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Tutorial on fMRI Methods 

Fun ctional magnetic reson ance imagi ng (fMRI) studie s are based on the fact that 
the level of oxygen changes during mental activity. Neurons that are activ e change 
their own local blood supply, increasing oxyg en more than is actually used and lead­
ing to an increas e in hem oglobin . Th e presence of hemoglobin (which has slightly 
mag netic propert ies) can be track ed by a str ong magnetic field (which is wha t an 
fMRI machine is). We can localize the areas of the bra in that are active by tr acing the 
level of oxygenation of the blood with MRI. Because of hem od ynamic lag- the 
amount of time it takes for local blood oxygen levels to increa se- the temp oral res­
oluti on of fMRI is limited to several (4 to 6) second s. In contras t, electro enceph alo­
grapy (EEG, or its compon ent responses referred to as ERPs) and magnetoen­
cephal ography (MEG ) have a temporal resolution of millisecond s. An adv antage of 
fMRI over these oth er meth ods is its spati al resolut ion, which can be an order of 
ma gnitud e better , al lowing researchers to pinp oint where in the brain an operatio n is 
occurri ng, with a resolution ap proachin g 1 mm . Accordin g to curr ent medical kn owl­
edge , MRI is harml ess to the pati ent, using only magneti c fields and nonionizin g radi­
ation in the radio frequency range. 

Th e stan dard method in functiona l neur oimaging research is kn own as the sub­
tracti on par adigm . If brain region s are activated equa lly, or no t at all, du ring two 
exper imental condit ions, thi s activation will cancel ou t in the sub tr act ion of one from 
the other (referred to in the general case of A - B). Typically, researchers use an exper­
imental condition and a baseline conditi on tha t contr ols for all operati ons (e.g., sen­
sory and motor ), except the one operatio n of intere st. If one region responds more 
stro ngly in the experi mental condition, com pa red with the baseline condit ion , it is 
said to be activated during the task, and the subtr action will yield signal changes that 
can then be tested for significance. If a region is act ivated more dur ing the baseline 
task than durin g the experimen ta l task, it is referred to as deacti vation . Deactivation 
is a well-doc umen ted phen omenon, occurri ng mo st ob viously in cases in which the 
br ain mus t att enu ate respon ses to accomplish a cert ain task. 

It is import ant to not e that in neuroirn aging studi es one is not study ing the 
amount or extent of activation in the bra in for one task only. Because the brain is 
nor mal ly occupied with a numbe r of tasks , including the contro l and maint enance of 
home ostasis, respir ation , circulation, and so on, as well as rand om and spont aneous 
thought s, a snapshot of blood flow for a single task would yield all sorts of activa­
tion that ar e not dir ectly of interest. The subtraction par adigm, first introdu ced by 
Posner and colleag ues to neur oim aging, allows us to focus our analysis on br ain 
regions that are activ e during a particular task or opera tion of interest . 
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