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Discovering fNIRS with Children’s Eyes
L. Bell a,b, V. Reindl a,c, J. A. Kruppa a, A. Niephaus a, S. H. Kohl a,c and K. Konrad a,c
a
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Psychosomatics and Psychotherapy, Medical Faculty, RWTH Aachen University,
Aachen, Germany.
b
Audiovisual Media Center, Medical Faculty, RWTH Aachen University, Aachen, Germany.
c
JARA-Brain Institute II, Molecular Neuroscience and Neuroimaging (INM-11), RWTH
Aachen & Research Centre Juelich, Juelich, Germany.
Corresponding author e-mail address: lbell@ukaachen.de
Abstract: Many scientists have difficulties in making their work accessible in an easily
understandable way. Yet, bridging the gap between our ‘cognitive neuroscience world’ with
its daily jargon-heavy terms and the ‘general, non-scientist public world’ is crucial. The more
we talk about science to a variety of people, including the next generation of functional nearinfrared spectroscopy (fNIRS) researchers, the more we create a society that understands
what we do and why that is important. The involvement of young children and adolescents in
participatory action research as researchers, rather than merely subjects, has become
increasingly popular. While in the past the “voice” of young people has largely been ignored,
the participatory approach attempts to counteract this by providing a practice-oriented
framework for the active participation of children and adolescents (e.g., Kleine et al., 2016).
However, actively engaging young children in developmental fNIRS research requires first
and foremost an introduction to a complex neuroscience method in a way that can be
understood by teenagers as well as a 6-year-old! In this talk, we will present one way to
discuss fNIRS research with young children (see for an excerpt of the video-explanation Fig.
1). We demonstrate how to explain to children how they can help us to find out numerous
things about their brains, and how we can use this information to assist children that face
difficulties in their daily lives. Finally, we will discuss methodological, practical, and ethical
considerations that are important when involving children as researchers in developmental
fNIRS research.

Fig. 1. Explaining fNIRS research to children. Excerpt of the exemplary video-explanation.
Reference:
Kleine, D., Pearson, G., & Poveda, S. (2016). Participatory methods: Engaging children’s
voices and experiences in research.

Classification of Schizophrenia and Bipolar Disorder Patients by Using fNIRS
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Motivation: Schizophrenia (SCZ) and Bipolar disorder (BP) are highly prevalent 1, 2 and disabling
psychiatric disorders. Diagnosis of the two disorders and their differential diagnosis are
challenging and require longitudinal observation. In this study, we utilized fNIRS based dynamic
functional connectivity (dFC) and machine learning techniques to classify SCZ, BP and healthy
controls. We aimed the feasibility of fNIRS based dynamic functional connections induced by a
mental state judgement task for classification of these disorders. Method : We performed
classification to 22 patients with SCZ, 23 with BP and 23 healthy control (HC) participants utilizing
fNIRS measurement during mental state judgments (MSJ) in the Reading the Mind from the Eyes
Test by following a One vs One strategy. We performed dFC by using sliding window correlation
(SWC), extracted features for MSJs and performed classification using Support Vector Machine
(SVM), Discriminant Analysis (DA) and K-nearest neighborhood (KNN). Results: Our results
revealed that MSJ based dFC led to 82.5 % accuracy with over 80% of sensitivity and specificity
for SCZ vs HC classification, 79 % accuracy with 78% sensitivity and 80 % specificity for BP vs
HC classification, and 75.5 %
accuracy with 83.3 % sensitivity
and 66.6 % specificity for SCZ vs
BP classification. Conclusion:
Our results suggest that fNIRS
based
dynamic
functional
connections induced by a MSJ
task
may
be
promising
biomarkers for SCZ and BP.
Figure 1. Bar charts of classification results for SCZ vs HC, SCZ vs BP and BP vs
HC. a) Accuracy scores, b) Sensitivity scores, c) Specificity scores. Error bars
represents the standard error. DA : Discriminant Analysis, KNN : K-nearest
neighborhood, SVM : Support Vector Machine.
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Effects of Systemic Physiology on fNIRS-based Resting-State
Functional Connectivity
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Background: Resting-state functional connectivity (RSFC) is a powerful tool for predicting
prognosis in patients with acute brain injuries. fNIRS is attractive for measuring RSFC given
that the systems are portable, inexpensive, and user-friendly. While promising, fNIRS suffers
from non-neural signal contaminations, such as hemodynamic fluctuations due to breathing,
heart rate (HR), and mean arterial pressure (MAP) changes. These signals can increase
correlation across fNIRS channels, leading to spurious RSFC networks. In this work, we
investigated the neural origins of RSFC networks by regressing out superficial hemodynamics,
MAP, end-tidal CO2, and HR.
Methods: We acquired data from 10 healthy participants (7 females, average age 26) at rest
with a continuous-wave NIRS system for 12 minutes. Our optical probe covered the frontal,
parietal, and temporal lobes with 32 sources and 39 detectors, allowing 121 regular channels
and 8 short channels (SCs). We also recorded end-tidal CO2, HR, and MAP continuously and
synchronously with the fNIRS. For processing the fNIRS data, we corrected motion artifacts
and band-pass filtered the hemoglobin time-series between 0.009 and 0.08Hz. For removing
non-neural components, we employed a GLM analysis with SCs, MAP, HR, and CO2 as
regressors. For investigating RSFC networks, we computed the Pearson Correlation across
regular fNIRS channels. Moreover, we acquired structural and functional MRI images for each
volunteer to further validate fNIRS-based RSFC networks.
Results: The GLM analysis revealed that although SCs had the highest effect on the
regression, the physiological parameters were also important in explaining some of the
remaining variance in the data. In addition, for oxyhemoglobin (HbO) and total hemoglobin
(HbT), we observed a consistent shift in the correlation distributions to smaller values for all
volunteers as we increased the regressors in the GLM. For deoxyhemoglobin (HbR), no clear
changes in the correlation distributions were observed, corroborating the conjecture that HbR
is less affected by systemic physiology. As a final validation, we compared seed-based
networks extracted from HbT with BOLD fMRI. We observed a good agreement between both
modalities for the sensorimotor, auditory, frontoparietal, and DMN networks for the GLM with
only the SCs and with SCs together with MAP, HR, and CO2.
Conclusions: Overall, this work suggests that fNIRS-based RSFC is deeply affected by nonneural components, particularly HbO and HbT contrasts. Although SCs reduce extracerebral
contamination, the remaining signal contains systemic information that can be accounted for
with independent physiological data. The non-neural components should be considered before
the interpretation of RSFC with fNIRS.

Six-month-old infants’ abilities to represent regularities in speech
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Introduction. To acquire grammar, infants need to extract regularities from the linguistic
input. From birth, infants detect repetitions from speech. Newborns show a strong neural
activation for syllable sequences containing adjacent repetitions (ABB: mubaba) as
compared with a silent baseline. Meanwhile, their activation in response to random syllable
sequences (ABC: mubage) is not different from their response to the silent baseline (Gervain
et al. 2008, PNAS 105, 14222–7). Here, we seek to uncover when infants begin to also
represent the random sequences, i.e. sequences containing a diversity-based rule. Because
infants begin to learn their first word forms at 6 months of age, we hypothesize that the ability
to represent sequences of different syllables might become important for them.
Methods. We examined 6-month-old French learning infants’ (n = 24) representation of
repeated and random sequences in speech using a NIRX NIRScout system and an
alternating/non-alternating design. We measured infants’ brain responses in the bilateral
temporal, parietal and frontal areas (10 channels/hemisphere) while they listened to two
types of blocks. Non-alternating blocks (x6) contained only tokens of a single structure, either
ABB (e.g. tofifi) or ABC (e.g. dufeto). Alternating blocks (x6) contained tokens of both types
presented in strict alternation (e.g. ABC-ABB: zimuta, fibaba, lukobi…).
Results. Cluster-based permutation tests revealed higher oxyHb concentration in nonalternating blocks in right frontal regions (Ch13 and 16, see Fig1), showing that infants
discriminated the two sequence types. Crucially, analysis of only non-alternating blocks
revealed equally strong neural activation to the blocks containing only ABB or ABC tokens,
higher than during the silent baseline. While newborns show high activation only in response
to repetition-based (ABB) structures, 6-month-olds show similar activation in response to
diversity-based (ABC) structures. In behavioral studies, infants have failed to detect diversitybased rules even at 12 months (Kovács 2014, Lang Learn 64, 65-85). Our results provide
thus the earliest evidence that young infants encode diversity-based patterns in speech.
Fig1. Grand average hemodynamic responses. Alternating vs. non-alternating blocks (left), and
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An early start to schooling is associated with improvements in vocabulary and
visual working memory.
Sobanawartiny Wijeakumar c,a*, Christina Davidsona, Courtney McKaya, Eva Rafetsedera &
Yee Lee Shingb,d
a. Psychology, Faculty of Natural Sciences, University of Stirling, Scotland, United Kingdom
b. Institute of Psychology, Goethe University Frankfurt, Germany
c. School of Psychology, University of Nottingham, Nottingham, United Kingdom
d. Center for Individual Development and Adaptive Education of Children at Risk (IDeA),
Frankfurt, Germany
Corresponding author e-mail address: sobanawartiny.wijeakumar@nottingham.ac.uk
Most countries adopt a somewhat arbitrary cut-off date to determine when a child is
ready to begin school. Previously, quasi-experimental approaches have been employed to
tease apart the effects of entry into schooling from age-related experiential effects in the
domains of literacy and numeracy. However, there is comparatively little evidence of the impact
of formal schooling on executive functions such as visual working memory (VWM) and how
these functions can directly or indirectly influence more crystallized abilities of reading and
mathematics. Here, our first question inquired whether an early start to schooling would result
in an improvement in vocabulary acquisition and numeracy abilities. Our second question
investigated whether an early start to schooling would result in an improvement in VWM
performance and modulation of underlying brain mechanisms. Our third question investigated
whether schooling-related improvements in VWM behavior and underlying brain activation
could predict improvements in vocabulary and numeracy. We employed a modified school cutoff design wherein we followed two groups of children born in either January or February 2014
and eligible to begin school: Early Schoolers (ES) whose parents had decided to enroll them
into school in August that very year and Late Schoolers (LS) whose parents had decided to
defer school entry until August of the following year. We followed both groups of children
across two years. All data was collected from children in their homes in Scotland. A color
change detection task with a load manipulation was used to assess VWM performance. A
portable functional near-infrared spectroscopy machine was used to measure brain activation
from the frontal and parietal cortices as children engaged on the VWM task. Novel image
reconstruction methods were used to obtain voxel-wise measures of brain activation for each
condition. All children also completed the vocabulary subset of the Wechsler Preschool and
Primary Scale of Intelligence to assess word knowledge and a numeracy screener to assess
basic numeracy skills. Structural equation modelling was used to represent, estimate, and test
relationships between variables of interests. Our findings revealed that ES children showed
greater improvement in vocabulary and VWM performance compared to LS children. Further,
in ES, greater VWM performance in kindergarten predicted a greater improvement in
vocabulary after the children had attended one year of schooling. On the other hand, LS
children showed a greater modulation of activation in the left parietal cortex (lIPL). Importantly,
greater lIPL activation in the first year of kindergarten predicted only a smaller improvement in
vocabulary after another year in kindergarten. We suggest that LS might inefficiently rely on
verbal or semantic memory to foreground visual stimuli (for eg. through subvocal rehearsal of
the names of the colors) in the VWM task, thus, demonstrating greater activation in the lIPL.
We further assert that LS may be adopting similar mechanisms for building vocabulary
knowledge. Our findings suggest that deferring entry to schooling is associated with smaller
improvements in neurocognitive function and academic achievements.

A meta-analysis of fNIRS studies on infants’ detection of repetitionand diversity-based regularities in speech
J. Gemignania, A. Martinez-Alvareza, C. Nalleta, L. Martinb, A. Pasquinia, J.
Gervaina,b and I. de la Cruz-Pavíac,d
a
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Introduction. The replicability of scientific discoveries is a pressing concern in the research
community. Meta-analytic studies are key to assessing the robustness of reported effects.
Yet very few exist in the NIRS literature, especially with infant populations. Using this
approach, we investigate infants’ abilities to extract two types regularities from speech that
are proposed to follow different developmental paths: (1) repetition-based regularities (AAB:
mumuba, ABA: mubamu), (2) and diversity-based regularities (ABC: mubage). Individual
studies suggest that infants show significant hemodynamic responses to repetitions, but not
to diversity-based structures at birth, but by 6 months, they also encode diversity (de la CruzPavía & Gervain 2021). Here we conduct a meta-analysis to evaluate the developmental
trajectory of the processing of these structures in the existing infant NIRS literature.
Methodology. We gathered all published and unpublished studies (k=19), testing brain
responses with speech stimuli (16), tones (1), sign (1), or visual stimuli (1) in newborns and
6-9-month-old infants. We calculated variance-weighted effect sizes for oxyHb concentration
in response to both regularities as compared to baseline in the left temporal lobe, using
random-effects models with the software JASP (JASP team, 2021).
Results. Meta-analytic effect sizes over all ages pooled together were small but significant
(repetition-based structures: 0.26, CI [0.17, 0.35], p<.001; diversity-based structures: 0.19, CI
[0.09, 0.29], p<.001, see Fig1.). For speech stimuli (16 studies), responses to repetitionbased structures had a small, but significant meta-analytic effect size in both age groups
(birth: 0.29, CI [0.18, 0.40]; 6-9 months: 0.28, CI [0.14, 0.42]; both p<.001), while responses
to diversity-based structures were only significant at 6-9 months (0.27, CI [0.09, 0.44],
p=.003). These results thus confirm that infants detect repetition from birth, but are not yet
able to encode diversity-based structures. Analysis of potential moderators (e.g. native
language, etc.) is currently undergoing.
Repetition-based structures vs. silent baseline
Diversity-based structures vs. silent baseline
Fig1. Forest plots. Effect sizes of all individual studies and meta-analytic effect size
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Investigating the Feasibility of fNIRS to Detect Higher-Order Brain
Activity During Auditory Tasks
A. Abdalmalaka*, S. Novib, K. Kazaziana, R. Ardakania, L. Nortona, T.
Benagliab, R. C. Mesquitab, D. B. Debickia and A. M. Owena
a

Western University, London, Canada
University of Campinas, Campinas, Brazil

b

*Corresponding author e-mail address: aabdalma@uwo.ca
Background: Coma is an acute disorder of consciousness in which patients experience no
signs of arousal or awareness. Previous fMRI work has shown that some comatose patients
retain higher order auditory function with the degree of auditory processing being predictive of
functional recovery. The aim of this work was to investigate the feasibility of using fNIRS to
detect brain activity during various auditory stimuli.
Methods: We acquired fNIRS data from 7 healthy participants (5 females, mean age 26)
during an auditory stimulus task using a continuous-wave NIRScout system. We designed the
optical probe with 32 sources and 39 detectors, allowing 121 regular channels (source-detector
distance of 3 cm) and 8 short channels (SC) (source-detector distance of 0.8 cm). Each
volunteer performed a block-designed paradigm with 5 repetitions of three distinct listening
tasks: complex language (i.e. story narration), pseudoword sentences or pseudo story (i.e.
nonsense words matched to the story stimulus), and signal correlated noise (white noise).
Each task lasted 30 seconds followed by 30 seconds of silence (rest).
To analyze the fNIRS data, we converted light intensity to optical density (OD) and corrected
motion artifacts with spline interpolation and wavelet decomposition. The signals were then
filtered using a band-pass filter with a cut-off frequency band of 0.001-0.1 Hz. Next, we
computed the hemoglobin concentration changes using the modified Beer-Lambert Law. To
investigate the hemodynamic responses of each regular channel, we used a general linear
model (GLM) with a gamma function. In the design matrix of the GLM, each task resulted in
one stimulus vector. For each regular channel, all short-channels were incorporated into the
GLM to remove extra-cortical hemodynamics. After solving the GLM, we tested (t-test) the
contrasts:
sound
perception
(story+pseudo+noise>silence),
speech
perception
(story+pseudo>noise) and language comprehension (story>pseudo) for each volunteer.
Finally, we performed group analysis by averaging the t-values of each contrast across all
volunteers. Channels with average t-value significantly positive for oxyhemoglobin (HbO) and
negative for deoxyhemoglobin (HbR) were considered as activated for the group.
Results and Conclusions: The fNIRS results revealed significant activity (p<0.05) in the
Wernicke’s area bilaterally during sound perception. For the language comprehension
condition, significant activity was observed posterior to Wernicke’s area on the left
hemisphere. Finally, for speech perception, activity was only detected in the left Wernicke’s
area. The activity during the sound and speech perception conditions are in strong
agreement with previously published fMRI work. Unexpectedly, the activity during the
language comprehension condition is posterior to that reported in the literature, which could
be the result of the intra-subject variations due to the small sample size. In summary, this
work highlights the potential of fNIRS as a tool for assessing higher-order brain function in
healthy controls. Future work will focus on recruiting additional participants and translating
this work to patients in intensive care.

Stunting in the first year of life is associated with changes in the dorsal and
ventral attention networks.
Sobanawartiny Wijeakumar a,b*, Samuel H. Forbesc, Vincent A. Magnottad, Vinay P. Singhe,
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Stunting or linear growth faltering (i.e., a standardized height-for-age z score [HAZ] less than
-2) impacts approximately 162 million children under the age of five worldwide. Current trends
project that 127 million children under five years of age will be stunted in 2025 (WHO global
targets policy brief). It is still unknown how stunting impacts cognition and underlying brain
function in the first year of life. Addressing this early in development is critical for creating
targeted, child-specific cognitive interventions to halt or reduce cognitive and socio-emotional
impacts in later life.
Here, we investigated how stunting impacts visual cognition and underlying brain
function in infants in rural Uttar Pradesh, India. Looking behavior was assessed using portable
eye-tracking, while brain function was assessed using functional near-infrared spectroscopy.
We collected data from 6-month-old (N=115) and 9-month-old infants (N=106) as they
engaged with a preferential looking visual working memory task. In this task, blinking displays
of colored squares are presented side-by-side. On one side, the colors of the squares
remained the same across each blink (non-changing side), whereas on the other side, one
square changed its color across each blink (changing side). There were three levels of memory
load– low (1 item), medium (2 items) and high (3 items). Image reconstruction methods were
used to analyze fNIRS data in voxel space. fNIRS data were registered to individual MRIs
when available or age-specific templates otherwise.
Our findings revealed notable differences in looking dynamics and brain activity
between normal height and stunted infants. Critically, in normal height infants, greater
preference to the changing side was associated with longer sustained looking – the longer
infants explored the displays, the better infants were at detecting the changing side. In
contrast, in stunted children, longer looking time was associated with poorer change
preference scores. Thus, despite longer looking, stunted children struggled with detecting the
changing side, suggesting they were distracted by the non-changing side.
Stunting was also associated with the modulation of two key brain areas, left anterior
intraparietal sulcus (laIPS), a part of the dorsal attention network important for top-down goaldriven attention, and the right temporoparietal junction (rTPJ), a part of the ventral attention
network involved in shifting attention away from current goals to task-relevant distractors.
Critically, stunted children showed lesser activation in laIPS and greater activation in rTPJ
compared to normal height children, suggesting that they struggled with sustaining attention
to the changing side and oriented attention away from it.
This is the first study to identify a mechanism early in development through which
stunting might lead to poor cognitive outcomes. Further, this work suggests a route by which
early caregiving interventions can have an impact by improving sustained attention and
working memory and reducing distractibility.

Decreased automaticity contributes to decrements in dual task walking
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Purpose: to contrast older and younger adults’ prefrontal cortex (PFC) neural activity (through
changes in oxy-hemoglobin) during single and dual tasks, and to compare decrements in task
performance. We hypothesized that older age is associated with decreased automaticity as
reflected by maintenance of PFC oxyhemoglobin throughout walking at usual pace on a flat
indoor surface. Methods: Changes in oxy-hemoglobin of dorsolateral PFC were monitored
using functional near-infrared spectroscopy during single tasks of spelling backwards
(cognitive task) and 30m preferred paced walk; and a dual task combining both. Gait velocity
was measured by a pressure sensitive mat. Results: Twenty younger (27.6±3.5 years) and
17 older adults (71.2±4.9 years) were recruited. Although fewer words were spelled accurately,
left PFC oxy-hemoglobin increase tended to be greater during spelling backwards in older
versus younger adults (p=0.051) from the 1st to the 5th quintile of task duration whereas it
decreased more during walking in younger vs older adults (Figure). Oxygenated hemoglobin
in the PFC increased bilaterally during dual versus single preferred paced walk tasks in older
adults but only in the right PFC in younger adults. Only older adults exhibited slower velocity
during the dual task compared to younger adults. Older age was associated with dual task
effects on velocity during preferred paced walking after adjusting for confounding variables.
Conclusions: Age-related increases in neural activity for cognitive tasks and diminished
walking automaticity may result in dual task decrements. These changes may in turn contribute
to slower walking and increased fall risk.

Figure. Left and right changes in oxy-hemoglobin (O2Hb) during spelling backwards (SB)
and single task walking (means + standard errors). Significant differences between 1 st and 5th
quintile of task duration indicated by solid lines. * different at p=0.035;** different at p<0.002.
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Abstract:
Background: Approximately 4.4% of the world’s general population was estimated to suffer
from depression, which was ranked by the World Health Organization as the largest contributor
to global disability [1]. Early detection and monitoring of depression cases in an accurate and
timely way allowing for the improvement of treatment outcomes. With the rapid advances in
functional near-infrared spectroscopy (fNIRS), it has been possible to conduct real-time,
sensitive detection of cerebral hemoglobin changes at a portable and low-cost device.
Problem: However, accurate and visualized assessment tools for the suspected case who
presents with depressive symptoms have not been established. Sensitively deciphering the
depressive pattern from complex and noisy signals is still challenging for fNIRS applications.
Method: Based on a large-scale dataset, including 177 depression patients and 186 healthy
controls, collected with a 52-channel fNIRS system during verbal fluency task, this problem
was investigated through the introduction of machine learning techniques, which are
comprised of data representation, feature selection, and supervised pattern recognition
approaches. Firstly, we performed data preprocessing and transformation to represent
spatiotemporal characteristics of NIRS signals and reduce the space of possible features. Next,
a genetic algorithm-based feature selection framework was designed for discovering a set of
discriminative channels, which were clustered into two-dimensional features and subsequently
used as the most informative indicators of the NIRS signal pattern. Furthermore, five classifiers
cooperated with cross-validation were applied to differentiate hemodynamic patterns of
depression from healthy subjects.
Result: Finally, we adopted only two optimal indicators (‘Integral (CUM)’ & ‘Centroid (CUM)
Zero-Norm’) and found that the support vector machine achieved the highest five-fold crossvalidation accuracy of 72.8% in the training set and prediction rate of 81.3% in the test set.
Conclusion: On the basis of the simple test procedure and a low number of predictors, this
robust classification algorithm enables a real-time, visualized evaluation of depression cases,
the outcome report could be easily recognizable by clinicians.
Future Study: With further investigations in the NIRS signal analysis for extraction of taskrelated hemodynamic response from the cortex and clarifying the influence of demographic
factors on prediction performance, this assessment method can be a promising solution for
differential diagnosis of depression in clinical settings.
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Infancy and early childhood mark a fundamental period for the development of executive
functions; core cognitive skills that support the control of behaviour and attention to meet
adaptive goals. Already in infancy, inhibitory control skills support the inhibition of a nonadaptive or goal-irrelevant response. At the same time, important maturational processes
occur across fronto-parietal networks associated with these executive skills. However, a lack
of age-appropriate tasks and neuroimaging methodologies have meant that studies
investigating the functional neural correlates of inhibitory control as it emerges in infancy are
rare. In this study, we aimed to uncover the neural underpinnings of inhibitory control in 10month-old infants (N = 59) by employing fNIRS alongside a novel, age-appropriate inhibitory
control task. We found that when inhibition is required, the right prefrontal and parietal
cortices were significantly more activated than when there is no inhibitory demand (Figure 1).
Further, activation in right prefrontal areas was significantly associated with individual
differences in response inhibition performance. This demonstrates that inhibitory control in
infants as young as 10 months of age is supported by similar brain areas as in older children
and adults. With this study we have lowered the age-boundary for localizing the neural
substrates of response inhibition to the first year of life.
Figure 1
Note. This figure shows grouplevel (N = 59) T-statistic images of
the contrast in concentration
changes of each chromophore
(oxygenated haemoglobin; HbO2
on the left, and deoxygenated
haemoglobin; HHb on the right)
between experimental (inhibitory
demanding) and control (no
inhibitory demand) blocks. All
displayed T-statistic values are
significantly different across block
types (paired t-test) at the alpha
level of p < .01. The HbO2 figure
(left) covers the 10 – 25 second
time frame, and the HHb figure
(right) covers the 10 – 30 second
time frame with which our analyses
in significant channels were
conducted. Since we found no
significant HHb effects in parietal
regions, the HHb figure (right) only
shows activation in frontal regions.
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Abstract: Cardiovascular fitness is linked to better executive functions, preserved gait speed,
and efficient cortical activity [1]. Older adults with cardiovascular risk factors (CVRFs) typically
show poor cognitive performance, low physical fitness, and altered brain functioning compared
with healthy individuals [2]. In the current study, the impact of regular physical activity on
cognition, locomotion, and brain functions was explored in a cohort of older adults with low or
high CVRFs. Cortical activation of the frontal areas was investigated using functional NearInfrared Spectroscopy (fNIRS) at baseline, at 6 months and at 12 months. Methods: Evoked
cortical response and behavioral performance were assessed using the dual-task walking
paradigm, consisting of three conditions: single cognitive task (2-back task), single walking
task (walking), and dual-task (2-back whilst walking). Results: Results show greater taskrelated cortical response at baseline in individuals with high CVRFs compared to those with
low CVRFs (Figure 1). Moreover, participants with high CVRFs benefitted the most from
participating in regular physical activity, as their cortical response decreased at the 12-month
follow-up and became comparable to that of participants with low CVRFs. These changes were
observed in conjunction with improved cognitive performance and stable gait speed throughout
the 12-month period in both groups. Discussion: Our findings provide evidence that
participation in regular physical activity may be especially beneficial in individuals with CVRFs
by promoting brain and cognitive health, thus potentially contributing to prevention of cognitive
decline. Future research may explore whether such effects are maintained in the long-term in
order to design ad-hoc interventions in this specific population.
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Figure 1. Cortical mappings of HbO changes evoked by single walking (SW), single cognitive (SC), and dual-task (DT) conditions
computed from each group and all subjects respectively, from each time point, thresholded at p < .05. Left is right.
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Motivation and hypothesis: Directional connectivity plays a key role in the neuroscience of
human social interactions which include non-synchronized, leader-follower relationships of
cortical activity among multiple brains. However, the directional connectivity analysis using
hemodynamic data measured with fMRI could be confounded by the region-wise, intrinsic
variation in hemodynamic delay, which may alter the estimated temporal relationship between
remote hemodynamic signals. Since the detection accuracy of directional connectivity relies
on the temporal resolution of the neuroimaging data, we are motivated to investigate whether
the superior time resolution of fNIRS over fMRI could improve the detectability of the
hemodynamic directional connectivity in a realistic simulation. We also applied the directional
connectivity analysis to determine the network structure in the actual hyperscanning data of
two-person verbal communication with and without interaction.
Methods: We compared the causal structures estimated from simulated hemodynamic
signals that modeled hierarchal signal processing between canonical language areas during
verbal communication1. The network structures of the simulated signals were determined with
a range of time resolutions, a major factor determining the detection accuracy of the Granger
causal relationship. This directional connectivity analysis was also applied to the real fNIRS
data of 33 pairs of healthy adults during interactive and non-interactive verbal communication.
Results: The detectability of simulated network structures showed significant improvement in
conventional fNIRS time resolution (< 1 s) relative to fMRI time resolution (> 2 s). This fine
time resolution of fNIRS data successfully extracted the signature of interactive verbal
communication, which was characterized as the bidirectional flow of neural information
between language centers in the listener’s brain (Figure 1) 2.
Discussion: Realistic simulations demonstrated the advantage of higher time resolution of
fNIRS data that accurately detect causal relationships between remote hemodynamic signals.
The directional connectivity analysis revealed a bidirectional dynamic flow of neuronal
information during the listening epochs of two-person verbal interaction.
Figure 1. Schematic representation of
Granger causal connectivity between
canonical speech areas (Broca’s and
Wernicke’s areas) during two-person
dialogue with interaction (left column)
and without interaction (right column).
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Abstract: Caregiver touch and physical proximity play a vital role for infant’s growth and
development (Field, 2002). The potential benefits range from interpersonal emotion regulation to
establishing a secure attachment relationship between caregiver and infant (Carozza & Leong, 2021).
Still, little is known about the neurophysiological mechanism underlying touch and proximity in
naturalistic caregiver-child interactions. In a previous study, cortical activation in infant’s inferior
frontal gyrus did not differentiate between affective and non-affective touch (Pirazzoli et al., 2019).
The authors assume that the standardized application of touch through an experimenter’s hand
might have attenuated infant’s response and further social signals might be needed for infants to be
able to distinguish affective touch from other forms of touch. Here, we examined infant’s neural
response to various forms of touch in a naturalistic mother-infant interaction.
In the present study, 4-6-month-old infants and mothers were tested in a naturalistic free play
condition without toys for five minutes. During the interaction, functional near-infrared spectroscopy
(fNIRS) was assessed in 22 measurement channels located over the inferior frontal gyrus, lateral
and medial prefrontal cortex bilaterally in both mother and infant. fNIRS signal was preprocessed
using the Brain AnalyzIR toolbox (Santosa et al., 2018) in MATLAB. Touch was micro-coded frame
by frame and the interaction segmented into moments of affectionate touch (e.g., stroking, kissing,
massaging, static touch, holding) and stimulating touch (e.g., poking, playing, rhythmic games).
Interrater reliability was moderate to high and ranged between kappa=0.71-0.89. Subsequently,
brain activation patterns related to touch categories were derived using generalized linear mixed
modeling.
Preliminary results (n=63) from linear mixed effects modelling reveal significant increases in
neural activation (HbO) to maternal touch in contrast a no-touch baseline, in channels 3, 4, 21,
z=3.15, p<0.002. These channels were located over the inferior frontal gyrus. Contrasts between
specific forms of touch and the baseline, reveal bilateral activation to affectionate touch, while the
neural response to stimulating touch was located in the left hemisphere.
Accordingly, infants seem to show adult-like cortical responses to events of maternal touch,
especially in response to affectionate touch during mother-infant interactions. The results will be
discussed concerning the role of naturalistic interactions in providing multisensory stimulation to
guide infant’s neural processing of affective forms of touch.
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Introduction: Little is known about the interfering effect of cross-modal cognitive conflict and its
neural basis compared to unimodality1. This study aimed to examine the audiovisual conflicts
interference effect and its brain activity during working memory tasks. We hypothesized that an
asymmetrical behavior performance and different brain activation patterns accompanied by behavioral
performance occurred during audiovisual conflicts.
Methods: Participants were 31 healthy, right-handed young males. Two working memory tasks, the
Paced Auditory Serial Addition Test (PASAT) and the Paced Visual Serial Addition Test (PVSAT),
were performed in the distractor and no-distractor condition, respectively. In the distractor condition,
there were two conditions in which either the PASAT or PVSAT was set as a target task and the other
was used as a distractor stimulus. Additionally, the concentration of oxygenated hemoglobin (Oxy-Hb)
changes in the four brain regions, dorsolateral prefrontal cortex (DLPFC), ventrolateral prefrontal
cortex activity (VLPFC), frontal eye field, inferior parietal lobule (IPL), based on previous studies2,3,
was measured during PASAT or PVSAT by near-infrared spectroscopy (NIRS). A two-way repeatedmeasurement analysis of variance (ANOVA) was adopted to examine the interfering effect of crossmodal conflict. Δask performance of PASAT and PVSAT (distractor condition - no-distractor condition)
were tested for correlations with ΔOxy-Hb changes (distractor condition - no-distractor condition),
using Pearson’s product-moment correlation analyses. The statistical significance was set at P = 0.05.
Results: The results showed significantly lower PASAT performance in the distractor condition than
the no-distractor condition (p <0.001), but no significance was found in PVSAT. The Oxy-Hb changes
in the bilateral VLPFC significantly increased in PASAT with distractor compared with PASAT with the
no-distractor condition, but no significant difference was observed in PVSAT. Furthermore, The OxyHb changes in bilateral VLPFC and DLPFC, and left IPL showed significantly greater activation in
PASAT with distractor than in PVSAT with the distractor. Moreover, there were significant positive
correlations between Δtask performance accuracy of PASAT and ΔOxy-Hb changes in the bilateral
IPL (left: r=0.42, p =0.023, right: r=0.46, p=0.012) in the PASAT task.
Discussion: These results may suggest that the cross-modal interfering effect in PASAT significantly
impaired its task performance, and bilateral VLPFC and IPL play a pivotal role in decreasing the
interference effect due to visual cross-modal distractor. Moreover, increased activity in bilateral
VLPFC, DLPFC, and left IPL in inhibiting the visual cross-modal distractor compared with inhibiting the
auditory cross-modal distractor may reflect the differences of cognitive load between them.
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Problem and motivation: Secondary injuries can arise in traumatic brain injury (TBI) patients
triggered by hyperventilation therapy (HVT). It is hypothesized that the pre-ischemic condition
of a period of misery perfusion (MP) induced by HVT might be an underlying cause. MP is
defined by a period of concomitant increase of oxygen extraction fraction (OEF) and decrease
of cerebral blood flow (CBF) which could be detected by transcranial diffuse optical monitoring.
Hypotheses: Hybrid diffuse optical monitoring can detect periods of MP. Methods: Bilateral,
hybrid-transcranial diffuse optical monitoring was carried out combining near-infrared timeresolved and diffuse correlation spectroscopies. A short protocol of HVT was induced
alongside invasive ICP monitoring. Statistical analyses were performed at a group and singlesubject levels to recognize MP (Figure 1). MP was also scored as an incidence value,
corresponding to the ratio between the total time of the events collected per measurement over
the HVT period. MP association with Glasgow coma scale (GCS) score, presence of lesion in
the measured hemisphere, decompressive craniectomy and extended Glasgow outcome scale
(GOSE) were checked with generalized linear mixed effects models and linear mixed affect
models. Results: 27 bilateral time-traces from 18 subjects were collected. At a group level and
over the whole time period, the conditions for MP were not observed. The individual analysis
detected a significant period of MP in 22/54 time-traces with a total of 89 MP events. Despite
finding the majority of MP cases with GCS≤4 and on the injured hemisphere, no association
was found for MP with GCS score (p>0.05) nor with the presence of the lesion in a given
hemisphere (p>0.05). There was a positive association between MP and bad GOSE (GOSE≤4)
(p<0.05), i.e. worse outcome when significant MP occurs. MP was negatively associated with
craniectomy presence (p<0.05), i.e. less MP risk when a craniectomy was performed.
Conclusion: Hybrid diffuse optical monitoring could detect MP in real-time , potentially leading
to personalized patient management. Funding: KidsBrainIT (ERA-NET NEURON), Marató de
TV3,
BitMap,
Photometabo,
RIS3CAT,
Caixa
(LlumMedBcn),
CELLEX.

