”. Correlation with other
relevant constructs (self-awareness, dissociation, global
severity index, meditation experience in years) have been
observed, which lends construct validity to the scale (Walach
et al. 2006). Responses to single items are coded as numbers
between 1 and 4 and added to form the total score. Higher
scores in the FMI indicate higher levels of mindfulness.

Perceived Locus of Control in Dealing
with Technology Questionnaire (KUT)

The locus of control in dealing with technology was assessed
in the context of dealing with technology by the KUT ques-
tionnaire (Beier 1999, 2004). Typical items are “I feel help-
less when dealing with technical devices and prefer to keep
away from them” and “I enjoy very much solving technical
problems”. This one dimensional construct of locus of con-
trol in dealing with technology is a subjective 5-point Likert
scale rating that considers actual technologic biography in
eight items (range of total score 8—40). The questionnaire is
available in German, and has a high reliability and has been
used in other brain-computer interface studies (Burde and
Blankertz 2006; Witte et al. 2013). Items are numerically
coded to a value between 1 and 5. Half the items have to be
recoded before adding the individual items to obtain the total
score. Higher scores in the KUT indicate stronger beliefs of
control in dealing with technology.

EEG Recording/Neurofeedback Training

All participants performed one single NF training session
of about 45 min. For neurofeedback generation, signals
obtained at Cz were used. EEG was recorded with a sam-
pling frequency of 256 Hz, the ground was located at the
right mastoid; the reference electrode was placed at the left
mastoid. One EOG channel was placed at the left eye. The
signals were amplified by a 10-channel system (NeXus-10

MKII, Mind Media BV). The NF training paradigms were
generated by using the software BioTrace+ (Mind Media
BV). Audio-visual feedback was provided by a moving bar
in the center of the feedback screen depicting the ampli-
tude of SMR (12-15 Hz) activity and a midi-tone feed-
back, whenever the moving bar preceded an individually
defined threshold value. Two additional smaller bars on
the left and on the right side of the screen depicted EOG
artefacts (4—8 Hz, theta) and muscle artefacts (21-35 Hz,
beta), respectively. This procedure controls for the artificial
increase in SMR power by mean of artifacts (Kober et al.
2015, 2017a). The three EEG frequency bands (SMR, theta,
and beta) were filtered online in the respective frequency
ranges using IIR butterworth (3rd order) filters. A three min-
utes baseline run at the beginning of each training session, in
which participants saw the moving bars but were instructed
to relax themselves while receiving no reward, was used to
calculate the individually defined thresholds for the subse-
quent feedback runs (Fig. 1).

For the SMR bar, the mean amplitude of SMR activity
assessed during the baseline run was used as threshold. This
threshold was adapted after each run based on the mean
SMR activity of previous runs. For the two control bars,
the mean activity during the baseline run + 1 SD was used
as threshold value. After the baseline run, six 3 min long
feedback runs were performed, in which participants were
instructed to increase the bar in the middle of the screen,
while keeping the artefact bars on the left and right side of
the screen below their thresholds.

689

Fig. 1 Example of the neurofeedback display employed in the present
study. The middle bar depicts the SMR power, the left one the oscil-
lations in theta frequency (4-8 Hz) and the right one oscillations in
beta frequency (21-35 Hz). The white horizontal lines represent the
thresholds. Only when power in theta and beta frequency bands were
below and the power in SMR was above their respective thresholds,
positive feedback was presented (bars turned green and points were
added to the total score). Otherwise, bars indicating undesired power
levels turned red and no point was added to the total score
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Participants’ task was to increase the height of the cen-
tral bar and at the same time keep the two smaller bars as
low as possible. To facilitate the recognition of current per-
formance, the central bar changed color from red to green
whenever a pre-defined threshold was reached and par-
ticipants received an additional rewarding feedback of one
earned point per 250 ms above threshold.

Statistical Analysis

EEG data were inspected by SEK. Ocular artifacts such
as eye blinks were manually rejected by visual inspection
based on activity of the EOG channel. After ocular arti-
fact correction, automated rejection of other EEG arti-
facts (e.g. muscles) was performed (criteria for rejection:
>50.00 uV voltage step per sampling point, absolute volt-
age value >+ 120.00 pV). Power in different frequency
bandy (SMR 12-15 Hz, theta 4-8 Hz, beta 21-35 Hz) were
extracted by means of complex demodulation (Brain Prod-
ucts GmbH 2009). Absolute power values in the three differ-
ent frequency bands were z-transformed for each individual
to be able to represent the neurofeedback learning effect in
a scale common to all participants.

