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Abstract

Anxiety is a common, universal human emotion, but excessive feelings of anxiety can negatively affect one’s life satisfaction and quality
of life. Psychotherapy and medication are the most common forms of intervention for anxiety disorders. In a recent development, re-
searchers suggested that neurofeedback training (NFT) has the potential to reduce symptoms of anxiety, claiming to be less invasive
while carrying fewer side effects compared to medication. Therefore, this preliminary study sought to assess whether neurofeedback
training is a viable method to improve symptoms of anxiety in the nonclinical sample. Participants were randomly assigned to two
groups (neurofeedback training group or a control group). Anxiety symptoms were assessed using the Depression, Anxiety and Stress
Scale (DASS-21), the Beck Anxiety Inventory (BAI), and the State-Trait Anxiety Inventory (STAI). The findings showed an overall
improvement in all of the psychological measurements in the neurofeedback group hence provide additional evidence to the field of neu-

rotherapy that neurofeedback training is a viable option to improve anxiety symptoms among university students.
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1. Introduction

In general, anxiety disorder may affect one’s life satisfaction and
quality of life (Grachev & Apkarian, 2000; Rapaport, Clary,
Fayyad, & Endicott, 2005; Stein et al., 2005). Rapaport et. al
(2005) also reported that the quality of life of those with anxiety
disorders are equal, if not worse than those with other chronic
medical mental disorders. Anxiety disorders result in personal
stress and resistance to treatment, in addition to being associated
with high health care costs because people who have generalized
anxiety disorders may develop further conditions (Grachev &
Apkarian, 2000). The most common anxiety disorders are gener-
alized anxiety disorder, panic disorder, social anxiety disorder,
and post-traumatic stress disorder (PTSD) (Kroenke, Spitzer,
Williams, Mohanan, & Lowe, 2007).

Statistics and data around the globe reported there’s an increase in
prevalence of mental health issues, especially depression and
anxiety (Mnookin, 2016; WHO, 2013). Studies also showed that
anxiety disorders are one of the most common and has become a
pandemic even among general populations (Michael, Zetche, &
Margaf, 2007). It was reported that the prevalence rates of anxiety
disorders are between 16.6% and 28.8% worldwide (Walters, Rait,
Griffin, Buszewicz, & Nazareth, 2012). A large community sur-
vey done by the WHO in seventeen countries reported that the
lifetime prevalence of anxiety disorders is 14.3% (Kessler, Chiu,
Demier, & Walters, 2005). The lifetime prevalence of GAD is
0.9 % in Singapore, a country neighboring Malaysia (Chong et al.,
2012).

The most common mental disorders diagnosed in Malaysia are

depression, stress, and anxiety (Hassan, Hayati, & Salmiah, 2015).

The 2011 Malaysia National Health and Morbidity Survey
(NHMS)(Institute for Public Health (IPH) 2011, 2011) reported
that the prevalence of Malaysian adults having generalized anxiety
disorders (1.7%) are consistent with global figures which is be-
tween 1.9% and 2.5%. The NHMS (2011) survey found that those
in in the age bracket of 16 — 24 years had a higher prevalence
(2.1%) of generalized anxiety disorders and was just as high
(2.1%) among those with tertiary education. Therefore, based on
the age group prevalence, university students may be among those
most prone to mental illness.

Past studies revealed that the prevalence of mental health-related
disorders with anxiety and stress are the most common ones
among university students (Dachew, Bisetegn, & Gebremariam,
2015; Lindsey, 2014; Sherina, Rampal, & Kaneson, 2003). Cam-
pus life can be stressful because university students are entering a
new phase of their adulthood life and need to adapt to a new envi-
ronment, decision making, staying away from their families, fi-
nancial management, managing daily life independently, and the
need to cope with academic and social demands (Dyson & Renk,
2006; Institute for Public Health (IPH) 2016, 2016; Shamsuddin et
al., 2013). This predisposes university students to emotional dis-
turbances such as stress, anxiety and depression. Although anxiety
is common and adaptive especially in campus life, having exces-
sive feelings of tension, prolonged worrying, and continuous
stress may lead to serious mental health disorders such as anxiety
and depressive symptoms (Chal6, Pereira, Batista, & Sancho,
2017).
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2. Literature Review

