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Abstract

Experimental economics utilises a lot of different techniques to support its research. Applying computers 
and IT has already become common. As a novel approach the use of cognitive neuroscience tools is 
now being considered. Investigating the neurophysiological signals of experiment participants can 
give  researchers a deeper insight into a decision making process. The aim of the article is to show how 
neuroscience techniques can contribute to economic experiments, especially those concerning  decision 
making. The overview and presentation of the possibilities of such tools is shown regarding different stages 
of the decision making process and related experimental studies. The proposed analysis could allow for the 
better design of economic experiments conducted with the use of the most up-to date technology available. 
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Introduction

Cognitive neuroscience is a new and rapidly developing field of multidisciplinary research. 
It brings together many different scientific domains, chiefly psychology and neurobiology, but 
also philosophy, linguistics and many other sciences that incorporate the study of the mind in 
their programs. Despite  the fact that cognitive neuroscience has emerged as a discipline only 
over the last two–three decades, due to advancement in technology, especially in neuroimaging 
and the computational capabilities of processing  recorded signals, it is widely used in many 
different applications. Experimental economics is not an exception to this trend. 

In economics research four major areas most often make use of experiments. These are 
studies concerning: individual decision making and eliciting preferences, game theory, social 
dilemmas and the functioning of the market and its regulations. These are the core topics when 
it comes to experiments with the use of cognitive neuroscience tools as well. However, due to 
the specific way of recording the data and the equipment that is needed, the performed research 
is limited mostly to the issues of individual human beings. As a result, the dominating trends 
of neuroscientific experiments in economics are (Kopczewski,  Malawski, 2007; Loewenstein, 
Rick, Cohen, 2008):

 – individual decision making,
 – intertemporal choice,
 – risk attitudes,
 – eliciting individual preferences,
 – social dilemmas.

The aim of the article is to show how neuroscience techniques can contribute to economic 
experiments, especially those concerning decision making. To achieve this goal a short 
description of different neuroscience techniques is presented and their possible contribution to  
economic experiments is emphasised. Then, the paper focuses on the decision making process 
and its stages to set the background for the final section that discusses contemporary and future 
applications of neuroscience techniques in economic experiments to investigate certain phases 
of such a process. 

The research was conducted with the use of literature review method, according to 
a procedure consisting of five main stages: 

 – selecting the research question,
 – searching the literature in scientific databases,
 – gathering and selecting the most relevant literature,
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 – literature analysis,
 – summarizing and synthesizing.

The review focused mainly on scientific literature concerning cognitive neuroscience 
research, the decision making process, and economic experiments. When selecting studies for 
the review, the Internet resources were searched for with the use of such keywords as: cognitive 
neuroscience techniques, decision making process, decision biases, intuition, cognitive load, 
experiment, and economics. In the scope of neuroscientific research and experimental economics, 
only the newest contributions were chosen (published in the past 10 years). The decision making 
process was presented from the point of view of some canonical publications in this field.

1. Cognitive Neuroscience Tools in Experimental Economics

The potential of cognitive neuroscience is primarily due to the development of brain 
activity measurement technologies (such as functional magnetic resonance imaging, fMRI) and 
to the adaptation of older technologies (including eye-tracking or electroencephalography) for 
new applications (Camerer, 2007). The commonly used techniques of cognitive neuroscience 
can be divided into four main groups (Zaleśkiewicz, 2008; Shiv et al., 2005):

 – neuroimaging of the brain,
 – neurophysiological techniques,
 – examination of individual nerve cells,
 – neuropsychological techniques (the study of neurological patients with brain damage).

In studies that are unrelated to medicine mainly neuroimaging and neurophysiological 
techniques are used, so they will be described in more detail in the following part of the paper. 

Neuroimaging is associated with a group of research methods used to studying the 
structure and function of the brain. Among them there are electro- and magneto-physiological 
techniques, exploring the electrical and magnetic activity of neurons, and tomographic methods 
in which inferences about neuronal activity are made indirectly (Jaśkowski, 2009). Generally, in 
the area of economic sciences the most applicable methods are: electroencephalography (EEG) 
and functional magnetic resonance imaging (fMRI). 

