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Significance Testing



The Issue

Does neuroimagery’s reliance on significance 
tests prevent imagery data to be evidence 
for or against functional hypotheses (as 
Colin Klein [2010, BJPS] has argued)? 



Take-Home Message

no
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Substantive hypothesis 
Causal relation or correlation 

between constructs

Believing in free will causes people 
to behave in a morally appropriate 
manner (Vohs & Schooler, 2008)

Statistical hypothesis (HA)  
People who read an essay denying 
free will are more likely to cheat in 
a given task than people who read 

an irrelevant essay.

Null hypothesis (H0)	

A well-specified hypothesis that is 

the contrary of HA. 

People who read an essay 
denying free will are equally likely 

to cheat in a specific task as 
people who read an irrelevant 

Because H0 is specific, it is possible 
to derive the sampling distribution 

of a given statistic given H0.

Given this hypothesis, it is possible to 
derive the sampling distribution of the 

standardized difference between the means 
in the anti-free-will and control conditions.

If the probability of obtaining a standardized 
difference between the means of a given size 
conditional on the hypothesis that people who 
read an essay denying free will are as likely to 

cheat as people who read a control essay (p) is 
low (< α), then the null hypothesis is rejected and 

it is inferred that people who read an essay 
denying free will are more likely to cheat than 

people who read a control essay.



Null Hypothesis Significance 
Testing (NHST)

1.To test theory T, assuming a statistical model (typically, X~N(θ,σ)), a 
statistical hypothesis (HA: θ≠0) is derived .	


2. HA cannot be directly assessed: Since it is a range hypothesis, it does 
not allow for the computation of a sampling distribution for the 
statistic of interest (e.g., F). 	


3.One formulates a null hypothesis (H0), which allows for the 
computation of this sampling distribution and contradicts HA (e.g., H0: 
θ=0). 	


4. If the p-value of the statistic computed from the data is below the 
significance level (α), then H0 is rejected.	


5. If H0 is rejected, then HA is accepted, which provides some support 
for T. 



NHST in Cognitive 
Neuroscience

The statistical analyses involved in testing 
cognitive-neuroscientific hypotheses often rely on 

Null Hypothesis Significance Testing.



General Linear Model in Whole-Brain 
Scans

Build a model made of regressors of interest and 
nuisance regressors (e.g., head motions) obtained 

by convolving variables with a hemodynamic 
response function and, depending on the 
contrast, test voxel by voxel whether the 

regression coefficients differ from 0 or from one 
another.



Toy Example



t- and F- tests in ROI Analyses

For each subject, identify a Region of Interest 
(e.g., rTPJ) functionally by means of a functional 
localizer task. In the main task, test whether the 

percent signal change (averaged across each voxel 
of the RoI and across subjects) differ from 0 for 

the experimental conditions or differ across 
experimental conditions by means of a t- or F-

test.



Young & Saxe, 2008 
Exp. 1

Example
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Klein (2010, BJPS)



Inspired by Klein (2010) 
Step 1

1. Any change induced in a variable of a causally dense system 
causes a change in all the other variables.	

2. The brain is a causally dense system.	

3. An experimental task induces a change in the BOLD signal in 
the brain areas and voxels functionally involved in completing this 
task.	

4. Hence, whether or not area or set of voxels A is functionally 
involved in completing task T, completing T induces a change in 
the BOLD signal in A.	

5. Hence, changes in the BOLD signal cannot support functional 
hypotheses.



Causally Dense Systems (Pr. 
1)



Is the Brain Causally Dense 
(Pr. 2)?

?



Experiments as Inducing 
Changes (Pr. 3)



Functional Hypotheses and 
Brain Activation (Clsions 4 & 5)



Response

But surely not every change in 
the BOLD signal will be 

significant, and only significant 
changes matter for confirming 

functional hypotheses.

ns



Step 2

1. An empirical result is statistically significant if and only if the 
relevant p-value is below the significance level.	

2. The significance level is set at a particular value to control the 
probability of rejecting the null hypothesis when it is true. 	