Training effects were evaluated using a linear mixed-
effects model in which training runs (1-7 for baseline + 6
training runs) was modelled as a linear contrast (see Pin-
has et al. 2012 for the rationale), sex of experimenter and
sex of participant as fixed effects, individual subjects and
individual experimenter as two random-effects. Importantly,
individual subjects (142 levels) were nested in the individual
experimenters (13 levels) in the model. Higher SMR power
levels at the baseline (Reichert et al. 2015), higher mindful-
ness scores (Kikkert 2015; Kober et al. 2017b), as well as
lower scores in locus of control in dealing with technology
(Witte et al. 2013) have been related to higher ability to
up-regulate the SMR. Therefore, these values were entered
as covariates in the mixed-effects model designed to evalu-
ate the effects of gender on SMR NF training. Calculations
were performed in R using the libraries Ime4, ImerTest, and
phia to calculate, respectively, model parameters, statistics
with the appropriate number of degrees of freedom and post-
hoc contrasts. F-values, degrees of freedom and MSE were
calculated using the Satterthwaite method. p-values were
adjusted for multiple comparisons using the Holm method.

Results

Baseline SMR power, locus of control in dealing with tech-
nology (KUT), and mindfulness were compared in separated
2x2 ANOVA models having sex of experimenter and sex
of participant as fixed-effects factors. Analyzes revealed
no significant main- or interaction effects (all p>0.05).
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Group-specific average and standard deviation values of
these variables are depicted in Table 1. Because of these
results, in all further analyses we used the individual z-trans-
form SMR power values as de-pendent variable.

NF Outcomes and Their Determinants

Learning effects are depicted per group in Fig. 2. The SMR
power increased linearly in function of training runs (F(1,
132)=27.6; MSE=18.5, p=5.76x 10~ "; #* =0.18). This is
indicative of a strong learning effect during neurofeedback.
The learning effect was under influence of the covariates
mindfulness (F(1, 132)=4.3; MSE=2.8; p=0.04; °=0.03)
and SMR baseline power (F(1, 132)=4.0; MSE=2.7,
p=0.05; 7”=0.03). The weak correlations individual
learning effect vs. mindfulness (r(142)=0.17; p=0.04)
and individual learning effect vs. SMR baseline power
(r(142) =—0.18; p=0.04) were observed.

The learning effect interacted with the sex of the experi-
menter (F(1, 132)=6.0; MSE=4.0; p=0.02; 172 =0.04).
The triple interaction sex of experimenter vs. sex of par-
ticipant vs. learning effect just failed to reach significance
(F(1, 132)=3.6; MSE=2.4; p=0.06; n°=0.03), but the
quadruple interaction sex of experimenter versus sex of
participant versus learning effect versus locus of control
in dealing with technology was highly significant (F(1,
132)=9.3; MSE=6.2; p=0.003; 172 =0.07). To understand
this interaction better, we examined the correlation between
locus of control in dealing with technology and the learning
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effect in the four groups of participants. A strong posi-
tive correlation was obtained in the Female,,,—Female,,
group (r(19)=0.79), while no correlation was obtained in
the other three groups (all 7’s <+0.1). Moreover, we com-
pared pairwise the learning effect across groups using Holm
adjusted post-hoc contrasts. Only the comparison between
Female,,,—Female,, ;. and Male , —Female,, ;. reached sig-
nificance (F(1, 110)=8.0; sum of squares=0.45; p=0.01;
7?=0.07). As depicted in Fig. 3, female participants trained
by female experimenters learned significantly less than their
counterparts trained by male experimenters. The comparison
of individual learning slopes with O revealed no evidence of
learning in the group Female,,,-Female,, ., (b=—0.018,
95% CI (—0.13, 0.09); #(18) =—0.34, p=0.74). In all other
groups, the learning effect was consistently larger than 0
[Female,,,~Male,,;.: #=0.086, 95% CI (0.018, 0.15);
Male,,,~Female,,;.: #=0.172, 95% CI (0.08, 0.26);
Male,,,~Male,,.;: b=0.14, 95% CI (0.056, 0.22)], and
statistically significant (Female,,,~Male,,;.: #(56) =2.54,
p=0.014; Male,,,—Female, ;. #(28)=3.89, p=0.001;
Male,,,-Male,;.: #(37)=3.44, p=0.001). In summary,
the quadruple interaction is characterized by (i) absence of
learning and (ii) presence of a strong positive correlation
between locus of control in dealing with technology and the
learning effect in the Female,,,-Female, ;.only, but not the
other groups.