EEG is focused on the measurement of brain electrical activity recorded by electrodes 
placed on the scalp at specific locations (Purves et al., 2013). Because of its very good temporal 
resolution, this method is usually used to study changes in brain activity in time and to analyse 
reactions to external stimuli (Zaleśkiewicz, 2008). Electroencephalography is not specific 
enough to determine exactly which areas of the brain are activated during performing certain 
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tasks. In such applications, fMRI is much better suited. With its help, you can tell how much 
oxygen is delivered to specific parts of the brain and deduce their activity. This data contributes 
to the understanding of the biological basis underlying a performed task (Purves et al., 2012). 

Functional magnetic resonance imaging has very good spatial resolution but conducting 
an examination with the use of this method can be cumbersome. In cases where decent temporal 
and spatial resolution is needed, the experiment should be as comfortable for a participant 
as possible, there is another one, quite novel imaging method, i.e. functional near-infrared 
spectroscopy (fNIRS) – a non-invasive technique for the optical estimation of cortical activity. 
It relies on the low optical absorption of the biological tissue of the infrared radiation in the 
650–1000 nm wavelength window (Ferrari, Quaresima, 2012). That represents a powerful tool 
to non-invasively study task-evoked brain activity and it gains more and more popularity in 
recent research.

Neurophysiological techniques are based on the correlation of brain functions with 
physiological sensations (Zaleśkiewicz, 2008). The most frequently used (especially in 
experiments on the effect of emotions on the actions and cognitive functions of respondents) 
are the measurements of galvanic skin-response (GSR), heart rate (HR) and eye-tracking (ET). 
The reason for their popularity is relatively simple, in comparison to neuroimaging, registration 
and the interpretation of signals.

The GSR measurement is based on detecting electrical changes in the skin (Dawson, 
Schell, Filion, 2007) and it is mostly performed on the skin of the hand (fingers). Heart rate 
measurement is performed on the wrist of the left hand or on the chest – the frequency of heart 
beats per minute is recorded (Dulleck, Schaffner, Torgler, 2014).

Eye-tracking, on the other hand, is an effective tool for experimental research because 
of its abilities to detect the eye position, gaze direction, sequence of eye movement and visual 
adaptation during cognitive activities. With appropriate software, ET provides both a quantitative 
and qualitative analysis of the gaze, which is very useful in understanding choice and decision 
making behaviour (Popa et al., 2015).

The utility of cognitive neuroscience techniques to economics is threefold (Farb, 2013). 
First, they may offer greater fidelity than measures relying upon self-report. In an experimental 
context, demand characteristics and participants’ knowledge may sometimes mask their true 
response patterns. By measuring the neurophysiological activity of the subjects, researchers 
hope to bypass such problems as a lack of insight into the true mechanisms of choice (Ariely, 
Berns, 2010). Secondly, there are substantial information processes in the brain that determine 
economic decision making that are not easily observed through behavioural research methods. 
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This fact is demonstrated by experiments that use transmagnetic stimulation to modulate the 
brain (Fehr, Rangel, 2011). These studies confirm a causal relationship between brain activity 
and economic choice, above and beyond environmental factors. The third element is that 
cognitive neuroscience techniques have the potential to discover new and important factors 
that contribute to economic theory. They may reveal fundamental principles of decision making 
that may not have been considered relevant in traditional economic research. For example, 
such techniques may help to explain how decision making changes under particular contexts, 
such as the physical environment, mood, or a person’s cultural background. From a scientific 
perspective, the modelling of how these different contextual factors influence decision making 
is important for making realistic predictions of behaviour.

Investigating decision making with neurophysiological techniques is therefore a very 
interesting research approach that this article aims to explore. Before exploring the applicability 
of cognitive neuroscience in decision making experiments, some base information about the 
decision process stages will be presented.

