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1- Categorical Designs (Subtraction Based)

2- Factorial Designs

3- Parametric Designe



1- Subtraction Method

Interested in process 
P?

Task A contains P;
Task B is similar to 
task A without P.

Subtraction: A – B = P



Simple Subtraction Method
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Serial Subtraction Method
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2- Factorial Design



Factorial Design



Parametric Design



Parametric Design

Variables Studied:

Sensory: Flicker Frequency, Speech Presentation Rate,  Stimulus intensity 
and pain 

Cognitive : Attention Load, Working Memory Load

Motor:  Tapping Rate 



Parametric Design



Control Condition



Adaptation in fMRI



Adaptation in fMRI



Adaptation in fMRI



Blocked 
Designs

Event-Related 
Designs 

Intermixed 
Designs

2- Trail Timing (Design types)



Goal of Design



Trail Timing (Design types)



Designs: Block/epoch- vs event-related
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U = 
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Block/epoch designs examine responses to series of similar stimuli
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Event-related designs account for response to each single stimulus

~4s



Consider the simplest case, a block design with two conditions

e.g. alternate tapping of two fingers vs. rest
let’s assume 2 sec/volume

How long should a run be?

• Short enough that the subject can remain comfortable without moving or swallowing.
• Long enough that you’re not wasting a lot of time restarting the scanner.
• Ideal is ~5 ± 2 minutes

images

time course
of activation

haemodynamic
response function

finger tapping

baseline rest

Source: Jody Culham’s web slides

Block Design

afni.nimh.nih.gov/afni/edu/mrip.pdf


How fast should the conditions cycle?
Every 4 sec (2 images)
• signal amplitude is weakened by 
HRF
• not too far from range of 
breathing frequency (every 4-10 
sec)  could lead to respiratory 
artifacts

Every 96 sec (48 images)
• more noise at low frequencies
• linear trend confound
• subject will get bored
• very few repetitions – hard to 
do eyeball test of significance

post-HRF

Block Design 

pre-HRF

post-HRF Every 16 sec (8 images)
• allows enough time for signal 
to oscillate fully
• not near artifact frequencies
•a reasonable time for subjects to 
keep doing the same thing





1. Randomized trial order: confounds of blocked designs 

(Johnson et al 1997)

Advantages of event-related fMRI
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Slide from Rick Henson



1. Randomized trial order: confounds of blocked designs 

(Johnson et al 1997)

2. Post hoc / subjective classification of trials   e.g, 

according to subsequent memory (Gonsalves & Paller 2000)

3. Some events can only be indicated by subject 

(in time)

e.g, spontaneous perceptual changes (Kleinschmidt et al 1998)
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Advantages of event-related fMRI

Bistable Perception



1. Randomized trial order: confounds of blocked designs 

(Johnson et al 1997)

2. Post hoc / subjective classification of trials   e.g, 

according to subsequent memory (Gonsalves & Paller 2000)

3. Some events can only be indicated by subject 

(in time)

e.g, spontaneous perceptual changes (Kleinschmidt et al 1998)

4. Some trials cannot be blocked due to stimulus 

context or interactions

e.g, “oddball” designs (Clark et al., 2000) 

Advantages of event-related fMRI





Modeling block designs: epochs vs events

• Designs can be blocked or intermixed,
BUTmodels for blocked designs can be   
epoch- or event-related



Modeling block designs: epochs vs events

•Epochs are periods of sustained 
stimulation

Epoch



Modeling block designs: epochs vs events

•Events are impulses (delta-functions)

Series of events

Delta
functions



 Typical TR for 60 slice EPI at 

3mm spacing is ~ 4s

Scans
TR=4
s

Timing Issues 



 Typical TR for 48 slice EPI at 

3mm spacing is ~ 4s

 Sampling at [0,4,8,12…] post-

stimulus may miss peak signal Stimulus 
(synchronous)

Scans
TR=4
s

SOA=8s

Sampling rate=4s

Timing Issues 



 Typical TR for 48 slice EPI at 

3mm spacing is ~ 4s

 Sampling at [0,4,8,12…] post-

stimulus may miss peak signal

 Higher effective sampling by: 

1. Asynchrony

e.g., SOA=1.5TR

Stimulus 
(asynchronous)

SOA=6s

Sampling rate=2s

Scans
TR=4
s

Timing Issues 



 Typical TR for 48 slice EPI at 

3mm spacing is ~ 4s

 Sampling at [0,4,8,12…] post-

stimulus may miss peak signal

 Higher effective sampling by: 

1. Asynchrony

e.g., SOA=1.5TR

2. Random Jitter      

e,g., SOA=(2±0.5)TR

Stimulus (random 
jitter)

Sampling rate=2s

Scans
TR=4
s

Timing Issues 



 1- Choose your design and task according to 
your Hypothetic  topic

 2- consider:

 Block design for Detection

 Event-related design for Estimation

 Mixed design for Estimation of events during 
different ‘states’

 3- Think ‘frequency’, ‘decorrelation’, and 
‘sequence order’



Optimize the covariance matrix = increase the variability
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