Discussion

In the present study, we disclosed effects of gender on
the learning outcomes observed during a session of SMR
neurofeedback training. The combination female experi-
menter—female participant hampered the training outcomes

SMR slope by group
0,25 ® female participant
M male participant

0,2

0,15

0,1

—

0,05

z-transformed slopes

-0,05

0,1

female male

Fig.3 Z-transformed SMR slopes averaged per group. The connect-
ing line represents a significant difference between groups (p <0.05,
corrected for multiple comparisons)

of the last, so that no learning effect was observed in this
group. Sex-related effects remained significant after removal
of the effects of experimenter, participant’s mindfulness, and
participant’s baseline SMR power. Moreover, an associa-
tion between locus of control in dealing with technology
and individual learning outcomes was observed only when
female participants were trained by female experimenters. In
the following, these results will be discussed in more detail.

Higher levels of mindfulness were associated with higher
ability to up-regulate the SMR. These results corroborate
previous studies showing a positive effect of mindfulness
on the ability to modulate brain signals in NF training (Kik-
kert 2015; Kober et al. 2017b). Interestingly, mindfulness
did not differ between female and male participants in the
present study. Moreover, analyses revealed that the effect
of mindfulness on the ability to up-regulate SMR remains
significant after removing the effects of locus of control in
dealing with technology, experimenter, and SMR baseline
power. Therefore, a specific albeit weak positive impact of
mindfulness on the ability to up-regulate SMR seems to be
detectable even when neurofeedback training is limited to a
single session of about half an hour. The reasons why the
estimate of the impact of mindfulness on neurofeedback
training seems to be stronger in previous studies seem to be
twofold. The strong positive correlation observed by Kikkert
(2015) was calculated after participants trained for several
sessions, what reveals more clearly individual differences
between responders and non-responders. In that study, par-
ticipants trained theta inhibition and beta enhancement and
not SMR up-regulation, so that the correlation with mindful-
ness reported by Kikkert (2015) cannot be directly compared
with our results. Moreover, the statistical size of the positive
effect of mindfulness as observed by Kober et al. (2017b)
was obtained in a comparison of a group of highly spiritual-
and strongly mindful-participants with average controls. For
these reasons, one may argue that the positive association
between mindfulness and the ability to up-regulate SMR
observed in the present study is in line with the literature
(Kikkert 2015; Kober et al. 2017b). The ability to focus
in the present moment and empty the mind from intrusive
thoughts seems to be advantageous for SMR up-regulation
training even when the amount of training is very limited
(Kober et al. 2013, 2017b).

A weak negative correlation between SMR baseline
power and SMR slopes was observed. These results seem to
contradict previous studies indicating a positive association
between SMR regulation and SMR power at resting-states
(Blankertz et al. 2010; Reichert et al. 2015). In contrast to
the present study, evidence that higher SMR resting-states
power are associated with better up-regulation of SMR
was obtained in training programs involving several train-
ing sessions (Reichert et al. 2015). Moreover, the disparity
between the present results and those reported by Reichert
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et al. (2015) may be due to differences in how SMR baseline
power estimates were obtained in both studies. Reichert et al.
(2015) estimated the SMR baseline power based on a 2 min
resting-states measurement with a blank computer screen. In
the present study, SMR baseline power was obtained during
a 2 min measurement in which a moving bar was visible.
Given that the measurements of SMR baseline power are not
directly comparable with those employed by Reichert et al.
(2015; see also Blankertz et al. 2010), the present results are
not conclusive regarding possible advantages or disadvan-
tages of having higher SMR baseline power for SMR up-
regulation. Despite these limitations, the present results do
not jeopardize the interpretation of the role of sex and locus
of control in dealing with technology in the up-regulation of
SMR. Since SMR baseline power was comparable across all
four groups, gender effects on the outcomes of neurofeed-
back training cannot be attributed to a general inflation or
suppression of SMR power in some of the groups.

