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Introduction: Modern scientific research relies heavily on scientific experiments to produce valid
results. Scientists often claim that their work is based on empirical evidence. It is widely believed
among scientists that numerous breakthroughs in various fields stem directly from quantitative
approaches and the mathematical analysis of data gathered by researchers. This study aims to focus
on the theoretical assumptions and their implications for the outcomes of cognitive science. The
main question is how and to what extent functional Magnetic Resonance Imaging (fMRI) pictures
can help scientists to justify their claims. Hence, the epistemic status of the fMRI pictures and their
role in affirming theories in cognitive science should be addressed.

Methods: The study explored the theory-ladenness nature of observation in neuroimaging through
conceptual analysis and philosophical reasoning.

Results: This research shows that the interpretation of fMRI pictures from other points of view
is still possible and cannot be dismissed by mere experiments. The conclusions do not stem from
their conceptual theories.

Conclusion: Theoretical frameworks influence fMRI images and cognitive science insights.
These frameworks provide diverse interpretations of fMRI data, which can significantly shape the
discipline's growth and application across various aspects of human life. Reflecting on cognitive

science concepts could unlock new opportunities for this emerging field.
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Extended Abstract

Introduction

In complex systems, various activities lack coordination,
making their identification challenging—a persistent
issue over time. A particular cell is active in response

to stimuli with specific properties so that the cell may
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contain information about those properties. All cells pro-
vide potent signals but cannot tell where information
processing occurs in a particular brain region. The hy-

pothesis underlying the imaging technique claims that
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a cell contains information about the stimulus, causing
it to fire mechanically, so the cell can be interpreted as
detecting that feature. Recently, this hypothesis has been
challenged by researchers who have noted that most cells
respond and process information at different speeds. The
present study aims to answer this question: Are the re-
sults obtained from fMRI reliable or not?

The history of fMRI development has two distinct paths
for research and development: the first path of physics
led to the discovery of nuclear magnetism and its sub-
sequent application in the development of magnetic res-
onance imaging, and the second path in physiology was
to discover changes in cerebral blood flow using MRI
and describe the response by blood oxygen levels. The
primary goal of these experiments was not to generate
new knowledge about brain activity but to replicate well-
known neuroscience theories. However, in the late 19th
and early 20th centuries, they used it to discover further

information about the brain.

Methods

This research assesses the reliability of outcomes by
consulting the perspectives of philosophers of science
specializing in neuroimaging techniques. It employs
philosophical argumentation and conceptual analysis,

practices typical in cognitive science philosophy.

Results

BOLD in each brain region is tested by testing the null
hypothesis of a statistically significant difference be-
tween the conditions desired by the researcher. In fMRI
studies, the null hypothesis asserts that an experimental
condition does not inherently influence the observed MR
signal. In this way, the neural activity in the target area
remains unchanged during the cognitive test. The P-value
indicates the probability of observing the data under the

null hypothesis. The second step compares the P-value
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with the predetermined significance level (a). Suppose
the P-value is less than this level of significance. In that
case, the data is statistically significant, and the active re-
gion of the brain is functionally substantial, allowing the
researcher to reject the null hypothesis. Deborah Mayo
argues that if the inferential method has very little chance
of providing evidence against hypothesis H, even if H is
false, then one can intuitively deny that the data are ev-
idence for H. The stricter condition is known as the full
severity principle, indicating that if Hypothesis H passes
the t-test, the data provide good evidence for Hypothesis
H. Mayo further states that conclusions and theories can
be based on local evidence.

One way to counter Mayo's emphasis on empirical knowl-
edge is to point out the key roles that theory plays in sci-
ence, which she ignores. Theories may be criticized not
by empirical tests but by showing that they are incompat-
ible with other theories. Chalmers argues that theories are
fundamental components of scientific knowledge. There-
fore, they cannot be interpreted merely as heuristic guides
to actual empirical knowledge developed independently
of them. Likewise, Empirical knowledge cannot be jus-
tified without appealing to some theory. Similarly, Klein
criticizes the testing of statistical hypotheses, such as the
t-test in TMRI research. As explained, if the P-value is
lower than the predetermined significant threshold, the
null hypothesis is rejected, and it can be concluded that
there is a statistically significant difference between the
control and experimental conditions. He believes mean-
ingful results can be obtained even when no natural effect
exists. Various factors can make this happen. For exam-
ple, when significant activity is observed in a brain region
as a result of performing a cognitive test, this activity is
likely interpreted as significant because the significance
threshold was chosen freely and permissively. According
to Klein, freely choosing the significance threshold harms

the reliability of inferences drawn from fMRI data. The
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statistical nature of the inference in fMRI makes the infer-
ences drawn from its data unreliable, as no agreement ex-
ists between the views of probability and their reliability.
On the other hand, if all parts of the brain are essential for
a function, the null hypothesis is always false, and the se-

vere test of Mayo's statistical significance cannot be used.

Conclusion

The present study shows that cognitive theories do not
explicitly predict brain function. How these predictions
follow from their plausible theories and how psycho-
logical theories about the brain can be justified is still
underdetermined at this stage. If fMRI data disproves or
confirms a theory, they can be consistent with the data
because these theories do not make precise predictions
about brain functions. As mentioned, there are different
theories about the neural circuits of fear. Each scientist
makes fMRI data consistent with his mutually exclusive
theory, and this, as Klein calls it, is an impasse. Addi-
tionally, it is impossible to reach a reliable conclusion
by making the test conditions difficult and passing the
success of the hypothesis from the severe test conditions
because these features and statistical tools are full of sta-
tistical hypotheses. The problems of the theory-ladenness

nature of neural images and the reliability of conclusions
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cannot be solved by using the science of statistics.
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