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Intro

e 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

Common Causes of Cognitive Bias
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Limits on the mind’s attention Individual motivations
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Mental shortcuts called “heuristics” Social pressure

Emotions
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Cognitive Biases

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

State of the problem

COGNITIVE BIAS CODEX

We store memories differently based

. We notice things already primed in
on how they were experienced

memory or repeated often

We reduce events and lists

What Should We to their key elements
Remember?

Bizarre, funny, visually-striking, or

@ anthropomorphic things stick out more Too M Uch
than non-bizarre/unfunny things .
Information

We discard specifics

i We notice when
to form generalities

something has changed

We edit and reinforce
some memories after the fact

We are drawn to details
@ that confirm our own
existing beliefs
We favor simple-looking options
and complete information over @y
complex, ambiguous options
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We notice flaws in others
@ more easily than than we
notice flaws in ourselves
To avoid mistakes,
we aim to preserve autonomy
and group status, and avoid ®
irreversible decisions
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* Maskad man fallacy #
* Recency llsion @ patterns even when looking
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To get things done, we tend )
to complete things we've

invested time & energy in
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We fill in characteristics from
@ stereotypes, generalities,
and prior histories

To stay focused, we favor the
immediate, relatable thing
in front of us

Need To
Act Fast

We imagine things and people
©  we're familiar with or fond of

To act, we must be confident we E as better
can make an impact and feel what g
we do is important £
We simplify probabilities and numbers Not Enough
5 3 @ to make them easier to think about .
g* Meaning
We project our current mindset and - We think we know what
assumptions onto the past and future ® other people are thinking
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Results
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Session Design
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Data collecting process and technologies

Emotiv insight 2.0

EMOTIV Labs

Stage 1. BCI Literacy test
30" baseline 2'30" gamepiay -
30"endgame ERP, key inputs CNN, SVM, P300
Acc., RT, PM
. Stage 2. Questioner 1
Questioner Personality Type, Mood index Test answers, EEG CNN, SVM, P300
PM 2 (Emotional)

Emotiv Insight 2.0 Stage 3. Session 1. Leaming

EMOTIV Labs 5' baseline 25' gameplay 7'endgame :
EMOTIV Cortex Acc. RT. PM, PM2 ERP, key inputs CNN, SVM, P300
PsychoPy
Emotiv Insight 2.0 Stage 4. Working/Training activity
EMOTIV Labs 5' baseline 25' gameplay 7’endgame ;
EMOTIV Cortex Acc. RT. PM, PM2 ERP, key inputs CNN, SVM, P300
PsychoPy
Sta_ge 5. Questioner 2
Questioner Professional Type, Mood index Test answers, EEG CNN, SVM, P300
PM 2 (Emoiional)

Stage 6. BCI Literacy test
30" baseline 2'30" gameplay
30"endgame
Acc., RT, PM

ERP, key inputs CNN, SVM, P300

Emotiv Insight 2.0
EMOTIV Labs

Emoiiv Insight 2.0
EMOTIV Labs
EMOTIV Cortex
PsychoPy

Stage 7. Proficiency test
30" baseline 2'30° gameplay
30"endgame
Acc., RT, PM

ERP, key inputs CNN, SVM, P300

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).
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Performance Metrics This Session

Your session in detail

Click through the phases to see averages in each metric.
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Performance Metrics and Behavioral Performance Over Time

Your progress in detail

Your progress aver past attempts, recorded during Gameplay.

Parformance Metric (Avg.) and Accurasy (%)

Average levels during gameplay

Your results vs your age group (20-22) results.
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Performogramme Analysis

Task N 1 2 3 5 6 7 9
Deseript.| Code Value Graphics | Formal Term Value Array
Type a a b c f C d
RT ms 889 675 753 659 821 743 650
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Session Design

* Professional task example

Stimulus

System;
namespace Samplel
I
L
class Program
’)
L
void Math(string[] args)
I
L

onsole.WriteLine(GCD(a, b));

Long GCD{a, b)

a : GCD(b, a % b);

Description

Classification

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

Answers Set:

{“This code have no errors”; “Greatest

Common Divisor of two numbers must be
a result of program”; “in 12 lineaand b
must have int index before”; “The result of

program is 6861”; “No right answers”}

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

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

e Stimuli mode (voice, visual)