Figure 1 Steps for misery perfusion (MP) detection by non-invasive transcranial methods. P_: for "probability of".
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Abstract: An improvement in ecological validity is one of the major challenges for
21st-century neuroscience. At the same time, the study of neurocognitive processes in
real-life situations requires good control of all variables relevant to the results [1]. One
possible solution that combines the capability of creating realistic experimental scenarios with
adequate control of the test environment is virtual reality. Our goal was to develop an
integrative research workspace involving a CW-fNIRS and head-mounted-display (HMD)
technology dedicated to offline and online cognitive experiments. To verify our assumptions,
we designed an experimental study in a repeated-measures model on a group of BCI-naive
participants. The procedure included a 3D environment-adapted variant of the classic n-back
task (2-back version) and an imagery hand movement task (MI). Both tasks were divided into
offline and online sessions. In the offline session, the signal was recorded during the task for
within-group comparisons of changes in oxy/doxy/total-Hb concentration in the regions of
interest. While in the online session, the recorded signal changes were translated into
real-time feedback. We hypothesized that in the offline condition, it would be possible to
obtain characteristic patterns of hemodynamic activity for the enhanced attention
engagement (increase in oxy-Hb in DLPC and decrease in MFG) as well as imagined hand
movements (increase in oxy-Hb and decrease in deoxy-Hb in motor cortex contralateral to
the imagined hand movement). For the online condition, we expected to obtain an average
real-time control efficiency significantly higher than the level-of-chance threshold [2].
Additionally, we measured participants' subjective experience of the BCI control [3].
Optical signals were recorded on a two-wavelength (760 and 850 nm)
continuous-wave Photon Cap C20 system (Cortivision sp. z o.o., Poland) from ten
right-handed participants. The 32 channels were composed of 16 sources and 10 detectors,
covering the bilaterally motor and prefrontal cortex. The recordings from the offline session
were used as calibration data for feature extraction and classification in real-time sessions.
VR scenarios in both sessions were developed using Unity3D engine and displayed on an
all-in-one HMD Oculus Quest. The signal from offline sessions was preprocessed to remove
physiological artefacts and converted to Hb concentration changes using the modified
Beer-Lambert law. Then, data was modelled with a general linear model (GLM), and the
channel-wise beta values were used for statistical comparisons. The signal during the online
session was processed in real-time and transformed on information-transfer-rate (ITR).
Our results partially confirmed hypotheses, especially regarding the MI task. In
accordance with hypotheses, the combination of fNIRS and HMD technologies enables the
effective transfer of cognitive experimental procedures to a controlled BCI environment. This
opens the new possibility of creating more ecologically valid studies and training procedures.
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Introduction
Although fNIRS is an increasingly popular tool that non-invasively measures cortical
hemodynamic responses, one major limitation of infant fNIRS research is the attrition rate, or
the proportion of collected data that is excluded from the final analyses. Understanding the
trends and predictors of attrition rate is important for accurate research planning, assessing data
integrity, and ensuring generalizability.
Objectives
We aim to conduct a meta-analysis to understand the attrition rate for infant fNIRS research and
the factors that systematically affect it including subject specific characteristics (e.g., age) and
aspects of experimental design (e.g., stimulus type, number of probes used).
Methods
In this pre-registered meta-analysis, we reviewed 182 publications (272 experiments) in infant
(0-24 months) functional near-infrared spectroscopy (fNIRS) research published from 1998 to
April 9, 2020 and coded X factors for each study as well as the reported attrition rates.
Results
The overall average attrition rate was 34.23%. Among a subset of 136 experiments which
reported the specific reasons of subject exclusion, 21.50% of the attrition were infant-driven
(e.g., inattentiveness) while 14.21% were signal-driven (e.g., poor optical contact). Some
subject specific (e.g., age) and some experimental design characteristics (e.g., fNIRS cap
configuration, block/trial design, and stimulus type) predicted the total and subject-driven
attrition rates, while other subject specific (e.g., sex, hospitalization status, preterm status, and
clinical status) and experimental design characteristics (e.g., number and length of trials) did not
significantly predict the attrition rates.
Conclusion
The results of this meta-analysis provide an empirically-derived benchmark for attrition in infant
fNIRS. Moreover, modifying specific aspects of the recruitment pool or the study design should
efficiently and meaningfully reduce the attrition rate in infant fNIRS research (see below).
Accordingly, we make the following recommendations to minimize the attrition rates: 1) Develop
fNIRS caps that are fitted to infants’ head sizes; 2) Limit the number of channels in the fNIRS
cap to only those that are necessary; 3) Increase comfort for the infant subjects; 4) Use block
designs rather than trials designs, whenever possible; 5) Use stimuli rather than no stimuli; 6)
Seek to minimize behavioral issues when working with older infants (e.g., > 5 months); seek to
minimize signal-related issues when working with younger infants (e.g., < 5 months). This
research can facilitate developmental cognitive neuroscientists in their quest toward increasingly
rigorous and representative research.

Non-invasive Assessment of Cerebral Autoregulation in Extremely
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In extremely low gestational age (ELGA, born < 29 weeks GA) infants, pressure-passive
changes in cerebral blood flow (CBF) are among the major pathogenetic factors leading to
intraventricular hemorrhage (IVH). Real-time, continuous monitoring of CBF can guide
interventions to minimize the risk of brain injury. However, there are no clinically accepted
techniques or analytical tools available for non-invasive, continuous monitoring of CBF,
especially in this very vulnerable population.

CBFi x Scalp BFi

Although autoregulation is typically assessed by correlating continuous blood pressure (BP)
with CBF, continuous invasive BP in this population is not always available. We propose a
diffuse correlation spectroscopy (DCS) based signal cross-correlation between scalp blood
flow (short separation DCS) and cerebral blood flow (long separation DCS) as a surrogate
measure of pressure passivity and autoregulation in ELGA infants. As shown in Figure 1, the
correlation-based indices of pressure passivity were significantly higher in the ELGA infant
diagnosed with IVH. We analyzed 18 ELGA infants, monitored for at least 6-24 hours
between day 2-5 of life, and found significantly higher chance of pressure passive events in
infants with IVH compared with the rest. In turn, proposed method may allow early
identification of IVH in ELGA infants.
Twin-A

Twin-B

IVH

>
(sec)

Significant correlation (blue circles) 87% (33/38 observations)

Significant correlation 25% (7/28 observations)

P < 0.0001 (Chi2 test with Yate’s correction)

Figure 1. Indices of pressure passiveness in twins (23 weeks GA) but with IVH diagnosed in one twin.
The correlation highlighted in blue circles are statistically significant, in gray are not. (a) A significantly higher
chance of pressure passiveness and tighter response times were found in twin-A than in twin-B. Each point
represents the correlation between cerebral blood flow and scalp blood flow in each of 3-minute windows.
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Photogrammetry-based approaches improve optodes registration to atlases
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Introduction: An accurate knowledge of the location of optodes on the scalp is fundamental to
determining the exact cortical location of the measured activity. Recently, among several available
methods, photogrammetry is achieving increasing interest [1]. One advantage of photogrammetrybased approaches is that they provide further information on subjects’ head shape and size, other
than the positions of the optodes. In this study, we demonstrate that this additional information can
be exploited to improve the registration of the optodes to a generic head atlas. Common registration
approaches, e.g., the affine transformation between landmark positions of subject and atlas, indeed,
do not take into consideration the subjects’ head shape.
Methods: Six participants wearing a black EasyCap with the 10-20
positions marked with coloured dots, were acquired with a photogrammetrybased approach. Participants had different head sizes and shapes and all
had their anatomical MR image available. We recorded a video with a
smartphone of their whole head. A subset of the extracted frames was used
to build a 3D mesh of the participants’ head surface, using Agisoft
Metashape Standard Edition. Optode positions were automatically
identified with Matlab based on colours (Figure 1). With the aim to register
the optode positions to the MNI152 head atlas, five registration approaches Figure 1: Reconstructed 3D
were tested: i) the affine transformation between landmarks (the standard model of the participant’s head.
approach); ii) the Coherent Point Drift algorithm (CPD) [2] between the Coloured asterisks highlight the
identified positions.
individual and the atlas head surfaces both with an affine and iii) non-linear
transformation, iv) the volume-based registration [3] between the 3D images of the individual and
atlas scalps derived from their surfaces both with an affine and v) non-linear transformation. To
evaluate the registration error, the Euclidean distance between the registered optode positions and
the optode positions mapped to the head atlas with a brain-to-brain registration between individual
and atlas MRIs (our benchmark) were computed.
Results: Performances of the worst and best
approach can be seen in Figure 2. The highest
registration errors were obtained with the standard
approach, the affine transformation based on
landmarks, whereas the lowest errors were achieved
with the CPD affine transformation (median
Euclidean distance (MAD) equal to, respectively, 6.7
(3.1) and 4.5 (2.1) mm). Photogrammetry based
approaches, therefore, other than improving and
speeding up optodes detection, can also improve the
accuracy of the registration step.
References: [1] H. Xiao-Su et al., Journal of
Biomedical Optics 25 (2020) [2] A. Myronenko et al.,
IEEE TRANSACTIONS ON PATTERN ANALYSIS
AND MACHINE INTELLIGENCE 32 (2010) [3] B. B.
Avants et al., Neuroimage 54 (2011).

Figure 2: The probability density function of the Euclidean
distance between the benchmarks of the optode positions and
the registered positions obtained with CPD affine and with the
affine transformation based on landmarks.
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Introduction: A disadvantage of fNIRS is its limited capacity to record hemodynamic
responses from deep brain regions. Deep brain regions in conjunction with cortical regions are
essential for performing sensorimotor tasks or cognitive functions. Recently, machine learning
algorithms, using support vector machines (SVM) models, have been used to computationally
predict the functional connectivity between cortical regions and deep brain regions acquired
with fNIRS and validated with fMRI data. However, artificial neural networks (ANN) are inspired
on biological neural networks and are based on processing elements that have similar
functions to neurons. The layout of an ANN can be composed of one-layer or multi-layer
designs depending on the complexity of the networks and may in turn more robustly predict
subcortical activation from fNIRS cortical data compared to SVM models
Methods: 10 healthy adults were recruited for this study (age: 26±3.16, males: 5). fNIRS
signals and fMRI images were recorded concurrently during 3 finger tapping scans and one
resting state scan. For fNIRS, we used a NIRScout system (NIRx medical systems, Berlin,
Germany) with probes set on the sensorimotor regions, yielding 20 channels, 10 on each
hemisphere. The fNIRS recordings were motion corrected and band-pass filtered. The fMRI
data were acquired on participants using a 3T scanner (Siemens, BIOGRAPH mMR, Erlangen,
Germany) with a 32-channel head coil. Functional connectivity between cortical fNIRS
channels was calculated as Pearson correlation coefficients of oxygenated hemoglobin. We
also calculated from fMRI images the strength of the functional connectivity between
sensorimotor regions and the thalamus. Corresponding locations of fNIRS channels in fMRI
images were identified using an atlas. Based on the locations, we extracted fMRI time series
from banana shaped regions. We trained ANNs (2 hidden layers, sized 40 and 10, respectively)
with fNIRS cortical connectivity as the inputs and the fMRI cortical-thalamus connectivity as
targets. The models were trained to identify whether there is connectivity and to predict
connectivity strength. To compare with ANN, we also trained SVM models with the same
datasets.
Results: Training of ANNs was terminated when validation loss reached the lowest point to
avoid serious overfitting. With 5-fold validation, ANN models reached an accuracy of 73.34%
and 72.50% (finger tapping and resting state, respectively) on identifying the existence of
connectivity, while SVM only reached 61.32% and 63.50%, respectively. On the issue of
regressing connectivity values, we calculated the correlation values between the prediction
and the targets. ANN models reached 0.57 and 0.55 (finger tapping and resting state,
respectively), while SVM only reached 0.33 and 0.20, respectively.
Conclusion: In this work, we propose a new classification method for the classification of
cortical-subcortical connectivity using fNIRS acquired in healthy adults during finger tapping
and resting state. We demonstrated that ANNs are better predictors of subcortical activity using
cortical fNIRS signals in the sensorimotor cortices compared to SVM models. Improved
analytic methods applied to the study of functional brain connectivity in adults has a number
of implications for improvements in brain-monitoring technology.
Keywords: fNIRS, fMRI, artificial neural network, machine learning, functional connectivity,
cortical-subcortical connectivity.
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Background: Corporates raises the awareness of employees’ mental health particularly
during this taxing situation. A system was established to manage and early identify any
symptoms related to psychiatric disorders. The system involved multimodalities to measure
biometric data, including brain activity, working performance, and lifestyle. Those modalities
were designed to be relatively practical for frequent measurements. The purposes of this study
are to investigate mental associations with biological data and to assess the system
functionality in monitoring employees’ mental health.
Methods: Thirty-nine healthy subjects (32 males, 43.7±8.9 years old) participated in this study
for about three months. Subjects wore the wristband-type activity tracker during their activities
(~24h). The PC log software was installed into their working computers (~8h daily).
Furthermore, the spatial and verbal working memory (WM) tests (~10min) together with the 2channel fNIRS measurement on the prefrontal was self performed once in a week. Mood states
were profiled using the occupational stress questionnaire once in a week. Features obtained
from daily measurements were averaged to match those from weekly measurements (17
features). Data-driven clustering was applied on several mood items; biological features were
modelled to explain the mood items. Temporally shifted features (up to two weeks before; 51
features in total) were also considered in the modelling.
Results: We found that six mood states were distinctly alternated across subjects and
measurement times (Fig. 1A). State 1 characterized by the low fatigue, but moderate-to-high
other negative items was the most infrequently experienced (<5%). Meanwhile, the
occurrences of other states were almost equivalent. Support vector machine was performed
on multi-dimensional features; models were cross-validated (i.e., 3-fold), optimized, and tuned.
The optimum model used 11 features, which were acquired from all modalities with varied
temporal shifts. Characteristics of 11 features were apparently different for each state (Fig. 1B;
p<0.05, F(5,186)=2.62–6.70). State-wise sensitivity (i.e., true positive of respected state) and
specificity (i.e., true negative of respected state) were relatively high (>80%). The cascade
relationships between brain and behavior are accordingly interpreted. However, the orders,
directions, and contributions have not been addressed yet.
Conclusion: The relationships between brain-behavior and mental conditions were confirmed.
This system is useful to monitor employees’ mental conditions more objectively and promptly.
This system also demonstrated a practical implementation for the office or even working-fromhome environments.
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Figure 1. (A) Mood characteristics for each state. (B) Characteristics of explanatory features
([-2w] and [-1w] for two- and one-week shifts, respectively) for each state.
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Abstract: The procedures used to elicit both behavioral and neural data in the interest of
addressing a particular cognitive problem can impact the nature of the data collected.
Previously, we assessed neural engagement using functional near-infrared spectroscopy
(fNIRS) during blocked performance of two versions of a finger tapping tasks (Rahimpour,
Pollonini, Comstock, Balasubramaniam, & Bortfeld, 2020). Findings distinguished between the
timing mechanisms underlying the two forms of tapping, which differed by coordination mode,
such that tapping was either synchronized or syncopated relative to a metronomic tone,
although both versions of the tapping task included a pacing phase (tapping with the tone) and
continuation phase (tapping without the tone). In the current study, we investigate the impact
of a subtle manipulation in experimental design on cortical hemodynamics. We measured
responses in 20 healthy adults as they performed the two versions of the finger-tapping tasks
with the coordination mode either blocked by version or alternating from one to the other
version across the course of the experiment. This manipulation produced a 2 x 2 x 2 mixed
study design corresponding to 1) study design (block and alternating), 2) coordination mode
(synchronized and syncopated tapping), and 3) phase (pacing and continuation). Tapping
accuracy and variability was tracked while cortical hemodynamics were monitored using fNIRS,
allowing us to compare both behavioral and neural results for the two study designs. We
investigated three main regions (M1, A1, and SMA) and compared their hemodynamic
response functions across the time in the context of two study designs. We observed different
level of hemodynamic activations in M1 and SMA and different pattern of activation in A1 area.
The block design resulted in significantly higher average hemodynamic activation than the
alternating design across both coordination conditions. Behavioral results also show significant
decrement in performance in the more difficult coordination condition (i.e., syncopation).
Overall, results obtained using the block design were more consistent with previous findings
those using the alternating design. This result itself is consistent with previous findings
(Jantzen et al., 2007; Jantzen, Steinberg, & Kelso, 2004; Rahimpour et al., 2020) that neural
correlates of timing behavior reflect context-dependent parameters. These findings provide
insight into the influence of the broader experimental context—in this case in the form of study
design—on timing behavior and the underlying neural activity that supports it.
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V.Dumonta,c, M. Giovannellab, D. Zubaa, R.Clouardd, T. Durduranb, B. Guilloisc,e and N. RocheLabarbea
a

Normandie Univ, UNICAEN, INSERM, COMETE, 14000 Caen, France
ICFO-Institut de Ciències Fotòniques, Castelldefels (Barcelona), Spain
c
Normandie Univ, UNICAEN, LPCN, 14000 Caen, France
d
Normandie Univ, UNICAEN, ENSICAEN, CNRS, GREYC, 14000 Caen, France
e
Unité de Néonatalogie, CHU, 14000 Caen, France
b

Introduction: Sensory prediction (SP) is at the core of early cognitive development [1] and may
be a key to understanding the emergence of atypical behavior and an early marker of
neurodevelopmental disorders. Recent work showed altered visual prediction in infants who
were born preterm [2]. In this work, we set out to provide evidence of prenatal development of
SP and a closely related phenomenon, repetition suppression (RS). We used the
somatosensory modality in premature neonates because touch is the fundamental sensory
modality upon which distal modalities and cognition develop [3] and somatosensory processing
is atypical in neurodevelopmental disorder [4].
Aims and hypotheses: We aimed to show SP and RS in the somatosensory cortex of
premature neonates. We hypothesized that preterm neonates presented with repeated
vibrotactile stimuli would display activation – similar to stimulus-evoked activation – in the
contralateral somatosensory cortex when stimuli were randomly omitted in the sequence (SP),
and decreased activation to stimuli along the sequence (RS).
Methods: We measured Blood Flow index (BFi) changes in the primary somatosensory cortex
using Diffuse Correlation Spectroscopy (DCS, [5]) in 40 neonates born between 31 and 32+6d
weeks of gestational age (GA), measured at 33 weeks of corrected GA, presented with a
vibrotactile stimulation sequence in the palm of the hand. The 84-trial sequence had either
regular 5 s interstimulus intervals (ISI) or jittered 3 to 7 s ISI. In both groups, 10 stimuli were
pseudo-randomly omitted in the sequence.
Results and discussion: Four weeks before term-equivalent GA, repetition suppression in the
tactile modality is present, and quicker when ISI is regular (figure1A), whereas tactile prediction
is present only when ISI are jittered (figure 1B). To our knowledge, this is the first evidence of
RS and SP in the premature
newborn
brain.
Futures
studies will investigate the
relationship between these
precursors
of
cognitive
function
and
long-term
neurodevelopment in these
vulnerable patients.
Figure 1: (A) Grand average
of the amplitude of BFi
changes at 33 weeks cGA, at
the
beginning
of
the
sequence (stimuli 2+3), end of the familiarization phase before de first omission stimuli 11+12)
and the end of the sequence (stimuli 83+84). (B) Grand average of BFi changes to pre-omission
stimuli and subsequent omissions during Wiggled tactile stimulation sequence at 33 weeks cGA.
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Glaucoma pathology is one of the leading cause of blindness in the world. It causes a damage
of the retinal ganglion cells due, principally, to the high intraocular pressure. The origin and the
development of this disease is still unclear. One of the hypothesis is that there is an associated
neurodegeneration up to the visual cortex. In this context a technique which allows to study
easily, the response of the visual cortex to visual stimuli, is needed. We then employed timedomain (TD) functional near infrared spectroscopy (fNIRS). The optodes were applied on both
the hemispheres of the occipital cortex while the subjects were looking, with one eye at a time,
at a screen, which was showing a series of five rest-stimulation blocks based on a flickering
checkerboard (check 1.13 cm side, 10 Hz) for a total of 30 seconds of baseline and 150
seconds of stimulation. A total of 98 subjects took part to the study and were classified on the
basis of clinical examinations in glaucoma patients (43), control group (31), subjects with
different eyes classification (12) and not eligible (12). The absolute values of the optical
properties were considered at first during the baseline period, where no significant differences
among groups were observed. The absolute values for oxy- (O2Hb) and deoxy- (HHb)
hemoglobin were then considered during the stimulations. Their time courses were fitted with
a hemodynamic response function, where the free parameters were the amplitudes (A) and
the pea s ti e dela
for each repetition. Statistical analysis was performed to assess the
ability of these parameters in assessing differences between healthy and glaucomatous eyes.
The association of the TD-fNIRS parameters with the eye’s pathological classification was
evaluated through the estimated Odds Ratio (OR); the discriminating ability with the
concordance index c. We found that the medians of the A are closer to
for glauco atous
eyes as compared to healthy ones. For AO2Hb, the estimated ORs (0.32-0.53), indicate negative
association; for AHHb (3.31-12.63) indicate a positive one. Concerning the discriminant ability,
the estimates c index for both A are significantly greater than 0.5 (no discrimination). On the
contrary, no significant association with pathological classification was found for O2Hb and HHb,
and the estimated ORs are very close to one (from 0.89 to 1.05). The discriminant ability was
not significantly higher than 0.5. In conclusion we can affirm that the best parameters in the
assessment of differences between healthy and glaucomatous patients are AO2Hb and AHHb,
which are smaller in glaucomatous compared to healthy eyes [1].
References: 1. Re, R. et Al., Sci Rep 11, 13567 (2021).

The Effect of Insecurity and Gratitude on System 1 and System 2 Processing in
Managers’ Materialistic Behaviour: fNIRS and Behavioural Evidence
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Abstract: Insecurity is a feeling of uncertainty. Researchers in humanistic and existential
psychology have long been interested in understanding the impact of insecurity on human
behaviour. For example, when an individual experience a high sense of insecurity, he/she is
likely to focus on acquiring and consuming more resources (money). In a similar term, when
an organisational setting exposes an individual to insecurity, negative emotions may be
experienced, leading the individual to react or make decisions/judgments that can affect the
organisation. Indeed, several studies in accounting show that managers frequently rely on their
emotions rather than economic principles when they are exposed to affective stimuli and make
decisions that affect the organisation.
This study examines whether managers’ insecurity is related to their materialistic behaviour
(defined by the psychology literature as a condition where one craves more for the possession
and desire for material items than one needs). I also examine whether gratitude, defined as “a
generalised tendency to recognise and respond with grateful emotion to the roles of other
people’s benevolence in the positive experiences and outcomes that one obtains”, mitigates
the costly influence of insecurity on managers’ decisions.
Psychologists have long shown that human thinking or decision-making could be
categorised into two systems: “System 1” (S1) and “System 2” (S2) cognitive processing (dual
processing theory). The S1 is usually characterised by high “cognitive flexibility”, which could
lead to premature and costly decisions. In contrast, S2 is slow and more analytical in
processing. Based on the dual processing theory, I propose that managers exposed to
insecurity are more likely to make decisions based on S1 and are more likely to be materialistic
than managers who are not exposed to insecurity. I further propose that managers who
received kind gestures from the company are more likely to recall to memory these benefits
and may respond to insecurity or threat induced by the company with positive emotion –
activating the S2 processing.
Neuroscience literature shows that certain parts of the human brain become more activated
when individuals experience anxiety or fear. Consequently, I propose that brain areas
associated with S1 will be highly activated when managers make capital investment decisions
under the feeling of insecurity, and brain areas associated with S2 will be highly activated when
managers reflect on the company’s benevolence acts (showing gratitude) to them during
capital investment decision-making under the feeling of insecurity than when managers do not
feel insecure.
Method: Using fNIRS and behavioural studies, I would activate (inactivate) managers’ feelings
of insecurity and record their brain activity in a capital investment decision-making under
previous benevolence acts the organisation had shown to these managers.
Contributions: The study would contribute to the literature by showing fNIRS technology as
a promising tool for investigation decisions and accounting judgments. The application of
neuroscience theory and methods to accounting research is growing, but the common tool
used in these studies is fMRI. The study also contributes to the burgeoning materialism
literature in accounting that establishes a relationship between materialism and managers’
behaviour. Contrary to these studies, the study seeks to show, based on psychology theory,
that materialism does not occur in a vacuum. I focus on insecurity and explores its impact on
managers’ behaviour, with a particular focus on managers’ decisions relating to capital
investment (I will run the experiment in Sept. 2021).
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The temporoparietal junction (TPJ) is a core hub of the human brain that is commonly
identified in attentional and socio-cognitive networks. Its dysfunction has been discussed for
different neuropsychiatric disorders, e.g., autism spectrum disorder, and it is a promising
target for interventions. Neurostimulation of the TPJ reveals preliminary but promising effects
on attentional reorienting and visual perspective-taking. However, the effectiveness of
neurofeedback targeting this region remains to be investigated. Compared to
neurostimulation, neurofeedback as a technique may offer longer-lasting effects and is
associated with fewer ethical concerns. Here we investigated the effectiveness of functional
near-infrared spectroscopy (fNIRS)-based neurofeedback in modulating right TPJ activity
and associated cognitive functions in healthy participants.
Fifty healthy participants were randomly allocated to one of two groups. The active group
trained to upregulate, and the control group trained to downregulate TPJ activity. The training
comprised twelve runs and took place on four different days. Training was both preceded
and followed by assessments of attentional reorienting and perspective-taking.
The analysis of different neurofeedback success and learning measures revealed that both
the upregulation and downregulations groups could successfully modulate TPJ activity but
with different characteristics. The upregulation group was able to successfully upregulate
TPJ activity right from the beginning and without any further improvements over the course of
the training. The downregulation group was not able to downregulate TPJ activity in the
beginning of the training but almost all participants showed an improvement over the course
of the training across different neurofeedback learning measures, indicating a learning effect
in this group. As hypothesized, we found group-specific changes in the performance of the
reorienting of attention task. After the neurofeedback training reaction times decreased in the
upregulation group and increased in the downregulation across conditions. Only unspecific
improvements were observed in the visual perspective-taking task. Reaction times and
accuracies improved in both groups across conditions.
This study shows that fNIRS-based neurofeedback is a feasible method to modulate activity
of the right TPJ and associated cognitive functions, which may pave the way for future
studies investigating the potential of neurofeedback training of the TPJ in neuropsychiatric
disorders.
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Abstract: Current non-invasive Brain Computer Interface (BCI) applications require a
considerable calibration time at the beginning of each session, in which data is acquired to
train a new model using a machine learning (ML) algorithm. CNN-based classifiers have the
potential to reduce or eliminate the need for calibration by extracting stable features, however
current approaches do not fully exploit the spatial relationships in the data. Additionally, the
incorporation of multiple datatypes (such as Amplitude and Phase) and channel distance may
improve prediction but will add complexity to the structure of the data. In this work, a computervision inspired approach to fNIRS signal processing will be introduced, utilizing a temporally
and spatially resolved data structure, and exploiting all available signal modalities. This will
form the basis of a multi-data subject independent CNN model, which generalizes to new
subjects/sessions with minimal calibration, utilizing a transfer learning approach to improve
accuracy. Data based on phantoms, simulated and human subjects will be presented to
demonstrate the effectiveness of this approach for the categorization of task related activations
in fNIRS.
Methods: Functional Near Infrared Spectroscopy (fNIRS) is a non-invasive imaging modality
which measures changes in oxy-and deoxy-hemoglobin levels within the human brain using
an array of light sources and detectors on the scalp. Depending on the mode of the system,
amplitude and/or time of flight measurements at multiple wavelengths are used to either derive
global measures or reconstruct 3D spatial maps of functional changes. These derived
measures are then used to quantify and map relative cortical activations changes as a function
of task/condition. fNIRS is a popular choice of modality for Brain Computer Interface (BCI)
applications, as it is low-cost and places less restrictions on body movement as compared to
other modalities while also providing a much stronger contrast in the measured signal.
However, fNIRS BCIs generally require a large amount of data for calibration, as the intersubject variability is high. An additional challenge exists when multiple measurement types,
from the same system are available, each providing different set and yet complimentary
information [1].
Recently a Convolutional Neural Network (CNN) based subject independent model has been
proposed, demonstrating the potential of fNIRS BCIs to generalize to new subjects without a
calibration period [2]. In this work, we have further developed this approach and present a
stable and generalized method to utilize a set of multi-subject/model data as a form of transfer
learning, together with novel approaches of full incorporation of multiple data-types (Amplitude
and Phase of the measured fNIRS signal) to allow categorization of task related activations
without the need of subject specific model training. Data from controlled phantoms, simulated
subject specific models and experimental data will be presented to outline the approach of
transfer learning and different data-types to improve task categorization that will pave the way
for seamless utilization of fNIRS in BCI.
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Abstract: Functional Near Infrared Spectroscopy (fNIRS) uses near-infrared light sources and
detectors to measure the changes of brain hemodynamics in response to brain excitation. It has
the advantages such as noninvasive measurement, low cost and easy to carry. In practice,
although the optical fibers have been commonly used in the commercial fNIRS-based system, it
inevitably induces some limitations: poor mechanical strength, inflexible coupling and large
bending radius.In addition. Some systems are bulky and inflexible, which restrict the application of
the daily environment in cognitive neuroscience studies. To cope with these issues, in the present
study, we developed a new wearable near-infrared brain function detection system with twentychannel dual-wavelength parallel detection in consideration of miniaturization, wear-ability,
communication mode and detection sensitivity. The ARM-based microcontroller generates eight
square waves of different frequencies to modulate the LED light sources, and uses a highprecision, multi-channel analog-to-digital converter to synchronously sample the optical signals of
the four detectors. The system uses the multi-channel digital signal demodulation technology to
demodulate and identify the various modulated optical signals, then transmits the light intensity
data after demodulation to the external computer through Bluetooth. In the present study, we
conducted a series of phantom experiments to evaluate the performance of this system, i.e.,
linearity, stability, anti-crosstalk and sensitivity. The results show that the system has efficient
linear correlation coefficient (>0.999) and stability (fluctuation<0.02). Then, the anti-crosstalk
capacity is assessed under full-parallel paradigm, and the fluctuation under this condition is less
than 0.034. Moreover, the sensitivity is further evaluated and the results show that the system has
enhanced performance: accurately detecting 20% perturbation with high temporal resolution (≤1s)
under the depth of 8mm.
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Introduction: Nonverbal gestures that depict action can be executed from a first-person (tooluse pantomimes) and a third-person perspective (motion quality presentation gestures).
Although both gesture types link imaginary with manual actions, only tool-use pantomimes
seem to connect mental depictions of an object with the according manual action within the
left hemisphere. We therefore investigated the hypothesis that tool-use pantomimes but not
motion quality presentation gestures activate left-hemispheric brain structures.
Methods: Functional Near-Infrared Spectroscopy (NIRSport2) was applied to investigate preand postcentral gyri of 24 right-handed healthy individuals during three types of gesture
production: (I) tool-use pantomimes, (II) motion quality presentation, and (III) meaningless
(/control) gestures. Certified raters analyzed hand gestures according to the NEUROGES®
(NEUROpsychological GESture) analysis system. The hemodynamic response of 18 channels
was extracted (using the homer3 toolbox) and statistically analyzed by the within-subjects
factors hand (right vs left hand) and gesture type.
Results: Significantly increased ∆HbO2 were found for tool-use pantomimes when compared
to motion quality presentation and meaningless gestures in the left precentral gyrus.
Significantly increased ∆HbO2 were found for motion quality presentation gestures with the
right than left hand above the left postcentral gyrus.
Discussion: Tool-use pantomimes rely on different neuronal substrates within the left
hemisphere when compared to motion quality presentation gestures. Thus, the neuronal
process of linking an imaginary object with manual actions from an egocentric perspective
seems to be a left-hemispherically lateralized function.
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Abstract: Around the 25th gestational month, the auditory system has been found to become
functional (Graven & Browne, 2008). This study attempts to explore how auditory exposure
during gestation exerts an impact on a newborn baby when s/he hears the parental L1, L2
input along with familiar and unfamiliar music by replicating Lang et al.'s (2020) and May et
al.'s (2011) studies and further expanding by including paternal L1 & L2 stimuli in addition to
maternal L1 & L2.
Methods: A 42-channelled Shimadzu OMM-3000 was used to collect fNIRS data every 130ms
when a 46-day old baby heard his parents speak to him in their native language (L1) and
English that he had never heard (L2), and then music he used to hear as a fetus, followed by
the music that he had never heard. As shown in Figure 1, data were bilaterally collected from
Anterior cingulate cortex (ACC), Inferior frontal gyrus (IFG), Dorsolateral prefrontal cortex
(DEPFC), pre-sensory motor area (pre-SMA), and Supramarginal gyrus (SMG).