A survey done on four public universities in Klang Valley to de-
termine the prevalence of depression, anxiety, and stress among
506 university students reported that the prevalence of anxiety is
much higher than either depression or stress (Shamsuddin et al.,
2013). The study revealed that 29% had severe or extremely se-
vere anxiety, and 18.6% had moderate anxiety. A similar study
(Ali Sabri, Ghasak Ghazi, Syed Masroor, & Maung Ko, 2014) was
also conducted in one of the public universities in Selangor, re-
vealing that the 51.5% had severe or extremely severe anxiety and
33% had moderate anxiety which is higher than in the study by
Shamsuddin et al. (2013). Both studies used the Depression Anxi-
ety, Stress Scale (DASS-21) to measure the severity of emotional
disturbances. Another study done in Hong Kong was also done to
determine the prevalence of depression, anxiety and stress among
7,915 first-year tertiary education students in Hong Kong using
the DASS-42 version. The study found that 11.3% had severe
anxiety, 7.6% had extremely severe anxiety, and 22.3% had mod-
erate anxiety. Other studies done in the other regions also revealed
a consistent trend in the prevalence of anxiety disorders among
university students (Aktekin et al., 2001; Al-naggar & Al-Naggar,
2012; Aldiabat, Matani, & Le Navenec, 2014; Ozen, Ercan, Irgil,
& Sigirli, 2010; Regehr, Glancy, & Pitts, 2013)

2.1. Common Pharmacological and Nonpharmacologi-
cal Therapy for Anxiety

The most common mode of intervention for anxiety disorders are
pharmacological and/or nonpharmacological strategies such as
psychotherapies (Demos, 2005; Dilbaz & Darcin, 2013). Most
individuals diagnosed with anxiety disorders received pharmaco-
logical treatments such as antidepressants and anxiolytic drugs
(Dilbaz & Darcin, 2013). Some studies suggest that medication
may not be effective, as between one-third to one-half of individ-
uals on antidepressants do not achieve sustained remission from
anxiety (Demos, 2005; Farach et al., 2012; Hammond, 2005b).
About one third and one half of 30% and 50% individuals taking
medication such as selective serotonin reuptake inhibitors (SSRis)
experienced mild side effects such as nausea, diarrhea, headache
and insomnia (Farach et al., 2012).

To date, the most common psychotherapy that and has been em-
pirically established for treating anxiety disorders is cognitive
behavioral therapy (CBT) (Dugas et al., 2010; Stein & Craske,
2017). Cognitive behavioral therapy involves the leaning theory
mechanism and focuses on three main components of anxiety
symptoms, which are cognitive, affective/somatic, and behavior
by applying certain techniques (Simpson, Neria, Lewis-Fernandez,
& Schneier, 2010). Individuals are trained to manage anxiety
symptoms by applying arousal reduction techniques and coping
skills to reduce levels of anxiety autonomic arousal (Dilbaz &
Darcin, 2013; Stein & Craske, 2017). Psychotherapy in Malaysia
focuses on changing behavior, mindset, perception and emotion.
The proposed therapy in Malaysia for anxiety disorders are per-
son-centered therapy, behavioral therapy, cognitive therapy, CBT,
and neuropsychology recovery (Ministry of Health Malaysia,
2011).

2.2. Neurofeedback Training (NFT) for Anxiety Symp-
toms

Research has indicated that anxiety disorders are associated with
functional brain abnormalities (Hammond, 2005a; Heller, Etienne,
& Miller, 1995; Wiedemann et al., 1999). In the past decades there
is a growing interest in neurotherapy techniques or neurofeedback
for various brain-related conditions including attention deficit
hyperactivity disorder (ADHD), epilepsy, autism, and learning
disabilities (Demos, 2005; Evans, 2007; Gunkelman & Johnstone,
2005; Hammond, 2011a). Some studies have documented that the
positive changes happening due to neurofeedback in these condi-

tions were enduring after 1-year up to 10 year follow-ups (Bink,
Bongers, Popma, Janssen, & van Nieuwenhuizen, 2016; Coben &
Padolsky, 2016; Engelbregt et al., 2016). Hence, neurofeedback
training may be an alternative or combined as a modality to psy-
chotherapy (Hammond, 2011b). Demos (2005) emphasized that
neurofeedback is a technological answer to psychotherapy, reha-
bilitation, and weak cerebral function. Neurotherapy is a form of
modulation to change certain aspects of neuron function. The al-
tering process of neuron function may happen through various
experiences such as physical training, learning new tasks, or by
neurofeedback training (Chapin & Russell-Chapin, 2014). Neu-
rofeedback assists individuals in controlling their brain waves
consciously using feedback in the form or visual or/and audio
means (Demos, 2005; Hammond, 2007, 2011b).

