
First level fMRI data analysis

Turku PET Centre Brain Imaging Course 2024

Lihua Sun, Turku PET Centre



Outline

• What is 1st level analysis?

• Statistical models 

• Contrasts

• Examples for illustration

–Operation in SPM12

–Reading the results, e.g., the contrasts
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What is 1st level analysis?

• fMRI data analysis has two levels: 1st (within-

subject) and 2nd (group-level).
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One subject’s raw T2* data The subject’s statistical map
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1. Traditional PET

2. fMRI
Time 

Within-subject: comparison between PET and fMRI data

Task 

Density 

e.g., glucose uptake 

Statistical map 



Why is 1st level analysis?

• BOLD signals are dominated by noise: 
physiological factors (breathing, heart rate), head movement, 

scanner instabilities, magnetic susceptibility artifacts, and neuronal 

variability, leading to low signal-to-noise ratio

>> preprocessing NOT enough! 

• Multiple repeated exposure to stimuli to increase 

signal-to-noise ratio.

• Statistical analysis to extract the signal-associated 

brain responses >> statistical map
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The general linear model (GLM) family
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Dependent 

Variable 
Regressors Analysis

One continuous
Continuous 1+

Categorical 1+

Categorical + Continuous

Multiple regression

ANOVA

ANCOVA

2 repeated 

measures
0 between 1 within Paired t-test

k repeated 

measures
0 between k-1 within

One-way RM-ANOVA,

MANOVA

4+ repeated 

measures

0 between 2+ 

categorical within
Factorial RM-ANOVA

Continuous 1 Simple regression
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1 volume

1 voxel

One run

Image available via license: CC BY-NC 4.0

Voxel-level data modelling

Stimuli

log file

https://creativecommons.org/licenses/by-nc/4.0/


• BOLD responses are delayed: peak at 4-6 s and baseline 20-30 s. 

• Convolved with the hemodynamic response function (HRF)

• The linear time-invariant (LTI) system
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Hemodynamic 

delay 

Block design

Event-related design
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Event-related design: two continuous regressors 

(laughter vs. scrambled laughter regressors) 
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Four example studies
1. Social laughter experiment

2. Naturlistic movie stimuli 

3. Repeated measure food-reward responses

4. Resting states
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The laughter experiment

Four stimuli types: 

Laughter / Crying vocalization / 

Scrambled laughter / Scrambled Crying

Block (also event-related) design

The 16.5 s block contains 5 Laughter, crying, or scrambled 

sound clips.

1 event

Laughter is a contagious behavioural stimulus that is commonly used to 

study social brain functions. We have studied the social brain functions of 

participants with high psychopathy or autism traits.
>> Sun L., et al., Cerebral Cortex, Volume 33, Issue 2, 15 January 2023



SPM12
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• SPM - theoretical concepts of 

Statistical Parametric Mapping in 

a complete analysis package.

• Run in matlab

• See more information: 

https://www.fil.ion.ucl.ac.uk/spm/s

oftware/spm12/

https://www.fil.ion.ucl.ac.uk/spm/software/spm12/
https://www.fil.ion.ucl.ac.uk/spm/software/spm12/
https://www.fil.ion.ucl.ac.uk/spm/software/spm12/
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Operation in SPM12
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Basic settings

Statistical model

Leave as default, 

or specify if necessary

SPM12: parameter setting

Result to store

seconds

2.6

Regressor building

No masks
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All scan volumes

Crying   

Laughter

Data estimation
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SPM12: 

setting contrasts



Contrasts

Experimental conditions: stimuli or interest vs. control 

stimuli

– Your interest is often the difference between the two 
conditions, which is “contrast”

– You can calculate the difference, sum or separately each 
conditions, which are calculated by different linear 

contrasts. 

• We only introduce T contrast in this lecture ! !

18



19

Block design Event-related design

[ 1 -1] = “Con1 > Con2”

[ 1 0] or [ -1 0] = “main effect Con1”
Difference between 

conditions

Separately 

[ -1 1] = “Con1 < Con2”

[ 0 1] or [ 0 -1] = “main effect Con2”

Design matrix in 

SPM 12

[ 1 1] or [ -1 -1] 

Sum 
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o [ 1 1 -1 -1] : (A+B) > (C+D)

o [ 1 -1 1 -1] : (A+C) > (B+D)

o [ 1 0 0 0 ] : main effect of A

o [ 1 1 0 0] : Sum of (A+B) vs the mean of the signal

…. 

More regressors
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SPM12: result

[1 0 -1 0]
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Example 2: Naturalistic stimuli

Naturalistic fMRI offers ecological validity, engages 

complex brain functions, richer data, better 

participant engagement, etc.

>> Santavirta S. et al., NeuroImage, Volume 272, 15 May 2023, 120025
>> Nummenmaa L., et al., Cerebral Cortex, Volume 31, Issue 9, 

September 2021, Pages 4104–4114
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Self-control

Wanting

Pleasure

Movie-based fMRI
✓ Ratings of different dimensions (social, emotional, neutral, objective…)

✓ Each regressor should contain certain number of stimuli. CAN NOT be 
too small number!
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PCA 

analysis
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Dependent variables

SPM12: parameter setting

Result to store

scan

All scan volumes

e.g. Self control

The same as volume No.
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Controlling for low-level regressors

No controls



27



28

Example 3: Repeated measure food-reward

Food reward experiment has been used in decoding the 

brain conceptualizeion of satiation as induced by 

secretin hormone. 
>> Lauri S., Sun L., et al., Nature Metabolism, volume 3, pages 798–809 

(2021)



• Control condition vs. condition with infusion of secretin. 

• Each subject scanned twice with fMRI: one in control condition, the other 

under intervention (secretin infusion). 
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Step 1

Step 2



31



32



Example 4: resting state fMRI

• ReHo = regional homogeneity: larger value indicates a 

higher regional synchronization.

• ALFF = amplitude of low-frequency fluctuation: indicate 

the magnitude of neural activity

• FC = functional connectivity (between ROIs): inter-

regional correlations 



Toolbox for rs-fMRI analysis

• Matlab based 

• Download DPARSF from: http://rfmri.org/DPARSF

http://rfmri.org/DPARSF
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Data folder



Summary

• The first level analysis is a within-subject analysis, 

necessary due to the low signal-noise ratios.

• Experimental design decides the statistical model.

• We have showed 4 example studies on how to conduct 

the first level analysis. 

• Using Contrasts to view the results

• Contrast images are ready for second level analysis. 
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Thanks!

Correspondence: 

lihua.sun@utu.fi; sunlihua@fudan.edu.cn
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