2. The Decision Making Process and its Stages

Generally speaking, a decision-making process (simply called a decision process) begins 
with the awareness of a decision problem, and ends up with a final solution among finite or 
infinite alternatives. A general decision-making process proposed by Simon (1960, 1977) 
involves three main phases: Intelligence, Design, and Choice. Other authors, like Mintzberg, 
Raisinghani and Theoret (1976), propose slightly different terms to name these stages: 
Identification, Development and Selection. Despite  the differences in naming convention, 
these three following stages of the decision making process consist of very similar activities. 
Intelligence (identification) activity involves gathering and processing information, providing 
cues for recognizing potential decision needs or opportunities (diagnosis), and for formulating 
alternatives. Design (development) activity involves identifying alternative courses of action 
in order to determine likely outcomes and whether these outcomes will satisfy the needs or 
goals associated with the decision. In the choice (selection) activity, decision-makers make 
judgements and choose among the previously identified alternatives. 

Several other authors proposed alternatives to Simon’s phases (i.e. Glueck,1976; Hofer,  
Schendel, 1978; Mazzolini, 1981; Schwenk, 1984; Gore, Murray, Richardson, 1992; Van de 
Ven, 1992; Lu, Zhang, Ruan, Wu 2007). An analysis of their approaches shows, however, that 
each contribution consists of disaggregating or aggregating some phases identified in former 
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contributions. However, the three main phases proposed by Simon are always present (although 
sometimes with slightly diff erent names), and all existent models are in many respects similar 
(Fredrickson, 1985; Gore et al., 1992; Schwenk, 1984).

The most typical steps and the course of the decision making process are shown in Figure 1.

Intelligent Phase
‒ Define a decision problem
‒ Determine requirements 

Design Phase
‒ Establish objectives
‒ Generate alternatives
‒ Determine criteria
‒ Select a method

Choice Phase
‒ Evaluate alternatives
‒ Validate solutions

Problem statement

Alternative

Figure 1. Phases of the decision making process according to Simon (1960, 1977)
Source: Simon (1960, 1977)

Some sources incorporate into this process a fourth phase, which is the implementation of 
the choice (Niu, Lu, Zhang, 2009) but from the point of view that is represented in this paper 
the realization of the decision is not strictly a mental task, so it is not the area of interest for 
cognitive neuroscience techniques. The rest of the article will be therefore focused on three 
stages only: Intelligent, Design and Choice. 

3. Applicability of Cognitive Neuroscience in Decision Making Experiments

As it has already been mentioned before,  economic experiments concerning decision 
making focus primarily on individual decision making (especially under risk and uncertainty), 
intertemporal choice and social decision making. The great share of research conducted in this 
scope is focused mainly on the (ir)rationality of decision makers. They challenge in various 
ways a very popular economic theory of expected utility (EU). Many independent economic 
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experiments have already shown that people do not behave according to the predicted model. 
Some comprehensive overviews of the findings that were obtained in this scope are available in 
the literature (e.g. Harrison, 1994; Kagel, Roth, 1997; Yagub, Saz, Hussain, 2009).

Experimental economics has an insight into some deviations from the EU theory on the 
basis of behavioural evidence given by the participants of research but only with cognitive 
neuroscience  would it be possible to find some explanations why people do not behave as 
rationally as they are supposed to. The existing decision-making literature in general, and the 
cognitive neuroscience literature in particular, has focused especially on the last phase of the 
decision making process: evaluation and choice (Fellows, 2004) and this aspect has been the 
most intensively studied to date. The other phases could be, however, also quite interesting 
for investigation. The overview of the possible applications of cognitive neuroscience tools in 
different phases of the decision making process are presented in  Table 1. 

