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ABSTRACT

Introduction: A relatively specific quantitative Electro-
encephalogram (qQEEG) signature is shown to be indicative
of working memory deficits in low performing high school
students. Previous studies have shown that Theta/Beta (T/B)
ratio measured by gEEG is an indicator of poor Attention Control
(AC) and that high T/B ratio may be diagnostic of attention
deficit disorders.

Aim: This study tests the hypothesis that high T/B ratio measured
by gEEG may be associated with low academic performance in
a medical school curriculum.

Materials and Methods: Nine healthy male volunteers were
subjected to 5-10 minutes of qEEG measurements at 19
electrode sites, under Eyes-Open (EO) and Eyes-Closed (EC)
conditions. The qEEG measurements were performed for three
days before each of the first two block examinations, covering
standard first semester integrated basic science courses.
Meanz+Standard Deviations (SD) of the amplitudes, expressed
in pyV, and of the mode frequency in each of four standard

INTRODUCTION

Learning requires individuals in a society to interact with objects
in their environment and with other individuals. Depression
and anxiety are reported to be good predictors for academic
underachievement [1], probably because they are markers for the
ability of individuals to interact effectively with their society. Another
school of thought is that overall health and wellness is correlated
with academic performance [2]. Academic underachievement has
been largely viewed as a function of low intelligence, motivation
and/or socioeconomic status [3,4]. However, this viewpoint does
not account for the large number of highly intelligent, motivated
and affluent individuals who exhibit academic underachievement.
Individuals categorised by Myers-Briggs Personality Type as
introverted personalities outperformed Myers-Briggs Type
extroverted personalities in a first year Australian university
chemistry course [5]. Individuals with reflective personalities and
visual learning style exhibited the best academic performance in an
ophthalmology course for fifth year students in a Chilean Medical
School [6]. It has been long hypothesised that inter-individual
differences in learning style preference (e.g., auditory vs. visual
learning) may account for academic underachievement. However,
learning style preference is difficult to quantify and most curricula
require an individual to successfully employ varied learning styles.
Indeed, research on optimising academic performance has
suffered from an inability to translate what is known about an
individual’s learning style preference to how effectively he/she is
able to use the critical nodes and hubs in his/her cerebral cortex
for learning.
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bandwidths (delta, theta, alpha, beta), expressed in hertz, were
measured. T/B ratio was then computed.

Results: Mean theta and beta amplitudes increased
significantly and T/B ratio decreased significantly for both the
EO and EC conditions. Dominant (mode) theta frequency also
increased. Overall inter and intra-hemispheric theta and beta
band coherences increased for both the EO and EC conditions
between the Block 1 and Block 2 exams; theta intra-hemispheric
coherence was significant only for the EC condition. Correlations
between Human Structure and Function (HSF) Block 2 exam
scores and overall inter and intra-hemispheric coherences were
significant for the beta bandwidth under the EC condition only.

Conclusion: These findings suggest that high T/B ratio, a
gqEEG indicator of AC, may be associated with low academic
performance. Future studies including a larger number of
subjects should be done to determine whether these findings
are gender-specific and whether lowering the T/B ratio is a
predictor of medical school performance and other academic
challenges.
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This impediment to studying academic performance has been
effectively overcome by the advent of computer-based technologies
for measuring electrical and metabolic functions of the cerebral
cortex (e.g., qEEG, functional MRI) and for psychometric testing.
Whereas, functional MRI (fMRI) provides information about the
metabolic activity of the brain, gEEG is primarily a measure of
electrical activity. Because of the tight coupling between metabolic
and electrical signaling in the brain [7], each can be viewed as
a surrogate for the other. In that context, an inexpensive qEEG
recording may be useful as a surrogate for an expensive fMRI
recording [8,9]. In recent years, gEEG has been approved by the
US FDA as a diagnostic and, through neurofeedback training, a
treatment tool for identifying children diagnosed with Attention
Deficit Disorder (ADD) and Attention Deficit Hyperactivity Disorder
(ADHD) syndromes [10]. In conventional EEG, a trained observer,
usually a physician, visually detects and reports abnormal
waveforms such as spikes for the purpose of diagnosing epilepsy
or uncharacteristic frequencies. Such frequencies are usually slow
waves for identifying brain areas affected by lesions such as those
created by tumours, ischaemia, infarct or stroke. The qEEG differs
from conventional EEG primarily by the data analysis. Because it is
a time series, the analogue data is decomposed to a Fast Fourier
Transform (FFT), expressed in individual frequency bands, as a
power spectrum. The FFT data for each electrode are expressed
in voltage amplitude or power and dominant frequency for each of
the four standard EEG frequency bands: delta (2-4 Hz), theta (4-7
Hz), alpha (8-12 Hz) and beta (13-30 Hz).The gEEG is shown to be
useful for selecting those children and adults who are likely to be
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responsive to treatment with neurostimulants [11-13]. The qEEG
is also becoming more widely used for neurofeedback training in
both athletics and academics. The qEEG profiles were indicative
of improved athletic performance in major league baseball players,
and in olympic athletes with performance deficits following injuries
[14]. The gEEG based neurofeedback training is also shown
to be effective in improving neurosurgical skills in ophthalmic
microsurgeons [15]. A relatively specific gEEG signature is shown
to be indicative of working memory deficits in low-performing high
school students, compared to their high-performing counterparts
[16]. Specific qEEG changes, indicative of increased brain
efficiency, may also result from several practices of yoga [17,18],
suggesting a potential of yoga training to generate improvements
in academic performance.