The most important results of the present study are the
absence of SMR upregulation observed when female par-
ticipants were trained by female experimenters. Since we
controlled for the effect of individual experimenters in the
statistical analyses by means of a random-effect with 13 lev-
els, the sex differences observed in the present study are not
attributable to the personal influence of single individuals,
but seem to have a broader scope. Moreover, not only the
regression slope representing the learning effect was not sig-
nificant, but also the number of responders in this group was
lower than expected by chance when considering the rest of
participants of the present study as a reference. Also when
taking other studies as a reference to estimate the number
of responders (i.e. 75% in Kober et al. 2015), the number
of responders in the group of female participants trained
by female experimenters is also low. In contrast, the three
other groups showed learning outcomes largely comparable
among themselves as well as with previous studies (Kober
et al. 2015). Since the effect of individual experimenter
was also considered in the statistical models, these results
indicate that the combination of female experimenter and
female participant is unfavorable for the up-regulation of
the SMR. Importantly, a strong positive correlation with the
KUT was observed only in the group of female participants
trained by female experimenters. This contradicts previous
findings in two different ways. First, Witte et al. (2013) only
observed correlations after 10 sessions training, not after the
very first one. Second, the correlations observed by Witte
et al. (2013) were negative. Witte et al. (2013) argued that
the negative correlation between locus of control in deal-
ing with technology and SMR upregulation is due to the
negative effect of control expectations on neurofeedback
learning, for it is based mainly on implicit processes beyond
explicit control beliefs and expectations. Since the opposite
effect was observed in the present study after a much shorter
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training, the determinants of a correlation in the two stud-
ies are probably not the same. The sex differences observed
during neurofeedback learning may have a psychosocial ori-
gin and be unrelated to basic mechanisms of implicit learn-
ing. One possibility is that asking participants about locus
of control in dealing with technology framed the training
situation inadvertently by using the specific scale (Schwarz
et al. 2016). Considering that locus of control in dealing with
technology are associated with personality traits (Saleem
et al. 2011) and the subjective norm (Venkatesh and Morris
2000) in female participants only, the interaction between
female participant and female experimenter may involve an
extra load of expectancy when compared to the interactions
involving at least one male individual. This extra load of
expectations may consume cognitive resources necessary for
neurofeedback training (Schwarz et al. 2016; see also Kober
et al. 2013). Considering that even undergraduate students
trained in neurosciences may show an implausibly high
degree of confidence in the effectiveness of imaging technol-
ogy (Ali et al. 2014) such as neurofeedback, the emergency
of expectancy effects merely by the use of a scale to measure
locus of control in dealing with technology is by no means
surprising or trivial. To the contrary, they provide evidence
that psychosocial factors interfere with neurofeedback train-
ing outcomes (Thibault and Raz 2017).

Even if an undesired framing effect was uniquely respon-
sible for the present results, the influence of psychosocial
effects on neurofeedback training outcomes will probably
not be suppressed by the removal of this control beliefs
scale from the test protocol, but may take many other forms,
which hitherto have not be investigated empirically (Thibault
and Raz 2017). A recent review points out that sex of experi-
menter as well as sex of participant may be responsible for
the lack of replicability of the outcomes of clinical interven-
tions (Chapman et al. 2018). Accordingly, the relevance of
our results is diminished, since they indicate that even subtle
aspects of the context in which neurofeedback training is
performed may elicit specific psychophysiological responses
(Schwarz et al. 2016) and change outcomes substantially.
Although the effects of sex of participant and experimenter
on the individual ability to up-regulate SMR as reported
in the present study have only small or moderate statistical
size and may be attributable to the framing caused by the
employment of a questionnaire of locus of control in dealing
with technology, they should not be neglected. First, gen-
der of participants was not assessed directly in the present
study, only their biological sex. A more detailed characteri-
zation of participants and experimenters regarding the trait
masculinity/femininity may reveal more pronounced effects
(Bussey and Bandura 1999). Second, the typical design of
neurofeedback studies includes only a modest number of
participants, which is insufficient to detect the presence of
more subtle (but existent) statistical effects. Consequently,
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the estimates of SMR up-regulation observed in the litera-
ture may be biased by systematic sources of heterogeneity
that reduce the estimated treatment effect. Third, gender of
experimenter and gender of participants should be consid-
ered more earnestly in the design of neurofeedback inter-
ventions (Chapman et al. 2018). Finally, the existence of a
substantial number of non-responders among participants
trying to self-regulate their brain activity calls for the devel-
opment of a model of the determinants of neurofeedback
outcomes (Enriquez-Geppert et al. 2017), in which psycho-
social effects should be considered as well (Thibault and
Raz 2017).

Acknowledgements Open access funding provided by University of
Graz.

