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1. Background-Aim

Changes in chromophore concentrations can be quantified via 
changes in NIR light absorption detected by fNIRS

Indirect measurement of neuronal 
activity in brain areas of interest

Aim: Extracting and analyzing 
fNIRS signals from cognitive trial 

settings and proper protocols

Most dominant absorbing chromophore is Hemoglobin

HbO2: λ>800nm

HbR: λ<800nm

↑ neural activation→ ↑ metabolic 
demands→ neurovascular 

coupling/functional hyperemia 
(↑[HbO2],↓[HbR])

fNIRS is a novel noninvasive optical neuroimaging method 
frequently used to detect changes of cortical hemodynamic 

responses to human perceptual, cognitive, and motor functioning 
Human tissues are transparent to 

NIR light (650-950nm): 
Absorption & Scattering (few cm)

Optical Window: Various 
substances like lipids, melanin, 

water



2. Materials & Methods
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l 4 LED CW Emitters, 12 Photodiode detectors, 
16 measurement channels

Two wavelengths of near-IR light: 730 nm & 
850 nm 

Sampling Rate: 10 Hz

10-25mm Emitter-Detector distance: 
hemodynamic changes within 1-1,5 cm 
distance from center of Emitter-Detector 

arrangement 

All emitters are activated sequentially: The 
first one activates and performs 5 (or 4) 

channel measurements at one wavelength 
then at the other wavelength measurements, 
and then the second emitter is turned on, etc.



3. Materials & Methods

RAPM Acquisition Protocol: 30s pre-task BS1: Participant is asked to 
verbally count the numbers from 1 to 5 repeatedly

60s RAPM1 period: Choice of the 
best available pattern to fill a 

missing element 

30s pre-task BS2: Same as BS1, 
60s RAPM2 period: Same as 
RAPM1 but other patterns, 5 
Participants each 5 sessions 

VFT Acquisition Protocol: 30s pre-task BS1: Participant is asked to 
verbally count the numbers from 1 to 5 repeatedly

60s LFT period: 3x20s blocks of 
word generating beginning with a 2 

letter syllable→ different in each 
block 

30s pre-task BS2 : Same as BS1, 
60s CFT period: Same as LFT but 
categories, 5 Participants each 5 

sessions

Cognitive Tasks: Numerous challenges for the evaluation of high – 
level cognitive processes, executive brain functions etc. → pre-task, 

task & post-task period 
VFT: Sensitive indicator of frontal 

lobe activation → LFT (phonological 
example) & CFT (category example)

RAPM: Assessment of brain 
behavior in reasoning and problem 

solving process → cell form patterns



4. Materials & Methods

fNIRS Data Processing Protocol

FIR Band Pass filter : 0,01 – 0,19 Hz

Detrending

fNIRS Statistical Analysis

2 Subjects

2 VFTs & 2 RAPMs each

VFT : BS1 & LFT, RAPM : BS1 & RAPM1

One – way ANOVA for each case→ Levene’s test for 

homogeneity of variances→ NOT homogenous

Comparison of the first 8 optode channels through 

non parametric independent samples Kruskal-

Wallis Test



5. Results

Bibliography

fNIRS & VFT: HbO2 
& Tot-Hb ↑, HbR ↓, 

Statistically 
Significant Difference 
( ρ < 0.05) between 

BS – Task period 

fNIRS & RAPM: 
HbO2 ↑, HbR ↓, 

Statistically 
Significant Difference 
( ρ < 0.05) between 

BS – Task period  

Experimentation

fNIRS & VFT: Most 
channels’ mean 

HbO2 values 
confirmed HbO2 ↑, 

Statistically 
Significant 

Differences between 
BS1 – Task Period 

fNIRS & RAPM: 
Same as above



7. Results

Mean of relative [HbO2] ↑ in dominant 
majority of recording optodes (OP) between 

Baseline (BS1) & Task. Statistically 
significant differences, between BS1 – Task 
Period, were observed in serious majority of 

optodes.



8. Conclusions

fNIRS

HbO2 : 
Higher SNR 
& Sensitivity 

in VFT 
performances

Ideal for 
multimodal 
imaging on 

practical 
real – life 
scenarios

Important clinical 
and research 
integrations 
(psychiatric 
diagnosis, 

Hyperscanning)

Avoid 
excessive 

movements, 
Changes to 
hydrostatic 
pressure, 

etc. 
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