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Outline

- We learned the general linear model (GLM), 
preprocessing, and experimental design

- What is next:
Statistical analysis of the data
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Outline

• What is 1st level analysis?
• Statistical models according to tasks

– Contrasts
– Operation in SPM12

• To set the parameters 
• To make contrasts: T contrasts

• Resting state fMRI
• fMRI with movies
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Why the 1st level analysis?

• Only two levels: 1st (within-subject) and 2nd 
(group-level).

• BOLD signals are dominanted by noise.
• Multiple repeated exposure to stimuli to increase 

signal-to-noise ratio
• Statistical analysis to extract the signal-associated 

brain responses
• Brain data is huge with large number of voxels.
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Image available via license: CC BY-NC 4.0

4D Data

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


7

Experimental design

1. Block design

2. Event-related design



To build the regressor
• 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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Block design: one regressor of interest (e.g. 
people vs. landscape)
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Event-related design: two continuous regressors 
(people vs. landscape) 



Contrasts

Experimental conditions: people vs. landscape
– 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 focus on T contrast in this lecture ! !
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Condition 1

Condition 2

Intercept

Block design Event-related design

[ 1 -1] = “Con1 > Con2”

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

Separately 

Condition 1

Condition 2

Intercept

[ -1 1] = “Con1 < Con2”

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

Design matrix in 
SPM 12

[ 1 1] or [ -1 -1] 
Sum 



13

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



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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Simple or multiple regression, t-tests, ANOVA, ANCOVA
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The laughter experiment

Four stimuli types: 

Laughter / Crying vocalization / 
Scrambled laughter / Scrambled Crying

Block design

crying sounds) were played with a 1 s silent period between
stimuli (figure 1a). The blocks were interspersed with rest blocks
lasting for 4–7 s. To keep participants focused on the task, an
animal sound (vocalization of an alpaca for 3 s) was presented ran-
domly with 50% chance during the rest blocks. The subjects were
instructed to press the response button whenever they heard the
alpaca, and the behavioural responses were inspected to guarantee
the focus of attention. A total of 32 blocks (eight blocks per
stimulus type) were run in randomized order.

(ii) fMRI data acquisition and preprocessing
A Phillips Ingenuity TF PET/MR 3T whole-body scanner was
used for collecting the MRI data. Structural brain images with
resolution of 1 mm3 were acquired using a T1-weighted sequence
(TR 9.8 ms, TE 4.6 ms, flip angle 7°, 250 mm field of view (FOV),
256 × 256 reconstruction matrix). Brain structural abnormalities
were screened by a radiologist (J.H.). Functional MRI data were
acquired using a T2*-weighted echo-planar imaging sequence
(TR = 2600 ms, TE = 30 ms, 75° flip angle, 240 mm FOV, 80 × 80
reconstruction matrix, 62.5 kHz bandwidth, 3.0 mm slice thick-
ness, 45 interleaved slices acquired in ascending order without
gaps). A total of 290 functional volumes were acquired.

MRI data were processed using fMRIPrep 1.3.0.2 [37]. Struc-
tural T1 images were processed following steps: correction for
intensity non-uniformity, skull-stripping, brain surface recon-
struction, spatial normalization to the ICBM 152 Nonlinear
Asymmetrical template version 2009c [38] using nonlinear regis-
tration with antsRegistration (ANTs 2.2.0) and brain tissue
segmentation. Functional MRI data were processed as follows:
co-registration to the T1 reference image, slice-time correction,
spatial smoothing with a 6 mm Gaussian kernel, automatic
removal of motion artefacts using ICA-AROMA [39] and resam-
pling to the MNI152NLin2009cAsym standard space. Image
quality was inspected visually for the whole-brain FOV
coverage, and proper alignment to the anatomical image.
Signal artefacts were assessed via the visual reports of fMRIPrep.
All functional data were thereafter included in the current study.

(iii) fMRI data analysis
The fMRI data were analysed in SPM12 (Wellcome Trust Centre
for Imaging, London, UK (http://www.fil.ion.ucl.ac.uk/spm).
The whole-brain random effects model was applied using a
two-stage process with separate first and second levels. For
each subject, a general linear model (GLM) was used to predict
the regional effects of task parameters on BOLD indices of acti-
vation. Contrast images were generated for laughter or crying
sound versus corresponding scrambled sounds and subjected
to second-level analyses. The statistical threshold was set at p <
0.05, false discovery rate (FDR)-corrected at the cluster level.

