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Scientists and non-scientists alike are interested in studying risk-taking behavior and the reasons as to why some
individuals take risks and others do not. That’s because so many of the systems and activities we have in place in
our society today depend on people to behave a certain way when they make decisions involving risk. Neuroscience
allows us to validate theoretical models of decision-making by analyzing patterns of neural activity in implicated
brain regions. A question of interest is thus how our risk attitudes are affected by differences in the structural connections between brain areas that carry out different parts of the decision-making process.
Quantifying Risk Attitudes
Risk affects decisions taken in many different domains, such as recreation (sports) and finance (investment). For us as neuroeconomic
researchers, it is important to determine individual and collective
beliefs and preferences regarding risk and how they are influenced.
Commercially, there is an interest (e.g. in marketing) to use this
information to influence purchasing behavior; on the other hand,
policymakers could use this information to prevent the questionable manipulation of consumers.

Research into the neural basis of risk perception and related behaviors can be conducted by comparing structural and functional
neuroimaging data with self-report data (e.g. questionnaires), and
behavior in an experimental task. However, people’s comfort level
with risk can depend on both the context and their upbringing
(socioeconomic status or cultural norms). Furthermore, the phrasing of questions or the complexity of the behavioral task can also
affect the reliability of the indices [Häusler and Weber 2017].
With the growing belief that the attitude towards risk is a stable
personality trait, encompassing both general and context-specific
components [Frey et al. 2017], current research attempts to solve
this problem of best capturing behavior in situations involving risk
by creating indices composed of a variety of psychological and
economic variables, as well as data from behavior tasks involving
risk-laden decisions. Such indices have previously been shown to
partly explain the relationship between real-life stock trading and
the brain activity associated with it [Häusler et al. 2018].
Brain Structure
Discovering the structural and functional neural underpinnings of
the decision making process is important because, once elucidated,
they may provide an objective method to accurately gauge the
influence of events or of the manner of information presentation
on individuals. Furthermore, being able to identify inter-individual
differences may help us identify individuals that are at greater risk
of manipulation, and develop mechanisms for their protection.

Much of the information about neural activity comes from eventrelated MRI studies and many structural indications come from studies with T1-weighted or diffusion-weighted imaging data (see Box
01). Using these methods, we have identified regions involved in calculating expected reward, risk, and belief-updating. Combining this
knowledge has resulted in a proposed network of regions involved
in decision making. As these regions interact with each other, it is
also of interest to characterize the connections between them.

Of particular interest to us at present are the nucleus accumbens
(NAcc) and anterior insula (AI) [Häusler and Weber 2015], and the
white matter tract connecting them. Activity in the these regions
has been correlated with financial risk seeking (NAcc) and risk aversive behavior (AI) [Kuhnen and Knutson 2005]. This suggests the
possibility that individuals’ stable risk preferences may be related to
the activity in these regions, and indeed with the help of funding
from FIRM we were able to show that the correlation between AI
activation and real-life risk taking can be explained by indices of risk
preference [Häusler et al. 2018].
Box 01: Magnetic Resonance Imaging

Functional Magnetic Resonance Imaging (fMRI)
In functional magnetic resonance imaging (fMRI), the level of
blood oxygenation is used as a proxy to measure the activity of
the neurons in that region of the brain. Researchers can create
experimental tasks in which subjects are required to decide
between options that carry different levels of risk, and measure brain activity at different timepoints of the decision making
process (see Fig. 01B). With well-thought-out hypotheses,
this can help us discover which brain regions are active during a
certain part of the decision process, and whether the evidence
supports theoretical predictions from financial decision theory.
Structural Magnetic Resonance Imaging (sMRI)
The brain has millions of cells called neurons, which communicate through electrical and chemical signals passed from cell
to cell via long, thin structures called axons. The “gray matter”
in a brain consists primarily of cell bodies; the “white matter”
consists of axons, which connect individual neurons, bundled
together in rope-like or fan-like structures. Using MRI, neuroscientists can quantitatively characterize brain structure by
methods such as T1-weighted magnetic resonance imaging and
diffusion-weighted imaging.
T1-weighted images provide an overview of brain structure,
such as whether a given area contains mainly gray matter,
white matter or cerebrospinal fluid. They can also be used to
divide the brain into anatomically defined regions and gain
quantitative information about them, such as their area, thickness or volume. (see Fig. 01C).
Diffusion-weighted images allow us to non-invasively study
white matter tracts. In this method, the diffusion of water in the
brain is used to characterize the white matter tracts connecting
gray matter regions (see Fig. 01D).
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Fig. 01: Risk Preference and Brain Structure: Towards individual differences
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The anterior insula (AI) and nucleus accumbens (NAcc) are
shown in A. An example of fMRI results can be seen in B,
which displays a slice similar to that in A. The yellow region indicates activity in the NAcc. C shows a processed
T1-weighted image, where each color indicates a different
cortical or subcortical region. D shows a similar slice in a
diffusion-weighted image. The colors indicate whether the
primary direction of diffusion is in the x, y or z axis.

Source: own illustration
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A white matter tract directly connects the AI to the NAcc; greater
coherence in this tract has been linked to a reduced preference for
lottery-like gambles in an experimental task [Leong et al. 2016].
Current work in our lab aims to investigate whether AI-NAcc tract
coherence correlates with real-life measures of risk taking (as measured by whether participants trade stocks or not) and indices of risk
attitudes, reflecting individuals’ belief in the positive outcome of
risks as well as their tolerance for risk.
Conclusion
There is a wealth of information on how brain structure and function can impact decision making. This information can be obtained
via behavioral tasks and neuroimaging data in injured and healthy
subjects, as well as on the cellular or sub-cellular level, using animal models or intracranial recordings in patients. Current research
suggests that attitude towards risk is a stable personality trait, and
that some of an individual’s preference for risk may be explained
by brain structure. After showing that real-life risk-taking behavior
is correlated to activity in brain regions previously linked to real-life
financial risk taking, we now intend to take our analysis one step
further by exploring the effect of differences in the white matter
structure connecting these regions.
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