Figure 1: A 42-channelled probe-cap

Figure 2: Oxy-Hb at Fp1

Findings: Our preliminary ANOVA on the left ACC (Fp1) reveals that (1) the parents' L1 results
in less brain activation (Oxy-Hb) than the L2, (2) his mother's L2 induces much less brain
activation than his father's L2, and (3) familiar music means less brain activation than with
unfamiliar music, but (4) L1 intra-parental speech and L2 intra-parental speech induces an
identical amount of brain activation (Figure 2). The first 3 findings are in line with the literature
but it is not the case with the fourth finding. Plausible reasons for this and more analysis results
from other parts of the brain will be presented at the conference.
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Time domain (TD) functional near-infrared spectroscopy (fNIRS) technique is based on the
injection of picosecond laser pulses in the biological tissues and on their acquisition after the
re-emission from the tissue. The fitting of the acquired photon distribution of time-of-flights,
acquired, with a proper theoretical model, allows for the retrieving of the absolute values of the
tissue s optical properties, i.e. absorption a) and reduced scattering s’) coefficients. The
DTOF can be time-gated to better discriminate the time of arrival of early and late photons and
to enhance depth discrimination. Due to SNR limitations, most of the TD-fNIRS devices usually
work at a sampling frequency of 1 Hz, suitable for following common variations of tissue’s
hemodynamic parameters. For some kinds of specific applications, such as brain connectivity
or resting state oscillations studies, a higher sample rate is required. This implies to increase
the injected signal into the tissue, although respecting the safety limitations (<2 mW/mm2). An
increase in the signal-to-noise ratio could also provide the possibility to perform measurement
at longer (> 3cm) inter-optodes distances
or, eeping fi ed , to improve the number of
photons which reach a given depth, allowing for the measuring of more absorbing tissues, or
higher a variations. At this purpose, we developed a TD-fNIRS device, based on the timemultiplexing of the wavelength, which employs high power pulsed diode lasers (LDH-P-C,
PicoQuant GmbH) operating respectively at 689 nm and 828 nm, electronically driven at 80
MHz (PDL-828-L “Sepia II”, PicoQuant GmbH). After the sample, light is recollected with a
bundle of 7 multimode graded index plastic optical fibers (GIGA-POF), cooled hybrid
photomultipliers tubes (PMA Hybrid 50, PicoQuant GmbH) and TCSPC boards (HydraHarp
400, PicoQuant GmbH). The scheme of the instrument is shown in Figure 1. The system was
characterized with the standard international protocols BIP, MEDPHOT and NEUROPT,
showing good agreement with the previous devices. The instrument can deliver to the samples
a maximum average power of 2.6 mW at 689 nm and 7.6 mW at 828 nm. The IRF has a FWHM
of about 245 ps (240 ps) at 689 nm (830 nm). Specific protocols were then developed for
assessing the advantages of the higher power delivered. It was possible to assess that the
minimum acquisition time is 8 ms (i.e. 125 Hz) simultaneously at two wavelengths.

Figure 1. High power TD-fNIRS system scheme
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Abstract: Introduction: Research in developmental cognitive neuroscience (DCN) aims to
delineate the relation between structural (biological) and functional (cognitive) human brain
development. One of the major frameworks proposed within DCN to explain this relation is the
interactive specialization (IS) theory [1]. The IS theory is built on three major processes of
localization (activation of cortical brain regions), specialization (functionality of cortical brain
regions), and parcellation (optimization of the cortical networks). Thus, to be able to
understand functional brain development as hypothesized by the IS theory, the analysis of
infant fNIRS brain data must shed light on the three aforementioned processes. However,
fNIRS data analysis in the DCN field is predominantly univariate and has thus focused on
single cortical brain regions’ activation, without examining the functionality of cortical brain
regions and formation of cortical networks. In this sense, multivariate pattern analysis (MVPA)
has the potential to inform the relation between structural and functional brain development.
However, the artificial intelligence (AI) methods powering the MVPA need to be able to explain
their inference mechanism in terms of the cortical regions’ activations and interactions to be
able to inform the DCN research in line with the IS framework. Objective: In this work, we
propose to use eXplainable AI (XAI) methods for powering MVPA in fNIRS data (xMVPA) [2]
which, compared to standard AI methods applied to MVPA, are able to explain inference
mechanisms that can shed light on cortical regions’ activations and interactions. Methods:
The xMVPA is designed to compute with conceptual labels and can identify prototypical
patterns in response to presented stimuli. The proposed xMVPA is applied on a group of sixmonth-old infants’ fNIRS data [3] recorded in response to visual and auditory stimuli. The
patterns identified by the xMVPA in the present study delineate the cortical networks activated
in six-month-old infants in response to the visual and auditory stimuli. Results: The cortical
network proposed by xMVPA, in the form of explainable patterns, for the processing of visual
information is specialized and follows the same hierarchical structure as that observed in the
adult literature [4]. More specifically, the core network consists of the occipital and temporal
regions that undertake the primary processing of presented visual information, with extended
network composed of the prefrontal cortex where secondary processing takes place. In
contrast, the cortical network proposed by xMVPA in response to auditory stimulus seems to
be non-specialized. No contribution is observed from the prefrontal cortex in association with
the temporal cortex for the processing of auditory information. Conclusion: The delineation of
the cortical networks formed for visual and auditory information by xMVPA supports existent
literature and informs the relation between structural and functional brain development.
[1] Johnson, M. H. Functional brain development in humans. Nature Reviews Neuroscience
2, 475-483 (2001).
[2] Andreu-Perez J., Emberson L., and et. al., Explainable Artificial Intelligence Based Analysis
for Interpreting Infant fNIRS Data in Developmental Cognitive Neuroscience, (2021), In Press
[3] Emberson, L. L., Zinszer, B. D., and et. al., R. N. Decoding the infant mind: Multivariate
pattern analysis (MVPA) using fNIRS. PLoS ONE 12, e0172500 (2017).
[4] Haxby, J. V., Hoffman, E. A. & Gobbini, M. I. The Distributed Human Neural System for
Face Perception. Trends in Cognitive Science 4, 223-233 (2000).
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Abstract:
Motivation: Dystonia is characterized by sustained or intermittent abnormal muscle activity
resulting in twisting movements and abnormal limb postures. By using simultaneous Functional
near-infrared Spectroscopy (fNIRS) and Electroencephalography (EEG), it is possible to
conduct a broad investigation of functional brain activity in motor tasks in unconstrained
environments.
Hypothesis: We hypothesized that patients with dystonia would show a less specific pattern
of activity during motor tasks and lack of attenuation of motor associated rhythms.
Methods: The fNIRS and EEG data from 21 patients with right-upper limb dystonia and 21
healthy controls were evaluated during the finger tapping and writing tasks.
Results: During writing, patients with dystonia had increased levels of Oxy-Hb in both
somatomotor cortices and supplementary motor area, and exhibited lack of attenuation in
β rhythm in both somatomotor cortices as well as in γ rhythm in the right somatomotor cortex
(Figure 1). For the right-hand finger-taping, patients showed decreased levels of Oxy-Hb in left
somatomotor cortex as well as in bilateral somatosensory frontal cortices. Further, we
observed lack of attenuation in β power over right frontal cortex but no difference for the γ
power. No group difference was observed in the levels of Deoxy-Hb in neither tasks.
Conclusion: Patients differed from controls in terms of brain activation, and results were
influenced by the task. EEG and fNIRS are complementary methods allowing high spatial and
temporal resolution and may be used in the study of other movement disorders, enabling
experiments in more naturalistic conditions.

Figure 1 Statistical topographic maps relative to group comparison contrasts (Dystonia > Controls) during writing (left) and
finger tapping (right) tasks in terms. Contrasts are shown for Oxy-Hb, Deoxy-Hb, Beta (15 – 25H z) and Gamma (25 – 50 Hz)
power bands. Results corrected for multiple comparisons (q < 0.05). n.s, not statistically significant result.
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Abstract: Currently, there is great interest in promoting health at a community level for
understanding and preventing diseases. Wearable health devices have skyrocketed in recent
years, providing a continuous reading of physiological parameters. Apart from EEG, none of
these devices target the brain. Cerebral hemoglobin oxygenation (SO2) measured with nearinfrared spectroscopy (NIRS) is used to detect hypoxia in hospital settings. We developed a
novel low-cost wireless cerebral oximeter, called FlexNIRS. To promote brain health in the
general population. To be widely adopted for general health, it needs to be highly cost-effective,
robust, and easy to wear. We decided to adopt continuous wave (CW) NIRS, while requires
stronger assumptions to quantify SO2, has been shown to provide comparable results to
frequency-domain and time-domain NIRS.
Methods: The optical probe is constructed based on a flexible printed circuit board to conform
to the curvature of the scalp. It includes 3 silicon photodiodes and 2 bi-color light-emitting
diodes at 735 and 850 nm, forming 2 short (8 mm) and 4 long separations (28 and 33 mm).
The symmetrical geometry allows for a self-calibrated1 multi-distance method to recover SO2
2
. Sources and detectors are controlled by an integrated analog front-end chip, acquiring SO2
at 100 Hz. The system also includes an accelerometer and a gyroscope for motion artifact
rejection. For wireless communication, we chose Bluetooth Low Energy (BLE), which allows
for prolonged battery life. We have developed an Android application for portable data
collection and analysis. The estimated cost of the device is about $50 for 1000 units, making
it affordable to reach a wider population.
To validate the FlexNIRS, we have performed measurements on optical phantoms and human
subjects (n=5). The human study included probe-repositioning, hyperventilation, breathholding, and stair-climbing. Our cerebral oximeter was compared against an existing FD-NIRS
(MetaOx, ISS) in hyperventilation and breath-holding.
Results and discussion: On phantoms, by assuming the correct scattering, the measured µa
correlated with known values, with R2 of 0.93 (slope of 1.1, p=2.1×10-26). The noise-equivalent
power was measured to be 37.1 and 46.2 fw, at 735 and 850 respectively. The long-term
stability test showed an 8-hour long battery life with improved stability due to self-calibrated
geometry. During hyperventilation and breath-holding, SO2 of the two devices correlated with
R2 of 0.59 (slope of 1.0, p=8.1×10-279). The Bland-Altman plot showed a bias of -1.97% with a
standard deviation of 2.7%; 95.3% of the data fell within ±1.96 standard deviation. Proberepositioning showed the range of deviation one should expect from probe placement to be
6.1~11.6%. Stair-climbing showed its robustness against everyday motions. We have
successfully realized a wireless CW-NIRS cerebral oximeter, which was shown to be an
alternative for SO2 quantification. The low cost and long battery life allow for prolonged
monitoring in a larger population than previously possible.
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Introduction: The first two years of life are fundamental for the development of cognitive and
social skills. Early adversity is more prevalent in low- and middle- income countries (LMICs),
and can impact infant development1. Investigating infant brain development in LMICs can help
define early markers of development that associate with adversity2. In particular, early
adversity might have an impact on development of the brain regions underpinning responses
to social stimuli3. The Brain Imaging for Global Health (BRIGHT) project is delivering
longitudinal measures of brain and cognitive development from birth to 24 months in Gambian
and UK infants. Here, we present data from a functional near-infrared spectroscopy task
undertaken in The Gambia to define developmental changes in social perception.
Methods: Infants were presented with social and non-social videos and sounds in a block
design task extensively used in previous infant studies, and adapted for this context4. Here we
present data from their 5-month (N = 130), 8-month (N = 112), 12-month (N = 119), 18-month
(N = 122) and 24-month (N = 118) time points. Changes in oxygenated and deoxygenated
blood were recorded from the temporal and inferior frontal brain regions. Data cleaning
included pruning of channels with insufficient correlation between wavelengths and without a
clear heart-rate peak5 and correction of motion artefacts using spline interpolation and wavelet6.
Infants were excluded from further analyses if they had poor headgear placement, less than
three valid trials per condition or more than 40% of the channels excluded.
Results: Here we report on channels with significantly stronger activation to the auditory social
than the auditory non-social condition (AS>ANS) and to the visual social than the visual nonsocial condition (VS>VNS). 5-month-olds showed bilateral activation over the temporal brain
regions for AS>ANS and a widespread bilateral activation over the inferior frontal and temporal
brain regions for VS>VNS. We found different curves of cortical specialisation for the two
contrasts: i) AS>ANS, the response widened with age up to 12 months, covering also inferior
frontal region, and then decreased at 18 months; ii) VS>VNS, the response became more
localised over bilateral temporal and right frontal brain region with age, up to 18 months.
Discussion: The brain responses observed at 5 months are consistent with previous findings
in UK infants4. As, the drastic decrease in the response for both AS>ANS and VS>VNS at 18
months is not driven by number of included participants, channels, or trials, it merits further
investigation. Next steps will relate these findings to measures of cognitive and language
development and early maternal social responsiveness acquired in the BRIGHT project.
1. McCoy, D. C. et al. Early Childhood Developmental Status in Low- and Middle-Income
Countries: National, Regional, and Global Prevalence Estimates Using Predictive Modeling.
PLoS Med. (2016).
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4. Lloyd-Fox, S. et al. Social perception in infancy: A near infrared spectroscopy study. Child
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5. Pollonini, L., Bortfeld, H. & Oghalai, J. S. PHOEBE: a method for real time mapping of
optodes-scalp coupling in functional near-infrared spectroscopy. Biomed. Opt. Express 7, 5104
(2016).
6. Di Lorenzo, R. et al. Recommendations for motion correction of infant fNIRS data applicable
to multiple data sets and acquisition systems. Neuroimage 200, 511–527 (2019).
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Introduction: Early adversity is more prevalent in low- and middle- income countries (LMICs),
and can impact infant development1. Investigating infant brain development can help define
early markers of development that associate with adversity2. Functional connectivity (FC) is
related to myelination and synaptogenesis, fundamental processes for neurodevelopment2.
Extant literature shows evidence of a developmental shift between local short-range FC
(intrahemispheric), to more mature long-range FC (interhemispheric or frontoposterior)3.
Higher levels of short-range than long-range FC have been observed in infants who experience
early adversity or have neurodevelopmental disorders4. Despite the importance of FC
development as a marker of neurodevelopment, FC investigations in LMICs infants are still
very limited. The Brain Imaging for Global Health (BRIGHT) project is delivering longitudinal
measures of brain and cognitive development from birth to 24 months in Gambian and UK
infants. Here, we present data from a functional near-infrared spectroscopy (fNIRS) task
undertaken in The Gambia to investigate how FC develops over the first 2 years of life.
Methods: Spontaneous fluctuations of blood oxygenation in the temporal and inferior frontal
brain regions were recorded while infants slept (1-month) or watched calming videos (all other
time points). Here we present data from their 1-month (N = 122), 5-month (N = 120), 8-months
(N = 98), 12 months (N = 126), 18 months (N = 130) and 24 month (N = 132) timepoints. To
optimize data quality, we pruned channels with insufficient correlation between wavelengths
and without a clear heart-rate peak5, and we removed motion artefacts using global variance
for temporal derivatives6. Infants were excluded from further analyses if they had poor
headgear placement, more than 40% of the channels excluded or less than 120 seconds of
valid data. We regressed out the mean of the channels to eliminate systemic components. FC
was calculated via temporal Pearson correlations between all pairs of channels per participant.
Effects of age on FC were investigated using linear mixed models.
Results: While short-range FC was relatively stable through the development, long-range FC
increased with age and peaked at 12 months. While interhemispheric FC arose at 5 months,
frontoposterior FC was first evident at 12 months. Longitudinal analysis showed that 65% of
the connections exhibiting a significant increase in time were long-range.
Discussion: Regular intervals of data acquisition enabled the observation of rapid neural
development throughout the first 2 years of life. Future directions include investigation of
potential effects due to undernourishment in the trajectories of FC development.
1.McCoy, D. C. et al. Early Childhood Developmental Status in Low- and Middle-Income
Countries: National, Regional, and Global Prevalence Estimates Using Predictive Modeling.
PLoS Med. (2016).
2.Dubois, J. et al. The early development of brain white matter: A review of imaging studies
in fetuses, newborns and infants. Neurosci, 1–24 (2014).
3.Smyser, C.D., Snyder, A. Z. & Neil, J. J. Functional Connectivity MRI in Infants: Exploration
of the Functional Organization of the Developing Brain. Neuroimage 1, 1437–1452 (2011).
4.Smyser, C. D. et al. Longitudinal analysis of neural network development in preterm
infants. Cereb. Cortex 20, 2852–2862 (2010).
5.Pollonini, et al. PHOEBE: a method for real time mapping of optodes-scalp coupling in
functional near-infrared spectroscopy. Biomed. Opt. Express 7, 5104 (2016).
6.Sherafati, A. et al. Global Motion Detection and Censoring in High-Density Diffuse Optical
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Introduction: Habituation and novelty detection are two fundamental neurodevelopmental
processes. Whilst neural responses to repetitive and novel sensory input have been welldocumented across a range of neuroimaging modalities, it is not yet fully understood how
well these different modalities are able to describe consistent neural response patterns. This
is particularly true for infants and young children, as different assessment modalities might
show differential sensitivity to underlying neural processes across age. Thus far, many
neurodevelopmental studies are limited in either sample size, longitudinal scope or breadth
of measures employed, impeding investigations of how well common developmental trends
can be captured via different methods. This analysis is part of the Brain Imaging for Global
Health (BRIGHT) study, which assessed a large infant cohort of N = 204 in rural Gambia.
Infants were tested at eight age points via a comprehensive assessment protocol including
neuroimaging tasks (electroencephalography [EEG] and functional near infrared
spectroscopy [fNIRS]). Method: We assessed habituation and novelty detection using EEG
and fNIRS at 1, 5 & 18 months in a cohort in rural Gambia. We used an NTS fNIRS system
with 9 (at 1month) and 17 (at 5 & 18 months) channels per hemisphere, placed bilaterally
over frontal to posterior temporal cortex. Data were pre-processed using customised
pipelines. After channel pruning, noisy channels were discarded via power spectrum density
analyses, excluding infants with <60% valid channels. Data were epoched, detrended and
converted into concentration changes (HbO2/HHb [μM]) using the modified Beer Lambert
law, with an age- dependent DPF. Trials affected by motion artifact (+/- 3.5μM during
baseline or +/- 5μM during trial) were excluded. Participant behaviour was coded, epochs
with <60% looking time were discarded. EEG was acquired using an 8 electrode Enobio
system. Data were pre-processed via custom built analysis routines for bandpass filtering (.530Hz), epoching (-200-800ms) and artifact rejection (absolute voltage threshold 200µV) and
extraction of P3 mean amplitudes. For the EEG, infants were presented with an auditory
oddball task during which infants were presented with Frequent, Infrequent and Trial Unique
sounds. In the fNIRS paradigm, infants were familiarised to a sentence of infant-directed
speech, novelty detection was assessed via a change in speaker. Indices for habituation and
novelty detection were extracted for both assessments. Results: We found evidence for
associations between responses on the fNIRS and the EEG tasks for indices of both
habituation and novelty detection at 1, 5 and 18 months. Habituation indices correlated
across modalities at 1 month (N=116, r=.157, pFDR=.046) and 5 months (N=106, r=.254,
pFDR=.012) but not 18 months (N=99, r=.182, pFDR=.054), and novelty responses were
significantly correlated at 5 months (N=97, r=.198, pFDR=.026) and 18 months (N=76, r=.199,
pFDR=.042), but not at 1 month (N=126, r=.146, pFDR=.052). Infants who showed robust
habituation responses also showed robust novelty responses across both assessment
modalities. Discussion: This study represents some of the first data to longitudinally
examine neurodevelopmental trajectories of habituation and novelty detection across two
neuroimaging modalities. We show that despite the use of two different testing modalities,
stimuli and timescale, it is possible to extract common neural markers with good longitudinal
stability across a wide age range. We suggest that associations might be strongest at times
of greatest developmental change.
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Introduction: Children growing up in low- and middle-income countries are at risk of being
exposed to a range of adverse experiences that could impact their brain and cognitive
development1. A large body of evidence has reliably documented associations between early
adversity and language outcomes2. However, the mechanisms underlying this association are
not well understood. One possible mediating mechanism is statistical learning, or the extraction
of regularities in continuous input, which is thought to underlie language acquisition.
Methods: We employ fNIRS to investigate children’s brain activation during a statistical learning
task in relation to early adversity and language outcomes. Participants were 227 children (102
two-year-olds; 125 five-year-olds) living in a highly impoverished neighborhood of Dhaka,
Bangladesh. fNIRS activity was recorded while children listened to a statistical learning task
consisting of various “tone-words” with varying transition probability (TP) between three tones.
The three conditions were a high TP, low TP, or novel tone-word. Following a 4-minute training
phase, 4 blocks of each condition were presented in a random order, with eight repetitions of
one tone-word in each block. Anatomical coregistration was performed. Measures of
psychosocial and biological adversity and language outcomes were also collected.
Results: Group oxygenated hemoglobin (oxyHb) results for the superior temporal gyrus (STG)
and inferior frontal gyrus (IFG) are shown in Figure 1. A repeated-measures ANOVA showed a
significant condition X age interaction (F(2, 376) = 9.856, p < .001), suggesting that two- and
five-year-olds differ in their fNIRS responses to auditory input of varying predictability. Children
whose mothers had higher levels of maternal stress showed significantly lower oxyHb
responses to the high TP condition in the STG (p=.010). The magnitude of the OxyHb response
during the low TP condition in the STG was significantly associated with children’s scores on
language subscales of cognitive assessments at both two (p=.035) and five years old (p=.007).
Discussion: Overall, these results suggest that brain activity supporting statistical learning may
be compromised by early adversity. Future work will include mediation analyses to explore
whether fNIRS activity explains associations between adverse factors and language outcomes.
Figure 1 Mean OxyHb responses to each condition for two- and five-year-olds in IFG and STG

References: 1Lu et al. (2020) Inequalities in early childhood care and development in low/middle-income countries: 2010–2018.
BMJ Global Health, 5(2), e002314. 2Snow et al. (2021). Language and Literacy in the Context of Early Life Adversity. In The
Handbook of Language and Speech Disorders (pp. 266-285). Chichester, UK: John Wiley & Sons.
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Introduction: Dogs are increasingly used as a comparison species in cognitive neuroscience
due to arguments based on their social proximity to humans. Functional MRI has been
obtained on dogs in an awake state (Andics et al., 2014) but this is challenging (multiple
months of training) and is unable to capture naturalistic behaviours or interactions as the dogs
must remain still. fNIRS could provide a wearable and easy to apply solution which would
increase the number of dogs studied as well as the range of paradigms. However, the canine
brain presents a challenge for NIRS as it is much smaller than the human brain, and there is
an overlying layer of muscle which increases the depth penetration needed and is also
haemodynamically active.
Methods: In this pilot study we assess the feasibility of canine fNIRS. fNIRS: Pet dogs
(consent obtained from owners) were subjected to auditory (canine or environmental) or
somatosensory (paw tapping) stimuli in a block design (ethical approval obtained locally in
Hungary). A single channel broadband NIRS device (Kaynezhad et al., 2020) was used to
monitor the corresponding cortical region throughout (see Fig, 1). EEG was used to monitor
muscle movement to identify muscle movements during recording. Modelling: Anatomical
MRI scans (T1) were recorded and segmented by tissue type (scalp, muscle, skull, CSF, grey
matter, white matter). Light transport simulations were performed (Toast++) to obtain photon
measurement density functions (PMDF) to illustrate the likelihood of the fNIRS measurement
penetrating cortical tissue (see Fig. 2).
Results: Anatomical MRI and fNIRS data was collected on 5 dogs. Typical haemodynamic
response functions (significant increase in oxyhaemoglobin and decrease in
deoxyhaemoglobin) were observed in 3 dogs. Optical modelling showed PDMFs with suitable
fluence and greater than 5% relative brain sensitivity in 2 dogs.
Conclusion: This study has shown that: (i) fNIRS is tolerated in awake dogs, (ii) it is possible
to observe an expected functional response in dogs with fNIRS, and (iii) there is a large
variability in NIRS brain sensitivity which is dependent on dog size and breed, therefore it is
recommended that future canine fNIRS studies include dog-specific anatomical optical
modelling in order to select the candidates most suited to fNIRS.

Targeting
the somatosensory
cortec set up.
Fig. 1: Photograph
of experimental
Dog wears EEG and NIRS (black optical
fibres) during somatosensory stimulation
protocol.

Fig. 2: PMDF (colour) overlaid onto a
coronal slice of a small canine: 3cm
channel (green & blue surface markers)
targeting the somatosensory cortex.
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Abstract: Pediatric mTBI can alter cerebral hemodynamics and white matter microstructure, but
limited research has evaluated their relationship in pediatric mTBI. This study examined whether
children with mTBI differed from children with mild orthopedic injury (OI) in functional near-infrared
spectroscopy (fNIRS) and diffusion tensor imaging (DTI) metrics, and the relationship among
metrics across modalities. The objective of the current study was to provide pilot data on
relationships between functional near-infrared spectroscopy (fNIRS) and fractional anisotropy
(FA) following pediatric brain injury.
Methods: Children between 9.14 - 16.24 years of age with mTBI (n = 5, M = 14.04, SD = 1.83
years) or orthopedic injury (n=4, M = 12.97, SD = 3.45 years) were recruited during emergency
department visits at Alberta Children’s Hospital within 48 hours of the injury.
Children completed fNIRS measures during rest within 2 months of injury (M = 35.38, SD = 5.19
days). fNIRS optodes were placed surrounding the dorsolateral prefrontal (DLPFC) and motor
cortices. Automated deterministic tractography was conducted on DTI and used to compute
average fractional anisotropy (FA) in 16 regions of interests during the acute (M = 8.63, SD = 4.99
days) and chronic (M = 138.00, SD = 48.33 days) phases of injury.
Findings: Preliminary findings included significant associations between fNIRS metrics and FA
in long fiber projections (e.g., corticospinal tract, inferior fronto-occipital fasciculus). Limited
evidence of an association between fNIRS and FA was observed in shorter projection fibers (e.g.,
arcuate fasciculus, forceps minor of the corpus callosum; thalamic radiations).
Conclusion: Changes in cerebral hemodynamic phase on fNIRS showed distinct associations
with FA values, known to characterize microstructure of white matter fiber pathways. Associations
between fNIRS and DTI were seen in long projection fibers/tracts. Future research using larger
samples could elucidate sex and age specific effects.

