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Background and Motivation

• Absolute and relative band powers have been the most widely used
features in studies on functional characteristics of brain oscillations.

• EEG signals are sensitive to measurement noises, muscle artifacts,
etc, which cannot be completely avoided even under watchful control.

• Previously discovered disease biomarkers might not withstand in lon-
gitudinal situation, which put a burden on utilizing EEG as a long-
term monitoring tool for neurodegenerative diseases.

Definition of Reliability
Reliability of features can be defined in 2 ways:
1 Consistency: High correlation across sessions.
2 Agreement: Absolute agreement across sessions.
In this study, we were interested in evaluating absolute agreement.
To mimic a clinical long-term monitoring situation, we expected
the features extracted from different sessions of the same subject
should be in absolute agreement. The problem was formulated as
a 2-way random intercepts model, with both session and subject
being random effects.
Let yi,j be the corresponding spectral power of i-th subject from
j-th session where i = 1, 2, ..., n; j = 1, 2.

yi,j = µ + βi + λj + εij (1)

where βi ∼ N(0, σ2
B), λj ∼ N(0, σ2

L), εij ∼ N(0, σ2
E). From equa-

tion 1, an intraclass correlation can be defined as:
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B
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(2)

The ICC can be interpreted as the proportion of total variance ex-
plained by the corresponding random effect. Degree of reliability
can be categorized into 4 classes according to the confidence inter-
vals of ICC [1]:

ICC Degree of reliability
ICC < 0.5 Poor
0.5 ≤ ICC < 0.75 Moderate
0.75 ≤ ICC < 0.9 Good
ICC ≥ 0.9 Excellent

Data Information

• 16 healthy elderly with average age 64.7 years (SD = 3.16)
• Native Cantonese speaker without known neurological disorders.
• 180 seconds eyes open/closed resting-state EEG for each session

segmented into 2 seconds epochs.
• 2 sessions for each subject separated around a month apart.
• Eyes artifacts removed by independent component analysis (ICA).

Feature Extraction

After preprocessing, absolute and relative power were calculated
(Welch’s method, 1024-point FFT, 50% overlap). The absolute
power is defined as:

Pabsolute =
∑n

i Pi

n
(3)

where Pi and n refers to the power per unit frequency and number
of frequency bins in a particular band respectively. The relative
power is defined as:

Prelative =
∑n

i Pi∑N
k Pk

(4)

where N refers the number of frequency bins in the full band (1-
45Hz) respectively. Spectral powers were then averaged across all
epochs for each subject in each session.

Results - Reliability topographies of spectral powers

The below figures showed the ICC topographies for each eyes condition and band. The five bands are from left to right: delta (1-4Hz), theta(4-8Hz),
alpha(8-13Hz), beta(13-30Hz), gamma(30-45Hz).

Figure 1: ICC topographies from eyes open condition. Top: Absolute power, Middle: Relative power, Bottom: Subfull relative power

By visual inspection, the reliability of absolute delta powers were far
from satisfactory that it might have negatively affected the normaliza-
tion process as being a part of the total power. Such concern motivated
us to consider another measure, the subfull relative power. The calcula-
tion is similar to the relative power (see Feature Extraction), however
the denominator was no longer the full band, it was a reduced full band
(4-45Hz) which the delta band was excluded.
A. Eyes open resting state | Fig. 1
• Reliability in delta/theta band of both absolute and relative power

were far from satisfactory.
• Alpha is the only band which showed good to excellent reliability

across all features.
• Subfull relative power possessed higher reliability than the other two

features, except in alpha band, which the absolute power was still
better.

• Subfull relative power outperformed the 2 traditional powers in beta
band, while its reliability in gamma band was comparable to relative
power.

B. Eyes closed resting state | Fig. 2
• Reliability in delta/theta band were poor across all features.
• Absolute power outperformed relative power in alpha band, with

good to excellent reliability across the whole scalp.
• Reliability in beta and gamma was comparable between absolute and

relative power.
• Subfull relative power have enhanced the reliability of alpha, beta

and gamma band regardless of the spatial location.
Following table showed the summary of reliability classified based on
the 95% confidence intervals of the ICC.

Table 1: Summary table of reliability

Absolute Relative Subfull
ICC open closed open closed open closed
Theta Moderate Poor Poor Poor Moderate Moderate
Alpha Excellent Excellent Moderate Moderate Good Good
Beta Moderate Moderate Good Moderate Excellent Good
Gamma Poor Good Moderate Excellent Good Good

Figure 2: ICC topographies from eyes closed condition. Top: Absolute power, Middle: Relative power, Bottom: Subfull relative power

Discussion

• Relative power did not have consistent advantage in terms of ICC.
Surprisingly, absolute alpha power was much better than its relative
counterpart.

• The often claimed normalization advantage of relative power did
not show in terms of reliability. ICC reduction can be interpreted as
the decrease in explained variances by subjects, which meant the
variances of the corresponding feature either better explained by
session or could not be described under the proposed linear
framework.

• Delta band was probably the source of variance which cause the
relative power to be unreliable, reliability improved across the whole
scalp after removing the delta band.

• Even for subfull relative power, theta and gamma band might not
show stable reliability across the whole scalp, one had to consider
carefully on the spatial location.

• Being unreliable meant any functional mapping studies with such
measures have to be carefully considered. However, it did not
simply mean group differences would be blurred.

• It is important to note that our observations should be constrained
under resting state condition, as different experimental conditions
could lead to changes in brain oscillations.

• The sample size of the study was small, the number of sessions is
too little and more empirical evidence would be needed.

Conclusion

In this study, we have evaluated the reliability of the traditional band
powers under the linear-mixed effect model framework. Results showed
normalization did not help in terms of reliability. Although considering
the subfull relative power did improve the reliability, only alpha and
beta band achieve satisfactory reliability in general, under the resting
state condition.
We believe reliability analysis is not only an important procedure in
searching for EEG biomarkers, but also could provide solid evidence in
functional mapping studies as well as enhance their reproducibility.
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Appendix

Table 2: 5-best electrodes with 95% CI for alpha band power.
type rank channel ICC(EO) channel ICC(EC)
Absolute 1 C4 0.97 (0.91, 0.99) P3 0.97 (0.92, 0.99)

2 CP2 0.97 (0.90, 0.99) CP5 0.94 (0.86, 0.98)
3 CP1 0.96 (0.90, 0.99) P4 0.94 (0.86, 0.98)
4 PZ 0.96 (0.90, 0.99) P7 0.94 (0.85, 0.98)
5 P3 0.95 (0.88, 0.98) PZ 0.94 (0.85, 0.98)

Relative 1 CP1 0.86 (0.68, 0.95) P4 0.78 (0.51, 0.92)
2 C4 0.86 (0.70, 0.95) PZ 0.76 (0.46, 0.91)
3 FC2 0.85 (0.65, 0.95) P8 0.74 (0.45, 0.91)
4 C3 0.84 (0.63, 0.94) P7 0.73 (0.47, 0.89)
5 F4 0.82 (0.60, 0.94) PO4 0.72 (0.44, 0.89)

Subfull 1 CP1 0.95 (0.88, 0.98) O1 0.94 (0.85, 0.98)
Relative 2 P3 0.92 (0.81, 0.97) P4 0.93 (0.83, 0.98)

3 CP2 0.91 (0.79, 0.97) PZ 0.92 (0.82, 0.98)
4 T8 0.91 (0.79, 0.97) PO4 0.92 (0.80, 0.97)
5 CP6 0.90 (0.77, 0.97) CP6 0.91 (0.78, 0.97)
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