Compliance with Ethical Standards

Conflict of interest Guilherme Wood and Silvia Erika Kober report no
conflicts of interest.

Ethical Approval All procedures performed were in accordance with
the ethical standards of the responsible committee on human experi-
mentation (institutional and national) and with the Helsinki Declaration
of 1975.

Informed Consent Informed consent was obtained from all patients
included in the study.

Open Access This article is distributed under the terms of the Crea-
tive Commons Attribution 4.0 International License (http://creativeco
mmons.org/licenses/by/4.0/), which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided you give appropriate
credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.

References

Alabas, O. A., Tashani, O. A., Tabasam, G., & Johnson, M. 1. (2012).
Gender role affects experimental pain responses: A systematic
review with meta-analysis. European Journal of Pain, 16(9),
1211-1223.

Ali, S. S., Lifshitz, M., & Raz, A. (2014). Empirical neuroenchantment:
From reading minds to thinking critically. Frontiers in Human
Neuroscience, 8, 357.

Alkoby, O., Abu-Rmileh, A., Shriki, O., & Todder, D. (2017). Can we
predict who will respond to neurofeedback? A review of the inef-
ficacy problem and existing predictors for successful EEG neuro-
feedback learning. Neuroscience, S0306-4522(16), 30757-30766.

Aslaksen, P. M., Myrbakk, I. N., Hgifgdt, R. S., & Flaten, M. A. (2007).
The effect of experimenter gender on autonomic and subjective
responses to pain stimuli. Pain, 129(3), 260-268.

Beier, G. (1999). Kontrolliiberzeugungen im Umgang mit Technik.
Report Psychologie, 9, 684—693.

Beier, G.(2004). Kontrolliiberzeugungen im Umgang mit Technik: ein
personlichkeitsmerkmal mit Relevanz fiir die Gestaltung technis-
cher Systeme (Doctoralthesis). Available from GESIS database,
Record No. 20040112708.

Birbaumer, N., Ruiz, S., & Sitaram, R. (2013). Learned regulation of
brain metabolism. Trends in cognitive sciences, 17(6), 295-302.

Blankertz, B., Sannelli, C., Halder, S., Hammer, E. M., Kiibler, A.,
Miiller, K. R., ... Dickhaus, T. (2010). Neurophysiological pre-
dictor of SMR-based BCI performance. Neuroimage, 51(4),
1303-1309.

Brain Products GmbH. (2009). BrainVision Analyzer 2.0.1 User Man-
ual (3rd ed.), Munich, Germany.

Burde, W., & Blankertz, B.(2006). Is the locus of control of reinforce-
ment a predictor of brain-computer interface performance? In
Proceedings of the 3rd International Brain-Computer Interface
Workshop and Training Course, Graz, Austria, pp. 76-77.

Bussey, K., & Bandura, A. (1999). Social cognitive theory of gender
development and differentiation. Psychological Review, 106(4),
676-713.

Chapman, C. D., Benedict, C., & Schitth, H. B. (2018). Experimenter
gender and replicability in science. Science Advances, 4(1),
e1701427.

Enriquez-Geppert, S., Huster, R. J., Ros, T., & Wood, G. (2017). Neu-
rofeedback. In: L. Colzato (Ed) Theory-driven approaches to cog-
nitive enhancement (pp. 147-164). Cham: Springer.

Gruzelier, J. H. (2014). EEG-neurofeedback for optimising per-
formance. I: A review of cognitive and affective outcome in
healthy participants. Neuroscience & Biobehavioral Reviews, 44,
124-141.

Huffman, A. H., Whetten, J., & Huffman, W. H. (2013). Using tech-
nology in higher education: The influence of gender roles on
technology self-efficacy. Computers in Human Behavior, 29(4),
1779-1786.

Kallai, I., Barke, A., & Voss, U. (2004). The effects of experimenter
characteristics on pain reports in women and men. Pain, 112(1),
142-147.

Kikkert, A. (2015). Predictors of neurofeedback efficacy: An explora-
tory study to the influence of personality and cognitive charac-
teristics on the efficacy of theta and beta neurofeedback training.
Dissertation, University of Leiden.

Kober, S. E., Witte, M., Neuper, C., & Wood, G. (2017a). Specific or
nonspecific? Evaluation of band, baseline, and cognitive speci-
ficity of sensorimotor rhythm-and gamma-based neurofeedback.
International Journal of Psychophysiology, 120, 1-13.