The habituation-dishabituation of heart rate to speech in sleeping
infants measured using functional near-infrared spectroscopy.
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(Background) Heart rate is affected by a change of state of alertness and vigilance in infants.
The stimuli-evoked heart rate change response reduces in magnitude when an infant listens
to the same stimuli repeatedly, known as the habituation effect; and renewal of stimuli-evoked
responses is observed following the presentation of novel stimuli, also known as the
dishabituation effect (Miller et al., 1976; Moffitt, 1971). Previous studies suffered from high
participant rejection rates and high individual variability due to challenges in recording data
from awake infants. Our study focuses on the heart
rate response in sleeping infants using the functional
near-infrared spectroscopy (fNIRS) data. (Methods)
fNIRS data were recorded from 23 sleeping infants
who had normal hearing and aged between 3 to 12
months old. No participant was rejected due to signal
quality issues. They listened to consonant-vowel
contrast pairs at 65dB SPL through insert Figure 1: The stimuli presentation
earphones. Figure 1 shows one run of the stimuli protocol for one run of speech contrast.
presentation protocol. Runs were repeated for as
long as the infant was asleep. We extracted the heart rate with a custom processing pipeline.
The heart rate was epoched and baseline corrected with the mean of the pre-stimulus onset
responses. The mean in a 5sec window around the peak response was extracted per condition
and participant for statistical analyses. (Results) The grand average of stimuli-evoked
responses across conditions showed the mean heart
rate change significantly higher than the mean of the
baseline period (p<0.0001) and peaked at 3.71
seconds. Figure 2 shows the group average of
responses to each condition. The result showed Hab1
was higher than Hab2 (p=0.037), suggesting
habituation of heart rate change with repeating stimuli
presentation. The Nov condition is also significantly
higher than Hab2 (p=0.004), confirming the presence
of the dishabituation effect. (Conclusion) We
demonstrated the heart rate responses were
Figure 2: The group average heart modulated by the habituation-dishabituation test
rate changes per condition (n=23). paradigm. The dishabituation response could be a
The grey box indicates stimuli
valuable marker for speech discrimination when used
duration.
in conjunction with the fNIRS cortical brain response.
Miller, C.L., Morse, P.A. 1976. The "heart" of categorical speech discrimination in young
infants. J Speech Hear Res 19, 578-89.
Moffitt, A.R. 1971. Consonant cue perception by twenty- to twenty-four-week-old infants.
Child Dev 42, 717-31.
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Objective: Transcranial direct current stimulation (tDCS) is a non-invasive technique that has
been found to modulate the excitability of neurons in the brain. There have been many studies
measuring before- and after-effects of tDCS, however, studies about the temporal
hemodynamic response during stimulation period are lacking. Moreover, analysis of network
connectivity changes during tDCS application was not yet attempted. In this study, we focused
on the network connectivity analysis to observe detailed hemodynamic changes during tDCS
application. We applied HD-tDCS over the ipsilesional primary motor cortex (M1) and
investigated the hemodynamic effects using cortical network analysis of whole brain.
Methods: HD-tDCS was administered using the Starstim 8 (Neuroelectrics®, Spain) and the
functional near-infrared spectroscopy (fNIRS) was measured using a NIRScout® system (NIRx
Medical Technologies, Germany). Twenty-six chronic stroke patients participated in this study.
The fNIRS data were analyzed using OptoNet II® software for every 2.5 minutes (150 seconds)
timeline during 1 mA of HD-tDCS for 20 minutes. The pre-rest of 2.5 minutes and post-rest of
5 minutes were also recorded. Finally, a total of 27.5 minutes of whole-brain network data of
cortical hemodynamic changes were analyzed.
Results: While the cortical brain networks showed abrupt increase of connectivity between
whole-brain areas at the beginning of HD-tDCS, there were stronger connections within the
stimulated hemisphere. These responses were considered as synchronization phenomena by
tDCS which had been reported in previous studies. The strong connectivity lasted until 7.5
minutes of tDCS, after which all connectivity were drastically decreased until 12.5 minutes of
tDCS. Then, the connectivity slowly increased until the end of tDCS with a slightly faster rise
in the unaffected hemisphere of the patients. After tDCS, the connectivity in the unaffected
hemisphere showed a slower decrease.
Conclusions: These results demonstrated that HD-tDCS induced synchronization of the
whole brain at the beginning of stimulation which is stronger in the stimulated hemisphere. In
contrast, the recovery from tDCS effect was slower in the unaffected hemisphere of stroke
patients. Monitoring the hemodynamic response and network connectivity changes during
tDCS may help to develop the optimal stimulation protocols for stroke patients.
Acknowledgements: Supported by a NRF grant funded by the Korean government (NRF2020R1A2C3010304, NRF-2019R1I1A1A01060660) and the Korea Health Technology R&D
Project through the KHIDI, funded by the Ministry of Health & Welfare, Republic of Korea
(HI17C1501).
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Infants born preterm (gestational age < 32 weeks) and with damage to primary
sensorimotor pathways are at risk (AR) of developing motor disabilities including cerebral palsy
(CP). Despite CP being recognized primarily as a motor disorder, the majority of children with
CP also exhibit deficits in sensory function. In older children with CP, abnormal patterns of
sensory connectivity are associated with poor motor skills, and may limit functional recovery.
Yet, little is known about how impoverished sensory function contributes to a poor motor
repertoire and aberrant brain development during early infancy. Understanding how these
behaviors develop, and how such interactions may contribute to refinement of cortical function,
will be critical for guiding the development of targeted therapies that can be administered
during a sensitive period of brain plasticity (i.e., first year of life). Naturalistic, spontaneous
movement is one particular behavior that might provide a window into nervous system integrity.
In typically developing infants, self-generated spontaneous movements provide the substrate
for subsequent motor skills by: 1) creating topological representations in the brain and spinal
cord necessary for perception and motor control, and 2) refining the lateral organization of
cortical sensorimotor areas. How such mechanisms are disrupted in the context of early brain
injury remains unclear. Our goal is to longitudinally characterize the behavioral aspects of
spontaneous movements, and determine their relation to the neurophysiology of sensory
function. Here we outline the goals and methods for our project.
We will prospectively track typically
developing (TD) infants (n=20) and infants
AR for CP (n=20) from 2 to 6 months of age.
At each time point, motor activity and
responses to sensory stimulation will be
integrated with fNIRS measurements. A
home-built and wearable NIRS device
(NinjaNIRS2021, Boston University) with 8
sources and 12 detectors will be used to
provide coverage over lateral sensorimotor
areas (Fig. 1C: probe design for both
hemispheres). For the movement task, Figure 1
wearable sensors (BioStamp, MC10, Cambridge, MA) will be placed on the upper limbs to
quantify spontaneous movements in relation to cortical activity. For the sensory task, we will
use an automated and calibrated device to induce proprioceptive stretch at the wrist and
measure cortical activity (Fig. 1: schematic of device (A) and task design (B)). The infant’s
hand will be safely strapped to a moveable platform that is driven by an actuator and produces
a corresponding linear movement, resulting in extension of the wrist.
Our expectation is to demonstrate how spontaneous motor activity and sensory
function contribute to hemispheric patterns of cortical development in TD and AR infants. This
project will serve as an important first step in highlighting behaviors and neurophysiological
mechanisms that can be targeted to optimize novel therapies for infants with CP.
Acknowledgements: We would like to thank the BU Neurophotonics Center for their support
and Arnaud Jeanvoine for assistance with design of the wrist robot.
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Abstract: A chronically higher cerebral pulsatility is thought to damage the cerebral
microcirculation, leading to cognitive decline in older adults. Although it is widely known that
regular physical activity is linked to improvement in some cognitive domains, the mediating
role of cerebral pulsatility on this link remains to be elucidated. We hypothesized that cerebral
pulsatility reduces with regular physical activity and that reduction mediates the association
between physical activity and improvement in cognitive functions.
Methods: To test this hypothesis we assessed the impact of 6 months of regular physical
activity upon changes in an optical index of cerebral pulsatility and performance of executive
functions. 27 older adults (aged 57-79, 66.7% women) with cardiovascular risk factors (CVRF)
were enrolled in the study. The participants completed the behavioral Stroop test which was
extracted from the Delis-Kaplan executive functions system battery at baseline (T0) and after
6 months (T6) of physical activity. Near-infrared spectroscopy (NIRS) was applied as an
innovative approach to indexing cerebral pulsatility in the brain microcirculation at T0 and T6.
The participants were at standing rest while a NIRS device recorded hemodynamics data from
frontal and motor cortex subregions at T0 and T6. The cerebral pulsatility index of interest was
cerebral pulse amplitude, which was extracted from the pulsatile component of NIRS data.
Results: Our data indicated that 6 months of physical activity was associated with reduction
in the response time for the executive functions, including inhibition (T0: 56.33 ± 18.2 to T6:
53.33 ± 15.7, ! = 0.038) and switching (T0: 63.05 ± 5.68 to T6: 57.96 ± 7.19, ! < 0.001)
conditions of the Stroop test. Also, physical activity was associated with reduction in cerebral
pulse amplitude (T0: 0.62 ± 0.05 to T6: 0.55 ± 0.08, ! < 0.001). Notably, cerebral pulse
amplitude was a significant mediator of the link between physical activity and response to the
Stroop test for both inhibition (# = 0.33 (0.61, 0.23), ! < 0.05) and switching (# = 0.42
(0.69, 0.11), ! < 0.01) conditions.
Conclusion: This study suggests that regular physical activity may support cognitive functions
through improvement of cerebral pulsatility in older adults with CVRF.
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Introduction: General anesthesia can be described as a drug-induced, reversible state of
unconsciousness, during which the patient is immobile, retains no memory, and experiences
no pain, to safely perform surgical and non-surgical procedures1,2. A well-founded anesthesia
depth monitoring technique that directly reflects the brain state is very much essential, as both
insufficient and excessive dosage of anesthetic drugs could lead to serious complications.
However, a reliable benchmark system for comprehensive monitoring of the delivery and
maintenance of anesthesia is currently lacking.
Objectives: This study aims to understand the neural and hemodynamic responses during
general anesthesia to develop a comprehensive multimodal anesthesia depth monitor using
simultaneous functional Near-Infrared Spectroscopy (fNIRS) and Electroencephalogram
(EEG). In detail, the goals of this concurrent fNIRS and EEG study is to 1) compare the signals
from these two modalities during the whole procedure of general anesthesia to examine the
coupling between neuronal and neurovascular responses; 2) develop reliable imaging
biomarkers based on fNIRS or fNIRS/EEG, to distinguish the different phases of general
anesthesia.
Methods: 37 adults and 17 children were monitored with simultaneous fNIRS and EEG, during
the complete general anesthesia process. Two channels of fNIRS data were collected from the
right and left prefrontal cortex of the brain (Fp1 and Fp2). Two-channel frontal EEG was also
recorded during surgery using a BIS monitor. The coupling of fNIRS signals with neuronal
signals (EEG) was calculated. Measures of complexity (sample entropy) and phase difference
were also quantified from fNIRS signals to identify unique fNIRS-based biomarkers of general
anesthesia.
Results: A significant decrease in the complexity and power of fNIRS signals characterize the
anesthesia maintenance phase. Furthermore, responses to anesthesia vary between adults
and children in terms of neurovascular coupling and frontal EEG alpha power.
Conclusions: This study shows that fNIRS signals could reliably quantify the underlying
neuronal activity under general anesthesia and clearly distinguish the different phases
throughout the procedure in adults and children. This, therefore, leads us to conclude that
fNIRS can offer complementary neurovascular assessment on general anesthesia, which can
greatly improve the accuracy when combined with EEG measurement. Hence, a multimodal
approach incorporating the specific differences between age groups provides a reliable
measure of anesthesia depth. Future research should focus on the development of an
anesthesia depth index based on both fNIRS and EEG, incorporating an analysis of spatial
variations in neurovascular responses and their differences across age groups.
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Abstract:
Introduction: Functional near-infrared spectroscopy (fNIRS) technology is used to investigate
neuronal activity. However, this technology can also provide information from haemodynamic
activity in the extracerebral compartment (scalp and skull), associated with the autonomic
nervous system (ANS). This study aimed to determine the feasibility of using both neuronal
and systemic components from fNIRS recordings for the assessment of listening effort.
Methods: The exertion of listening effort in 22 listeners with normal hearing thresholds was
modulated by the manipulation of i) motivation, elicited by the offer of a monetary reward, and
ii) task demands. The listeners were presented with sentences in ICRA7 noise while fNIRS
was recorded from the left inferior frontal gyrus (LIFG – a brain area associated with verbal
working memory and attention) and the post superior temporal gyri (pSTG – a brain area
associated with phonological processing). Using different fNIRS channel lengths, we extracted
features related to both neuronal and systemic responses to the sentence stimuli. The
neuronal feature extracted was the concentration changes of oxy- and deoxy- haemoglobin
(Δ HbO and Δ HbR) in the regions of interest. The systemic feature was the total haemoglobin
(Δ Hb) in the extracerebral compartment. The effect of reward was calculated as the difference
of the feature of interest between ‘rewarded’ and ‘not-rewarded’ conditions.
Hypotheses: It was hypothesised that effect of reward on the extracted features would follow
the ‘inverted U shape’ pattern previously seen (Peelle, 2018). In this model, the effect of reward
on effort at a ‘medium’ difficulty of task demand, in which the task is challenging but achievable,
would be greater than the effect of reward at an ‘easy’ level of task demands, or a ‘hard’ level
of task demands. At the easy level of task demands was expected no additional effort to be
needed for performing the task, and at the hard level of task demands was expected the task
to be hard enough for the listeners not to allocate extra effort, even when a reward was offered.
Results: Neural fNIRS features measured from the pSTG followed the expected trend (pvalues: pLpSTG=.152, pRpSTG=.124). In the LIFG however the expected trend was not found
(pLIFG=.148). However, further analysis determined that the effect of reward on Δ HbO in the
‘medium’ condition was significantly greater than effect of reward at the ‘easy’ condition alone
(p=.028). Regarding systemic markers, in the Δ Hb from the extracerebral compartment the
expected trend was present, but it was not statistically significant (p=.058).
Discussion: The results indicate that fNIRS can potentially be used for the assessment of
listening effort. The neuronal components of fNIRS can be used for investigating the
involvement of different brain regions in the management of cognitive resources for
understanding of speech under difficult conditions, and the systemic markers of fNIRS could
be used for monitoring parameters modulated by the ANS associated with listening effort.
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Background. Normal hearing (NH) listeners rely heavily on the time course of fundamental
frequency (F0; the acoustic correlate of voice pitch) to identify vocal emotions (Scherer et al.,
2003). Without reliable F0 information, as in cochlear implant listening, listeners’ abilities to
extract emotional meaning from the speech signal are reduced, although substantial variability
is observed between listeners (Everhardt et al., 2020). An objective measure of vocal emotion
recognition, in this case, changes in cortical blood flow evoked by neural activity measured
with functional near-infrared spectroscopy (fNIRS), will provide insight into the neural
underpinnings of successful and failed vocal emotion recognition resulting from attenuated (i.e.,
unreliable) F0.
Aims. fNIRS was used to investigate cortical haemodynamic responses to natural and F0attenuated vocal emotions, with a particular focus on the relationship between the amplitude
of haemodynamic responses evoked by vocal emotions and the behavioural accuracy with
which listeners recognize emotional prosody in F0-attenuated speech.
Method. NH listeners (N=21) completed a block-design, passive listening task, in which they
heard ~7.25s blocks of happy and sad speech, in each natural and F0-attenuated condition.
fNIRS was used to measure changes in cortical blood flow in cortical regions of interest (ROI)
including the bilateral superior temporal gyri (STG) and inferior frontal gyri (IFG). Behavioural
accuracy scores were obtained from the same listeners, who adjudged angry, happy, sad and
unemotional sentences (each natural and F0-attenuated speech) in a 4-alternative forcedchoice recognition task.
Results. Significant haemodynamic activity in the right STG was evoked by speech containing
vocal emotions (natural and F0-attenuated vocal emotions aggregated, compared to silence).
Response amplitudes did not differ significantly between natural and F0-attenuated vocal
emotions in any ROI. Behavioural accuracy of F0-attenuated vocal emotion recognition was
significantly negatively correlated with the amplitude of the haemodynamic response in the
right STG; decreasing accuracy was associated with increasing response amplitude.
References:
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Introduction: Abnormal placental development is widely accepted as the cause of pregnancy
complications such as hypertensive disorders, fetal growth restriction, and stillbirth. Currently,
there is no bedside tool to directly assess placental oxygen function non-invasively.
Continuous-Wave Near-infrared Spectroscopy (CW-NIRS) has been explored for noninvasive
measurement of placental oxygenation level1. However, these studies could provide only
relative information about abdomen tissue oxygenation level due to some limitation, e.g.,
insufficient light penetration depth and short source-detector separation (SDS) (≤ 6 cm),
assumed differential path length, and assumption of human abdomen as homogeneous tissue.
We developed a hybrid optical/ultrasound system that utilizes multi-layer model of photon
diffusion to reconstruct placental hemoglobin properties from Frequency-Domain near-infrared
Spectroscopy (FD-NIRS) data with morphological constraints from concurrent ultrasound
imaging. We employ this system in a preliminary study of anterior placenta.
Objective: Develop a non-invasive tool to measure human placental oxygen saturation (StO2),
total hemoglobin concentration (HbT), and oxy-hemoglobin concentration (HbO2) in vivo.
Methods: Singleton pregnancies with anterior placentas and first prenatal BMI<40 were
recruited in their 3rd trimester. An integrated optical/ultrasound probe was placed over the
central region of the placenta for concurrent measurements of abdomen morphology
(ultrasound) and functional hemoglobin properties (FD-NIRS). Each FD-NIRS frame cycles 11
light source-detector pairs (SDS ranging from 2 to 9 cm) at 3 wavelengths (785, 808, and 830
nm). The adipose, rectus, uterus and placenta depths were measured with ultrasound.
Placental StO2, HbT, and HbO2 were extracted with three-layer model reconstruction and
constraints from ultrasound image segmentation. We designed and performed two tests: a
reproducibility test and a left tilt experiment. In the reproducibility test, the probe was lifted and
replaced for repeatability testing. In the left tilt experiment, we continuously monitor placental
hemoglobin properties while the subject lay on supine position and then on left lateral potion.
Results: 19 subjects participated the reproducibility test. High intra-class correlation
coefficients (ICC) were observed, e.g., ICC(StO2) = 0.87, ICC(HbT) = 0.99, ICC(HbO2) = 0.99).
3 subjects participated the left tilt experiment. Significant position-induced increases in both
HbT and HbO2 were observed in the left lateral position compared to the supine position,
suggesting an accompanying increase in utero-placental perfusion with oxygenated maternal
blood. The averaged relative increase of StO2, HbT, and HbO2 was 2.4%, 8.4%, and 10.9%.
Conclusion: We developed a novel optical/ultrasound system to non-invasively measure
human placental hemoglobin properties in vivo. We validated this system in a reproducible and
physiologically relevant manner. This technology offers new approach to study placental
oxygen function.
Reference: 1. Kakogawa J, Sumimoto K, Kawamura T, Minoura S, Kanayama N.
Noninvasive monitoring of placental oxygenation by near-infrared spectroscopy. Am J
Perinatol. 2010;27(6):463-468. doi:10.1055/s-0030-1247600. PMID: 20119892.
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Abstract: Functional near-infrared spectroscopy (fNIRS) is an increasingly popular technique
employed across an array of research fields. Consequently, the amount of data being acquired,
and the complexity of analysis tools is rapidly increasing. This has driven the need for;
standardised methods for storing data, such that it can be easily shared between researchers
and software packages; and methods for describing analysis, such that results can be
replicated exactly. I will present an overview of the current landscape of fNIRS reproducible
research tools, and introduce fNIRS Apps: a framework for reproducible fNIRS analysis.
Infrastructure: Standards and services have recently been developed to enable reproducible
neuroimaging research. fNIRS specific specifications for storing measurement data (SNIRF)
and associated metadata (BIDS) have been developed. Similarly, application agnostic tools
have been developed to; distribute self-contained software, such that users need not install
layers of software and packages (containers); and means to describe these tools (versioning).
I will describe the relation between these standards and how they can empower researchers.
Middleware: The community has a vibrant and growing set of software. By encouraging the
use of infrastructure standards, users can interchangeably utilise the strengths of each tool.
End-User Applications: User-facing tools often provide convenient interfaces (e.g. point and
click) but do not encourage reproducible behaviours. I will introduce fNIRS Apps, which are
neuroimaging pipelines that work with BIDS datasets. Based on BIDS-Apps [1] from the fMRI
community, these apps employ infrastructure best practices, are completely self-contained,
are strictly versioned, and use standardised methods to completely describe analysis
procedures. These apps may be built upon any of the middleware. I will describe how to use
and develop fNIRS Apps, and how they are built on the aforementioned infrastructure.
Conclusion: By providing a framework for reproducible fNIRS analysis, this project
endeavours to alleviate the burden of result replication from researchers and encourage best
practices through structured software.

Figure: Non-exhaustive overview of the fNIRS reproducible analysis landscape. End user
applications should provide output such that results can be reproduced exactly.
[1] Gorgolewski, K. J., Alfaro-Almagro, F., Auer, T., Bellec, P., Capotă, M., Chakravarty, M. M., ... &
Poldrack, R. A. (2017). BIDS apps: Improving ease of use, accessibility, and reproducibility of
neuroimaging data analysis methods. PLoS computational biology, 13(3), e1005209.
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Abstract: Functional near-infrared spectroscopy (fNIRS) is an increasingly popular technique
employed to investigate auditory cortical function, and provides a unique set of qualities that
make it ideal for research investigating audition. fNIRS is also of clinical relevance within the
auditory field, which routinely utilises objective measures for screening of hearing loss and
fitting of hearing devices. We will present an overview of recent fNIRS research conducted at
Macquarie University in which we have optimised experimental procedures and analysis for
auditory-evoked responses, investigated the neural correlates of spatial audio cues, and
investigated neural responses to speech in normal hearing and cochlear implant populations.
Methods: Objective measures utilising passive experimental designs—in which the participant
is not required to perform any tasks throughout the measurement—are routinely used to
evaluate hearing performance in populations who are unable to provide reliable behavioural
responses. As such, we will present our recent investigations optimising the analysis
procedures applied to passive auditory tasks [Luke, et. al. 2021], and the placement and
grouping of optodes for measurement of auditory responses [Shader 2021].
Applying the methods above, we have utilised fNIRS to investigate how spatial auditory cues
are processed in the human cortex. The timing difference of sounds arriving at each ear—
interaural time difference (ITD)—is the dominant cue exploited by human listeners to localise
auditory objects. We will present our studies examining the cortical responses to sounds with
different ITDs, and demonstrate a relation between behavioural and neuroimaging measures
[Van Yper et. al. in-prep]. Further, we will demonstrate in a group of 20 listeners, that fNIRS
responses are modulated by the similarity of sounds at the two ears—interaural correlation
(IAC)—which is the primary cue for estimating the spatial width of an auditory object. This
result suggests that the fNIRS measurements likely reflect the ease with which the perception
of an auditory object is formed [Luke, et. al. in-prep].
Finally, we will present our work utilising fNIRS to understand how listeners process speech in
different forms and conditions. With data from a cohort of 20 normal hearing listeners, we will
report how the emotional content in speech modulates cortical neural activity, and how
removing fundamental frequency (as may occur in a cochlear implant device) from a speech
signal affects speech-evoked responses [Moffat et. al. in-prep]. Finally, we will demonstrate in
a cohort of 15 cochlear implant users, that cross-modal activation patterns differ with stimulus
complexity, and how connectivity measures between the auditory and visual cortices are
positively associated with the ability to understand speech in background noise [Fullterton et.
al. in-review]
References
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Introduction: How two brains communicate with each other during social interaction is highly
dynamic and complex. To date, most existing functional near-infrared spectroscopy (fNIRS) based hyperscanning studies have focused on assessing participant dyad’s inter-brain
synchrony (IBS) at single brain region level based on averaged coherence within a manually
segmented block/condition. However, we argue that this approach does not account for the
dynamic nature of social interaction and might be too subjective to derive the intrinsic timerecurring brain sub-networks involved in multi-personal interaction.
Objectives: In the present study, we proposed a data-driven approach based on sliding
windows and k-mean clustering to capture a series of dynamic IBS networks during a
naturalistic cooperation task.
Methods: We used a portable fNIRS system (NIRSport, NIRX) to measure the brain
hemodynamic response of interacting partners (20 dyads) engaged in a creative design task.
Dynamic IBS networks of each dyad during the cooperation task were constructed using a
sliding window strategy and k-means clustering algorithm (Figure 1A). A series of distinct
dynamic IBS networks that were recurrent throughout individual dyad-level and across dyads
were obtained through permutation test.
Results: Results indicated that inter-brain communication during naturalistic cooperation can
be characterized by a series of dynamic IBS networks that evolved in a structured, timesensitive manner as individuals undergo interactive cooperation (Figure 1B). Specifically, each
dynamic IBS network was composed of active IBS connections between multiple brain regions,
which might represent the complex multi-function processes during cooperation (e.g., emotion,
working memory, commutation) that cannot be observed by conventional fNIRS-based
hyperscanning analysis. We hope that future studies will be designed to more fully explicate
the relationship between these dynamic IBS networks and their corresponding behaviors
during social interaction.
Conclusion: In summary, the proposed approach stands as a promising tool to distill complex
inter-brain synchrony associated with social interaction into a set of representative brain
networks with more fine-grained temporal resolution. This approach holds promise for
advancing our current understanding of the dynamic nature of neurocognitive processes
underlying social interaction.

Figure 1. Pipeline of the dynamic IBS network analysis (A) and the obtained results (B).
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Introduction: Functional Near-Infrared Spectroscopy (fNIRS) signals are contaminated by
various sources of noise, including physiological noise and motion artefacts, both of which can
change over time. We empirically establish the non-stationarity of fNIRS signals, identifying
the distribution of the time-varying signal power. Non-stationarity of fNIRS signals violates the
stationarity assumption imposed by resting-state functional connectivity (RSFC) measures,
invalidating statistical significance tests. We propose a simple correction for the time-varying
signal power of fNIRS signals that restores the integrity of RSFC analyses. The correction is
drawn from a similar method proposed for non-stationary functional Magnetic Resonance
Imaging (fMRI) data, that was analytically established to restore the voracity of RSFC tests [1].
Methods: Neurovascular effects can affect both neuronal and physiological components of
fNIRS signals. While filtering can remove additive noise, changes in signal power can be
multiplicative. This can be modelled using the signal model 𝑦𝑡 = √𝑝𝑡 ∙ 𝑦𝑠,𝑡 , where 𝑦𝑡 and 𝑦𝑠,𝑡
denote the observed non-stationary fNIRS signal and the underlying stationary signal,
respectively, and 𝑝𝑡 denotes the time-varying signal power. It’s assumed that non-stationary
signal power affects all channels, and can be estimated using signal ensemble variance,
denoted 𝑝̂ 𝑡 . The corrected signal, a scaled estimate of the underlying stationary signal, 𝑦𝑐,𝑡 ,
can be obtained by 𝑦𝑐,𝑡 = 𝑦𝑡 /𝑝̂ 𝑡 . The impact of time-varying power on correlation was assessed
using simulation data. White Gaussian signal pairs with a true correlation of 0.2 were scaled
by non-stationary power, generated from an Inverse Gamma distribution. Experimental fNIRS
data were obtained from an open-access dataset [2]. RSFC estimates were calculated before
and after correction using Fisher’s z-scores, adjusted for non-white frequency spectra [3].
Results and Conclusion: Using simulation data we demonstrate that non-stationary signal
power increases the variance of z-score distribution (1A,1B). After applying the correction the
distribution is restored to that of stationary timeseries (1C,1D). For experimental signals, the
time-varying variance and signal intensities are optimally fit using an Inverse Gamma
distribution (2A) and a Student’s t-distribution (2B), respectively. The decreases in z-scores in
connectivity results (2C-2F) show the ability of the correction method to correct for the
connectivity induced by time-varying power, in alignment with fNIRS connectivity results. In
conclusion, the non-stationarity of fNIRS signals needs to be corrected in connectivity analyses.

Fig. 1. Simulation results

Fig. 2. Experimental results
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Significance: Non-neuronal components present in functional-near infrared spectroscopy
(fNIRS) signals can introduce spurious correlations in resting state functional connectivity.
Reducing physiological noise induced spurious correlations may allow us to generate a more
accurate interpretation of the resting state networks.
Aim: This study investigates the effect of short channel correction to remove non-neural
signals from fNIRS data and its impact on resting state functional connectivity. We hypothesize
that short-channel correction would allow us to better discriminate connectivity of a known
functional group vs an assumed control group with no connectivity.
Methods: Principal component analysis-based short channel correction was applied on resting
state data of 10 healthy adult subjects. Two connectivity groups were defined; “homologous”
group linking channels in interhemispheric homologous regions with known high connectivity
and “control” group that assumed to have no connectivity consisting long distance connections
with no known direct structural linkage. Functional connectivity was analyzed using magnitudesquared coherence. Participant-averaged coherence was compared across these two groups
′
and the discriminability index (𝑑𝑟𝑚𝑠
) was calculated without and with short channel correction.
Functional connectivity measure with short channel correction was expected to perform better
than without, thus producing a higher discriminability index.
Results: Significant reduction of participant-averaged coherence was observed for oxyhemoglobin (HbO) concentration changes with short channel correction (𝑝 < 0.001) in the
resting state frequency band that overlaps with Mayer wave frequency band (0.05-0.1Hz) as
shown in Fig. 1. The results suggest that short channel correction significantly reduced Mayer
wave-induced spurious functional connectivity. The discriminability index for magnitudesquared coherence without and with short channel correction were 1.28 and 2.38, respectively.
Higher discriminability with short channel correction implies that interpretation of the presence
vs the absence of bilateral connectivity is more accurate than without correction.
Conclusions: We recommend to use short channel correction to remove systemic
physiological noise from fNIRS data in resting state studies. The short channel correction
technique employed in this study reduces spurious correlations in functional connectivity thus
improves the reliability of the functional connectivity measures.

Fig. 1 Comparison of participant-averaged magnitude-squared coherence of HbO signals for homologous and
control connectivity groups (A) without short channel correction (B) with short channel correction. (C) Bar chart
shows mean coherence of frequency band 0.05-0.1Hz (region shaded in purple) without and with short channel
correction. Error bars represent the standard deviation of coherence in the same frequency band across subjects.
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Background: During the COVID-19 pandemic, face mask use is widely adopted. Possible
adverse effects following this practise (e.g. headaches, dizziness or exhaustion), particularly
in people wearing masks for longer times and in the older adults, are currently investigated.
Open questions are related to potential hypercapnia due to rebreathing the exhaled air, or
hypoxia in the brain and effects on brain function. Here, we aimed to examine the effect of
wearing face masks (surgical and FFP2) in young healthy volunteers on microvascular
cerebral blood flow (CBF), microvascular cerebral blood oxygen oxygenation (StO2), and
metabolism utilizing transcranial, hybrid diffuse spectroscopies. The effect of mask wearing on
systemic physiological parameters were also monitored.
Methods: Young adults were recruited for two sessions on separate days (session one: FFP2
mask; session two: surgical mask). Subjects were asked to sit calmly in front of a computer
and to read a paper of interest. First, a baseline of 10 minutes without mask was measured
followed by another 10 minutes with mask. Hybrid diffuse optical data was acquired bilaterally
and continuously on the frontal lobes utilizing diffuse correlation spectroscopy (DCS) to
measure CBF and time-resolved near-infrared spectroscopy (TR-NIRS) to measure StO2. As
a measure of brain function, the cerebral metabolic rate of oxygen (CMRO 2) was calculated.
Various systemic cardiovascular and respiratory physiological parameters were monitored
such as arterial oxygen saturation (SpO2) and transcutaneous carbon dioxide partial pressure
(TCO2) and others. Linear mixed effect models were used to test for the effect of mask wearing
(difference from zero) and difference between mask types.
Results: Thirteen volunteers (median age: 27.0
years; 6 female [46%]) were recruited. Small but
significant changes in CBF and StO2 were
detected for both mask-types with no difference
between mask-types. CBF increased by 6.2%
(95% CI: [2.4, 9.9]%) and by 6.5% (95% CI: [2.6,
10]%) for the surgical and FFP2 mask,
respectively. StO2 increased by 0.9% (95%
confidence interval (CI): [0.1, 1.6]%) and by 0.9%
(95% CI: [0.2, 1.7]%) for the surgical and FFP2
mask, respectively. No significant changes in
CMRO2 were noted. Mask wearing did not
significantly change the mentioned systemic Figure 1 Time traces of changes in CBF, StO2 and
parameters TCO2 and SpO2. Detailed results of CMRO2. Data after 3 min wearing a mask was considered
all parameters will be presented (see also Fig1). for the analysis. Data was normalized to 5 min prior the
Conclusions: In conclusion, wearing a face mask was put on.
mask leads to small but statistically significant changes in cerebral hemodynamics, while
oxygen consumption does not change. Changes are minimal and comparable to the lower limit
of changes in daily life represented by basic cognitive or motor tasks. Further, we did not detect
a change in TCO2 suggesting no hypercapnia is induced by wearing a mask in our setting.
Funding: La Marató de TV3; CELLEX; MINECO (PhotoMetabo); “Severo Ochoa”; “laCaixa”;
Institució CERCA; AGAUR/FEDER; RIS3CAT/CECH and EU Horizon 2020.

Detection of Crime-Relevant Items Using Convolutional Neural
Network for fNIRS-Based Searching Concealed Information Test
K. Niiokaa, T. Tokudaa, K. Ochib and I. Dana
a

b

Applied Cognitive Neuroscience Laboratory, Chuo University, Japan
Major in Psychology, Graduate School of Humanities, Hosei University, Japan
Corresponding author e-mail address: k.niioka.0913@gmail.com (K. Niioka)

Abstract: In criminal investigations in Japan, investigation officers adapt the concealed
information test (CIT) to examine involvement of suspects in a case. The main principle of the
CIT is that a real criminal can distinguish one crime-relevant item from other crime-irrelevant
items whereas an innocent cannot. Accordingly, it is hypothesized that different responses
between real criminals and innocents would be elicited under such differences in psychological
process. The CIT traditionally focuses on the differences between autonomic responses for
one crime-relevant item and several crime-irrelevant items. Recently, with the advance of
functional neuroimaging techniques, researchers have become interested in utilizing the brain
activation during the CIT (e.g., Gamer et al., 2012). These studies have mainly used fMRI, but
fMRI has little potential for practical application due to the high cost, low portability, and
vulnerability to motion artifacts. As a neuroimaging technique overcoming such limitations,
researchers have focused on the applicability of fNIRS for the CIT, and they have succeeded
in confirming its effectiveness (Sai et al. 2014; Niioka et al. 2018). However, the CIT is required
not only to examine a suspect’s guiltiness (solution CIT), but also to explore unknown
information about the case (searching CIT). Generally, searching CIT attempts to classify each
item as either crime-relevant or crime-irrelevant based on observed responses. In our present
study, we examined whether we could classify hemodynamic responses between crimerelevant and crime-irrelevant items in the framework of searching CIT with a machine learning.
Methods: We used a part of data set from Niioka et al. (2018), which is hemodynamic data
set on the frontal and temporal cortices for twenty-six participants (Mean age: 23.66 ± 2.29, 15
males） during the concealed information test (CIT) task. All participants committed a mock
crime. The CIT Task: Four sets of questions (a color of the box containing the stolen item / an
identification of the stolen item / a hidden place of the stolen item / an event during the mock
crime) consisting of one question about crime-relevant item and four about crime-irrelevant
items were presented. Data Preprocessing： For each subject’s timeline data, we bandfiltered with the range of 0.03 to 0.1 Hz. We extracted 60 trial blocks, fit the baseline for those
blocks with averages of the 3 seconds before. The number of data for discrimination was 1,560
(60 trials by 26 subjects). Model Buildings and Validation: We tested the accuracy of
discrimination between crime-relevant and crime-irrelevant items with convolutional neural
network (CNN) on preprocessed timeline data set. We explored the optimal number of layers
in our models. In this step, we performed 10-fold cross-validation 10 times in each model.
Results & Discussion: We obtained the highest accuracy (crime-relevant: 98.69 ± 2.28,
crime-irrelevant: 98.18±1.40) in the test phase, when we built a CNN model with 6-weight
layers (three convolutional 1-dimentional layers, two maxpooling layers and a flatten layer
except for the input layer and dense layer) (shown in Table below). This result suggested that
we could construct a stable and reliable CNN model. Our present study is the first step toward
practical application for effective models to searching CIT. We are going to continue to work
on building a better model in terms of both accuracy and applicability.
Table. Metrics of performance for test data in each model
relevant ACC (%) SD irrelevant ACC (%) SD

Recall Precision F1 Score

2 weight layers CNN model
4 weight layers CNN model

90.80
96.41

7.44
2.85

95.53
97.27

2.79
2.17

0.91
0.96

0.85
0.90

0.87
0.93

6 weight layers CNN model

98.69

2.28

98.18

1.40

0.99

0.93

0.96

References
Gamer et al. (2012). Social Cognitive and Affective Neuroscience, 7, 506-515.
Niioka et al. (2018). Japanese Psychological Research, 60, 311-326.
Sai et al. (2014). Brain Topography, 27, 652-662.

