
Analysis of cognitive biases with 
EMOTIV brain-computer 

interface

Nataliia Tmienova, Vitalii Mykhalchuk 

Taras Shevchenko National University of Kyiv

III International Scientific Symposium “Intelligent Solutions” 

September 28-30, 2023, Kyiv, Ukraine



Intro

• A cognitive bias is a systematic pattern of 
deviation from norm or rationality in 
judgment. Individuals create their own 
"subjective reality" from their perception of 
the input. An individual's construction of 
reality, not the objective input, may dictate 
their behavior in the world. Thus, cognitive 
biases may sometimes lead to perceptual 
distortion, inaccurate judgment, illogical 
interpretation, and irrationality

#Wikipedia



Cognitive Biases
are deviations from 
normal logical 
decisions, because of 
unconscious cycles 
or loose of control

State of the problem



Experience

Fig 2. Improvised 
Laboratory. Emotiv
Insight 2.0 headset

Fig 1. Session Scheme



Session Design



Data collecting process and technologies

Acc. is for accuracy, RT – response time, PM – performance metrics (attention, engagement, cognitive 
stress), PM2 – emotional performance metrics (excitement, focus, relaxation). ERP (event-related 
potentials) – technology used for computation of RT and PM changes according to actions (key inputs). 





Performogramme Analysis

Recognition of Cognitive Biases

• Based on Performance Metrics 

• Psychological Tests

• And Students Self-Analysis

Task N
Descript.
Type



Session Design

• Professional task example

{“This code have no errors”; “Greatest 
Common Divisor of two numbers must be 
a result of program”; “in 12 line a and b 
must have int index before”; “The result of 
program is 6861”; “No right answers”}

Stimulus

Description
Classification
Translation: 30 sec for primary
+during answering (for 
eyetracking sessions)

Answers Set:

Answer Type: voice input, or spacebar 
for “true” and next for “false”

Time limitations
For answer: 2000ms

Resulting
RT 1200ms average
Acc. 80%
25 participants
25 min sessions 8
Testing period 1 month
Average number of tasks: 10



Collections of Data

• Stimuli (text, code, picture, 
formula etc.)

• Stimuli mode (voice, visual)

• Answer Sets (True/False)

• Answer Types (Spacebar/Next, 
Input, Mental Command)

• EEG

• Performance Metrics

Table 1. Types of Biases

Main Idea of Approach



Description and Evaluation of Biases Influences

• Decision
• Solving
• Bias (Duration; Intensity; Point of Session; Number of Task; Performance 

Metrics)
• Normal (average) Indexes of Performance
E.g. 21 min of session. 4th test (Stroop effect), 20-22s, 25th Task (orange; 
green), Answer: g; Acc. 0 (out of time); Attention decrease from 38 to 21, 
Engagement decrease from 42 to 23, RT 1008 ms, Cognitive Stress 35 
(average norm). Participant don’t remember own state and decision 
progress. Reason: tiredness. Biases: motivational (0.78), attention (0.55), 
perception (0.54), memory (0.64). 

𝐶𝐵𝑅𝑇 =
𝑅𝑇−𝑅𝑇𝑛𝑜𝑟𝑚

𝑅𝑇𝑛𝑜𝑟𝑚
𝐶𝐵𝐴𝑐𝑐. =

𝐴𝑐𝑐.−𝐴𝑐𝑐.𝑛𝑜𝑟𝑚

𝐴𝑐𝑐.𝑛𝑜𝑟𝑚
𝐶𝐵𝑃𝑀 =

𝑃𝑀−𝑃𝑀𝑛𝑜𝑟𝑚.

𝑃𝑀𝑛𝑜𝑟𝑚

𝑁𝑝𝑒𝑓𝑓. =
𝐴𝑐𝑐.

𝑅𝑇



Quantum neural network

Quantum neural network can be used for efficient system design. In quantum computation | ۧ𝜓 = 𝛼| ۧ0 + 𝛽| ۧ1 , 𝛼 2 + 𝛽 2 = 1 is a two-

dimensional complex vector normalized representation for a single qubit state, where 𝛼 2 and 𝛽 2 are the probabilities of observing | ۧ0 and

| ۧ1 from the qubit, respectively. Geometrically represented using polar coordinates 𝜃 and 𝜙 as ۧ𝜓 = 𝑐𝑜𝑠 Τ𝜃 2 ۧ0 + 𝑒𝑖𝜙sin( Τ𝜃 2)| ۧ1 , 0 ≤ 𝜃 ≤
𝜋 and 0 ≤ 𝜙 ≤ 𝜋 for mapping the qubit state into the surface of Bloch sphere. A multi qubit system can be represented as the tensor

product of n single qubits, which exists as a superposition of 2n basis states from | ۧ00…00 to | ۧ11…11 . Quantum entanglement appears as a

correlation between different qubits in this system. For example, in a 2- qubit system
1

2
| ۧ00 +

1

2
| ۧ11 , the observation of the first qubit directly

determines that of the second qubit. Rotation operator gates 𝑅𝑥 𝜃 , 𝑅𝑦 𝜃 , 𝑅𝑧 𝜃 rotates a qubit state in Bloch sphere around corresponding axis

by θ and controlled-X gate entangles two qubits by flipping a qubit state if the other is | ۧ1 .



Biases Evaluation with Pearson correlation

Pearson correlation

𝑟𝑥𝑦 =
σ𝑖=1
𝑛 𝑥𝑖 − ҧ𝑥 𝑦𝑖 − ത𝑦

σ𝑖=1
𝑛 𝑥𝑖 − ҧ𝑥 2σ𝑖=1

𝑛 𝑦𝑖 − ത𝑦 2



Results

• This research is just introductive and very
selective because of specific character of such
investigations, technical conditions of equipment
and software, possible condition of conscious
observation and psychological features, but I
suppose as it is valuable path in this field as these
results will be useful for further researches and
development of cognitive optimization of complex
systems and human-computer interaction.

• Artificial part of interaction can be evaluated on 
efficiency by index of biasing as human part of 
interaction. In this case we should and general 
evaluation will help to evaluate index of efficiency 
of cognitive interaction. 

motivation

memory

perception

memory motivation attention
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Thank you for your attention!
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