Kober, S. E., Witte, M., Ninaus, M., Koschutnig, K., Wiesen, D.,
Zaiser, G., ... & Wood, G. (2017b). Ability to gain control over
one’s own brain activity and its relation to spiritual practice: A
multimodal imaging study. Frontiers in Human Neuroscience, 11,
271.

Kober, S. E., Witte, M., Ninaus, M., Neuper, C., & Wood, G. (2013).
Learning to modulate one’s own brain activity: The effect of spon-
taneous mental strategies. Frontiers in Human Neuroscience, 7,
695.

Kober, S. E., Witte, M., Stangl, M., Viljamie, A., Neuper, C., & Wood,
G. (2015). Shutting down sensorimotor interference unblocks the
networks for stimulus processing: An SMR neurofeedback train-
ing study. Clinical Neurophysiology, 126(1), 82-95.

Pinhas, M., Tzelgov, J., & Ganor-Stern, D. (2012). Estimating linear
effects in ANOVA designs: The easy way. Behavior Research
Methods, 44(3), 788-794.

Reichert, J. L., Kober, S. E., Neuper, C., & Wood, G. (2015). Resting-
state sensorimotor rthythm (SMR) power predicts the ability to
up-regulate SMR in an EEG-instrumental conditioning paradigm.
Clinical Neurophysiology, 126(11), 2068-2077.

Saleem, H., Beaudry, A., & Croteau, A. M. (2011). Antecedents of
computer self-efficacy: A study of the role of personality traits
and gender. Computers in Human Behavior, 27(5), 1922-1936.

Schwarz, K. A., Pfister, R., & Biichel, C. (2016). Rethinking explicit
expectations: Connecting placebos, social cognition, and contex-
tual perception. Trends in Cognitive Sciences, 20(6), 469—480.

@ Springer


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

300

Applied Psychophysiology and Biofeedback (2018) 43:293-300

Sitaram, R., Ros, T., Stoeckel, L., Haller, S., Scharnowski, F., Lewis-
Peacock, J., ... Birbaumer, N. (2017). Closed-loop brain train-
ing: The science of neurofeedback. Nature Reviews Neuroscience,
18(2), 86-100. https://doi.org/10.1038/nrn.2016.164.

Strehl, U. (2014). What learning theories can teach us in designing neu-
rofeedback treatments. Frontiers in Human Neuroscience, 8, 894.

Thibault, R. T., Lifshitz, M., & Raz, A. (2016). The self-regulating
brain and neurofeedback: Experimental science and clinical prom-
ise. Cortex, 74, 247-261.

Thibault, R. T., Lifshitz, M., & Raz, A. (2017). Neurofeedback or neu-
roplacebo? Brain, 140(4), 862-864.

Thibault, R. T., & Raz, A. (2017). The psychology of neurofeedback:
Clinical intervention even if applied placebo. American Psycholo-
gist, 72(7), 679-688.

Venkatesh, V., & Morris, M. G. (2000). Why don’t men ever stop to
ask for directions? Gender, social influence, and their role in

@ Springer

technology acceptance and usage behavior. MIS Quarterly, 24,
115-139.

Walach, H., Buchheld, N., Buttenmuller, V., Kleinknecht, N., &
Schmidt, S. (2006). Measuring mindfulness—the Freiburg mind-
fulness inventory (FMI). Personality and Individual Differences,
40, 1543-1555.

Witte, M., Kober, S. E., Ninaus, M., Neuper, C., & Wood, G. (2013).
Control beliefs can predict the ability to up-regulate sensorimo-
tor rhythm during neurofeedback training. Frontiers in Human
Neuroscience, 7, 478.

Wood, G., Kober, S. E., Witte, M., & Neuper, C. (2014). On the need
to better specify the concept of “control” in brain-computer-inter-
faces/neurofeedback research. Frontiers in Systems Neuroscience,
8, 171.


https://doi.org/10.1038/nrn.2016.164

	EEG Neurofeedback Is Under Strong Control of Psychosocial Factors
	Abstract
	Introduction
	Methods
	Participants
	Freiburg Mindfulness Inventory (FMI, Short Version, Walach et al. 2006)
	Perceived Locus of Control in Dealing with Technology Questionnaire (KUT)
	EEG RecordingNeurofeedback Training
	Statistical Analysis

	Results
	NF Outcomes and Their Determinants

	Discussion
	Acknowledgements 
	References