Performance assessment and unit-to-unit variability of a
commercial continuous-wave near infrared spectroscopy tissue
oximeter for an international clinical trial
L. Cortesea, M. Zanolettia, U. Karadeniza, M. Pagliazzia, M. A. Yaquba, D. R. Buschb,
J. Mesquidac and T. Durdurana,d
a

ICFO-Institut de Ciències Fotòniques, The Barcelona Institute of Science and Technology,
Spain
b
Department of Anesthesiology and Pain Management and Department of Neurology,
University of Texas Southwestern Medical Center, United States of America
c
Àrea de Crítics. Parc Taulí Hospital Universitari, Spain
d
Institució Catalana de Recerca i Estudis Avançats (ICREA), Spain
lorenzo.cortese@icfo.eu

Abstract: Through quantitative protocols of performance assessment, we have compared
thirteen different PortaMon devices (Artinis, NL). These continuous wave near infrared
spectroscopy (CW-NIRS) tools are utilized in a multi-center clinical study (HEMOCOVID-19)
focused on evaluation of impairment to microvascular function in COVID-19 patients receiving
intensive care. The reported phantom and in vivo tests allowed us to characterize the devices
in terms of inter- and intra-device variability, and under different measurement conditions such
with probe repositioning and use by different operators. This is a crucial aspect of being able
to compare the results of the clinical measurements performed in different hospitals with
different devices [1].
Methods and results: The PortaMon is a multi-distance CW-NIRS device which utilizes
spatially resolved spectroscopy at two wavelengths to calculate (via manufactuer’s algorithms)
the local tissue oxygenation (TSI, tissue saturation index) and total hemoglobin concentration.
Our phantom experiments utilized commercial phantoms (Biomimic series, INO, Canada)
where we have evaluated the intra-device variability of a single acquisition, the reproducibility
for probe repositioning, and over time (hours, days, months) and for different operators. The
inter-device variability was also quantified. In phantoms, while we have measured a small intradevice variability (coefficient of variation of TSI < 1%), we have detected significant differences
between devices (inter-device variability < 4%). Intra- and inter-device variabilities have also
been determined through in vivo measurements, by performing reproducibility tests on the
forearm muscle of a healthy subject. In this case, the errors due to probe positioning and
intrinsic physiological variability (< 9% for tissue saturation) resulted much larger than the interdevice differences (< 3%), allowing the comparison of in vivo measurements performed with
different devices.
Lastly, we have tested the reproducibility of vascular occlusion test measurements [2], that is
the measurement protocol of the HEMOCOVID-19, by repeating the same protocol, on the
same healthy subject with the same device, for twenty repeated measurements over one
month. In this case, we found variabilities of the related physiological parameters of the order
of 20%. These tests allowed us to pre-select devices to be sent to the partners (two devices
were deemed to be systematically different from others), identify the need for a statistical
evaluation taking the operator, device ID and location into consideration as a confounder and
to define the lower limits of expected variability. We will present the comprehensive set of tests
and put this in the context of standardization, device development and testing as the field
moves towards larger scale trials and studies.
References: [1] Leproux et al., Journal of Biomedical Optics 2017,22,1.
[2] Gómez et al., Intensive care medicine 2008, 34, 1600.
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Abstract: The use of lasers in functional near-infrared and diffuse correlation spectroscopy
requires a robust and fast interlock system to ensure good contact with the tissue (IEC 606012-22:2020 standard). Furthermore, in an experiment, improper scalp-probe coupling, ambient
light, subject movements, probe displacement, and changes in probe pressure can introduce
artefacts. Moreover, the reproducibility is largely affected by the pressure exerted by the probe
on the tissue. We have designed an integrated sensor platform to address these issues. The
platform combines a touch sensor, a load sensor, an accelerometer, and a light sensor. It can
provide feedback in real-time for probe adjustment and record data for offline analysis. The
platform was tested on the benchtop for both quantitative and qualitative evaluation. The
results show the feasibility of using the designed integrated sensor platform for device safety
and detecting artifacts to improve the fidelity of the analyzed data.
Methods: The integrated platform consists of a single PCB with 21×12 mm dimensions. The
PCB houses a low-power, 3-axis accelerometer with 12-bit resolution and I2C interface, a burst
mode charge-transfer sensor for touch detection, and a surface mount phototransistor-based
ambient light sensor. A 10×10×0.5 mm copper sheet, to interface touch sensor with tissue,
and the load sensor are attached through the two-pin connectors. Low-voltage rail-to-rail
output CMOS operational amplifiers are used for interfacing the light and load sensors. A 12bit analog to digital converter with an I2C interface is used for digitizing the touch, load, and
light sensors. The touch and load sensors are placed on the probe part touching the scalp to
ensure that the probe is touching the skin and measuring the load on the tissue due to probe
attachment. The PCB sits on top of the probe to sense the movements and lighting conditions.
The lasers of the system are activated after the output of the touch sensor indicates probescalp coupling has been established. When the probe-tissue contact is lost, the laser should
be disabled within 100 ms to ensure the safety of the user/operator (IEC 60601-2-22:2020
standard). The platform was tested using benchtop experiments quantifying the stability, timing,
accuracy, and linearity of the relevant parameters. It has also been tested in vivo on different
tissues (e.g., scalp, forearm muscle) to verify its capability under different conditions. The
interfaced microcontroller allows for versatility in signal processing and the definition of
firmware-based conditions, such as laser safety.
Results: The individual sensors and their combination have been thoroughly tested. We will
describe the test results and put them in the context of realistic measurements. For example,
an important aspect quantified was the time between the loss of contact and its detection was
15 ± 1 ms, which is less than 100 ms required by the IEC 60601-2-22:2020 standard to switch
off the laser. This platform builds upon the efforts reported by the BabyLux project
(http://www.babylux-project.eu) for contact sensing and its use in a clinical setting as well as
those reported by the industry (e.g., pioNIRS systems https://www.pionirs.com). It provides an
important step towards both safe and standardized measurements suitable for clinical use.
Acknowledgments: EU’s Horizon 2020 (101016087, 688303, 101017113), Fundació
CELLEX Barcelona, Fundació Mir-Puig, Agencia Estatal de Investigación (PHOTOMETABO),
“Severo Ochoa” Programme (CEX2019-000910-S), “La Caixa” Foundation (LlumMedBcn),
Generalitat de Catalunya (CERCA, AGAUR-2017-SGR-1380, RIS3CAT-001-P-001682
CECH), La Marato TV 3.
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Background: Intracranial pressure (ICP) is an important biomarker in critical neurological
conditions such as traumatic brain injury (TBI). Typically, ICP is measured invasively drilling a
hole in the skull and implanting an intracranial sensor, which comes along with a risk of
complications [1]. Due to its invasiveness, continuous ICP monitoring is not performed in
populations where the risk is not outweighed by the benefit. However, ICP monitoring may be
relevant as well. Therefore, various non-invasive approaches have been proposed but none
was accurate enough to be clinically relevant yet. Recently, we have proposed a new noninvasive method that predicts ICP using a recurrent neural network (RNN) based on the
pulsatile cerebral blood flow (CBF) measured by fast diffuse correlation spectroscopy (DCS)
[2]. This initial study suffered from a limited number of subjects (N=6) and a limited ICP range.
Here, we present an extended cohort (N=15) to further validate our proposed method.
Methods: Patients with moderate or severe TBI requiring ICP monitoring were eligible for this
study. Alongside the invasive ICP measurement, pulsatile CBF was measured (>30 min.) on
the hemisphere with the ICP sensor on the frontal lobe employing DCS. The analyzed DCS
signal was then fed into an RNN to analyze the pulsatile CBF and predict non-invasively the
ICP. The neural network was trained and bootstrapped (five runs) by randomly sampling up to
50% of the training dataset. The invasive ICP signal was used as ground truth, i.e. as label.
Average results of the five runs are reported.
Results: Fifteen patients (median age: 39 years; 3
females [20%]) were recruited for 20
measurements with a total of 32 hours of data and
an ICP range from -2.7 to 33 mmHg. The
correlation analysis between predicted and
measured ICP values with an average slope of
0.86 ±0.02 (concordance correlation, ρc = 0.94
±0.00) showed a good agreement. According to
the Bland Altman analysis for differences, ICP
values can be predicted with an accuracy of (±4.4
±0.3) mmHg, i.e. two standard deviations from the
mean. Fig. 1 shows and example of a single run.
Detailed results will be presented and discussed.
Conclusion: ICP can be predicted in a continuous
and non-invasive manner by an RNN and pulsatile Figure 1 Bland-Altman plot for one example run (#3).
CBF measured by DCS. The accuracy is <5 mmHg. Subjects are color-coded.
If this method is further improved and validated, e.g.
in multi-center studies, it may pave the way for new scenarios like for patients with potential
pathological ICP such as stroke patients or patients with hepatic failure at high risk of
hemorrhagic complications and generally for non-intensive care patients.
Funding: CELLEX; MINECO (PhotoMetabo); “laCaixa; AGAUR/FEDER; RIS3CAT/CECH; La
Marató de TV3; KidsBrainIT (ERA-NET NEURON) and EU Horizon 2020.
References: [1] Raboel et al. Crit Care Res Pract, 2012; [2] Fischer et al., J Neurotrauma, 2020
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Motivation: Bilingual and monolingual infants reach the milestones of language development
at a similar pace. However, early exposure to monolingual vs. bilingual environments might
lead to certain behavioral and neural adaptations in infants, especially when spoken language
processing is considered. Bilingual infants allocate more attention to unfamiliar linguistic stimuli
and recruit additional brain regions (e.g., auditory-language regions in the right hemisphere),
to track specific properties of speech. The goals of the current work are: i) investigate the
hemodynamic correlates of speech processing in 4-month-old infants and ii) evaluate potential
differences between monolingual and bilingual infants’ brain responses to speech. Methods:
Hemodynamic responses to Spanish forward (FW) and backward (BW) speech stimuli were
recorded in 4-month-old Spanish-Basque bilingual (n=26) and Spanish-dominant monolingual
(n=31) infants using fNIRS (NIRx NIRScout system, 8 sources - 12 detectors, covering bilateral
frontal, temporal, and parietal regions). Recordings were performed during natural sleep to
maximize data quality. A general linear model approach was used to study the brain’s
responses to FW and BW speech. Results: Group-level results demonstrated reliable
estimates of infants’ hemodynamic responses over left and right temporal regions as reflected
by the direction of oxy- and deoxyhemoglobin concentration changes. Group comparisons
revealed larger activation responses in bilinguals for FW and BW speech stimuli in left and
right temporal regions (highlighted channels in Figure). In addition, the left inferior frontal region
displayed larger deactivation responses in bilingual infants. Discussion: Group differences in
auditory and language-related regions of both hemispheres were observed. Both FW and BW
speech elicited more activation in bilinguals, suggesting that (i) specialization to FW speech
may occur differently in monolinguals and bilinguals, and (ii) in general, specific functional
adaptations in bilingual infants during spoken language processing might emerge early in
development, to facilitate the acquisition of two languages simultaneously.
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Motivation: This study assessed whether a wearable HD-DOT technology [1] can be used to
generate stable individual-specific functional connectivity measurements using data from a
highly sampled individual, an approach referred to as precision functional mapping [2]. Data
were collected by the subject themselves in an at-home environment. Obtaining reliable
estimates of functional brain networks at the individual level, easily and in any environment,
could have implications for studies investigating the neurobiological basis of individual
differences in functional brain organization. We also evaluated whether reliable individualspecific functional connectivity measurements could be achieved from shorter scan durations,
which could be especially useful for studies involving developmental or clinical populations.
Methods: Spontaneous hemodynamic activity was repeatedly measured in a single individual
using the first ever application of a 24-module HD-DOT system (72 sources, 96 detectors,
3456 channels, Gowerlabs, LUMO), which covered frontal and occipital regions. Fourteen
experimental sessions were acquired over a period of three weeks and under lockdown
conditions due to the COVID-19 outbreak. The paradigm involved 12 minutes recording of
resting-state data, in which the participant attended to a fixation cross displayed on a 50% grey
background screen. Functional brain network organization was characterized across
experimental sessions by means of spatial group ICA analysis. Similarity and stability of
functional network features was evaluated across sessions, brain regions and over time.
Results: Considering all the experimental sessions, we observe functional brain networks over
visual regions (Fig. 1A) and in control systems (e.g., control and salience networks), the latter
showing anticorrelated activity with the default-mode network. Our results provide evidence for
strong functional network similarity across experimental sessions (Fig. 1B). Stability estimates
were dependent on the quantity of data analyzed (i.e., longer recordings provided more reliable
estimates, Fig. 1C) and the brain region under assessment.
Discussion: Using high-quality resting-state functional connectivity data from a highly
sampled individual, the present work demonstrates the feasibility of HD-DOT for precision
functional mapping on individual subjects in non-laboratory environments. Our results indicate
that HD-DOT could be used to obtain individual-specific functional connectivity measurements
that are stable across brain networks and over different timescales. These findings provide a
basis for future studies aiming to use this technology for personalized research.

[1] Vidal Rosas et al., (2021). Evaluating a new generation of wearable high-density diffuse optical
tomography technology via retinotopic mapping of the adult visual cortex. Neurophotonics.
[2] Gordon, et al. (2017). Precision functional mapping of individual human brains. Neuron.
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Motivation: Clinical guidelines for intensity and time of onset of post-stroke mobilization are
ambiguous due to uncertainty regarding the safety of mobilizing patients due to factors such
as the increased possibility of an impaired cerebral autoregulation. Studies on the
safety/efficacy of early and/or intense physiotherapy are contradictory, possibly because of
heterogeneous cerebral status of patients, which could not be reduced due to challenges of
monitoring cerebral health in individual patients during mobilization. We hypothesized that
impaired cerebral health could lead to worsened clinical response to early and intense
physiotherapy. To that end, we have monitored the local cerebral hemodynamics using diffuse
optics and relevant physiological parameters in stroke patients during the first mobilization to
determine whether there are novel biomarkers predictive of neurological deterioration.
Methods: Patients were measured 24 ± 6 hours after stroke onset with a hybrid time resolved
near infrared spectroscopy (TRS) and diffuse correlation spectroscopy (DCS) device to
bilaterally monitor local tissue oxygen saturation (StO2) and microvascular cerebral blood flow
(CBF) respectively. The DCS module operates at ~40Hz, allowing resolution of pulsatile CBF.
Physiological parameters such as continuous blood pressure, peripheral oxygen saturation,
capnography, and respiratory polygraphy parameters were also monitored. Hybrid optical
measurements and physiological measurements allowed for the monitoring of parameters
such as the cerebral auto-regulation index (CBFx), and cerebral metabolic rate of oxygen
extraction. The measurement protocol consisted of alteration of head-of-bed angle as well as
out-of bed sitting and standing. Time of out-of bed sitting was considered the time of start of
mobilization. Neurological deterioration was defined as
any increase in NIHSS (a stroke severity scale) evaluated
by a certified neurologist during hospitalization.
Results and Discussion: 106 patients were included.
Logistic regression analysis of ipsilateral CBFx at sitting
position as a predictor of neurological deterioration
indicates a receiver operating characteristic with an area
under the curve (AUC) of nearly 80%, suggesting that poor
cerebral auto-regulation is indicative of neurological
deterioration. We will present an analysis of the predictive
power of other measured parameters, and a model based
multi-biomarker estimate. If confirmed, these findings
would support the trialing of near-infrared diffuse optical
monitoring as a means to select patients for early and
intense physiotherapy.
Acknowledgements: Fundació La Marató TV3, CELLEX, Fundació Mir-Puig, Agencia Estatal de Investigación,
“Severo Ochoa” Programme, “La Caixa” Foundation, Generalitat de Catalunya. EC Horizon 2020, FEDER EC and
LASERLAB-EUROPE V.
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Introduction: Arithmetic processing is represented in a fronto-parietal network of the brain.
However, activation within this network undergoes a shift from domain-general cognitive
processing in the frontal cortex towards domain-specific magnitude processing in the parietal
cortex. This is at least what is known from findings in children and young adults.
Objectives: This registered report aims to replicate the fronto-parietal activation shift for
arithmetic processing and explore for the first time how neural development of arithmetic
continues during aging. This study focuses on the behavioral and neural correlates of
arithmetic and arithmetic complexity across the lifespan, i.e., childhood, where arithmetic is
first learned, young adulthood, when arithmetic skills are already established, and old age,
when there is lifelong arithmetic experience.
Hypothesis: According to the developmental fronto-parietal shift for arithmetic processing,
children should show increased frontal activation (left IFG and bilateral MFG) and less parietal
activation (left IPS) in comparison to young adults. Moreover, it will be explored if the frontoparietal shift generalizes to the whole lifespan in the comparison of young adults and the elderly,
or if the elderly have no deficits in arithmetic or compensate for deficits.
Methods: Brain activation during mental arithmetic will be measured in children, young adults,
and the elderly using functional near-infrared spectroscopy (fNIRS). Arithmetic complexity will
be manipulated by the carry and borrow operations in two-digit addition and subtraction.
Preregistered analysis plans will be presented before data collection.
Planned analyses: In this registered report, the sequential Bayes factor design with maximal
n = 60 per group was used for sample size estimation. The arithmetic task will be analyzed in
a 3 age (children, adults, elderly) × 2 operation (addition, subtraction) × 2 complexity (with,
without carry/borrow) Bayesian repeated measures ANOVAs on RT and activation of the ROIs.
Conclusions: The findings of this study will inform educational practice, since the carry and
borrow operations are considered as obstacles in math achievement, and serve as a basis for
interventions in the elderly, since arithmetic skills are important for an independent daily life.
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Background/Objective: Sleep is an important biomarker of brain development for newborn
infants. Newborn infants possess two sleep states: active sleep (AS) and quiet sleep (QS). Like
sleep, functional brain connectivity (FC) is tightly linked to brain development, yet the relationship
between sleep and FC is poorly understood [1]. This relationship is difficult to investigate using
traditional neuroimaging approaches, which often require sedation and cannot be performed cotside. This study aimed to 1) investigate FC in newborn infants across infant sleep states using highdensity diffuse optical tomography (HD-DOT) and 2) demonstrate the utility of a new generation of
modular wearable HD-DOT for non-invasive, cot-side brain imaging in clinical settings.
Methods: We applied a 12-module wearable HD-DOT system (Gowerlabs, LUMO) to study 45
healthy term-born newborn infants during natural sleep (Fig. 1a). Video recording of behavior was
taken for scoring of sleep state. Three-dimensional structured-illumination images of the head
surface were also taken for identification of cranial landmarks, source, and detector positions. A
common neonatal head model was registered to these positions, resulting in a 3D mesh model for
each subject. From recordings, clean data segments that were at least 3 mins in duration were
extracted and preprocessed. Preprocessed data segments were then reconstructed to produce
cortical surface images of changes in oxygenated and deoxygenated hemoglobin (HbO and HbR)
concentrations. As an initial visualization of FC, a seed-based correlation approach was used. HbO
and HbR data were parcellated using the neonatal M-CRIB atlas [2] to reduce data dimensionality
and determine the underlying brain regions that the system was sensitive to (Fig. 1c). Group-level
functional connectivity matrices were computed based on parcellated data to further explore the
presence of FC (Fig 1d).
Results: Of the 45 infants, 28 had at least one clean data segment (62% subject retention rate) of
at least 3 mins (mean: 5.2±3.0). Of the 63 segments, 18 were during AS (mean: 4.2±1.1 min), 40
were QS (mean: 5.6±3.7 min), and 4 were in transitional sleep. Seed-based correlation analysis
using the longest clean segment of each of the subjects and a seed in the pre-motor cortex
suggests that FC is present in this dataset (Fig. 1b). Group-level functional correlation matrices
using these segments also support the presence of FC given strong correlation between HbO-HbO
(upper left corner) and HbR-HbR (lower right corner) (Fig. 1d).
Discussion: Preliminary results support that HD-DOT is a suitable and well-tolerated method to
obtain high-quality FC data in newborn infants in clinical settings. Additional higher-level analyses
currently underway are connectome independent component analysis (connICA), temporal ICA,
and network-based statistics, as well as statistically comparing FC features across AS and QS.
a)

b)

c)

d)

X

Figure 1. a) Term infant asleep wearing the HD-DOT system. b) Seed based correlation analysis results with a seed in the upper
left premotor cortex (black circle, 3 mm). Significant correlation can be seen across the ipsi- and contra-lateral premotor cortex,
suggesting the presence of FC in this dataset. c) The parcellated head model was multiplied by the array’s sensitivity matrix to
produce a map of cortical parcels that the array is sensitive to. d) Group FC matrix using these parcels, demonstrating
anticorrelation between HbO-HbR and correlation within HbO-HbO and HbR-HbR.

[1] C. W. Lee et al. (2020), Front. in Neurosc., [2] B. Alexander et al. (2017), Neuroimage

Cerebral oxygenation and systemic physiological changes during a
verbal fluency task: Differences between men and women
H. Zohdia, F. Scholkmanna,b and U. Wolfa

a

Institute of Complementary and Integrative Medicine, University of Bern, Bern, Switzerland
Biomedical Optics Research Laboratory, Department of Neonatology, University Hospital
Zurich, University of Zurich, Zurich, Switzerland

b

Corresponding author e-mail address: hamoon.zohdi@ikim.unibe.ch
Abstract: Background: Sex differences in behavioral performance of a cognitive task have
been repeatedly reported in the literature. Whether such differences are also relevant for
fNIRS studies and for evoked cerebral hemodynamic and oxygenation responses as well as
systemic physiological changes is a topic of ongoing investigations. Aim: We investigated
whether changes in cerebral oxygenation and systemic physiological activity are sexdependent during a verbal fluency task (VFT). Material and methods: VFT performance as well
as brain activity and systemic physiology were investigated in 32 healthy right-handed adults
(17 females, 15 males, age: 25.5 ± 4.3 years). The total duration of the VFT was 9 min. During
this phase, subjects were also exposed to blue light (peak wavelength: 450 nm, illuminance:
120 lux). Before and after the VFT, subjects were in darkness and asked to relax. In this study,
we used the systemic physiology augmented functional near-infrared spectroscopy (SPAfNIRS) approach. By using this approach, we enabled to measure absolute concentration
changes of oxyhemoglobin ([O2Hb]), deoxyhemoglobin ([HHb]), total hemoglobin ([tHb]), as
well as tissue oxygen saturation (StO2) bilaterally over the prefrontal cortex (PFC) and visual
cortex (VC). Moreover, a great variety of systemic physiological parameters were also
recorded in parallel (e.g., end-tidal CO2, heart rate, respiration rate, skin conductance) with the
SPA-fNIRS approach. Results: We found the following statistically significant (p < 0.05) sexdependent effects: (i) Females were better VFT performers in comparison with males (Cohen's
d = 0.8). (ii) Changes in [O2Hb] and [HHb] in the VC were higher for males compared to females
during the VFT under blue light exposure (d = 2.7 and d = 1.4, respectively). (iii) Lower and
higher StO2 changes were detected for males compared to females in the PFC (d = 0.8) and
VC (d = 1.9), respectively. (iv) Sex-dependent changes were also evident for end-tidal CO2 (d
= 2.1), heart rate (d = 1.3), respiration rate (d = 1.1) and pulse-respiration quotient (d = 0.7).
Conclusions: This is the first SPA-fNIRS VFT study that includes several important
physiological parameters and applies such a comprehensive approach to measure effects of
sex on behavioral performance, cerebral hemodynamics/oxygenation and systemic
physiological activity. Our study showed that sex differences are not only observed in task
performance but also in the magnitudes of changes in cerebral and physiological parameters.
The findings of the current study emphasize that sex differences in brain activation and
systemic physiological activity need to be considered when interpreting fNIRS neuroimaging
data in particular and functional neuroimaging data (e.g. fMRI) in general.
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Patients with Auditory Verbal Hallucinations: A fNIRS Study
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Aim and Objectives: Role of genetic determinants of neural plasticity has been gaining relevance
for understanding the neurobiological basis of schizophrenia (SCZ) pathophysiology. Compelling
functional neuroimaging evidence shows that transcranial direction current stimulation (tDCS)
alters the neuroplasticity. Current study evaluated the role of genetic determinants on the effect
of high definition tDCS (HD-tDCS) on resting-state functional connectivity (rsFC) in SCZ.
Methods: SCZ patients with auditory verbal hallucinations (N: 24, Age: 33.40±10.69years) were
administered add-on HD-tDCS [2mA; twice-daily 20minute sessions for five days; 3hours
intersession interval] in a double-blinded sham-controlled design. Cathodal stimulation was given
at left temporo-parietal junction (L-TPJ at CP5) (Figure 1a). Ten minutes resting fNIRS data was
collected from L-TPJ and left dorsolateral prefrontal cortex pre- and post-HD-tDCS (Figure 1b).
fNIRS analysis was done using FC-NIRS and Gretna. 5ml of blood was collected on the first day
of treatment and TaqMan Allelic Discrimination assay was done for genotyping COMT (rs4680),
BDNF (rs6265) and NRG1 (rs35753505) genes. Result: RM-ANOVA showed that post HDtDCS, patients with AA genotype of NRG1, a synaptic protein coding gene, had a significantly
greater reduction in negative symptom score than patients with AG/GG genotype (p=0.04,
ɳ2=0.19, Figure 2a). HbR rsFC analysis showed interesting correlations with genetic variants.
Patients carrying CT/TT genotype of BDNF showed a significant increase in betweenness
centrality (BC: importance of a given node in the flow of information between various nodes of a
network) at left middle temporal gyrus (BA21) following sham HD-tDCS (Mean
difference=5.55±2.41, p=0.03, Figure 2b), and patients with AA genotype of NRG1 exhibited a
significant reduction in BC at L-TPJ (BA 39) post-true HD-tDCS (Mean=6.17±2.58, p=0.03,
Figure 2c). HbO rsFC analysis also showed that patients with AA genotype of NRG1 had a
significant reduction in BC at supramarginal gyrus (BA 40) post-true HD-tDCS (Mean=7.08±2.44,
p=0.009, Figure 2d) Conclusion: The current fNIRS findings are novel and suggest a significant
determining effect of genetic variants on HD-tDCS induced neuroplasticity changes in the left
auditory stimulus processing regions of the brain.

Figure 1: a) HD-tDCS montage; b) fNIRS montage

Figure 2: Effect of genotype on clinical scores (a) and resting-state connectivity (b-d)
Channel 17: CP5-CPP5h, Channel 18: TPP7h-TP7, Channel 19: TPP7h-CPP5

Prefrontal changes in patients with trigeminal neuralgia measured by functional near infrared
spectroscopy (fNIRS)
Background: Primary trigeminal neuralgia presents clinically as recurrent paroxysmal, brief,
severe pain without symptoms of trigeminal functional disruption. To date, the link between
trigeminal neuralgia due to vascular compression has not been studied. For the clinical
diagnosis of trigeminal neuralgia, there is no single method and means to specifically assess
its pain, based on patient symptoms, pain location, duration, precipitating factors, combined
with trigeminal water imaging and whether or not oral carbamazepine is effective. Current pain
assessment techniques based solely on clinical assessment and self-report are not objective
and may lead to under treatment. And more than 1 brain region that trigeminal neuralgia waves,
specific trigeminal neuralgia will image specific certain brain region can not be known at
present. As there is currently no specific measurable indicator of pain relief, whether NIRS
monitoring devices can be an effective detection device for evaluating pain in the future.
Functional near infrared spectroscopy (NIRS) has been used as an inexpensive, rapid,
noninvasive, and safe technique to monitor cerebrovascular dynamics. The utility of fNIRS is
particularly attractive because of its ability to resemble fMRI brain function to a graded
response to noxious and innocuous stimuli.
Method: In this study, an infrared spectroscopic device has been used to investigate how the
prefrontal lobes of patients with trigeminal neuralgia differentiate from normal subjects. We
selected 10 subjects with primary trigeminal neuralgia and 10 subjects without trigeminal
neuralgia for prefrontal testing（All underwent pain scale scoring).
Result: Activation was more pronounced in the dorsolateral prefrontal cortex and BA10 regions
(the most anterior part of the superior and middle frontal gyri) in patients with trigeminal
neuralgia compared with controls. Near infrared spectroscopy has shown promise in
monitoring individual patients in a clinical setting for further pain assessment beyond the scale
that can be used in patients with trigeminal neuralgia, and may provide an evidence-based
basis for clinically undertaking trigeminal microvascular decompression surgery.
Conclusion: The fNIRS was shown to be an effective detection tool for the evaluation of
trigeminal neuralgia patients when monitoring individual patients in a clinical setting. NIRS
technology may improve our ability to assess evoked and ongoing pain in different age groups
and clinical populations.
Keywords: fNIRS; trigeminal neuralgia; prefrontal; noninvasive; assessment

Prediction of postoperative cognitive outcome in epilepsy by verbal fluency test (VFT)
monitored by functional near infrared spectroscopy (fNIRS)
Zhili Chen1, Yuanxiang Lin1
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Abstract
Objective: Functional near infrared spectroscopy (fNIRS) has been shown to be an effective
monitoring tool in the diagnosis of anxiety and depression. [1] Anxiety and depression as
common comorbidities in epilepsy, whether anxiety and depression can be improved after
controlling seizures remains to be explored. [2, 3] NIRS technology offers the possibility to be
able to illustrate this more definitively.
Method: Preoperative recordings and analysis were performed in 10 epileptic patients to
determine changes in oxygenation (HBO), deoxygenation (HBr), and total hemoglobin (HBT)
in the left and right frontal lobes. Preoperatively, epilepsy patients were fully evaluated for
epilepsy, specific epileptic focus and indication for surgery were clarified, and the follow-up
examinations of epilepsy patients were performed by VFT, Hamilton Depression Scale (HAMD),
and Hamilton Anxiety Scale (HAMA);Epilepsy patients with anxiety and depression were
screened out according to the anxiety and depression scale. The greatest changes in HBO,
HBr, and HBT on the left and right sides of the VFT before surgery were compared.
Results: In those with preoperative cognitive dysfunction, postoperative MMSE scores were
significantly improved.
Conclusions: The study shows that VFT combined with Hamilton Depression Scale (HAMD),
Hamilton Anxiety Scale (HAMA) under the monitoring of functional near infrared spectroscopy
imaging technology (fNIRS) is helpful for judging postoperative cognitive outcome in epilepsy.
Keywords: fNIRS; epilepsy; verbal fluency test (VFT); cognitive dysfunction;
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Measuring infant engagement with eye-tracking to inform fNIRS
analysis.
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Abstract: fNIRS is widely used in neurodevelopmental research, with many analysis pipelines
assuming all infants access and understand the task to the same extent. However, HRF
variability between infants may be due to their level of engagement. We should endeavor to
measure active participation to better inform analyses. We hypothesised differences in cortical
activation dependent on the infants’ paradigm engagement.
Methods: We measured pupil diameter and looking behaviour alongside high-density diffuse
optical tomography (HD-DOT) to index the level of attention in 6.5-7.5-month-old infants.
Infants learnt to associate an auditory cue with a visually rewarding stimulus. In 20% of trials,
an unexpected event occurred: an auditory cue played with no reward. We used a hierarchy
of eye-tracking criteria to categorise responses to each trial as correct (C) or incorrect (I)
(Figure 1a). Trial-wise relative change in pupil diameter (Figure 1b) acted as a proxy for
surprise.
Results and Conclusions: Preliminary results observed a different response to an
unexpected trial depending on whether participants predicted the C (Figure 1c) or I (Figure
1d) outcome. In an example participant, greater pupil diameter was seen (trials 37-39) for
unexpected-I events in contrast to unexpected-C; suggesting I trials were more surprising
than C. Engagement with and understanding of the paradigm played a substantial role in the
hemodynamic and pupil responses elicited. Thus, assuming all infants engage similarly could
impact results. Integrating trial-by-trial eye-tracking and trial wise HD-DOT recording is a
novel way to understand how infant task understanding progresses across trials and how this
impacts cortical activation.
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Figure 1. a. Correctness Index; informed by the first saccade, second saccade and looking time at a region of interest. b.
Percentage pupil difference from baseline plotted with the correctness index. Note: C response indicated by purple line and I
response left blank. Green data markers indicate an unexpected trial. c. HbO and HbR responses to C unexpected trials d. HbO
and HbR responses to I unexpected trials.