* Answer Sets (True/False)

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

* EEG

e Performance Metrics

Main Idea of Approach

Table 1. Types of Biases

Bias Type
Description

Examples

Reasons

Representation

Perception
Mon-adequate
perception of stimuli

Attention

Deviation of results
or errors because of
lack of attention and
focus

Memory
Mon-adequate or
absence of results

Motivation

Loose of control and
flow, apathy,
boredom

“R" for green “red”
in 5troop test
Cluster illusion

Concentration on
form against quality

Loosing details,
incorrect
calculation ar
comparison

Fast unemotional
pressing keys
without immersion
in task and
performance

Meed for fast answers,
incorrect  performance
prioritization?

Tiredness, effort, brain
inertia®

Tiredness, effort, need
to  rest, unconscious
cycles, lack of time

Loosing of flow state,
depression, stress

Associative variants
Increasing
engagement, loosing
of attention

Mo answer in time
Incorrect answer
Loosing of attention
Low engagement

Mo answer in time
Incorrect answer
Low engagement

MNo answer in time
Incorrect answer
Participant don’t
remember situation
Hight cognitive stress
Low engagement

Low attention




Description and Evaluation of Biases Influences

* Decision
* Solving

* Bias (Du)ration; Intensity; Point of Session; Number of Task; Performance
Metrics

 Normal (average) Indexes of Performance

E.g. 21 min of session. 4t test (Stroop effect), 20-22s, 25t Task (orange;
green), Answer: g; Acc. O (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).

RT_RTnOTm _ ACC_ACCnO'rm

CBpcc. = CBpy =

AcC.norm

PM—-PM
CBRT — norm.

PMnorm
Acc.

Nperr. = ——

RTnorm



Quantum neural network

Input Measure

encoding Learnable Parameter & Entangled Layers decoding
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Quantum neural network can be used for efficient system design. In quantum computation |[y) = «|0) + B|1), |lal|®* + ||B]|> = 1 is a two-
dimensional complex vector normalized representation for a single qubit state, where ||«||? and ||8]|? are the probabilities of observing |0) and
|1) from the qubit, respectively. Geometrically represented using polar coordinates 8 and ¢ as ) = cos(6/2)]0) + e'?sin(6/2)|1),0 < 6 <
mand 0 < ¢ < m 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 2" 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 |00) +5 |11) the observation of the first qubit directly

determines that of the second qubit. Rotation operator gates Rx(e),Ry(e),Rz(H)rotates a qubit state in Bloch sphere around corresponding axis
by 6 and controlled-X gate entangles two qubits by flipping a qubit state if the other is |1).



Biases Evaluation with Pearson correlation

engageme
exitemen  -0,05589

Perfomance Metrics Results Cognitive Biases
engageme exitemen attention cognitive |relaxationfocuse  |accuracy RT CBa CBmot CBmem CBp Er
-0,0559 0,644918 -0,12587 0,205005 0,350854 0,211451 -0,03871 -0,0511 0,389968 0,183497 -0,43355
0,108253 -0,6758 -0,45661 -0,20336 0,653532 0,425803 0,583194 0,189509

attention  0,644918 0,577791 -0,49826 -0,15241 -0,24669

cog. stress 0,082158 0,578352 0,009165 -0,443638 0,324871 0,651685 0,681013 0,202724 0,18917
relaxation -0,12587 0,108253 -0,42666 -0,0719 0,105802 0,144866 -0,00866 -0,05436 -0,02614
focuse 0,707731 -0,4301

accuracy

0,350854

RT 0,211451 0,324871
CBa 0,651685
CB mot 0,681013
CE mem 0,202724
CBp
Er
Positive Negative
n — X . — v S ' i
i i=1(xi =0 —y) tron
Xy — n N2 N N2 1 0.9 06 03 -0.3 -0.6 -0.9 -1
VI (g =02 X, (i = y)

Pearson correlatio
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Results

e 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 |
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.

serception  Artificial part of interaction can be evaluated on
memory efficiency by index of biasing as human part of
motivation interaction. In this case we should and general

evaluation will help to evaluate index of efficiency
memory motivation  attention of cognitive interaction.




Thank you for your attention!
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