
Electro-
encephalography 
(EEG): 

Monash Business Behavioural Laboratory 
and ARC LIEF

ACKNOWLEDGEMENT:  We thank the Faculty of Business and Economics, Monash University for funding this research and the 
Australian Research Council for funds associated with the equipment used in the Monash Business 

Behavioral Laboratory where the research was conducted. 



In search for an ultimate cause...

• What causes the surprising behavior of interest and why 
this behavior is different across various groups of 
decision-makers? 



Risk Analysis, Judgement, 
& Decision-Making (RAJDM)

• RQ1: How people, and notably managers, form judgements and make 
decisions in a variety of business contexts, which are characterised by 
the presence of risk? 

• RQ2: How should a rational decision maker form judgements and 
make decisions in a variety of business contexts, which are subject to 
risk? 

• RQ3: What neurocognitive profiles of individual decision makers 
may predispose towards more optimal risk assessment, risk-aware 
judgement and decision making?

• RQ4: How to develop approaches that would allow to improve 
decision making processes and outcomes in a variety of business 
settings.



Project 1 aim

• To investigate the relationship between a set of 
high order cognitive skills aggregated under the 
term of executive functioning (EF) and 
individual risk taking 
(reasonable versus disadvantageous) across 
multiple decision points.



Executive functions investigated

• (1) Attention Control Domain: Stroop Task 
(computerized*).

• (2) Cognitive Flexibility Domain: Wisconsin Card 
Sorting Test (computerized*).

• (3) Goal Setting Domain: Tower of London Task 
(computerized*).

• (4) Processing Speed: N-back Letter Task 
(computerized*).

+ Risk Propensity level was measured based on the 
DOSPERT scale for adult population. 
________
* Inquisit software (millisecond.com) available at MBBL 
was used to conduct these neurocognitive tests



Experimental task: Game of Dice



Data and method

• Number of participants: 257 (Males = 112)
• Number of observations: 9,252
• Nested design
• DV: risk taking level (characterized by the type of the 

decision alternative:  1 – reasonable, 0 -
disadvantageous);

• IV: the scores of four EF tests
• We controlled  for risk propensity level and other 

demographics variables. 
• Statistical analysis used: random-effects logistic 

regression



Main Result

• Assuming the same payoff scheme, and the same risk 
propensity score, extra point on Tower of London (ToL) 
task (Goal setting domain) reduces the odds of correct 
outcome by about 5%.

• The Attention control domain test (Stroop) score had only 
marginally significant effect on the optimal risk taking

• The effect of Processing speed and Cognitive flexibility 
domains were not statistically significant.

_________________
* Note: In ToL task the lower score indicates a better goal setting 
result.



Follow up question

• What are the neurocognitive correlates* of decision 
making under risk (high vs. low) and ambiguity?

_____
*Note: Our thinking about the next step of the research enquiry is 
supported by a number of studies, i.e.:
Camerer, C., Smith, A., Kuhnen, C. M., Wargo, D. T., Samanez-
Larkin, G., Montague, R., ... & Heekeren, H. R. (2013). 
Correspondence: Are Cognitive Functions Localizable? Colin 
Camerer et al. versus Marieke van Rooij and John G. 
Holden. Journal of Economic Perspectives, 27(2), 247-250.



Choice of the research 
approach

• Cognitive processes underlying decision making under 
risk and ambiguity can only be differentiated with more 
certainty if variations in these processes lead to a 
measurable change in the observed neurocognitive 
response of individuals (=> the electrical response of the 
cerebral cortex).



Determinants of the use of EEG

• Long history of use (better understanding of any possible side 
effects):
o First human EEG recorded in 1924 by Hans Berger;

• Non-invasive and low risk nature of the assessment:
o i.e. EEG does not expose participants to high-intensity magnetic 

fields;
• Wide non-clinical application:

o Vance, A., Anderson, B. B., Kirwan, C. B., & Eargle, D. (2014). 
Using measures of risk perception to predict information security 
behavior: Insights from electroencephalography (EEG). J. Assoc. 
Inf. Syst, 15(10), 679-722.

o Telpaz, A., & Yechiam, E. (2014). Contrasting losses and gains 
increases the predictability of behavior by frontal EEG 
asymmetry. Frontiers in behavioral neuroscience, 8.



Choice of EEG technology

• EEG hardware costs significantly less than fMRI, PET, and 
other brain imaging technologies.

• Temporal resolution:
o EEG can detect changes in electrical activity of the cerebral cortex 

within a millisecond timeframe 
o Other methods measuring brain activity, such as PET and fMRI, 

have time resolution between seconds and minutes.
• Spatial resolution:

o Considered to be one of the weaknesses of EEG method 
(compared to fMRI, for example), although the modern analytical 
methods have significantly improved the functionality of EEG, in 
terms of source localization. 

• Relatively fast speed of calibration ( this is particularly 
relevant in case of ‘dry cell’ technology used in MBBL).