First Steps Towards a Validation of Online Systemic Activity Correction
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Introduction: Functional Near Infrared Spectroscopy (fNIRS) is a promising tool for BCI and
neurofeedback applications. However, a big problem in fNIRS (online) preprocessing is its
contamination with evoked systemic cerebral and extracerebral hemodynamic activity (systemic
activity, SA). Because its frequency overlaps with the task frequency, conventional temporal filters
cannot remove SA from the data. This is particularly problematic for BCI and neurofeedback, where
insufficient correction of artefacts means running the setup on noise instead of brain activity. Short
distance channels (SDC) measures only the SA and can be used to correct the data. In online
scenarios, SDC correction is still rarely performed. This may be due to additional perceived
complications related to online correction and/or limited access to necessary hardware. For these
cases, alternative approaches for SA correction exists and should be applied. However, research
comparing different approaches is scarce. Here we compare, on a single trial level, data
uncorrected for SA (NO SAC) with three SDC correction methods and three correction approaches
without SDC, all of which are suitable for online use. We expected that (i) all correction methods
improve signal quality as compared to NO SAC and that (ii) methods with SDC would outperform
methods without SDC. Our comparisons focused on temporal consistency and spatial specificity.
Methods: SDC correction methods consisted of a general linear model (GLM) with 8 SDC (GLM
ALL; e.g., [1, 3]), GLM with only one SDC on each hemisphere (GLM BH) and short separation
regression (SSR [4]). Correction methods without SDC were common average reference (CAR;
e.g., [5]), baseline principal component analysis (bPCA; e.g., [3]), and global component removal
(GCR, e.g., [2]). The data set consisted of a 3 min baseline measurement, four runs of motor
imagery (MI; two of which with neurofeedback) and two runs of motor execution (ME) collected
from 27 healthy individuals (58-71 years). The baseline measurement was used to generate a semisimulated data set (SIM) with an artificial hemodynamic response function (HRF). Bilateral M1 and
SMA areas were covered by 20 regular channels and 8 SDC. Scaled root mean square error,
correlation, contrast to noise ratio and spatial variances were used as comparison metrics between
correction methods. All four measures were compared with Bayesian repeated measures ANOVAs.
Results: The effect of SA correction was most prominent for SIM data, where GLM ALL
outperformed all other approaches. For ME and MI data, descriptively, GLM ALL also tended to
rank first, however, statistically this could only be confirmed for a subset of comparisons.
Counterintuitively, the spatial variance metric indicated a stronger spatial specificity for data
corrected by methods without SDC.
Discussion: Possible reasons for these varying results might be that the applied metrics were not
sensitive enough to capture differences between correction methods in real data (ME, MI). For SIM
data, the effect of and difference between correction methods may have been overestimated
because SA and synthetic HRF were less correlated as compared to ME and MI data. Besides, the
counterintuitive results regarding spatial specificity might be due to overcorrection when using the
correction methods without SDC. Our results suggest a need for more sensitive metrics for
advancing the validation for SA correction methods in real data.
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Elaborating fNIRS Recording Guidelines: Optimizing Signal Quality Concerning
Motion Artifacts
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Introduction: Functional near-infrared spectroscopy (fNIRS) is less susceptible to motion
artifacts compared to other functional neuro-imaging methods. The fNIRS signal quality can
nonetheless be affected when head movements cause optode decoupling. This should be
taken into consideration when planning and performing fNIRS studies. However, few studies
have focused on extracting the exact contribution of motion to the fNIRS data. The current
study aims to introduce a novel signal processing technique towards better indices of brain
activity by separating the motion contribution from the fNIRS signal. For this, motion data is
recorded throughout the execution of different hand/arm movements while fNIRS data is
recorded simultaneously to examine three research questions. Firstly, do long movements
induce more motion artifacts in the fNIRS data than short movements? Secondly, do nondominant hand movements induce more motion artifacts in the fNIRS data than dominant hand
movements? Thirdly, do fast movements induce more motion artifacts in the fNIRS data than
slow movements?
Methods: Every research question was targeted by a task paradigm inducing the movements
at question. Each paradigm run consisted of ten task-periods, alternating with ten rest-periods.
PsychoPy was used for the stimulus display and response recording of the movement tasks.
fNIRS data was recorded using a NIRSport2 (NIRx) device with 16 sources and 14 detectors
(plus 16 short channel detectors) covering the primary motor cortex, premotor cortex and
supplementary motor area. A motion tracking channel (Bosch BMI 160) was included in this
setup and placed on the forehead (AFz), recording motion data at 20 Hz from an accelerometer
and gyroscope. The analysis consists of two parts: 1) analyzing the motion tracking data and
2) analyzing the contribution of the motion to the fNIRS data. For part 1, slow drifts were
removed from the raw accelerometer data by applying linear and nonlinear detrending. The
detrended accelerometer data was demeaned to reduce the gravity component. Next, a
Welch’s t-test was done on the absolute motion data to determine if and how the task
paradigms induced motion. For part 2, the motion data was fed into the GLM as a regressor,
allowing to determine the contribution of the induced motion to the fNIRS data.
Results & Discussion: The results of part 1 show that all task-periods exhibited more motion
than the rest-periods. The long and fast conditions induced more motion than short and slow
conditions (resp.). No definitive differences were found for the dominant hand movements
versus non-dominant hand movements comparison. Generally, the gyroscope data showed
larger motion differences between conditions than the accelerometer data. The results of part
2 show that motion had a significant contribution to the oxygenated fNIRS data in 34,96% of
the channels for all conditions of all participants. The findings of this study can be applied by
future studies in the de-noising of their fNIRS data. On the one hand, the findings provide a
preventive guideline at design level. Certain conditions contain more motion and thus form a
higher risk for the fNIRS signal quality, these conditions should be avoided where possible. On
the other hand, when unable to avoid these motion inducing conditions, this study provides a
corrective guideline at analysis level. Knowing how motion contributes to the fNIRS data allows
for better targeted separation of the motion from the fNIRS signal. Applying these motion
artifact minimizations increases the reliability of fNIRS results, especially in clinical populations
where motion artifacts cannot be minimized easily. Next to this, these motion artifact
minimizations can enhance the performance of brain-computer interfaces.

Addition of anatomical information increases fNIRS reproducibility
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Background: Although fNIRS has been the optimum choice for several neuroscientific
applications, its reproducibility is still a subject of debate. Previous test-retest studies have
suggested that fNIRS results are only reproducible over group analysis. The lack of withinsubject reproducibility has limited fNIRS interpretation in some experimental protocols (e.g.,
longitudinal studies). In this work, we investigated how spatial accuracy of the optode
placement can improve intra-subject reproducibility in functional NIRS protocols.
Methods: We acquired data with a continuous-wave near-infrared spectroscopy system
(NIRScout, NIRx Medical Systems) from 10 males with ages ranging from 19 to 34 years old.
All participants were right-handed and performed a right-hand finger-stapping task with 30
blocks (2 s duration interleaved with randomized rest between 10 and 20 s). Each subject
performed 3 independent sessions at the same time of the day over 3 different days. A subcohort of 5 subjects performed 3 additional sessions in three different periods of the same day:
in the morning (~9 a.m.), afternoon (~2 p.m.), and evening (~6 p.m.). Heart rate (HR) and mean
arterial pressure (MAP) were monitored at each session. We designed the optical probe in a
10-20 standard head cap with 64 regular and 4 short channels, covering the frontal and parietal
lobes. We employed two placement procedures. In the standard acquisition approach (SAA),
we adjusted the cap on the subject’s head with a measuring tape. In the guided acquisition
approach (GAA), we assisted the positioning of the optodes with an in-house neuronavigation
system. We analyzed the fNIRS data following the best practices, including motion artifact
correction, short-channel regression, and the combination of HbO and HbR to infer activated
channels. Each volunteer also underwent an MRI session on a 3T MRI scanner (Philips
Achieva).
Results: As expected for a motor task, with the SAA, group analysis yielded a well-behaved
and localized hemodynamic response (HRF) in the contralateral primary motor cortex (CPMC).
However, the number of activated channels across all sessions for the same subject varied
from 0 to 65% of the whole probe. In addition, only 20% of the volunteers presented activated
channels with high reproducibility in the CPMC. By modeling the observed intra-subject
variations as a function of HR and MAP changes, we found that at least part of the variability
in fNIRS could not be attributed only to global systemic physiology. Therefore, we
hypothesized that imprecise probe positioning could also contribute to the low reproducibility.
With the GAA, we confirmed our hypothesis by finding that 80% of the volunteers had at least
one channel inside the CPMC activated for all sessions (100% of reproducibility). In addition,
by quantifying the reproducibility of size and spatial overlap of the HRF across sessions within
the same volunteer, we observed that the neuronavigation system increased the reproducibility
of the fNIRS signal by an average factor of two.
Conclusion: Overall, we observed that guided measurements with the assistance of a
neuronavigation system could significantly improve the intra-subject reproducibility of fNIRS
protocols. Therefore, precise positioning and repositioning of fNIRS optodes play an essential
role in longitudinal fNIRS experiments at the intra-subject level.

Frontotemporal activation differs between perception of simulated
cochlear implant speech and speech in background noise: An
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Abstract: We used fNIRS to investigate neural responses in normal-hearing adults as a
function of speech recognition accuracy, intelligibility of the speech stimulus, and the manner
in which speech is distorted 1. Speech quality was distorted artificially by vocoding (simulated
cochlear implant speech) or naturally by adding background noise. Elevated cortical responses
in the middle temporal gyrus (MTG) and middle frontal gyrus (MFG) were associated with
recognition of speech with low-intelligibility (Fig.A). MFG activity was largely driven by
recognition of speech in background noise (Fig.B), whereas activation in the MTG was
associated with recognition of vocoded speech with low intelligibility (Fig.C). Lastly, an
accuracy effect in the MFG (Fig.D) demonstrated significantly higher activation during correct
perception relative to incorrect perception of speech. These results suggest that normalhearing adults (i.e., untrained listeners of vocoded stimuli) do not exploit the same attentional
mechanisms of the frontal cortex used to resolve naturally degraded speech and may instead
rely on segmental and phonetic analyses in the temporal lobe to discriminate vocoded speech.
Methods: Participants performed a speech recognition task with sentences in various speech
conditions: speech in noise and vocoded speech with high intelligibility (HN and HV), speech
in noise and vocoded speech with low intelligibility (LN and LV), and speech in quiet (SQ).
Instead of decreasing the number of vocoder channels, low-level noise was added to speech
prior to the vocoding process in an attempt to simulate a low-intelligibility listening condition
faced by CI users. fNIRS data were analyzed using a newly developed image reconstruction
approach called NeuroDOT 2,3 along with Homer2 and custom MATLAB scripts. Statistical
analyses were performed with AFNI’s 3dMVM and SPSS (IBM).
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Abstract: Proper sensor attachment to the skin is pivotal for most biomedical devices, and it
becomes critical for optical spectroscopy techniques such as diffuse correlation spectroscopy
(DCS) and near-infrared spectroscopy (NIRS), where changes in the coupling between the
optical probe and the subject skin may lead to motion artifacts, thus corrupting the acquired
data, and in case of a complete probe detachment may also pose a serious risk to the subject’s
eye-safety, as Class 3B laser are often used for these applications.
Here we present a novel sensor based on capacitive sensing which can be integrated into
optical probes to continuously monitor the contact with the subject and promptly alert
users/operators in case of a detachments, allowing to constantly ensure patients safety and
data quality, especially in continuous monitoring applications. The contact probe is based on
a capacitive sensitive electrode based on flexible printed circuit board, and a driving and
readout circuit based on commercially available components, which senses the probe
capacitance and outputs a digital value. In case of human contact with the probe, the skin adds
additional capacitance to the sensing network, and conversely a detachment of the probe from
the skin will cause a reduction of the measured capacitance. By periodically measuring the
probe capacitance is therefore possible to detect variations in real-time and output a signal
proportional to the quality of the probe attachment.
Flexible printed circuit boards (PCB) offer perfect features for the optical probe design as they:
i) allow to easily integrate the capacitive electrode and additional sensors; ii) provide a sturdy
support, allowing the PCB to be the body of the probe itself; iii) shape can be customized based
on the application and can accommodate body shapes thanks to the substrate flexibility; iv) no
voltage/current is applied to the subject thanks to galvanic insulation offered by the PCB
insulating external coating; v) low-cost, commercially available technology.
The developed optical probe features one light injection point and two detection points (at 5
and 20 mm source-detector separation), with optical fibers enclosed in custom 3D printed
holders which are mounted into two apertures of a flexible PCB. The capacitive sensing
electrode is placed on the bottom layer of the PCB (in contact with the skin), while on the top
layer a 3-axis accelerometer allows to track probe movements and angular displacement. We
investigated two different electrode shapes, and experimentally validated the two designs and
the readout circuit with and without a hydrogel layer in different operating conditions, in order
to find the best operating parameters. Finally, we performed an in-vivo experimental validation
of the device during a DCS measurement on a healthy volunteer.
Funding: This work was supported by the National Institutes of Health (NIH) R01HD09106701A1
Disclosure: MAF has a financial interest in 149 Medical, Inc., a company developing DCS technology
for assessing and monitoring cerebral blood flow in newborn infants. MAF’s interests were reviewed and
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Abstract: During the last decade, superconducting nanowire single photon detectors (SNSPD)
have been used in optical quantum information, telecommunication, and space communication.
SNSPD are noticeably superior to solid state single-photon avalanche photodiodes (SPAD) in
terms of timing resolution, dark count rate, photon efficiency and broad wavelength sensitivity.
Furthermore, with respect to indium gallium arsenide (InGaAs) SPADs, SNSPDs are superior
in terms of dark counts and do not have after-pulsing probability issues which hamper the use
of InGaAs SPADS for DCS applications.
In 11 subject at 25 mm source detector separation with continuous wave diffuse correlation
spectroscopy (DCS) at 1064 nm and SNSPD we detected 13±6 times more photons than with
a typical DCS system, achieving a signal to noise ratio (SNR) gain of 16 ±8. At this separation,
the SNSPD-DCS is able to detect a clean pulsatile flow signal at 20 Hz in all subjects.
SNSPD can be used in time domain DCS (TD-DCS) as well which allow to select late photons
with higher sensitivity to deeper tissue and higher spatial resolution (~1.5cm).
In TD-DCS, we report our progress on the development of a 1064 nm TD-DCS system that
consists of (1) SNSPD, (2) custom made FPGA correlator board and (3) custom made dual
amplifier laser system. Characterization in phantoms and functional measurements in human
subjects will be presented.
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Abstract: This abstract presents a novel feature extraction methodology to enhance
classification accuracy of functional near-infrared spectroscopy (fNIRS)-based two-class and
three-class brain-computer interface (BCI). BCI is a technique to establish communication
between the brain and peripheral devices such as prosthesis, exoskeletons, robotic arms and
other assistive devices for patients suffering from muscular or neuromuscular diseases. A BCI
system is implemented in following five steps: brain signal acquisition, pre-processing, feature
extraction, classification, and application interface.
Objective: Accuracy is one of the measures to assess a state-of-the-art BCI systems. Despite
recent research interest in this area to develop methods for enhancement of accuracies, it still
needs to be improved. For BCIs, improving the classification accuracy will improve the
reliability, robustness and effectiveness of the system. fNIRS is a non-invasive, safe, low cost,
and portable optical brain imaging technique that has recently gained popularity in the BCI
community.
Methods: Four novel features, change in cerebral blood volume (𝛥𝐶𝐵𝑉), change in cerebral
oxygen exchange (𝛥𝐶𝑂𝐸), vector magnitude (|𝐿|) and angle (𝑘) are extracted using vectorbased phase analysis method from changes in oxygenated (𝛥𝐻𝑏𝑂) and de-oxygenated (𝛥𝐻𝑏𝑅)
hemoglobins. fNIRS signals of seven healthy subjects were recorded for left-hand index finger
tapping (LFT), right-hand index finger tapping (RFT) and rest from motor cortex using a multichannel continuous-wave imaging system. After removing physiological and instrumental
noise from the brain signals, four novel features are extracted. For comparison purposes,
conventional spatial, spatiotemporal and temporal features like mean, variance, peak, slope,
skewness and kurtosis are also calculated using 𝛥𝐻𝑏𝑂 , 𝛥𝐻𝑏𝑅 and 𝛥𝐻𝑏𝑂 and 𝛥𝐻𝑏𝑅 in
combination. For optimal feature-combination, all two- and three-feature combinations of novel
and conventional features are used to classify two-class (LFT vs RFT) and three-class (LFT vs
RFT vs rest) fNIRS-BCI problems using linear discriminant analysis.
Results: Novel features yielded classification accuracies of 98.7 ± 1.0% and 85.4 ± 1.4% for
two- and three-class fNIRS-BCI, respectively. Likewise, conventional features achieved a
maximum classification accuracy of 68.7 ± 6.9% and 53.6 ± 10.6% for two- and three-class
fNIRS-BCI, respectively. The results, therefore, demonstrated that novel features performed
better than conventional features and achieved significantly ( 𝑝 < 0.008 ) higher average
classification accuracies. In addition, the combination of four novel features yielded maximum
accuracy among all other feature combinations.
Validation: For validation, classification accuracies were calculated on an open-access
database containing RFT, LFT and dominant side foot-tapping tasks for 30 subjects. These
results also show enhancement in average classification accuracies for two-class and three-class
fNIRS-BCIs.

Conclusion: The results show better classification performance of the proposed method over
the conventional method for two- and three-class fNIRS-BCI and provide a step forward to
increase the classification accuracy of state-of-the-art fNIRS-BCI systems.

Identifying Cortically Active Channels Using the z-score Method for fNIRS-BCI System
Hammad Nazeera , Noman Naseera, Aakif Mehboobb, M. Jawad Khanb
a

Department of Mechatronics and Biomedical Engineering, Air University, Islamabad,
Pakistan
b
School of Mechanical and Manufacturing Engineering, National University of Science and
Technology, Islamabad, Pakistan
Corresponding author e-mail address: (hammad@mail.au.edu.pk)
Abstract: This abstract presents a z-score-based method of selecting cortically active channels
to identify the region of interest (ROI) and enhance classification accuracy of functional nearinfrared spectroscopy (fNIRS)-based brain-computer interface (BCI). A state-of-the-art BCI
involves brain signal recording, pre-processing, feature extraction, classification and
application interface.
Objective: In fNIRS-BCI, selecting channels of interest (COI) or ROI has multiple objectives:
active brain region identification having low noise signals, to reduce processing time, to reduce
dimensionality and to enhance classification performance.
Methods: Cross-correlation is a measure of similarity between two signals. The z-score method
matches the similarity of desired brain signal, i.e., canonical hemodynamic response function
(cHRF) and recorded brain signal. The method includes; estimation of cHRF using the twogamma function, estimation of desired hemodynamic response function (dHRF), estimation of
channel-wise cross-correlation coefficients, formation of a vector having a maximum value of
each channel, z-score calculation for each value of formed vector, and channel selection based
on a positive z-score value. Analysis has been performed for an open-access dataset containing
mental arithmetic (MA), left motor imagery (LMI) and right motor imagery (RMI) tasks for
twenty-nine subjects. For comparison, results are also estimated for the conventional t-value
method and with no channel selected, i.e., using all channels.
Results: Proposed method activation maps showed more precise and accurate brain activation
than the conventional t-value method as shown in Figure 1. The z-score method has a narrow
range of the number of selected channels, and the t-value method has a wide range of the
number of selected channels. However, both methods have common channels of 2-20 for all
three brain activities. As a result, the z-score method yielded significantly higher (𝑝 < 0.0167)
classification accuracy of 87.2±7.0%, 88.4±6.2%, and 88.1±6.9% as compared with the t-value
method achieving accuracies of 74.5±9.3%, 70.3±14.2%, and 73.9±12.2% for LMI vs rest, RMI
vs rest, and MA vs rest, respectively using linear discriminant analysis.
Validation: Validation of the proposed method was done using a publicly available dataset of
left- and right-hand finger tapping and foot-tapping tasks. The results validated and verified
that the proposed z-score method performs better in discriminating brain activities.
Conclusion: The proposed z-score method can be used to detect brain activation for different
stimuli, activities, and brain studies in the field of rehabilitation, brain monitoring, and clinical
analysis.

Figure 1 Activation map of z-score and t-value method for MA, LMI, and RMI tasks, for an
example subject.
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Background: fNIRS data are affected by physiological changes in the brain as well as
systemic changes in the body, such as increased heart rate (HR), breathing rate (BR), blood
pressure or scalp blood flow. As well as introducing noise into the data, these systemic
changes can produce false positives and false negatives, which can lead to spurious
conclusions. However, little is known about the direct impact of including different measures
of physiology in fNIRS analyses.
Aims: This study directly evaluates the impact of including physiological measures in the
fNIRS design matrix (using the GLM approach), in a cognitive neuroscience experiment.
Methods: 55 participants completed
several cognitive tasks before and
after a strenuous exercise test which
has a substantial impact on HR and
BR. Throughout the experiment,
ECG data and breath data were
collected alongside fNIRS data (22
channel Shimadzu LightNIRS over
prefrontal cortex) and behavioural
data. All analyses were completed
on both pre- and post-exercise data.
We build a design matrix to evaluate
brain responses to the cognitive
tasks, and compare results when
including/excluding different
physiological variables: HR (BPM
Figure 1. Results from preliminary analyses: slopes of the
from ECG), heart rate variability
correlations between beta values from models with and without
(from ECG), and cardiac pulse
physiological measures included as regressors, for each
participant and for pre-exercise (‘Pre’) and post-exercise (‘Post’)
(measured from the fNIRS signal).
testing sessions. Values under 1 indicate better model fit for the
These physiological measures are
model with physiological regressors included (slopes of 1 would
then included in the design matrix as
indicate a null result). Results from preliminary analyses suggest
that including HR and BR as regressors in the GLM improves
regressors (alongside BR) in three
model fit, as does including the fNIRS cardiac pulse and BR.
different models, and compared to a
control model without any physiological regressors.
Results & discussion: Initial results suggest that including fNIRS cardiac pulse and BR
regressors significantly improves model fit compared to the model without physiological
regressors included, leading to a smaller AIC value, whereas including HR (from ECG) and
BR improves model fit, but this effect is small (Figure 1). Full analyses of all variables will be
presented. These data are important to understand the optimal ways to model and account
for physiological changes when using fNIRS to capture brain activation patterns.

fNIRS measures of cognitive load in dynamic real-world tasks
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Background: During the COVID-19 pandemic, health
authorities in the UK and around the world recommended
that people keep a 2m distance from other people (social
distancing) to reduce viral transmission. How does this
change to our social behaviour impact on cognition and
social interactions? We hypothesised that remembering to
maintain a distance might impose a cognitive load, and
people might forget to distance when engaged in another
difficult task.
Aims: The aim of the present study is to investigate the
relationship between cognitive load and social distancing,
and to identify neural markers of cognitive load using fNIRS.
In addition, this experiment aims to demonstrate the
suitability of fNIRS to real-world social neuroscience
research, due to its portability and tolerance of motion.
Methods: fNIRS will be used to simultaneously record brain
activity over the prefrontal cortices of two participants as
they walk together around narrow circuits of varying
difficulty (Figure 1), with or without a social distancing rule.
These circuits will contain various obstacles positioned less
than 2m apart (pinch points), so participants must adjust
their walk to maintain the correct distance. In a 2x2 factorial
design, we will compare brain activity when walking circuits
with low load (few pinch points) or high load (many pinch
points) and with/without a social distancing rule. Participants
will also complete a classic sustained attention task to
provide a validation of their brain activation patterns.

Figure 1. A map of the space that
participants will walk around with/without
social distancing in place. Routes A and C
have many pinch points (shown in yellow)
and impose a high cognitive load, while
route B has fewer pinch points and imposes
less load. Example walking paths of
participants are shown in blue and orange.

Alongside fNIRS, physiology will be measured (ECG, skin conductance, breath data and
accelerometer data), and 24 overhead cameras will record participants’ walking trajectories
and interpersonal distance throughout. fNIRS data, physiology and behaviour during this
real-world cognitive load task will be compared to traditional computer-based cognitive load
tasks to investigate any similarities or differences between the cognitive load incurred by the
different tasks, and the activated brain regions.
Discussion: This poster will present the methods of data collection and analysis, detailing
the use of fNIRS in multimodal research in real-world settings. We will show how fNIRS can
be used to understand the relationship between social distancing and cognitive load in order
to maximise the effectiveness of social distancing, while minimising cognitive load incurred
by social distancing measures.

fNIRS-based Control of Lower Limb Exoskeleton for Gait Rehabilitation
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Abstract: This abstract presents a novel brain computer interface (BCI) framework aimed at
assisting people with disabled lower limbs to regain locomotion using functional near-infrared
spectroscopy (fNIRS).
Methods: The brain signals for walking and rest intentions are acquired from the primary motor
cortex in the left hemisphere of the brain for eight subjects. The acquired signals contain
physiological noises and motion artifacts. In order to removes these noises six different filters
can be used i.e., Wiener filtering, Kalman filter, Gaussian filter, band-pass filter, finite impulse
response filter and hemodynamic response filter (hrf). After filtering different features can be
extracted from the signals and further can be used for classification. In order for classification
of the signals five different classifiers used i.e., quadratic discriminant analysis, artificial neural
network, Naïve Bayes, linear discriminant analysis (LDA) and support vector machine (SVM).
Step-width adaptation algorithm that counteract the disturbances during gait can be used.
Results: High classification accuracies can be obtained using support vector machine (SVM)
classifier and hemodynamic response filter (hrf) as compared to other combinations of filters
and classifiers for all eight subjects.
Conclusion: The control commands generated by the classifier can be used to start and stop
the gait cycle of the exoskeleton. Step-width adaptation algorithm makes the steps wider in
order to avoid tipping over. The proposed approach can effectively help elderly and disabled
people in neurofeedback training and regain locomotion capability.

Sparse Representation Classification of Walking Imagery and Rest for hybrid fNIRSEEG based BCI
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Abstract: Brain-computer interface (BCI) based on functional near-infrared spectroscopy
(fNIRS) and electroencephalography (EEG) has been used as a way of communicating system
between brain and peripheral devices by acquiring brain signals.
Objectives: People with poor walking capability need rehabilitation, fNIRS and EEG
techniques provide an option to improve their walking pattern by rehabilitation. Concentration
of blood oxygenation in rest state and in walking imagery is used to decode walking pattern of
patient using sparse representation.
Method: EEG and fNIRS signals of 20 participants were collected for both rest and walking
imagery states. All the participants were of age between 22 and 28 and did not have any kind
of neurological disorder. The setup consisted of participant sitting on a chair in front of laptop,
distance between participant and laptop was 100 cm apart. fNIRS and EEG headset were placed
on the scalp of participants to cover the left and right motor cortex area of brain to collect brain
signals. The participant performed the task of walking imagery for 10s followed by a 30s rest.
There were 40 trails for each participant in each session and there were total 2 session for
experimentation. Acquired signals were processed for baseline drift correction and band-pass
filtering for noise removal. Features including peak value, mean value and RMS values were
used for classification. Sparse representation classifier was used to identify features. The SRC
results was then compared with Linear Discrimination Analysis (LDA), support vector
machine (SVM) and logistic regression (LR).
Results: SRC showed better results as compared to other classifiers.
Conclusion: The preliminary study found that using SRC for classification can successfully
distinguish between walking and rest with better accuracies which can be effectively used for
fNIRS-BCI.
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Intoduction: Parkinson’s Disease (PD) is a neurodegenerative disorder characterized by
motor and non-motor deficits. In its typical form, PD onset is frequently characterized by
symptom unilaterality, next extending bilaterally with the disease progression (Uitti et al. 2005).
The pathophysiology of laterality is not yet fully understood (Steinbach et al. 2021), since it
results from the complex interaction between physiological damage and environmental factors.
Useful insight may be given by fNIRS, suited to monitor the cortex functional changes and
neuroplasticity (Bonilauri et al. 2020) via the related hemodynamic response. In this study, we
aimed to explore the disease lateralization under a motor task in PD patients and its
association with primary clinical outcomes.
Materials and methods: This study considers the analysis of 39 PD patients (age 69.0 ± 7.64,
38 right-handed). Patients with Hoehn&Yahr scores of [1 ; 1.5] where assigned to the unilateral
compromission group (UcG, N=13) , while to the bilateral compromission group (BcG) with [2 ;
2.5; 3] scores. All participants performed a whole-head fNIRS evaluation (NIRScout, NIRx
Medizintechnik GmbH) during a motor paradigm (left and right hand grasping tasks). fNIRS
data were pre-processed and analyzed with Homer2 (Huppert et al. 2009) and NIRS Brain
AnalyzIR Toolbox (Santosa et al. 2018), and group-level t-contrast maps between groups were
computed to find significant activation differences over motor and non-motor brain areas.
Finally, subject-specific activations were averaged in three bilateral ROIs – frontal, motor and
occipital – based on significant group-level contrasts, and Spearman correlation using age as
covariate was computed according to motor impairment (MDS-UPDRS III score), disease
duration and executive functioning (stroop test score).
Results and Discussion: Coherently with the clinical prognosis, significant differences
between UcG and BcG were found in terms of age (Mann-Whitney U=55.5, p<.001), UPDRS
score (U=21.5, p<.001) and disease duration (U=87.0, p=.014). Group-level contrasts revealed
that UcG presents higher activation compared to BcG in bilateral motor cortex, while BcG
activation is increased in non-motor areas (Figure 1). Dominant right-hand grasping presents
a greater number of significant channels than left grasping, but it is better confined in motor
areas. The dominant right-hand activation was correlated with UPDRS (r=-.327, p=.045) and
disease duration (r=-.429, p=.007) in the left motor ROI, while left grasp to the stroop test
performance in the right frontal (r=-.461, p=.015) and occipital (r=-.397, p=.017) areas. Overall
results suggest that PD motor impairment affects the activation level of motor areas depending
on the disease severity associated to lateralization, while the recruitment of non-motor areas
follows a different trend of activation.
Figure 1 [Left panel] Significant grouplevel t-contrast maps of UcG vs. BcG
cortical activity (p<0.05) according to
hand grasping task and hemoglobin
type. Red and blue dots indicate
respectively source and detector
locations. Positive t-values reflect a
higher activity level in UcG compared to
BcG.
[Right
panel]
Averaged
hemodynamic respo nse associated to
bilateral frontal (A), motor (B) and
occipital (C) ROIs across hand
grasping conditions and groups.
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Abstract: Head-of-bed (HOB) position manipulation is broadly used in settings such as the
neurocritical care unit to control the intracranial pressure (ICP) and cerebral blood flow (CBF).
Our previous work has shown that its personalization is important due to patients who respond
paradoxically to this manipulation and also it could be used as a means to assess the health
of the cerebral vasculature in cases of acute ischemic stroke, chronic carotid stenosis and
others. However, in most of the studies, the patients were either on ventilators or were allowed
to breathe uncontrolled which may not be the ideal since differences in respiratory parameters
at different HOB positions could confound the observed hemodynamic changes. This is driven
by parameters such as the blood CO2 levels which affect both absolute values of CBF and its
dynamics. Recently, due to advances in technology, there has been a renewed interest in
studying both the static and dynamic parameters and relating them to specifics of the vascular
system such as the critical closing pressure (CrCP), pulsatility index (PI) and the resistance
area product (RAP). Specifically, fast diffuse correlation spectroscopy (DCS) where high
acquisition rate is used to characterize the dynamics of CBF as they are altered with the
cardiac cycle. In this work, we aim to go deep into understanding the response of these
biomarkers to HOB position changes in a neurologically healthy, young population during
uncontrolled breathing and with modulated one, the last induced hypocapnia in some subjects.
Methods: Two groups (controlled breathing (CB) and natural breathing (NB)) of neurologically
healthy young volunteers have been measured with fast DCS (~40Hz) undergoing an
orthostatic challenge of 5 minutes in baseline supine position followed by 5 minutes of HOB
elevated to 30 degrees followed by 5 minutes of recovery supine position. Various
physiological parameters such as respiratory rate, end-tidallCO2 concentration, blood pressure
and others were monitored simultaneously with CBF measurement. The controlled breathing
group was asked to breathe according to a metronome at 12 breaths/minute rate. The subjects
were grouped according to whether end-tidal CO2 was constant (CB-C) after this transition or
whether a significant drop, i.e. hypocapnia was observed (CB-H).
Results: The results are summarized in the Table 1, represented as mean(SD).* - significant
changes (p<0.05) from the baseline. Observed responses evidences that respiratory
parameters should be considered as confounding factors when applying HOB changes.
Group (n)
NB (21)
CB-H (15)
CB-C (6)

∆rCBF, %
30֯
Rec.
-13(6)*
4(7)*
-26(14)*
-3(6)
-17(10)*
7(14)

∆CrCP, mmHg
30֯
Rec.
-8(5)*
-1(2)
-10(7)*
1(8)
-7(9)
4(5)

∆rPI, %
30֯
Rec.
6(12)*
1(6)
-4(19)
-5(9)*
3(17)
2(3)

∆rRAP, %
30֯
Rec.
13(12)*
-3(12)
43(47)*
7(13)*
32(48)*
-8(16)
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Background: Determining a reliable prognosis for comatose patients is a substantial clinical
challenge. Using advanced neuroimaging methods such as functional Magnetic Resonance
Imaging (fMRI) and functional Near Infrared Spectroscopy (fNIRS) while simultaneously
stimulating the median nerve may provide insight into the integrity of higher-order brain areas
following injury. The extent of neural activity in response to this task may indicate preserved
cortical function and ultimate neurologic outcome. The goal of this preliminary work is to assess
and compare the feasibility of fMRI and fNIRS in detecting brain activity during median nerve
stimulation in healthy controls in anticipation of piloting this task with patients for the first time.
Methods: To date, 25 healthy controls (mean age = 30, 20 females) with no history of brain
injury have been recruited for the fMRI task, of which 10 have also participated in the fNIRS
task (mean age = 25, 7 females). Median nerve stimulation was performed simultaneously with
neuroimaging testing with the same clinical parameters used in upper limb somatosensory
evoked potentials. The right and left hands were stimulated successively at a current that
sustained thumb abduction (8-35 mA). A block design with eight cycles of stimulation ‘on’ and
seven cycles of ‘rest’ was used for both modalities.
The fMRI data was collected on a 3T Siemens scanner at the Centre for Functional and
Metabolic Mapping. Based on the general linear model (GLM), regressors that corresponded
to the stimuli ‘on’ and ‘off’ were created by convolving boxcar functions with the canonical
hemodynamic response function. Movement parameters were included as covariates in all
paradigms. The data was analyzed at a statistical threshold of p < 0.05, family-wise error
corrected for multiple comparisons. The fNIRS data was obtained using a continuous-wave
NIRScout system. An optical probe with 32 sources and 39 detectors was used, allowing 121
regular channels and 8 short channels. To analyze the fNIRS data, light intensity was
converted to optical density and corrected for motion artifacts. The signals were filtered using
a band-pass filter with a cut-off frequency band of 0.001-0.15 Hz. A GLM was used to assess
the hemodynamic responses of each regular channel. Short channels were incorporated in the
GLM to remove extra-cortical hemodynamics. A channel was considered activated if there was
a significant (p<0.05) increase in oxyhemoglobin and a concurrent significant (p<0.05)
decrease in deoxyhemoglobin. Weighted linear regression was used to perform the secondlevel (i.e., group-level) analysis.
Results: At the group level, MRI results display significant activity in the contralateral primary
somatosensory cortex (SI), bilateral secondary somatosensory cortex (SII), and bilateral
insula for each hand being stimulated at the group level. fNIRS results show significant
activity in the contralateral SI and bilateral SII. We found an 80% agreement between fMRI
and fNIRS results over these regions of interest at the single-subject level.
Conclusions: This study is the first step towards establishing objective and quantifiable
neural markers of good neurological outcome in the ICU. Neural activity recorded from
healthy controls will serve as a reference for patients enrolled in this study. Moving forward,
this study will recruit acute comatose cardiac arrest patients to assess the prognostic utility of
fMRI and fNIRS with this paradigm.
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Introduction: Diffuse correlation spectroscopy (DCS) is a non-invasive optical technique
used to measure tissue perfusion, particularly in the brain. DCS has been used successfully
for bedside, non-invasive, continuous monitoring of cerebral blood flow (CBF), e.g. during
surgical interventions, and typically involves placing a DCS probe on the forehead for CBF
assessment in the prefrontal cortex1. Such traditional methods limit the probed area to one
region; however, factors that significantly affect sensitivity such as scalp and skull thickness
or cortical folding patterns vary across the entire human head2. Despite this, optimal probe
locations on the head for high DCS sensitivity, and their corresponding brain regions, have
not been thoroughly investigated.
Objective: We aim to characterize DCS sensitivity across the entire adult human head and
identify likely high CBF sensitivity regions using sixteen subject-specific magnetic resonance
image (MRI) based head models.
Methods: Five-layer anatomical mesh-based models, representing the scalp, skull,
cerebrospinal fluid, grey matter, and white matter, were created for each subject by
segmenting their MRI images. Eight hundred and seventeen probe locations were evenly
placed across each head, and a mesh-based Monte Carlo light propagation simulation was
run at each point, using source-detector (s-d) distances from 5 to 40 mm in 5 mm
increments. Photon pathlengths and momentum transfers from the simulation output for each
detector, along with an input (or “ground truth”) blood flow index (BFi) for each tissue layer,
were used to calculate the light intensity autocorrelation. The autocorrelations were
subsequently used to analytically fit for a recovered BFi value using the diffusion correlation
equation. The same process was repeated with a 50% increase in input cerebral BFi, and
cerebral sensitivity was determined as the recovered change of BFi given a 50% increase in
ground truth CBF. Likewise, input scalp BFi was reduced 50%, and scalp contaminate
sensitivity was determined as the recovered decrease in BFi given a 50% decrease in
ground truth scalp blood flow. Distance to brain was
also calculated for each point as the distance to the
nearest grey matter voxel using volume-based
models.
Results: DCS sensitivity varied appreciably across
the head, with high sensitivity observed near the
occipital, temporal, and the lateral sides of the frontal
lobe, and low sensitivity observed above the parietal
lobe and the mid-section of the frontal lobe.
Sensitivity decreases approximately linearly for long
s-d separations with increasing distance to brain.
These sensitivity variations should be taken into
account in future studies, either for functional or
clinical monitoring purposes.