Table 1. Research possibilities with the use of cognitive neuroscience techniques  
in the scope of different stages of the decision making process

Research pos-
sibility

Decision making 
process phases

Useful cognitive 
neuroscience  
techniques

Exemplary 
research Aim of research

1 2 3 4 5

Decision biases 
recognition

Intelligent, De-
sign, Choice fMRI, EEG, fNIRS

De Martino, 
Kumaran, 
Seymour, 
Dolan (2006)

Authors investigated individual decision 
making and the framing effect with the 
use of functional magnetic resonance 
imaging and a novel financial decision-
making task concerning the choice be-
tween two options in different contexts.

Frydman, 
Camerer 
(2016)

Authors use neural data collected from 
an experimental asset market to measure 
regret preferences while subjects trade 
stocks. They have discovered that sub-
jects are unwilling to repurchase stocks 
that have recently increased in price, 
even though this is suboptimal in our 
experiment. 

Strategic deci-
sion making Design fMRI, EEG, fNIRS

Coricelli, 
Nagel (2009)

Authors used functional magnetic reso-
nance imaging (fMRI) to investigate the 
cognitive processing underlying actual 
choices in the experimental game,  
in order to identify the neural substrates 
of different levels of strategic thinking.

Laureiro- 
-Martinez, 
Venkatraman, 
Cappa, Zollo, 
Brusoni 
(2015)

The article discusses the possibilities 
and limitations of merging the cogni-
tive neuroscience and strategic decision 
making research.
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1 2 3 4 5

Detection of dif-
ferent emotional 
and psycho-
physiological 
states influence 
on decision 
making (e.g. 
stress, anger)

Choice HR, GSR

Dulleck et al. 
(2014)

In the study  cognitive neuroscience 
technology was applied to measure the 
influence of physiological reactions 
(stress) of participants in an economic 
experiment on their decision making.

Kang, Camer-
er (2017)

Authors study the influence of anxiety 
on decisions concerning the purchasing 
assets. 

The role of 
intuition in deci-
sion making

Choice fMRI, EEG, fNIRS

Volz, von 
Cramon 
(2006)

Authors used functional magnetic reso-
nance imaging to approach the nature 
of intuitive processes and to discover 
neural patterns indicating intuitive 
judgements.

Zander, Horr, 
Bolte, Volz 
(2016)

The study addresses the issue of in-
tuitive decision making processes and 
investigates the difference between 
intuition-based and priming-based 
decisions.

Cognitive over-
load detection Choice ET, fMRI

Howard et al. 
(2015)

In the study functional magnetic reso-
nance imaging (fMRI) was used to iden-
tify and quantify the neural correlates 
of the cognitive load level placed on the 
participants of the experiment.

Hahn, Lee, 
Chae (2016)

The study was concerned with using 
rational and emotional stimuli and 
analysing the changes of visual attention 
responses with the aid of the eye-track-
ing method. With this method, authors 
investigated respondent’s cognitive load 
and need-for-cognition.

Source: own elaboration.

Not all the possibilities mentioned in  Table 1 have already been explored in decision 
making experiments with the use of cognitive neuroscience techniques. Their realization would 
be very interesting and could provide a deeper understanding of different aspects of the decision 
making process that cannot be studied with the use of traditional methods.

Conclusions

Cognitive neuroscience has just begun to provide data relevant to the brain-based 
understanding of human decision making. There is still a lot to discover in this field. More 
profound and deep knowledge and understanding of how the brain functions is needed to 
explain all the mysteries of human decision making. Experimental economics can derive a lot 
from  neuroscience in designing and performing  research. Neuroscientific tools supplement the 
experimentalist’s toolbox in a significant way. Despite the various and obvious advantages, it 
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has to be stated that a lot of interdisciplinary expertise is needed to use them in research. Another 
drawback is the cost connected with using the specialised equipment, especially when it comes 
to fMRI. Last but not least, the amount of neurophysiological data that is obtained during the 
average cognitive neuroscience experiment is enormous, thus demanding very sophisticated 
data analysis methods. All these obstacles, however taxing, can be overcome, and every scientist 
interested in experiments concerning the decision making process (and other economic domains 
as well) should consider applying cognitive neuroscience in their research.
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