EEG devices available in MBBL



Experimental task: Game of Dice 
(starting capital provided at the beginning of the game)



Experimental task flow of the 
follow up pilot project

Introductory
 Round 

(12 trials, 
No time pressure)

Round 1
(12 trials, 

5 sec per trial)
Context 

Information 
about the task

Round 4
(12 trials, 

5 sec per trial)

Demographics

Round 7
(12 trials, 

5 sec per trial)

Round 2
(12 trials, 

5 sec per trial)

Round 5
(12 trials, 

5 sec per trial)

Round 8
(12 trials, 

5 sec per trial)

Round 3
(12 trials, 

5 sec per trial)

Round 6
(12 trials, 

5 sec per trial)

Round 9
(12 trials, 

5 sec per trial)



Game of Dice (payoff scheme 1)



Game of Dice (payoff scheme 2)



Structure of each individual 
round and ‘epochs’ (EEG recording periods)

Balance, 
decision 

alternatives & 
payoff scheme 

displayed

Start 
round

Choice made 
(voluntarily or, 

if not, 
automatically)

Outcome 
displayed/ 
balance & 

payoff scheme 
updated

End 
round

...

...



Pilot data collection & 
filtering

• Data collected from 7 participants
• DSI-24 device was used for data collection
• Data filtering: 

• Originally a high-pass filter  (Butterworth filter of order 8 and critical 
frequency 2 Hz) was used;

• Then a more gentle filtering technique (> 1Hz) was implemented.
• For each individual, we filter out only times (‘epochs’) when 

participants made the decision. This is done by using Cedrus
StimTracker device



Sensor is on, the timer 
counts down five seconds



The sensor is on, 
two seconds to go…



Time is up, the sensor is off, the 
decision was not made => loss



Montage & Calibration

Each channel 
represents the 
difference 
between a certain 
electrode and a 
designated 
reference 
electrode. 
Midline positions 
(i.e. Pz)  are often 
used because 
they do not 
amplify the signal 
in one hemisphere 
vs. the other.



Brain oscillations: 
muscle (jaw movement) artefact 



Calibrated EEG recording



Methodology 

• We run Independent Component Analysis (ICA)* using the 
filtered data obtained from EEG recordings (108 epochs for each 
participant)

• Ten independent components were obtained from conducting ICA. 
• We build and calculate covariation matrix between independent 

components.
• Linear model is used to predict the level of risk-taking:

o DV: the amount of risk taken (bet) at each trial (throw of virtual dice) of 
the GDT. 

o IV: intendent components, obtained from ICA, are used as predictors.
__________
*Note: for further details see Hyvärinen, A., & Oja, E. (2000). 
Independent component analysis: algorithms and 
applications. Neural networks, 13(4), 411-430 (5,283 citations on 
Google Scholar)



Results

• Significant results  have been obtained:
o for the low_risk (Type 1) game (𝑅𝑅2 = 0.71, p=0.000);
o and ambiguity (Type 3) game (𝑅𝑅2 = 0.31, p = 0.0019 ): 

• The puzzling finding is the non-significant result for the 
high_risk (Type 2) game (i.e. independent components 
obtained from conducting ICA do not predict the risk-
taking outcomes of the GDT).



What’s next?

• We will conduct other analytical techniques to unhide any 
potential relationships between the experimental 
conditions and the brain response;

• Based on the outcomes, we might:
o Adjust the experimental parameters, and/or
o Consider alternative experimental paradigms;
o For example, we might consider using Event-Related 

Potentials (ERP).
• Once we are more clear on the derived neurocognitive 

signatures of decision-making under risk (low vs. high) 
and ambiguity, we will apply our findings in more 
ecologically valid (business like) settings.

For further questions & suggestions, email: kristian.rotaru@monasb.edu



Additional slides



‘Measuring Attentional 
Effort of Managers’ project 
(Hecht, Rotaru, Towry, Schulz, Webb)

• This research project tested the effectiveness of two 
incentive schemes in maintaining the duration and 
intensity of attentional effort in a typical accounting task.

• The project also tested the effectiveness of pupillary 
assessment (measuring the changes of pupil diameter 
while attending the experimental task) in measuring the 
effect of an incentive scheme upon intensity and duration 
of sustained attention in an accounting task.
• The outcomes of this study are work in progress, 

presented for the purpose of this lecture and not to be 
cited 



2x1 factorial design

• Effectiveness of fixed wage and piece-rate payment schemes 
was tested

• Letter Decoding Task was used
• The use of the piece-rate scheme was associated to a higher 

performance (higher number of correct letter decodes)
• Cognitive Pupillometry (measurement of the dynamics of 

pupil dilation and constriction) proved to be a reliable measure 
showing the degree of cognitive processing and attentional 
effort

• Cognitive Pupillometry generates ‘big data’: 
• The sampling rate of the eye-tracker is 300Hz (300 data samples 

per second are collected);
• The raw data file contained more than 50,000,000 rows.



Pupil Dilation (high cognitive processing)  



Pupil Dilation (low cognitive processing) 



Effect of the payment scheme on the number of decodes



Effect of the pupil dilation on the number of decodes



Effect of the payment scheme on the pupil dilation
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