Figure 1: Sensitivity profile of a subject for a s-d distance of 30 mm.
Colorbar numbers indicate percent increase in BFi recovered from a
ground truth CBF increase of 50%.

Durduran, T., & Yodh, A. G. (2014). Diffuse correlation spectroscopy for non-invasive, micro-vascular
cerebral blood flow measurement. NeuroImage, 85 Pt 1(0 1), 51–63.
2 Strangman, G. E., Zhang, Q., & Li, Z. (2014). Scalp and skull influence on near infrared photon
propagation in the Colin27 brain template. NeuroImage, 85 Pt 1, 136–149.
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Abstract: The concentrations of oxy-hemoglobin (HbO) and deoxy-hemoglobin (HbR) is of
great importance since hemoglobin binds with oxygen and transports it within the body.
Frequency domain near infrared spectroscopy (fdNIRS) is a technique that can be used to
measure the absolute concentrations of HbO and HbR non-invasively and locally by utilizing
the attenuation and the phase shift (with respect to the source) that an intensity modulated NIR
light experiences in order to calculate the absorption and reduced scattering coefficient of the
tissue [i]. Here, a miniaturized and portable dual-wavelength fdNIRS device is presented along
with both tissue-like phantom measurements and in vivo occlusion measurements.

Figure 1: a) System level schematic of the instrument including the controller, DDS: Direct Digital Synthesizer, laser drivers
and diodes, probe, tissue, APD: Avalanche Photodetector, ASIC: Application Specific Integrated Circuit, with a feedback loop
to controller. b) The measured absolute concentrations of HbO and HbR during a venous occlusion measurement (right forearm).
c) The total absolute hemoglobin concentration during the same measurement.

Methods: The instrument (Figure 1a) realizes a multi wavelength (690 & 830 nm), single
frequency, multi-distance (15-40 mm) heterodyne fdNIRS measurement. The different
wavelengths are time division multiplexed to minimize crosstalk. The low-level electrical signal
coming from the APD is picked up and amplified by a custom CMOS analog front end (fdNIRS
ASIC) [ii]. The ASIC also does the heterodyning. Before the in vivo measurements, the system
is calibrated using tissue mimicking phantoms with known μa and μ’s. In vivo occlusion
measurements are done on the right forearm of the subject (Figure 1b & c). The procedure
consists of the subject staying at rest for 30 s, the vein/artery being occluded by a
sphygmomanometer at 60 mmHg/200 mmHg for 60 s, followed by 60 s more data acquisition.
Conclusion: Here, we measure the absolute concentration of HbO and HbR in human forearm
during venous (Figure 1b & c) and arterial occlusion measurements with an inhouse built,
completely on-board fdNIRS instrument, calibrating the system with tissue mimicking solid
phantoms with known μa and μ’s beforehand. The accuracy of the instrument and the longterm system stability are also characterized.
[1] S. Fantini et al., Opt. Eng. 34(1) (1995), doi: 10.1117/12.183988.
[2] Y. Miao et al., MWSCAS 2017, pp. 499-502, doi: 10.1109/TBCAS.2018.2798924.

Optical Detection of Shunt Failure in Pediatric Hydrocephalus
Wesley B. Bakera, S. Langb, T.S. Koa, J.S. Breimanna, J. Jahnavia, G. Laurenta,
B. Yuna, M. Cookc, S.R. Myersc, K. Agarwald, K. Louried, A.G. Yodhf,
T.M. Flandersb, G.G. Heuerb, J.W. Huhe, D.J. Lichta
Divisions of a Neurology, b Neurosurgery, c Emergency Medicine, d Nursing and Clinical Care
Services, and e Anesthesiology and Critical Care, Children’s Hospital of Philadelphia, USA;
f
Department of Physics & Astronomy, University of Pennsylvania, USA; bakerw@chop.edu
Introduction: Hydrocephalus is a common disorder of cerebral spinal fluid (CSF) physiology
that produces increased intracranial pressure (ICP) on the brain. One neurosurgical treatment
for hydrocephalus is ventriculo-peritoneal (VP) shunt placement, which diverts CSF from the
cerebral ventricles to the abdomen to relieve elevated ICP. Failure of a VP shunt requires
revision/replacement and is very common, occurring in approximately 40% of children within
the first 2 years after original placement. Current diagnosis of shunt failure relies on imaging
evidence of ventricular change and clinical judgement. Ventricular size, however, is a
suboptimal predictor for surgical intervention; its relationship with elevated ICP is inconsistent.
Objective: To develop non-invasive optical biomarkers of shunt failure in pediatric patients
with hydrocephalus.
Methods: Patients < 18 years old admitted to the emergency room for evaluation of shunt
failure were eligible for inclusion. Optical neuromonitoring assessments were performed in the
emergency room during the initial assessment. Neuromonitoring consisted of frequencydomain diffuse optical spectroscopy (FD-DOS) and diffuse correlation spectroscopy (DCS)
techniques, which use near-infrared light to measure cerebral blood oxygen saturation (StO2),
cerebral blood flow (CBF), and an index of ICP calculated from CBF pulsatility.1 Data was
acquired for 5 minutes on the ipsilateral forehead to the VPS. Wilcoxon rank sum tests were
used to assess whether StO2, CBF, and ICP index differed between children with shunt failure
and children with intact shunts. In some patients, the ICP index could not be obtained because
of noisy pulsatile CBF waveforms. These patients were excluded in the ICP comparison.
Results: Of the 21 children measured, 10 had shunt failure. Optical ICP measurements could
not be made in 7 of the children (3 of whom had shunt failure). Patients with shunt failure had
lower StO2 (p = 0.01) and higher ICP index (p = 0.04) than patients with intact shunts (Figure
1). Optically measured CBF, however, was not different between groups (p = 0.4).
Conclusions: These pilot results demonstrate the promise of optical techniques for aiding the
timely diagnosis of shunt failure. Future work is needed to improve the SNR of DCS pulsatile
waveform signals, and to investigate the causes of the large inter-subject CBF variability.

Figure 1. Association of diffuse optical biomarkers with shunt failure. Units for CBF are 10-8 cm2/s.
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Introduction: Previous studies using diffuse correlation spectroscopy (DCS) have shown that
healthy aging does not alter postural changes in frontal cortical perfusion due to position
changes [1]. Mild cognitive impairment (MCI) can occur due to vascular lesions and/or
neurodegeneration resulting in alterations in cerebrovascular reactivity and autoregulation that
are associated with increased risk of cerebrovascular disease, disorders of cognition and
mobility. In this study, we have utilized a mild head-of-bed (HoB) position change to detect
alterations of the microvascular cerebral blood flow response (ΔrCBF) between younger and
older adults and evaluate its association with the presence of MCI.
Methods: A cohort of seventy-one (n = 71) subjects, with median age 73 [27,92] years, were
recruited and divided in groups depending on their age and cognitive status (according to
standard evaluation methods); cognitively healthy Younger Adults (<65y.o, YA, n = 19) and
Older Adults (>65 y.o., OA, n = 52). Within the OA group, subjects with single and multi-domain
amnestic MCI were included. DCS data with simultaneous physiological monitoring were
acquired during orthostatic challenges involving Supine1 - 30o - Supine2 HoB positions. Linear
mixed effects models analysis was performed to detect differences between groups and
possible associations with physiological or clinical cofounders.
Results: Our analysis revealed that there is no significant difference of CBF changes (ΔrCBF)
between YA and OA on their transition from supine1 to 30o. However, when returning to supine2
position YA recover to baseline conditions but OA does not (p=0.001), as shown in Figure 1.
We evaluated the effect of cognitive status on CBF changes of OA, and we observed that MCI
subjects present statistically different response (p=0.04) than cognitively healthy participants.
Conclusion:
Current
study
provides evidence that CBF
response during a mild HoB
challenge is affected by posture
in older adults and the presence
of MCI. We will discuss the
relationship between cognitive
status, age and both the cerebral
hemodynamics and systemic
physiology (e.g. blood pressure,
heart-rate, peripheral arterial
oxygen saturation) as well as the
implications of these findings on
MCI research.
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Background: Hyperscanning studies have begun to unravel the brain mechanisms underlying
social interactions, indicating a functional role for interpersonal neural synchrony, yet the
mechanisms that drive interpersonal neural synchrony are poorly understood. While
interpersonal synchrony is considered a multimodal phenomenon, it is not clear how different
biological and behavioral synchrony markers are related to each other. The current study, thus,
addresses whether interpersonal neural synchrony goes beyond synchrony in other systems the autonomic nervous system (ANS) and motor behavior. To this end, we first compared how
interpersonal synchrony markers (neural, behavioral and ANS synchrony) are affected by
different experimental conditions and related to the dyad’s relationship. Second, we explored
whether interpersonal neural synchrony was predicted either by ANS and / or by behavioral
synchrony.
Methods: A total of 34 children (10 - 18 years, all female) played both a cooperative and a
competitive computer game with their mother as well as an adult stranger while their prefrontal
brain activities were recorded concurrently using fNIRS and their inter-beat intervals using
electrocardiography (ECG). Prior to the two tasks, mother-child and stranger-child dyads
completed a non-interactive baseline measurement, watching a relaxing video together. fNIRS
synchrony was analyzed using global and local graph theoretical measures, encoding the
regions’ roles via non-negative matrix factorization. ANS synchrony was calculated by the
cross-correlation of the participants’ inter-beat interval time series after ARIMA modeling.
Subsequent statistical analyses were performed using multivariate Bayesian hierarchical
models.
Results: Results show a marked differentiation between neural, ANS and behavioral
synchrony. Importantly, only on the brain level higher synchrony for mother-child compared to
stranger-child dyads was observed. ANS and neural synchrony were positively related during
competition but not during cooperation. Furthermore, increased neural synchrony was not
related to higher behavioral synchrony.
Conclusion: Our findings indicate that synchrony in different behavioral and biological
systems should not be considered as a single common factor or unified construct. Intriguingly,
they also suggest that fNIRS synchrony may arise due to neural processes related to familial
affiliation, which go beyond shared arousal and similarities in behavior. Using a combined
fNIRS-ECG hyperscanning approach, we may thereby better understand the neurobiological
underpinnings of social interactions and the sources of interpersonal neural synchrony.
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Abstract & Methods: By incorporating multiple overlapping functional near-infrared
spectroscopy (fNIRS) measurements, high-density diffuse optical tomography (HD-DOT) has
shown tremendous promise for providing fMRI-comparable image quality due to its portability,
wearability, low expense and noninvasiveness (Fig. 1). Recent work has shown frequency
domain (FD) HD-DOT systems hold more promise because it provides additional phase
information that supports superior image quality and depth sensitivity. In this study, the effects
of modulation frequency on image quality were investigated through simulations with an
anatomically realistic noise model. Simulations were performed using five representative head
models with a high-density regular grid of 158 light sources and 166 detectors. Point activations
of functional activations were simulated throughout the human head models. Measurements
are labelled as NN1, NN2, NN3, NN4 to represent the measurements within 1st, 2nd, 3rd, 4th
nearest neighbors which have average source-detector separation of 13, 29, 39, 47 mm,
respectively (Fig. 1(b)). To evaluate the crucial effects of system dynamic range on image
quality, we evaluated reconstructions that used up through NN3 (39 mm maximum sourcedetector separation) and through NN4 (47 mm maximum source-detector separation). We
used NIRFAST to model the diffusion equation (DE) to approximate 850 nm light propagation
in each head model. Source modulation using six frequencies between CW and 1,000 MHz
were investigated, along with an empirically-derived noise model. Reconstructions of the
absorption coefficient were quantitatively assessed with image quality metrics including the
localization error, success rate (defined as the proportion of reconstructed activations with a
localization error within 8 mm from the original perturbation), and the full width at half maximum.
The results show that localization accuracy is improved by 37%~56% at 8~13 mm depth and
55% ~ 63% at 13~18 mm depth within an optimal frequency range between 400-600 MHz
compared to CW measurements after considering realistic noise. Moreover, the reliable field
of view in the head, as determined by localization errors less than 8 mm, is expanded by 4~5
mm added depth with modulation frequencies between 400-600 MHz after considering realistic
noise. (Fig. 2) These results point to the tremendous opportunities in further development of
high bandwidth FD-HD-DOT system hardware for applications in human brain mapping. Future
directions include adding 690 nm models to investigate image quality of oxygenated
hemoglobin reconstructions in addition to those of the coefficient of absorption shown here.

Figure. 1 Photon transport in human head. (a)
Sensitivity of fNIRS in human head. (b) Head mesh based
on an anatomical MRI with 158 sources (red) and 166
detectors (blue). Black dash line defines the region of
interest for PSF evaluation. The green box shows the 1st
to 4th nearest neighbor measurements with sourcedetector separations of approximately 13, 29, 39, 47 mm
respectively.

Figure.2 Improvement of reliable field of view
in full volume. Averaged depths of 50% success
rate as a function of modulation frequency. Error
bars represent standard deviations across five
models
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Abstract:
Motivation: Functional imaging studies have associated dystonia with abnormal activation in
motor and sensory brain regions. Commonly used techniques such as functional magnetic
resonance imaging impose physical constraints, limiting the experimental paradigms.
Functional near-infrared spectroscopy (fNIRS) offers a new noninvasive possibility for
investigating cortical areas and the neural correlates of complex motor behaviors in
unconstrained settings.
Hypothesis: We hypothesized that patients and controls differ at the level of cortical
sensorimotor representation and that dystonia patients show a less specific pattern of
activity during the writing task.
Methods: We compared the cortical brain activation of patients with focal upper-limb dystonia
and controls during the writing task under naturalistic conditions using fNIRS. The primary
motor cortex (M1), the primary somatosensory cortex (S1), and the supplementary motor area
were chosen as regions of interest (ROIs) to assess differences in changes in both
oxyhemoglobin (oxy-Hb) and deoxyhemoglobin (deoxy-Hb) between groups.
Results: Group average activation maps revealed an expected pattern of contralateral
recruitment of motor and somatosensory cortices in the control group and a more bilateral
pattern of activation in the dystonia group (Figure 1). Between-group comparisons focused on
specific ROIs revealed an increased activation of the contralateral M1 and S1 cortices and also
of the ipsilateral M1 cortex in patients.
Conclusions: Overactivity of contralateral M1 and S1 in dystonia suggest a reduced specificity
of the task-related cortical areas, whereas ipsilateral activation possibly indicates a primary
disorder of the motor cortex or an endophenotypic pattern. To our knowledge, this is the first
study using fNIRS to assess cortical activity in dystonia during the writing task under natural
settings, outlining the potential of this technique for monitoring sensory and motor retraining in
dystonia rehabilitation.

Figure 1 Activation maps from the channel-wise analysis showing the mean activation of controls (left) and patients (right) for oxyHb and deoxy-Hb. Patients’ map shows a more bilateral activation pattern. Red and yellow dots represent sources and detectors,
respectively. Results for each channel were Bonferroni corrected for multiple comparisons (P value < .002).
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Introduction: Elucidating the neural basis of social behavior is a long-standing challenge in
neuroscience. Such endeavors are driven by attempts to extend the isolated perspective on
the human brain by considering interacting persons' brain activities, but a theoretical and
computational framework for this purpose is still in its infancy. Here, we postulate a first
analytical framework based on graphs for inference and individual prediction. Using functional
near-infrared spectroscopy (fNIRS), we ask whether i) interbrain networks provide meaningful
insights into the neural basis of social interactions, and whether ii) we can exploit the network’s
rich structural properties and dependencies to predict individual social characteristics.
Methods: A total of 330 bipartite graphs were constructed for each chromophore measured
from children, mothers and adult strangers during task and baseline conditions. First, the basic
organization of interbrain networks was characterized by the nodal degree distribution and
compared to random graphs. Second, to exploit the spatial information of fNIRS, we introduced
a method to decompose effects of global graph properties into individual effects within specific
nodes, using non-negative matrix decomposition. These were then analysed using a single,
multivariate Bayesian hierarchical model (BHM). Beyond such inferential inquires, we
evaluated multiple performance metrics of our approach, state-of-the-art network embeddings,
and vectorized connectivity estimators for the partner and task classification using repeatednested stratified cross-validation and a hold-out set.

Results (Fig.1): First, we found that interbrain networks exhibit heavy-tailed distributions,
which are characteristic of many real-world networks and differ from random graphs (A).
Second, we were able to decompose global effects into individual effects within subsets of
nodes, to yield both global and local insights into the network’s topology. The BHM, which
addresses multi-comparison issues and provides an uncertainty quantification, confirmed
global results and previously found partner and task effects. Finally, we demonstrated that
network embeddings, in particular our interpretable approach, predict the interaction partner
and outperform connectivity estimators across multiple classifiers (B).
Conclusion: We conclude that network models may contribute to a better understanding of
the neural underpinnings of social interaction, possibly providing a more precise analytical
operationalization of the concept of interbrain synchrony than pairwise statistical
dependencies. This work has potentially far-reaching implications, as it enables the exploration
of specific brain regions in a network that seed neural synchrony between interacting persons.
Further, our results are the first to demonstrate that network embeddings can provide an
informative representation of interbrain synchrony. This may stimulate future research into
prediction based on graph-structured data, which may have important clinical applications.
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Abstract: In this work, Time domain functional near infrared spectroscopy (TD-fNIRS) and
electroencephalography (EEG) were exploited to monitor neural and cerebral hemodynamic
activities of programmers during different coding tasks, in order to assess programmer’s
cognitive and emotional states and predict errors in programming tasks.
Methods: The protocol consisted in two consecutive exercises, each divided in three different
tasks: neutral text reading, code snippets reading, and code programming. Before each task
and at the end of the exercises subjects were asked to watch (30 s) at a fixation cross in the
middle of the screen, in order to have a neutral period between different tasks. A state-of-theart TD-fNIRS device, equipped with two sources and four detection channels, previously
developed at the Department of Physics, Politecnico di Milano, was employed to retrieve
oxygenated (O2Hb) and deoxygenated (HHb) hemoglobin concentrations. The optodes were
fixed on the EEG cap with a tailored-designed 3D printed housing and positioned in the frontal
region of the brain, near the Af2 and Af7 positions of the 10/20 international system of EEG
electrode placement. EEG traces were recorded using a Micromed EEG acquisition system
with a 64-channels EEG cap. Specifically, 29 channels placed according the 10/20
international system were acquired at a sampling frequency of 256 Hz.
Results and Discussions: In Figure 1 the results obtained by TD-fNIRS and EEG are
presented for one subject. Brain cortex activations were observed during the three tasks. The
larger activations lengths and areas observed by TD-fNIRS during code reading and
programming tasks with respect to text reading are in accordance with the significant increase
in Theta power (in the frontal region) observed from EEG measurements: this suggests us an
increased attention level and involvement of working memory processes. The results obtained
for this subject are in accordance with the preliminary average results, where a statistically
significant increase in brain activation areas and Theta power were observed during code
programming compared to other tasks.

Figure 1. In panel a) the hemodynamic parameters (HHb and O2Hb) retrieved for one subject during an entire exercise are shown (top
graph for the rigth emisphere and bottom for the left emisphere). While in panel b) the topographical maps, for same subject, of the power
variation with respect to the baseline during five different conditions.

Conclusion: Monitoring neural and cerebral hemodynamic activities of programmers seems
feasible. During these measurements, many different signals were acquired simultaneously:
electro dermal activity (EDA), respiratory signals, electrocardiogram, eye movements, facial
and screen videos. We are working to merge the analysis coming from all the sensors used in
the protocol to reinforce our preliminary results.
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Introduction: Functional near-infrared spectroscopy (fNIRS) provides a cost efficient and
portable alternative to functional magnetic resonance imaging (fMRI) for assessing cortical
changes in the hemodynamic response. However, the relation between fMRI blood-oxygenlevel-dependent (BOLD) signal and fNIRS measurement of concentration of oxygenated (HbO),
deoxygenated (HbR), and total hemoglobin (HbT) is still uncertain [1].
Objectives: Here, we aim to characterize the spatial and temporal relation between fNIRS and
fMRI hemodynamic response measures within motor areas, by investigating the linked
components between neuroimaging techniques.
Methods: To this end, we acquired fMRI and fNIRS data from 10 healthy subjects while they
performed an experimental protocol with motor imagery (MI) and motor action (MA) tasks [2].
Extracted features from the fMRI data based on a spatial data-driven decomposition (using
independent component analysis) were correlated with HbO, HbR and HbT time courses of
selected fNIRS channels of interest more largely activated during MI and MA using Pearson
correlation coefficient (Figure 1).
Results: Consistent active clusters in bilateral premotor (PMC) and primary motor cortices
(M1) were found in independent components (IC) of fMRI data when providing fNIRS data.
Higher values of temporal correlation were found when HbO data from channels more linked
with activation during tasks are provided, compared with HbR and HbT data.
Conclusion: With this exploratory study we add to the understanding of the interplay between
two neuroimaging signals and how the high correspondence found could potentiate the
inherent benefits of translating fMRI paradigms to fNIRS in cognitive and clinical neuroscience.

Figure 1. Graphical overview of the methodological approach in this study, exploring the
spatial and temporal dynamics of linked components between fMRI and fNIRS data.
References
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Introduction: Social information processing is a fundamental skill for children to master in
order to interact with the social world. Evidence shows that social cognition skills and
socioemotional development are compromised in children growing up in low SES contexts,
however the mechanisms underlying this association and the factors contributing to it remain
to be explained.
Objective: The goal of the present study is twofold: first we aimed to characterize neural
responses over the inferior temporal cortex in a social discrimination task in a sample of
children raised in a low-resource setting. Second, we aimed to relate these responses with
psychosocial risk factors that we assessed using the Childhood Psychosocial Adversity Scale
(CPAS) (1). The CPAS was devised to assess childhood psychosocial risk in a variety of
cultural and socioeconomical settings, addressing the shortage of measures validated outside
of high income, Western countries.
Methods: Two cohorts of children living in an urban slum in Dhaka, Bangladesh took part in
this study at three time points: 6 (N=133) and 24 (N=112) months (longitudinal; Cohort 1) and
36 (N=155) months (Cohort 2). To assess social information processing we used functional
Near InfraRed Spectroscopy (fNIRS) with a social discrimination paradigm that has been
successfully used with infants in both high- and low- income settings (2,3). The same task was
used in all age groups. fNIRS data were averaged over three ROIs (posterior superior temporal
sulcus/temporoparietal junction(pSTS/TPJ), anterior middle and superior temporal gyri
(aMTG/STG),inferior frontal gyrus (IFG)) following anatomical coregistration.
Different forms of psychosocial adversity (social isolation, depression, intimate partner
violence and family conflict) were measured using the CPAS. Their association with neural
measures of social discrimination was investigated using multiple linear regression.
Results: Social discrimination (oxyHB response) in the visual domain was consistently
observed over pSTS/TPJ and IFG in each age group (ps<0.001), while social discrimination in
the auditory domain showed a less stable pattern across development and could no longer be
detected at 36 months.
Risk factors were not associated with social discrimination at 6mo. However, social
discrimination in both domains was predicted at 24 months by family conflict and intimate
partner violence (ps<.037) and at 36 months by family conflict and depression (ps<.04).
Conclusions: The current study suggests that exposure to psychosocial adversity early in
development impacts social information processing and these effects may be too subtle to
detect at 6 months but are obvious by 24 months.
References: 1Berens, et al., 2019. Pediatric research, 86(6), 766-775.; 2Lloyd-Fox et al.,
2017 Developmental cognitive neuroscience, 25, 92-104. 3Lloyd-Fox et al., 2009. Child
Development, 80(4), 986–999.

Impact of stunting on fNIRS resting state functional connectivity in
Bangladeshi children

a

L. Pirazzolia,b, E. Sillivana,c, W. Xiea,b, J.E. Richardsd, R. Haquee, W. A. Petrif,
C.A. Nelsona,b,c

Laboratories of Cognitive Neuroscience, Division of Developmental Medicine, Boston
Children’s Hospital, Boston, Massachusetts
b
Harvard Medical School, Boston, Massachusetts
c
Harvard Graduate School of Education, Cambridge, USA
d
University of South Carolina, Columbia, South Carolina
e
ICDDR, B, Dhaka, Bangladesh
f
Infectious Diseases & International Health, University of Virginia, Charlottesville, USA
Corresponding author e-mail address: laura.pirazzoli@childrens.harvard.edu

Introduction: Undernutrition affects more than 161 million children worldwide and its
detrimental impact on cognitive development has been repeatedly established. However, the
mechanisms underlying this association have remained elusive. The use of neuroimaging tools
in early childhood in low-income settings offers the opportunity to understand how
undernutrition impacts brain development.
Objective: We employed fNIRS to examine associations among children’s physical growth
and brain functional connectivity (FC).
Methods: Thirty-six months old children (N=83) from an urban impoverished neighborhood in
Dhaka, Bangladesh took part in the study. fNIRS resting state (RS) data were collected while
children watched a 2-minute video of moving toys. Arrays covered the portion of cortex
extending from the inferior frontal gyrus to the posterior temporal cortex. Two ROIs were
calculated following anatomical coregistration (inferior frontal gyrus (IFG) and posterior
superior and middle temporal gyri (pMTG/STG)). FC across different ROIs was calculated
alongside the difference in FC between different pairs of ROIs. Height was collected at the
time of the visit and height- for-age (HAZ) z-scores were calculated based on the World Health
Organization standard. Linear regression was conducted to test the associations between
variables.
Results: Homologous ROIs (e.g. right and left IFG) showed higher FC compared to nonhomologous ROIs (e.g. right IFG and left pSTG/MTG) indicating well developed FC (ps<.001).
Higher levels of stunting (i.e., greater malnutrition) were associated with decreased
discrimination between two pairs of ROIs (rIFG-llFG and rIFG-lpSTS) (p=.012) and with
increased FC within the left hemisphere (p=.007).
Conclusions: These preliminary results suggest that the impact of malnutrition on brain
development can be detected using RS FC measures at 3yo. Heightened FC in the left
hemisphere among children with lower HAZ could be explained by delayed pruning due to
malnutrition. These findings are in line with those from a study performed on the same children
using EEG. Indeed, Xie et al. (2019) found that FC in both the Theta and Beta bands are
negatively associated with HAZ at 36 months. Analyses of 6mo and 2yo children raised in the
same neighborhood are underway and will complement the present work to yield a better
understanding of the development of FC and its interaction with malnutrition over the first three
years of life. The indirect effect of stunting on cognitive outcomes (measured with the Mullen
Scales of Early Learning) via brain FC will also be tested.
References: Xie et al., 2019. BMC medicine, 17(1), 1-11.
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Introduction and objectives. Cognitive function has been extensively studied in the adult
brain via functional magnetic resonance imaging (fMRI). However, fMRI is often not practical
for studies conducted in naturalistic contexts or for use with infants and clinical populations.
An alternative to fMRI is the use of portable methodologies that are more cost-effective and
robust to motion, such as functional near-infrared spectroscopy (fNIRS). fNIRS has been used
with infants and toddlers to assess brain function across a range of cognitive domains. Despite
its wide applicability, there are no studies quantitatively comparing fMRI and fNIRS signals
collected simultaneously from the same subjects with full-head coverage to validate area-level
activations and functional connectivity against the fMRI “gold standard”. A crucial part of the
rationale for using fMRI and fNIRS simultaneously in the same subjects is to enable future
cross-modality quantitative comparisons when fNIRS is the only collected signal across both
typical and atypical development.
Methods. Thus, we are simultaneously collecting both fMRI (Siemens 3T PRISMA)
and fNIRS (NIRx NIRScout-XP) signals in 36 young adults (18- to 35-year-olds, 15 subjects
collected to date) during language (i.e., story-versus-math) and visual (i.e., flashingcheckerboard) paradigms. The fNIRS data are being analyzed using Homer3 processing
pipelines to create anatomically registered maps of cerebral hemodynamics. Importantly,
Homer3 allows for modeling the hemodynamic response function (HRF) using basis functions,
which provides a more accurate modelling of the HRF given the higher temporal resolution of
fNIRS relative to fMRI. In addition, we use short-separation channels to measure and remove
extracerebral signals. The fMRI data were processed via Human Connectome Project (HCP)
pipelines, which include the latest denoising approaches and surface mapping methods. In
turn, we compare two co-registration methods for optode localization: a structure-light 3D
scanner for photometric digitization and a direct mapping of optode locations to the T1 image
via vitamin E capsules. We aim to assess how these two methods affect the processing of
fNIRS time series data across the two paradigms. A key innovation here is co-registration of
fNIRS channels to the individual’s cortical surface (i.e., a CIFTI surface map), and coregistration of fMRI voxels using the HCP MMP 1.0 atlas and subsequent cortical parcellation,
which consists of 180 areas per hemisphere.
Results. Ongoing data analysis of the flashing-checkerboard task and the story-math
contrasts show strong correspondence in task-evoked signal between fMRI and fNIRS within
the same individual and particularly when averaging at the network level. Further processing
steps will include assessment of how regression of short-separation channels and additional
simultaneously collected physiological measures (i.e., respiration and pulse) impact fNIRSfMRI comparisons. The results also highlight the benefits of using structure-light 3D scanners
along with age-appropriate MRI templates for anatomical co-registration given their
affordability and fast digitization. Future pre-processing strategies will include modeling the
fNIRS data considering the properties of light transport in brain tissue using a forward model.
Conclusion. Collectively, to our knowledge, these results provide the first quantitative
within-subject comparison of simultaneously collected fMRI and full-head fNIRS signals. This
will enable future fMRI-to-NIRS comparisons across studies when only one of the two signals
is available as well as validating fNIRS for future use in developmental and clinical cohorts
where fMRI may not be feasible.