3. Any experimental task causes a change in the BOLD signal of any 
brain area or voxel.	

4. Hence, in significance tests in fMRI-based studies, the significance 
level should be set at 0.	

5. Hence, all changes in the BOLD signal should be treated as being 
significant. 



No Risk of False Positives
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The Problem

What is the point of doing a significance test if the 
null hypothesis is bound to be false? 



A General Problem



Significance Tests When 
the Null is false

When the null is bound to be false, NHST is used 
to test whether the effect size is null or nearly so.



Significance Tests When 
the Null is false

When it is very unlikely to obtain a statistic of a given 
size or a larger one if the point null hypothesis (H0) is 

true, scientists are in fact rejecting a range null 
hypothesis, H0’, e.g.,: 

H0’: θ=0+/-δ (where δ is a trivial value).  
and they accept the following type of alternative 

hypothesis HA’:  
HA’: ┃θ┃>δ.





Type-1Error Probability 

The probability of rejecting H0’ if H0’ is true is at 
most the power of the test computed assuming a 

trivial effect size (δ).
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NHST and the Study of Causally 
Dense Systems

Statistical hypothesis 
A non-trivial effect (┃θ┃>δ)

Statistical hypothesis 
A trivially small effect (θ=0+/-δ)

NHST



NHST and the Study of Causally 
Dense Systems

Statistical hypothesis 
A non-trivial effect (┃θ┃>δ)

Substantive hypothesis is true  
(e.g., A is an important cause of B)

Statistical hypothesis 
A trivially small effect (θ=0+/-δ)

Substantive hypothesis is false 
(A is not an important cause of B)



NHST and the Study of Causally 
Dense Systems

Does birth order have an important causal influence 
on openness to experience? 

Birth order

Openness to experience?

Openness to  
experience?



NHST and the Study of Causally 
Dense Systems

Statistical hypothesis 
A non-trivial difference between 

the openness to experience of first 
and second born children

Substantive hypothesis is true  
Birth order is an important cause 

of openness to experience

Statistical hypothesis 
A trivial difference between the 
openness to experience of first 

and second born children)

Substantive hypothesis is false 
Birth order is not an important 

cause of openness to experience

NHST



Application to Neuroimagery

Functional hypothesis is true  
Area A plays a role in φ-ing

Functional hypothesis is false  
Area A plays no role in φ-ing

Statistical hypothesis 
A non-trivial contrast (┃θ┃>δ)

Statistical hypothesis 
A trivially small contrast (θ=0+/-δ)

NHST



Application to fMRI

significant

n.s.



Application to Neuroimagery

Functional hypothesis is true  
Area A plays a role in φ-ing

Functional hypothesis is false  
Area A plays no role in φ-ing

Statistical hypothesis 
A non-trivial contrast (┃θ┃>δ)

Statistical hypothesis 
A trivially small contrast (θ=0+/-δ)

? ?



Response I

1. The more modular a system is, the more likely 
it is that changes within a module don’t have a 
large influence on the values of nodes in other 
modules. 	


2. At the level of analysis of brain areas (the 
relevant level for fMRI), the brain is to a 
substantial extent modular.



Claim 1



Claim 2





Response II



Upshot

NHST is used to test functional hypotheses about 
brain areas or networks because (1) cognitive 
neuroscientists are really testing approximate 
nulls and (2) because the change in the BOLD 

signal in a voxel is not trivial only when the 
functional hypothesis is true.



Take-Home Message

Despite the brain’s causal density, the role played by 
significance tests in neuroimagery does not prevent 
neuroscientists from using brain imagery data to test 
functional hypotheses about brain areas or networks. 



• Machery, E. Forthcoming. Significance testing 
in neuroimagery. In M. Sprevak and J. 
Kallerstrup (Eds.),  New Waves in Philosophy 
of Mind.

If Interested





A Tempting Response 

Is it really true that null hypotheses are always 
false given that contrasts (viz. differences in changes 

in the BOLD signal) are tested?



Toy Example



Rejoinder to Reply I