Neurofeedback training is a form of operant conditioning
(Enriquez Geppert, Huster, & Herrmann, 2017; Strehl, 2014).
Typically, neurofeedback training involves the placement of one
or more electrodes on certain areas of the scalp and two electrodes
on the earlobes (Demos, 2005; Hammond, 2011b). An amplifier
connected to the electrodes will then provide real time feedback
about the individual’s brain wave activity on the trainer’s and
participant’s computer monitor. The electrical activity is conveyed
to the computer and gives instantaneous feedback to both the
trainer and individual. The real-time visual and audio feedbacks
on the computer screen enable the individual on training to influ-
ence (increasing or decreasing) and gradually change the particu-
lar brain wave activity set by the trainer. This mechanism is based
on operant conditioning (Hammond, 2011b). With continuous
feedback and training, healthier brainwave patterns can be formed
in most people.

Given the rates of anxiety and other related emotional disturb-
ances among university students in Malaysia (Mohammed, Hayati,
& Salmiah, 2016; Shamsuddin et al., 2013; M. S. Sherina, Rampal,
& Kaneson, 2004; Yasin & Dzulkifli, 2011) and the need to find
modes of intervention that are safe and brief, the present study
intends to examine the effectiveness of an 8 weeks (twice weekly,
18 minutes per session) neurofeedback training on reducing symp-
toms of anxiety on university student with high levels of anxiety.
Therefore, the primary objective of this study is to investigate the
application of neurofeedback training to improve symptoms of
anxiety among university students.

3. Materials and Methods

3.1. Participants

A total of 20 participants who exhibited mild and severe level of
anxiety symptoms based on the scores of the Depression, Anxiety
and Stress Scale (DASS-21) (Lovibond & Lovibond, 1995) Beck
Anxiety Inventory (BAI) (Beck et al., 1996), and State-Trait Anx-
iety Inventory (STAI) volunteered to participate in the study. A
total 10 participants were randomly assigned to NFT and another
10 participants (mean age = 22.6, SD = 0.67; male = 2, female =
8) to the control group (mean age = 22.4, SD =.52; male = 4, fe-
male = 6). All participants in both the NFT and control groups
were free of psychotropic medication, previous history of psychi-
atric and neurological disorders, or substance abuse

3.2. Instruments

A within-subjects design was implemented in this preliminary
study, which include a pre-assessment and post-assessment of
their anxiety symptoms. The anxiety symptoms were assessed
using the following instruments:

321 Depression, Anxiety, and Stress Scale (DASS-21)

The DASS-21 by Lovibond and Lovibond (1995) consists of 21
items measuring emotional states of depression (7 items), anxiety
(7 items), and stress (7 items). Participants are asked to use 4-
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point frequency scales to rate the extent to which they have expe-
rienced each symptom over the past week. Higher scores indicate
more frequent symptomatology.

3.2.2 Beck Anxiety Inventory (BAI)

The BAI (Beck et al., 1996) is a self-report instrument consisting
of 21 items measuring common symptoms of anxiety that have
occurred over the past week. Each item is scored on a scale of 0 to
(0= no symptom presence to 4= | could barely stand (severe levels
of the symptoms). The BAI is a brief measure of anxiety. It focus-
es on somatic symptoms of anxiety that was developed as a meas-
ure adept at discriminating between anxiety and depression (Beck,
Epstein, Brown, & Steer, 1988). Higher scores indicate greater
anxiety symptomatology.

3.23 State-Trait Anxiety Inventory (STAI)

The STAI (Spielberger, 1983) comprises of separate self-report
scales for measuring state anxiety and trait anxiety. Each item is
scored on a 4-point rating scale (1 for “almost never” to 4 “almost
always”), with higher scores indicating greater anxiety. Range of
scores for each subtest (state and trait) is 20 — 80.

3.3. Neurofeedback Training

EEGer Neurofeedback software by EEG Spectrum International
Education and Research, Inc. and Thought Technology LTD man-
ufactured amplifier was utilized in the neurofeedback training.
The neurofeedback training occurred twice a week for eight weeks,
each session lasting for 18 minutes. The training protocol em-
ployed based on the arousal checklist. The training site for all
participants was at C4-Al. The training protocol intended to teach
participants to decrease the power spectrum of slow (2-5 Hz and
6-9 Hz) and fast (22-36 Hz) activity while at the same time in-
creasing mid-range (12-15 Hz) activity. Impedance was measured
for both active and reference electrodes and maintained below 12
kOhms. Participants received game-like format training which
utilized both visual and auditory feedback as reinforcement. The
control group did not receive any intervention.