Previous studies have shown that quantitative gEEG T/B ratio is
an indicator of poor AC and that high T/B ratio may be diagnostic
of ADD [19]. Since the 1970s, there has been increasingly more
research concerning the link between EEG abnormalities and
individuals with ADHD [20]. A meta-analysis reported that the
increase in the T/B power ratio is likely the most reliable EEG
finding in ADHD to date [21]. Besides the potential for clinical
ADHD diagnosis, there is increased interest in the T/B ratio in
healthy adults [22]. This pilot study was, therefore designed to
test the hypothesis that high T/B ratio may be associated with low
academic performance in a medical school curriculum.

MATERIALS AND METHODS

This study was approved by the American University of Antigua
College of Medicine Research Committee, Antigua and informed
consent was obtained from the study participants (February 2017).
Using the inputs from the study done by Moore CG et al., the final
sample size for the present study was calculated to be 10 [23].
Therefore, 10 subjects were recruited for the study. One subject
discontinued the study due to his ill health. Female participants
were not included in this study owing to the difficulty in carrying
out the procedure on them and to avoid confounding due to
hormonal changes.

The nine volunteers were subjected to 5-10 minutes of qEEG
measurements at 19 standard electrode sites, under EO and EC
conditions[11-19]. The gEEG measurements were performed using
the Brain Master Discovery System (Brain Master Technologies,
Inc., Bedford, OH, USA), three days before each of the first two
summative block examinations covering standard first-semester
integrated basic science courses. The gEEG measurements were
performed with subjects seated comfortably in a darkened room,
while gazing at a blank wall during the EO and EC conditions.
Mean+SD of the amplitudes, expressed in pV, and of the mode
frequency in each bandwidth, expressed in Hz were measured
for the following standard QEEG frequencies: delta (2-4 Hz),
theta (4-7 Hz), alpha (8-12 Hz) and beta (13-30 Hz) after manual
editing using the New Mind Maps online editing tool (New Mind
Technologies, Roswell, GA, USA). T/B ratio was computed.

STATISTICAL ANALYSIS

Statistical significance of differences between the two block
examinations was determined using the 2013 Microsoft Excel
statistical software package. Statistical significance was guaranteed
by Student’s t-test, at p<0.05. Significance of correlations was
determined by Pearson product-moment correlation coefficient (r),
at p<0.05.

RESULTS

[Table/Fig-1,2] show that the mean theta and beta amplitudes
increased significantly between the two block examinations. EO
theta increased from 5.9+1.2 pV to 8.6+1.2 pV and EO beta from
41+£1.7 pV to 7.8£2.1 pV (p<0.001). EC theta increased from
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5.8+1.1 puVto 7.3+1.4 pV (p<0.01). EC beta increased from 4.2+1.1
pVto 7.7+2.1 pV (p<0.05).
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[Table/Fig-1]: Theta amplitude. Bars represent meanz+standard deviation of

quantitative electroencephalographically measured 4-7 Hz brain waves, expressed in
uV, before and after their first two basic science block examinations (Block 1, Block 2).
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[Table/Fig-2]: Beta amplitude. Bars represent meanzstandard deviation of
quantitative electroencephalographically-measured 13-30 Hz brain waves, expressed
inpV, before and after their first two basic science block examinations (Block 1, Block 2).

Y

[Table/Fig-3] demonstrates that T/B ratio decreased significantly for
both the EO and EC conditions, from 1.4+0.1 to 1.2+0.2 (p<0.01)
and from 2.0+1.2 to 1.0+0.1 (p<0.05), respectively.

Theta/BetaRatio

3.5

[Table/Fig-3]: Theta/beta ratio. Bars represent the ratio of quantitative electro-
encephalographically-measured theta (4-7 Hz) and beta (13-30 Hz) brain waves,
before and after their first two basic science block examinations (Block 1, Block 2).

Standard deviation of the theta, alpha and beta amplitudes increased
significantly, but only for the EO condition. SD of the theta amplitude
increased from 3.0+0.8 uV to 4.0+0.4 pV (p<0.001). SD of the alpha
amplitude increased from 5.8+2.2 uV to 8.6+2.4 uV and SD of the
beta amplitude increased from 1.8+0.4 pV to 3.3+0.8 pV (p<0.01).
Dominant (mode) theta frequency also increased from 4.8+0.3 Hz
t0 5.2+0.4 Hz (p<0.05).
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[Table/Fig-4] shows that overall inter and intra-hemispheric theta
and beta coherences increased for both the EO and EC conditions
between the Block 1 and Block 2 exams (p<0.001). The increase
in theta intra-hemispheric coherence was significant only for the EC
condition. An increase in alpha intra-hemispheric coherence was
observed, and was significant only for the EO condition (p<0.05).