(d) PET–fMRI fusion analysis
(i) Region of interest definition
Seventeen regions of interest (ROIs) were selected based on (i)
their role in emotional processing, and (ii) high MOR expression
[16,28,40]. These ROIs include the frontal pole (FP), insula, orbi-
tofrontal cortex (OFC), anterior cingulate cortex (ACC) and
posterior cingulate cortex (PCC), precuneus (PreCu), amygdala,
thalamus, ventral striatum, dorsal caudate, putamen and hippo-
campus (HC), defined by the AAL atlas [41]. We also included
the subregions of the motor area, given their important role in

processing social stimuli [42,43]; they were parcellated in the Jue-
lich Atlas with masks generated using the SPM Anatomy toolbox
[44]. These subregions include the primary motor cortex (M1)
corresponding to Brodmann areas (BA) 4a and 4b, the sup-
plementary motor area (M2) corresponding to BA6 [45], the
primary somatosensory cortex (S1) including BA3a, BA3b, BA1
and BA2 [46,47], and the secondary somatosensory cortex (S2)
including parietal operculum 1–4 [48]. Finally, the auditory
cortex was defined using the Juelich Atlas combining TE 1.0,
TE1.1 and TE 1.2 [49] and was included in the ROI set. Mean
regional MOR availabilities were extracted for each ROI.

(ii) Fusion analysis
Two different approaches were used for fusion analysis. In the
full-volume approach, voxel-wise BOLD responses to laughter
and crying were predicted with ROI-wise [11C]carfentanil avail-
abilities (i.e. separately for each ROI) using linear regression
analysis. The statistical threshold was set at p < 0.05, FDR-
corrected at the cluster level. In a complementary methodological
approach, we also extracted subject-wise BOLD responses to
laughter and crying in the 17 ROIs described above. Sub-
sequently, MOR availabilities in these ROIs were correlated
(Pearson) with the corresponding regional BOLD responses to
characterize the regional interactions between MOR and BOLD
responses to laughter and crying. Correlation analysis was
conducted with R statistical software (v. 3.6.3).

Linear discriminant analysis (LDA) was used to test whether
the second-level contrast images obtained in the PET–fMRI
fusion analysis were statistically separable for laughter and
crying (17 images per category). First, voxel-wise parameter
estimates were extracted from all grey-matter voxels. The
dimensionality of the data was then reduced with principal com-
ponent (PC) analysis. The resulting PC scores for each image were
subjected to LDA with leave-one-out cross-validation, where the
classifier was trained on all but one contrast image and then
tested with the remaining image. This procedure was repeated
34 times so that each image was used as the hold-out image.

3. Results
Figure 2 shows the mean MOR distribution in the subjects.
MORs are widely distributed across the frontal, temporal,
parietal and subcortical brain regions.

Laughter versus scrambled laughter elicited activation inpri-
mary and secondary auditory cortices and adjacent temporal
regions, ACC and PCC, primary (S1) and secondary somatosen-
sory (S2) cortex, primary (M1) and secondary (M2)motor cortex,
medial frontal cortex, insula, amygdala, HC, striatum and thala-
mus (figure 3a). Crying sounds versus scrambled crying sounds
activated only the primary and secondary auditory cortices and
adjacent superior and middle temporal regions (figure 3b).
Direct contrast between laughter and crying showed signifi-
cantly stronger activations in regions including M1, S2,
thalamus, ACC and PCC, whereas the opposite contrast did
not reveal any significant activations (figure 3c).

2.5 s

1 s

16.5 s

1 s 1 s1 s

2.5 s 2.5 s 2.5 s 2.5 s
rest rest

4–7 s4–7 s

Figure 1. Experimental block design.

royalsocietypublishing.org/journal/rstb
Phil.Trans.R.Soc.B

377:20210181
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The 16.5 s block contains Laughter, crying, or 
scrambled sound.
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Operation in SPM12
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Dependent variables

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
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SPM12: result

[1 0 -1 0]



Outline

• What is 1st level analysis?
• Statistical models according to tasks

– Contrasts
– Operation in SPM12

• To set the parameters 
• To make contrasts: T contrasts

• Resting state fMRI
• fMRI with movies
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Measures in 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
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Self-control

Wanting

Pleasure

Movie-based fMRI
ü Ratings of different dimensions (social, emotional, neutral, objective…)
ü Each regressor should contain certain number of stimuli. CAN NOT be 

too small number!



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



Resources

• Principles of fMRI: https://youtu.be/OyLKMb9FNhg
• Spm12 manual: 

https://www.fil.ion.ucl.ac.uk/spm/doc/spm12_manu
al.pdf

• Behav Res (2014) 46:596–610 

28

https://youtu.be/OyLKMb9FNhg
https://www.fil.ion.ucl.ac.uk/spm/doc/spm12_manual.pdf
https://www.fil.ion.ucl.ac.uk/spm/doc/spm12_manual.pdf