4. Results

In order to evaluate the influence of neurofeedback training, the
NFT group and control group fill up the self-reported DASS-21,
BAI and STAI measurements before the training and after the
training. The scores of the tests were analyzed using non-
parametric (Mann-Whitney U test and Wilcoxon Signed-Ranks
test) analyses since the number of participants was small.

4.1. Comparisons between NFT Group and Control
Group of Pretest and Posttest Scores in DASS-21, BAI,
and STAI

The nonparametric Mann-Whitney U test was used to assess the
statistical differences in the scores of DASS-21, BAI, and STAI
between the NFT and control group. The analysis of pre-scores of
the measurements suggests that both groups (NFT and control
group) did not show any statistical difference in the DASS-21
(depression, anxiety and stress), BAI and STAI (state and trait
anxiety) measurements before starting the NFT training. Table 1
displays the Mann-Whitney U Test between NFT and control
groups.

Observation of the post-scores indicated there are significant dif-
ferences between both groups in the DASS-21 depression and
stress sub-scales. The Mann-Whitney U test indicated that the
post-test scores of the NFT group (Mean Rank= 7.11, n=9) were
significantly lower that the control group in the DASS-21 depres-
sion scale (U=19.00, z=-2.143, p=.032, r=0.492). Similarly in the

DASS-21 stress scale (Mean Rank= 7.11, n= 9) U=19.00, z= -
2.142, p=.032, r=0.491) as depicted in Table 2.

Table 1: Results of the Mann-Whitney U Test to Compare the Groups’
Pretest Scores in DASS-21, BAI, and STAI

Sum
Measure- RENLS of
p— Group n Aver- Rank U z p
age s
DASS-21 el 9 9.72 102.5
° Group
Depression Con- 1 42. 1 .8
Pre-scores trol 0 10.25 87.5 5 4
pass21 | T |9 | 1189 | 83.00
Anxiety Gcroup 070 28 1'4 1
on- 1 107. ’ . )
Pre-scores trol 0 8.30 0 0 0 6
DASS21 | N1 |9 | 1028 | 9250
Group
Stress Con- 1 42, 1 .8
Pre-scores trol 0 9.75 97.50 5 4
NFT
BAI Group 9 11.94 82.50 ” } .
Pre-scores Con- 1 8.25 107.5 5' 14 5
trol 0 ) 0 4
STAI NFT 19 | 967 | 87.00
State CIbiY .8
Pre-scores s . 10.30 103.0 [ 42 | -25 |
trol 0 0
Trait NFT 101.5
Pre-scores Group ¢ S 0 3;' -.95 33

Table 2: Results of the Mann Whitney U Test to Compare the Groups’
Post Test Scores in the DASS-21, BAI, and STAI

Sum
Rank
EEETIS Grou n Aver- o u z
ment p Rank P
age 5
DASS-21 NFT 9 7.11 64.00
Depression Gcroup 1 1260 190 |, '14 .032
3 on- J 5 *
Post-scores ol 0 12.60 0 0 3
DASS-21 NFT 9 7.67 69.00
Anxiety Post- Gcroup 1 210 240 | '73 0,83
on- J . I
0
scores ll 0 12.10 0 3
DASS-21 G'\:EJ 9 7.11 64.00 i
Stress Post- Conp - 50| 190 | 214 | 032
u ] 0 ] s
scores ll 0 12.60 0 2
NFT
BAI Post- Group 2 anz T 335
scores Con- 1 1115 \ -941 | 347
11.15 0
trol 0 0
STAI NFT 9 7.50 67.50
State Post- Il 22.5 8 06
. Con- 1 12.25 1225 0 -1.85 | .064
trol 0 0
Trait Post- NFT 9 8.50 76.50 315 110 268
scores Group 0 7

4.2 Comparisons of Pretest and Posttest Scores in
DASS-21, BAI, and STAI within NFT Group and Con-
trol

In order to assess the statistical differences between the pre-scores
and post-scores of DASS-21, BAI and STAI measurements within
the NFT group, the nonparametric Wilcoxon signed-rank test was
conducted. As displayed in Table 3, there are significant differ-
ences between the pre-test and post-test scores of all psychological
measurements within the NFT group. The analysis indicated that
the post-test scores in all measurements decreased among the NFT
participants after the neurofeedback training. This suggested that
neurofeedback staining significantly improve the anxiety scores
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based on the ratings of DASS-21, BAI and STAI the of the NFT
group.