Overall Beta Coherences

100

80 p<0.001

p<0.001

Percent (%)

[Table/Fig-4]: Beta coherences. Bars represent mean+standard deviation of
quantitative electroencephalographically-measured beta bandwidth (13-30 Hz)

brain wave inter-hemispheric and intra-hemispheric (overall) coherences, expressed
in percent (%),before and after their first two basic science block examinations
(Block 1, Block 2).

The correlations between HSF Block 2 exam scores and overall intra
and inter-hemispheric coherences were found to be significant for
the beta bandwidth under the EC condition only (r=0.69, p<0.05).
The Block 1 and Block 2 EO and EC T/B ratio values were computed
electronically and those computed manually were correlated (Block
1:r=0.70, p<0.05; Block 2: r=0.97, p<0.001).

[Table/Fig-5] shows that the Block 2 T/B ratios and the Block 2
HSF examination scores were also correlated across both the
EO and the EC conditions (r=-0.58, p=0.007). This is one of the
more interesting findings of this study. This finding indicates that
the subjects scoring highest on the exam, a measure of academic
achievement, tends to have the lowest T/B ratio, and vice versa.
This finding also seems to support our working hypothesis that
lower academic achievement may be related to lower AC indicated,
in this study, by higher T/B ratio.
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[Table/Fig-5]: Correlation between exam scores and theta/beta ratio. Linear
logistical regression analysis of second block examination scores and their ratios of

quantitative electroencephalographically measured theta (4-7 Hz) and beta (13-30 Hz)
brain waves.

DISCUSSION

The main drawback of conventional EEG is its inherent subjectivity,
animpediment to using EEG as a research tool. The advent of gEEG
technology has overcome this impediment by providing precise
measurements of voltage and dominant frequency within each of
the standard EEG frequency bands of interest; delta, theta, alpha
and beta. Evidence is emerging that T/B ratio might also provide
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an objective marker for prefrontal mediated executive cognitive
control; specifically, AC in healthy adults [22]. There appears to be
a negative relationship between T/B ratio, expression of an AC trait
and stress-induced AC decline, attentional orienting, emotional
regulation, behavioural inhibition, and motivated decision-making
in healthy adults [24]. These findings support the notion that
anxious stress compromises cognitive executive performance,
and indeed, previous research has suggested that the T/B ratio
is related to trait AC, which might moderate the effects of stress
on attentional function [25]. One study was even able to quantify
the moderating influence of the T/B ratio on the effects of stress
on AC. This study found that the T/B ratio explained 28% of
the variance in stress-induced deterioration of self-reported AC
and ultimately concluded that people with elevated T/B ratios
showed stronger declines of subjectively experienced AC [25].
From a behavioural standpoint, in a study comparing 24 adults
with ADHD to 24 normal controls, it was reported that a high T/B
ratio was correlated with quick responses-to-choice stimuli, albeit
with a high error rate. The correlation between high T/B ratio and
difficulties in AC and cognitive performance seems to suggest that
medical students with high T/B ratio would have poor academic
performance. The next logical step is to determine whether T/B
ratio in an adult medical student is relatively inflexible or if it can
improve based on progressively more difficult cognitive challenges.
Studies examining the effects of biofeedback training coupled
with cognitive techniques suggest that a person’s brain can learn
and adapt. Such training purports to increase a person’s ability
to go into a state of relaxed but alert, calm problem-solving, with
focus and concentration and without negative self-talk or circular
thinking [26-28]. When a person achieves this mental state, there
is a corresponding change in their EEG, including lowering of T/B
ratio [26]. There are several reports of neurobiofeedback training
improving AC in teenagers diagnosed with ADHD by improving
T/B ratio [29].

Funding: This work is supported by a grant from the American
University of Antigua College of Medicine Research Fund.

LIMITATION

The main conceptual limitation of this study was that an independent
evaluation of AC was not included. Although, none of the study
subjects qualified for an ADHD diagnosis based on their T/B ratio
values, it will be of interest to see if in a similar, larger cohort the
T/B ratio correlate with AC by psychometric testing. Based on
the statistically significant findings of the present study, a future
study with a larger number of subjects is likely to address the
aforementioned conceptual limitation and to lessen the chances of
a type 2 statistical error commonly found in small pilot studies.

CONCLUSION

These preliminary findings suggest that increases in theta and beta
amplitudes, overall intra and inter-hemispheric theta, alpha and
beta coherences and theta modal frequency may characterise the
changes in the qEEG signatures of first-semester male medical
students between periods of preparation for their first two block
examinations. These results also seem to support the hypothesis
that high theta/beta ratio, a qEEG indicator of AC, may be
associated with low academic performance on block examination
questions covering information presented in a first-semester
integrated medical anatomy-physiology course. The results of this
study should be interpreted carefully with the pending confirmation
by a larger controlled trial. Future studies with a larger number
of subjects may determine whether these findings are gender-
specific and if lowering the T/B ratio is a predictor of medical school
performance and of other academic challenges. Future studies
should also determine genetic profiles and identify specific genetic
haplotypes that are correlated with the T/B ratios or other gEEG
signatures of academic performance.
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