As shown in Table 4, there are no significant differences between
the pre-test and post-test scores in all the measurement except for
the DASS-21 stress scale (z= -2.536, p=.011, r= .896 ) and state
anxiety scale of the STAI instrument (z= -2.295, p=.022, r=.726).
Given the sum of ranks for the difference scores, the observed
difference are not in favor of positives ranks across all measure-
ments except for the DASS-21 stress scale (negative sum ranks=
36, positive sum ranks= 0 ) and state anxiety scale of the STAI
instrument (negative sum ranks= 6.25, positive sum ranks=.2.5).

Table 3: Results of the Wilcoxon Signed-Ranks Test on the Pretest-
Posttest Scores in the DASS-21, BAI, and STAI in the NFT Group

Mea Sum
Measure- N n of - D =
men ts Ran Rank
k S
DASS-21 Nega-
Depression tive 8 45 36
Post-scores rank - 012 | 0.89
Positive 0 00 00 2'75 2 * 3
Rank ) )
Ties 1
DASS-21 Nega-
Anxiety tive 9 5 45
Post-scores rank ° ]
Positive 0 00 00 2'87 0’98 iz
Rank ) )
Ties 0
DASS-21 Nega-
Stress tive 9 5 45
Post-scores rank ) .007 | 0.89
Positive 0 00 00 2.(()3 £ * 3
Rank ) )
Ties 0
BAI Nega-
Post-scores tive 9 5) 45
rank d ’
Positive 0 00 00 2'?4 O’}l ° 34
Rank ) )
Ties 0
STAI Nega-
State Post- tive 8 515 44 )
scores rank d ’
Positive i 031 031
1| 1.00 1.00 2
Rank
Ties 0
Trait Post- Nega-
scores tive 8 5.25 42 )
rank d .
Positive 1 00 00 2'88 0’97 034
Rank ) )
Ties 0
*p<.05

Table 4: Results of the Wilcoxon Signed-Ranks Test on the Pretest-
Posttest Scores in the DASS-21, BAI, and STAI in the Control Group

Measure- Mean ST
ments ! Rank o z P r
Ranks

DASS-_21 Negative 7 543 28

Depression rank i

Post-scores Positive 5 34 7 1849 .064 .616
Rank
Ties 1

DASS-21 Negative

Anxiety Post- rank . i i )

scores Positive 5 475 95 1848 .065 584
Rank
Ties 0

DASS-21 Negative

Stress Post- rank b i <L )

scores Positive 0 00 00 2536 .011* | .896
Rank
Ties 2

BAI Post- Negative -

Scores il 7 5.64 39.5 1997 220 | .388

Positive
Rank 3 5.17 15.5
Ties 0
STAI
State Post- Negative
scores rank 9 | ez o0 N .022* | 726
Positive 2.295
Rank 2 2.5 5
Ties 0
Trait Post- Negative
scores rank 7 3 . 155 | .474
Positive 1423
Rank 2 5.25 10.5
*p<.05

5. Conclusion

Given the preliminary nature of this study, there are several con-
siderations that need to be taken into account for the next phase of
this study. The statistical analysis results only shows significant
difference in the post-test scores of the DASS-21 depression and
stress subscales between NFT and control group. However, the
values of mean rank and sum of ranks across all measurements for
the NFT group are lower than the control group. It is also worth to
note that the total scores and mean scores of all measurements
showed noticeable improvements (post assessment) in all scales
for the NFB group as compared to the control group. The re-
searchers believe that more NFT sessions may statistically im-
prove the results. The last NFT session was completed a week
before the semester break, hence it was not possible to continue
with more than fifteen sessions. The next study will consider an
average seven to twelve hours of NFT training (17-19 sessions) as
suggested by Hammond (2005b) and increasing the time This
study only employed eighteen minutes per session and increasing
the time to 20-30 minutes per session may yield significant im-
provement (Dreis et al., 2015; Yucha & Montgomery, 2008).
Since this study involved a small sample, a bigger sample will be
needed for the next phase of this study by taking into account
effect size to ensure a more reliable evidence of the effects of NFT
on anxiety symptoms among non-clinical samples. Finally, the
next phase of the study might consider employing an active con-
trol group to truly determine the effect of NFB training. The grow-
ing numbers of mental health problems among university students,
especially stress, anxiety, and depression makes them a population
at risk (Meier and Welch 2015). On the basis of the results ob-
tained in the preliminary analyses, neurofeedback training is a
potential intervention to significantly improve anxiety symptoms
among students sample and deserves further investigation for its
potential to improve the wellbeing and quality of life of this par-
ticular group.
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