Towards Cot-side Mapping of the Sensorimotor Cortex in Preterm
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Background: Cerebral palsy (CP) is a group of permanent motor dysfunctions that often result
from brain injury at birth. In the majority of cases CP is not formally diagnosed until 2 years-ofage. A methodology that provides an objective assessment of neuromotor development in
infants is still lacking1. The ANIMATE systems, developed by DOT-HUB and Gowerlabs Ltd.,
were specifically designed for functional neuroimaging of the neonatal sensorimotor cortex at
the cot-side2. This lightweight, wearable HD-DOT technology has the potential to provide the
spatial resolution and motion tolerance needed to improve our understanding of emerging
motor dysfunction and CP.
Methods: The ANIMATE system uses 12 modules which provide 36 sources, 48 detectors
and a total of ~600 channels per wavelength. To validate the system we developed a
thermochromic dynamic, electrically activated neonatal phantom with precisely positioned
targets that simulate motor activation. To elicit sensorimotor responses, we developed a
custom vibrotactile stimulation system using vibrating DC micro motors (Fig. 1(a,b)).
Stimulation of the motor cortex is achieved either by monitoring spontaneous, self-driven
movements of the limbs or via passive movement. Limb movement is monitored using both a
3D inertial motion tracking system (Notch(https://wearnotch.com)) placed on each limb and an
additional motion capture system based on multi-camera video. Motion tracking data enables
us to extract spontaneous movement features to build a GLM of the resulting HD-DOT data.
Results: Preliminary tests performed on
b.
c.
a.
infants showed improvements in the
system mechanics and ergonomics (Fig.
1(c)) and in its performance, exhibiting
high data quality (Fig. 1(e)). The dynamic
phantom validation demonstrated the
system’s ability to detect changes in the
e.
target absorption (Fig.(1(f)). The Euclidean
separation between the centre of mass of
d.
the reconstructed images and the centre of
the rod target volume was evaluated. The
offsets values in the left hemisphere for the
735 nm and 850 nm wavelengths are
respectively 5.83 mm and 6.91 mm.
f.
Conclusions: The translation of these
HD-DOT technologies to the neonatal
clinic will enable us to monitor the infant
sensorimotor cortex. Our aim now is to
Figure 1. Sensorimotor imaging arrangement (a). continue to improve the design of our
Vibrating DC micro motor encapsulation (b). ANIMATE paradigm and apply it across the neonatal
v2 placed on a baby (c). ANIMATE v1 placed on the period to investigate features of the
dynamic phantom (d). Mean measured intensity for every emergence of CP.
source-detector (SD) pair on a logarithmic scale, plotted
against SD distance (e). Volumetric and grey-matter References: 1. Eliasson A. et al., BMC
surface images of changes in absorption coefficient at 735 Pediatr., 2014; 14 (141). 2. Zhao H. et al.,
nm displayed for the left hemisphere activations (f).
Neurophotonics, 2021; 8(1).
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Abstract: Brain activation patterns of young children are difficult to investigate as children
rarely comply with the restrictions of neuroimaging testing. Furthermore, to understand the
brain development of planning and executive functions, it is crucial to have ecologically-valid
tasks[2]. The aims of this project are: 1) to assess the feasibility of our wearable multimodal setup to investigate the neural underpinnings of action sequence planning in preschoolers; 2) to
investigate the involvement and changes in activation of DLPFC across preschool period. We
hypothesize that activation in DLPFC is higher at subtask branch points (i.e. when the child
switches between one subgoal to another subgoal) compared to within subgoal steps (i.e.
when the child remains executing the same subgoal) in an action sequence planning task[1].
Methods: Twenty-two preschoolers of 3 (n = 15, 40±2 months, 8F)
and 5 (n = 17, 64±3 months, 5F) years old were instructed to build
a Duplo house following a given goal hierarchy to assess action
planning[1]. In addition, children performed a classic block-designed
and computer-based Go/No-Go inhibition task as a control task to
the ecological Duplo protocol. Our multimodal wearable setup
included: 1) optical motion capture to track movement kinematics
of both hands and hence children’s behaviour; 2) a 46-channels
wireless fNIRS (Brite24, Artinis Medical Systems BV, Netherlands)
to measure the changes in cortical haemodynamics (HbO2 and
HHb) over the DLPFC and motor cortex bilaterally. Behavioural Fig 1. Activation maps for
contrast
branch
data of the Duplo task was coded to recover the timeline of branch the
points>within
subgoals
points and within-subgoal steps. fNIRS signals were pre-processed
to reduce motion artifacts and physiological noise. For the Duplo for one participant. Yellow
task, an event-related GLM analysis was employed to contrast the circles
indicate
the
patterns of brain activity in DLPFC at the branch points versus channels
with
a
within subgoals steps. For the Go/No-Go task, HbO2 and HHb were significant effect in both
averaged across conditions to recover the averaged hemodynamic HbO2 and HHb (p<0.05).
response.
Preliminary results from one participant: For the
Duplo task, significantly higher changes (p<0.05) in
both HbO2 and HHb were found in DLPFC to the
branch points compared to within subgoal steps (Fig.
1). Higher hemodynamic changes were also
observed in the Go-NoGo compared to the Go only
blocks in the same participant (Fig. 2).
Fig 2. Block-averaged (mean±std.err.)
Discussion:
Our preliminary results show that good
hemodynamic response of one DLPFC
quality fNIRS data can be recorded from freely
channel of one participant for the Go
moving preschoolers, with higher DLPFC activation
and Mixed (Go + NoGo) conditions.
at branch points compared to within-subgoal steps
(Fig. 1). Clear hemodynamic responses were also observed in the Go/No-Go task (Fig. 2). Our
multimodal setup allows us to recover the timeline of events of interest, which remains a
challenge in ecological tasks[2]. This study provides the first evidence of the feasibility of
multimodal wearables to investigate neurodevelopment in naturalistic settings, allowing new
opportunities to test freely moving children in ecological settings.
References
[1]: Schröer, L. et al. (2021) Journal of Experimental Child Psychology, 206, 105067.
[2]: Pinti, P. et al. (2018) Japanese Psychological Research, 60, 347-373.
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Introduction: Optics provides two metrics of cerebral energy metabolism: the oxidation state
of cytochrome c oxidase (oxCCO) and the cerebral metabolic rate of oxygen (CMRO 2). While
oxCCO can be measured directly by hyperspectral near-infrared spectroscopy (hsNIRS), its
oxidation also depends on metabolic substrate supply.1 CMRO2, on the other hand, is
calculated by combining tissue oxygen saturation (StO2) with cerebral blood flow (CBF), as
measured by diffuse correlation spectroscopy (DCS). The objective of this study was to
investigate the relationship between these two metrics during periods of restricted oxygen
delivery and lower metabolic demand.
Methods: Experiments were performed on newborn piglets to avoid contamination from
extracerebral tissues. Each experiment included a 10-min period of cerebral ischemia, induced
by occluding the common carotid arteries (10 min), followed by a recovery period and a
subsequent reduction in cerebral metabolism by infusing the anesthetic propofol (6.4 mg/kg).
Throughout the experiment, continuous measurements of StO2, CBF, and oxCCO were
acquired using a hybrid DCS/hsNIRS system.2
Results: Data were acquired from six animals. Figure (A) shows average changes in CBF,
CMRO2 and oxCCO during carotid occlusion and Fig. (B) presents oxCCO changes plotted as
a function of corresponding changes in CMRO2. The dashed line represents the results of
linear regression (R2 = 0.87). Figure (C) presents the oxCCO/CMRO2 relationship during
propofol infusion (R2 = 0.72).
A

B

C

Discussion: This study demonstrates how CBF, CMRO2 and oxCCO can be monitoring
concurrently by combining DCS and hsNIRS. A close relationship between CMRO2 and
oxCCO was observed when oxygen delivery was reduced. Both CMRO2 and oxCCO only
exhibited significant decreases when CBF fell by more than 25%, which can be explained by
a compensatory increase in oxygen extraction.3,4 In contrast, reducing metabolism by infusing
propofol caused a 1:1 decrease in CBF and CMRO2, but not between CBF and oxCCO. This
difference resulted in the nonlinear oxCCO/CMRO2 relationship observed in Fig. (C), which
may be due to the effects of propofol on mitochondrial function.
References: (1) Bale J Biomed Opt (2016). (2) Rajaram Biomed Opt Express 2020. (3) Cooper
J Appl Physiol 2011. (4) Rajaram Biomed Opt Express 2018.

What is the Best Analytic Approach for Decoding in Adult fNIRS?
A.P. Herbolzheimera, B.D. Zinszerb, R.N. Aslinc,d,e, L. Bayetf, V.R. Bejjankig, A.K.
Blackh, J. Jaimei, C. Kabdebonc, A. Mittalj, C.E. Robertsonk, A.F. Wangc, N.G. Xiaol,,
and L.L. Embersonh

a

e

Princeton University, b Swarthmore College, c Haskins Laboratories, d Yale University ,
University of Connecticut, f American University, g Hamilton College, h University of British
Columbia, i University of Michigan, j University of California, San Francisco, k New York
University, l McMaster University
Corresponding author e-mail address: emberson@mail.ubc.ca

Introduction: Previous neuroimaging work demonstrates that stimulus-related information can
be successfully decoded from adults’ fNIRS data at the group and individual levels. In the
present study, we investigated the best analytic approaches to decoding hierarchical semantic
similarities in fNIRS. While the current data are with adults, the experiment was designed to be
suitable for human infants and is currently being extended to infants.
Objectives: We pre-registered our analyses using parameters from previous decoding studies
(Zinszer et al., 2018; Emberson et al., 2017). With these parameters we hypothesized that (1)
classification accuracy between eight object categories would be above chance, (2) response
patterns to exemplars within categories would be sufficiently similar to generalize between
exemplars, and (3) response patterns to categories within animate and inanimate groups would
be sufficiently similar to generalize between categories. If these parameters did not yield the
hypothesized results, we would explore the full space of analytic approaches and validate our
results with a held-out dataset collected at a separate institution using the same paradigm.
Methods: Sixteen participants completed a study where they viewed images from animate and
inanimate groups. Animacy groups were composed of the categories: baby, bottle, book, cat,
dog, hand, shoe, and spoon. Each category included two visually different exemplars. During
stimulus presentation, hemoglobin levels were measured with a Shimadzu LABNIRS using 139
channels. Classification accuracy was assessed using n-fold cross validation. In exploratory
mode, we tested whether other classifiers or parameters led to higher decoding accuracy.
Results and Conclusion: We did not find evidence to support our original hypotheses. In
exploratory mode, we found that the correlation-based classifier in channel space fit the data
best, and we found a set of parameters that help increase classification accuracy.
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Introduction: It is becoming increasingly common to use machine learning to classify fNIRS
data into states [1,2]. Unlike other research communities that have developed standardised,
comparable approaches to machine learning of physiological measures, standards and good
practices are still emerging for fNIRS. Consequently, while some of these techniques can
appear to be effective, published papers often miss critical information for reproducibility or
make common mistakes [3].
Methods: Our work aims to raise awareness of those issues and provide a framework for the
community to produce robust, reproducible and comparable benchmarked results of machine
learning classifications with fNIRS data. This framework comes in the form of a Python library
with an implementation of signal processing pipelines, feature extraction, and machine
learning models including linear discriminant analysis (LDA), support vector machine (SVM),
artificial neural network (ANN), convolutional neural network (CNN) and long short-term
memory (LSTM) network. Some of the most common features used in the fNIRS literature
are extracted, including the mean, the standard deviation, and the slope of the linear
regression. Models are validated with nested k-fold cross-validation, enabling systematic
hyperparameter optimisation on the inner loop [4]. It also calculates metrics like accuracy,
whilst also plotting training graphs and confusion matrices. This whole methodology has
been systematically applied to open-access datasets of fNIRS data from the literature
[1,2,5,6] with both mental and motor tasks.
Results: As expected, the motor execution task yields better classification accuracies than
the other mental tasks. However, results show that the overall performance of models on the
datasets are consistently below the performances reported in literature, highlighting the fact
that different methodologies can lead to drastically different results. This emphasises the
necessity to have a unified robust methodology for machine learning classification from
fNIRS data in order to reliably compare results to each other. Further, we have produced
checklist guidelines to help authors apply methods correctly and report them accurately in
papers. The platform is an open-source repository, and we invite the fNIRS community to
contribute directly with datasets, machine learning implementations, and guidelines.
References:
[1] Herff, Christian, et al. "Mental workload during n-back task—quantified in the prefrontal cortex
using fNIRS." Frontiers in human neuroscience 7 (2014): 935.
[2] Shin, Jaeyoung, et al. "Simultaneous acquisition of EEG and NIRS during cognitive tasks for an
open access dataset." Scientific data 5.1 (2018): 1-16.
[3] Lipton, Zachary C., and Jacob Steinhardt. "Troubling Trends in Machine Learning Scholarship:
Some ML papers suffer from flaws that could mislead the public and stymie future research." Queue
17.1 (2019): 45-77.
[4] Bengio, Yoshua. "Practical recommendations for gradient-based training of deep architectures."
Neural networks: Tricks of the trade. Springer, Berlin, Heidelberg, 2012. 437-478.
[5] Shin, Jaeyoung, et al. "Open access dataset for EEG+ NIRS single-trial classification." IEEE
Transactions on Neural Systems and Rehabilitation Engineering 25.10 (2016): 1735-1745.
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Introduction: Brain metabolism is characterized by Cerebral Metabolic Rate of Oxygen
consumption (CMRO2). We established an experimental method to estimate brain oxygen
metabolism by measuring cerebral oxygen gradients between intra-/extra-vascular
compartments in real-time during steady-state and functional activation. CMRO2 was
computed based on the oxygen gradient during and after functional activation for the first time.
Furthermore, cerebral blood flow (CBF) was measured concurrently using laser speckle
contrast imaging (LSCI). Together, the temporal dynamics between CBF, intra- and extravascular pO2, and CMRO2 were distinguished.
Objective: To estimate CMRO2 from oxygen gradient measurement and compare it with CBF
and previous results.
Methods: We used male Sprague-Dawley rats (N = 12, 250 – 400 grams). Femoral artery
cannulization and craniotomy surgeries were performed on each rat. Oxyphor PtR4 was
injected via a catheter connected to the femoral artery, and Oxyphor PtG4 was injected to the
brain tissue directly via microinjection dispenser. Using the injected Oxyphors, two-color
phosphorescence lifetime oximetry technique was used to monitor intravascular and
extravascular partial oxygen pressure (pO2) in real-time before/during/after electrical forepaw
stimulation. LSCI measured CBF in parallel with the pO2 measurement. CMRO2 was computed
based on our pO2 measurements and a theory1 which enables us to compute CMRO2
independently of hemodynamic variables such as CBF, oxy-/deoxy-hemoglobin concentration.
Results: From the best functional stimulation dataset (i.e., best SNR), we computed dynamic
changes of CMRO2 and compared it with CBF. CMRO2 based on cerebral oxygen gradients
exhibited two differences from previous measurements. Firstly, its temporal dynamics were
clearly different from CBF. Especially, after functional activation, we observed a significant
temporal lag (~ 4s) of CMRO2 compared with CBF. Secondly, the relative increase of CMRO2
(1.74 0.12) was higher than CBF (1.48 0.04).
Conclusions: Our technique facilitated estimation of CMRO2 based on oxygen gradients.
Since the measurement technique does not depend on hemodynamic parameters, our results
can explore different aspects of the process compared to more traditional measurement
techniques. Therefore, the methodology (with future improvements) holds potential to shed
new light on neurovascular dynamics of the brain.
References, acknowledgements: We gratefully acknowledge support from NIH (EB018464,
NS092986, NS060653, EB015893).
1Valagreque,

R et al. “Relation between cerebral blood flow and metabolism explained by a model of
oxygen exchange.” Journal of Cerebral Blood Flow & Metabolism (2003)
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The use of functional near-infrared spectroscopy (fNIRS) may have advantages for use in
clinical audiology, as it runs silently and is compatible with cochlear implants, which are
magnetically and electrically driven hearing devices given to patients who are deaf or have a
severe hearing loss. Most fNIRS studies report results at the group level, with the responses
averaged across participants. However, for clinical applications, a good test-retest reliability at
the individual level is required. The aim of this study was therefore to investigate test-retest
reliability of fNIRS responses evoked by auditory stimulation.
fNIRS responses of fourteen young, normal-hearing participants were recorded using a
NIRScout device with 16 sources and 16 detectors, during silence, a speech-shaped
modulated noise, a speech passage, and a music sample. Additionally, the speech-shaped
noise was presented at two different sound intensities. A block paradigm was used for stimulus
presentation. To be able to analyze the influence of individual parameters on reliability,
participants also answered a questionnaire about their skin tone, hair color, mood, and their
ability to focus on the auditory stimuli. The same testing procedure was repeated with an
interval between the sessions of one week. Different reliability measures were investigated to
quantify the data quality between measurements, as well as the repeatability or agreement in
the results between sessions.
While long channels in general had sufficient data quality at both test sessions, test-retest
reliability of the fNIRS response varied across participants. The individual parameters as
measured with the questionnaires helped to explain this variability, where lighter skin tone and
short, thin hair led to a better data quality, and a consistent mood led to a better reliability. In
summary, the results of this study help to characterize the variability of fNIRS responses at the
individual level.
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Introduction: The occlusion of the common carotid artery (CCA) during carotid
endarterectomy (CEA) is associated with a risk of cerebral ischemia due to inadequate
collateral blood flow1. By monitoring tissue oxygen saturation (StO2), near-infrared
spectroscopy (NIRS) is frequently employed during CEA2 to determine sufficient oxygen
delivery. However, StO2 is only a proxy of oxygen metabolism and an unreliable marker of
ischemic injury. In contrast, cytochrome c oxidase (oxCCO) is an enzyme in the mitochondrial
electron transport chain and therefore a specific marker of aerobic metabolism3. This study
describes the initial assessment of the ability of a multi-distance hyperspectral (hs) NIRS
system to monitor changes in StO2 and oxCCO during CCA compressions in healthy
participants. Methods: We modified an in-house built hsNIRS4 to include a second channel
for acquiring data from the forehead at two source-detector (SD) distances (1 and 3 cm), to
detect potential changes in the superficial tissue. Optical data and blood pressure
measurements (finger photoplethysmography) from three participants was acquired
continuously during 30-s digital CCA compressions, performed ipsilateral to the location of the
optic probes. Results: During the CCA compression, there was an increase of MAP (7 +/- 1
mmHg) and a change in StO2 was observed at both SD distances, with a greater change
observed at 3 cm (2.7+/-0.4% vs. 1+/- 0.4%);while a change in oxCCO was only observed at
3 cm (0.23+/- 0.7 µM vs. 0.008 +/- 0.8 µM).

Fig. 1. Oxygenation and metabolic responses measured in one participant: (A) StO2 at 1 (black)
and 3 cm (red) and (B) oxCCO at 1 (black) and 3 (green). 30-s CCA compression is indicated
by the grey region.
Discussion: As indicated by Fig. 1, our multi-distance hsNIRS system showed similar StO2 at
1 and 3 cm, suggestive of a scalp contribution. In contrast, an oxCCO response was only
observed at 3 cm, likely due to the much higher CCO concentration in brain tissue.
References: (1) Aceto, Eur. J. Anestesiol.(2020). (2) Yu, Cochrane Database Syst. Rev.(2014).
(3) Bale, J. Biomed. Opt. (2020).(4) Rajaram, Brain Sci (2020).
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Introduction: Studying early childhood brain development involves a number of challenges
due to limitations in imaging modalities and stimulus protocols. While functional magnetic
resonance imaging (fMRI) may be considered the gold standard for functional neuroimaging,
the loud, confined space in the bore of the magnet, away from a caregiver, can be frightening
for young children. Alternatively, the open-air environment of optical methods such as fNIRS
is a more child-friendly option. Here we use high-density diffuse optical tomography (HD-DOT)
which uses a dense array of overlapping light measurements that provides image quality
validated against fMRI (Eggebrecht et al. 2014). Child-friendly features were incorporated
including a child-sized imaging cap, space for the caregiver to sit nearby, and an under the sea
theme. Movies have become an increasingly popular naturalistic stimuli, especially in children,
as a way to increase task engagement and reduce motion artifacts in fMRI (Greene et al. 2018).
Movies also drive reproducible brain activity between viewings and can be used to map multiple
processing pathways in parallel through feature regressor analysis. These audiovisual features
can be low- and high-level including luminance, speech, and faces, which can be automatically
or manually generated. Manually coding high-level regressors is a time-consuming and
subjective process that severely limits our library of movie clips. Objectives: We propose a
deep learning approach to developing feature regressors automatically, allowing the showing
of any movie clip to increase task engagement. This flexibility in stimulus, along with our childfriendly HD-DOT system, lays the groundwork for future functional neuroimaging studies of
childhood development. Methods: To validate this new imaging system and paradigm, data
was collected in adults viewing a library of 20, 5-minute movie clips twice each. Low-level
feature regressors were generated automatically, and a speech regressor was created
manually. Face regressors were developed manually and automatically using a Faster Regionbased Convolutional Neural Network (R-CNN) that was developed and trained to detect
animated faces. Movie features often covary, for example speech and faces, so a multivariate
general linear model (GLM) -based processing approach was used to create feature activation
maps. Results: To validate the movie regressor maps, we compared maps from the speech
regressor to activation maps from a well-characterized word hearing task. The maps from
movies versus isolated tasks displayed considerable similarities. Maps were compared
between the automatically and manually coded face regressors and displayed a high degree
of similarity based on the Pearson correlation coefficient across the entire field of view. This
proves that deep learning methods can be used to develop feature regressors automatically,
allowing the participant to choose any movie clip. Conclusion: The flexibility of this naturalistic
stimuli and our child-friendly HD-DOT system establish feasibility for future studies of typical
and atypical brain development during the first few years of life.
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Abstract: Carotid endarterectomy (CEA) is performed to prevent the risk of ischemic stroke
that of 15-20% is due to internal carotid artery stenosis. The three branches of the carotid
artery are cross clamped to remove atherosclerotic plaque during CEA, leading to the risk of
ipsilateral ischemia. Moreover, when the patient is under general anesthesia, the decision to
maintain adequate cerebral blood flow (CBF) by using a shunt or medication is challenging.
This is because there is no direct assessment of ipsilateral CBF, which might be inadequate
due to the severity of bilateral stenosis and anomaly in the circle of Willis. Several monitoring
techniques are used for measuring cerebral perfusion during CEA to prevent cerebral
hypoperfusion and hypoxia. However, none of them can directly measure the CBF and the
factors that regulate CBF, including cerebral autoregulation (CAR) and cerebrovascular
resistance (CVR). To that end, we employed diffuse correlation spectroscopy (DCS) and
near-infrared spectroscopy (NIRS) to investigate the feasibility of measuring an index of
CBF(i) and oxygenation in conjunction with CAR and CVR to measure intraoperative changes.
Methods: We enrolled 24 patients who underwent CEA. To measure changes with respect
to before clamping, clamping, and unclamping, three defined surgery phases (pre-CEA, CEA,
and post-CEA, respectively) were used. Patients were divided into three groups according to
shunt utilization (Sh, n=5), severe contralateral stenosis (SCS, n=7), and normal-to-mild
contralateral stenosis (MCS, n=12). First, we quantified the undershoot and overshoot with
respect to clamping and unclamping, respectively. We then estimated the indices of dynamic
CAR capacity by computing cross-correlation coefficients between CBFi and mean arterial
pressure (MAP) in each of the operation phases. To do that, we chose a five-minute nonoverlapping window for cross-correlation and took the average correlation found in each
operation phase.
Results: Considering all the patients, we found that a larger undershoot in CBFi (57 ± 14%)
upon clamping and an overshoot in CBFi after unclamping (25 ± 44%). During pre-CEA
phase, CBFi was significantly autoregulated in the SCS (.10 ± .13) than the MCS (.26 ± .16)
and Sh (.37 ± .27, p < .05). Moreover, the CBFi was more autoregulated in the SCS during
the CEA phase (.10 ± .26) than the post-CEA phase (.28 ± .24) in the ipsilateral hemisphere
(p < .05). However, there were no differences in the MCS and Sh between CEA and postCEA phases (p > .05).
Discussion: We have demonstrated the compensation of ipsilateral CBFi, including the
changes in CAR to compensate for the ipsilateral CBFi by adjusting the CVR. Furthermore, a
combined DCS-NIRS system can provide important insight into cerebral hemodynamics
during CEA to mitigate some of the intraoperative risks and complications of CEA by guiding
the clinical team.
Acknowledgement: This work is supported by NIH – 5R01GM116177-04 (MAF).
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Abstract: Anatomically, the brain exhibits increases in long-range connectivity with
development. Prior studies have also shown increased resting functional connectivity (i.e., as
measured using resting state in functional Magnetic Resonance Imaging (fMRI) and functional
Near-Infrared Spectroscopy (fNIRS), see Bulgarelli et al., 2020 for a recent example) across
large-scale networks (e.g., connecting different lobes of the brain). However, less is known
about how these networks change when an individual engages them (e.g., during a cognitive
task). The goal of the current research was to investigate such task-based functional
connectivity in infants engaged in a social task, using fNIRS. Do we similarly see increases in
task-based long-range connectivity over development? How do developmental changes in
task-based connectivity relate to the attainment of key developmental milestones?
Participants included a sample of infants from the Bangladesh Early Adversity Neuroimaging
(BEAN) project (see Perdue et al., 2019). We used a background connectivity approach (AlAidroos et al., 2012), which regresses out task-evoked responses to ensure that connectivity
measures are not confounded by the temporal nature of task-evoked responses, to assess
task-based functional connectivity. We first applied this approach to a separate infant fNIRS
dataset and evaluated the effect of major analytic decisions (e.g., removing the global mean,
averaging channels within larger ROIs before looking at correlations, etc.) The resulting
pipeline is successful in revealing task-based connectivity in infancy that is distinct from the
task-evoked (univariate) responses.
Applying this approach to the current dataset, we investigated task-based connectivity in the
context of a well-established social cognition task (Lloyd-Fox et al., 2009), at 6 and 36-months
cross-sectionally. Using channel-space analyses, we found that there are indeed increases in
functional connectivity in this task with both strong connectivity overall (evidenced through
greater r values), and increases in connectivity for more anatomically disparate regions of the
brain. We found some evidence that particular patterns of connectivity at each age are related
to standardized measures of development (Mullen assessments of development).
Ongoing work is applying a novel co-registration technique to this data. Traditional anatomical
co-registration techniques are not ideal for this sample due to racial and cultural differences in
head size and shape (i.e., no appropriate anatomical atlas for this group). To resolve this issue,
we developed a probabilistic, scalp-based co-registration technique to aid in the alignment of
channel measures across individuals.
Acknowledgements: The Neurodevelopmental Outcomes Consortium at the Bill and Melinda
Gates Foundation and particularly the other members of the fNIRS group. All researchers
involved in the collection of the BEAN dataset.
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Background: Working memory (WM) is a key cognitive function involving the prefrontal cortex
(PFC) that enables us to consciously access and keep perceived information “in mind”. WM
tasks are simple enough to be suitable for clinical or educational tests and offer insights to
neural processes in real-life situations. Although fNIRS has emerged as a promising
neuroimaging device to overcome the limitations of conventional modalities, there is a lack of
studies which have explored the temporal dynamics of neurocognitive mechanisms using
fNIRS. In this study, we used NIRSIT, which is a wearable band-type fNIRS with high-density
frontal lobe channels, to reveal dynamic patterns of activity across the subregions of the lateral
PFC corresponding to the WM task and individual performance.
Methods: We used a delayed match-to-sample task which required subjects to remember a
target stimulus for 6 seconds and then decide whether the following stimulus matches with the
previous one or not. 26 participants performed 90 trials each, one-third of them were matches
and the other two-thirds were nonmatches. We used probabilistic searchlight mapping to divide
the 48 channels into different Brodmann Areas (Fig. A; orbitofrontal (OFC), frontopolar (FP),
dorsolateral (dlPFC), and ventrolateral (vlPFC)), and then performed General Linear Model
(GLM) analysis and temporal dynamics analysis on the fNIRS signals during the maintenance,
decision, and response phases of the task. We explored the neural markers in further detail
using temporal ensemble decoding analysis and functional network analysis.
Results: We captured a rapid change in BOLD occurring over several seconds during WM,
which was dissociable across the subregions of the PFC. The lateral PFC was activated during
WM maintenance phase, with an early signal increase in the OFC, which propagated to the
dlPFC. There was a deactivation of dlPFC, vlPFC, and FP during the decision phase, followed
by a reactivation of the OFC at response. (Fig. B) The transition across task phase was also
distinguishable by temporal decoding analysis with a small set of fNIRS channels. Such neural
dynamics showed significant differences at the trial-level, depending on match/non-match or
correctness, and was correlated with the subjects’ WM performance. (Fig. C) Functional
connectivity analysis revealed a significant difference in functional brain networks across
individuals and suggests that the local efficiency of the network can serve as a neural marker
for WM ability. (Fig. D)
Conclusion: In this study, we showed dissociable fast neural dynamics in the lateral PFC
subregions that indicate various subregional neural markers during WM. These temporal
dynamics measured by fNIRS provide important insights into the neural process underlying
WM. We believe our approach could be implemented broadly, across many experimental and
applied settings, to maximally utilize fNIRS to investigate a wide range of neurocognitive
abilities.
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Objective: Attention deficit hyperactivity disorder (ADHD) is among the most common
neuropsychiatric disorders in childhood characterized by hyperactivity, impulsivity and
inattention. The prevalence rates for ADHD is from 3 to 7% in the school-aged children
population. Currently, treatments against ADHD usually consist of behavioral accommodations
and medication (Janice Pellow et al., 2011). In Japan, osmotic release oral systemmethylphenidate(OROS-MPH),
atomoxetine
hydrochloride(ATX),
lisdexamfetamine
dimesylate (LDX), or guanfacine extended release (GXR) can be administered to children with
ADHD (Takahiro Ikeda et al, 2021). For medication, MPH is often used as an effective first-line
medicine which has the effect of improvement for core symptoms of ADHD. It is, however,
reported that 10 to 30% of the children with ADHD do not response to MPH (Banaschewski,
2004). Also it sometimes causes a side effect for some children. At present, an evaluation of
MPH efficacy is usually reported subjectively by the patient’s parents or teachers. Therefore,
it should be evaluated quantitatively and objectively. In this study, we aimed to discriminate
between Responder who were expected to improve behavioral symptoms and Nonresponder
who were not from cortical hemodynamics during a go/no-go task before and after MPH intake.
Method: We conducted a go/no-go task before and 1.5 hours after MPH or placebo
administration using a randomized, double-blind, placebo-controlled, crossover design with
fNIRS. In addition, behavior symptoms of all subjects were monitored using the ADHD Rating
Scale-IV (Home version ;RS) (Du Paul GJ et al., 1998). RS is used to measure the extent of
inattention and hyperactivity, and the reduction of its score implies to improve symptoms. We
asked their patients to answer of RS before and one month after MPH administration. We
divided subjects into two groups by improvement rates of RS after a month: Responder (over
30 %) and Non-responder (under 30%). For preprocessed data, we examined whether the test
data were discriminated between Responder and Non-responder correctly on a leave-one-out
cross validation design with a support vector machine. The data used in this study were
obtained from our previous study (Tokuda et al., 2018) (N=32).
Result&Conclusion: We obtained 81.3% accuracy in focusing on the right prefrontal area and
parietal lobe to discriminate test data. In conclusion, we could estimate, with reasonably
practical accuracy, whether or not behaviors with inattention, hyperactivity–impulsivity in each
subject were improved, using the change of cortical hemodynamics during the cognitive task
after MPH administration.
Reference
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Introduction: Diffuse optical tomography (DOT), an extension of fNIRS which enables threedimensional imaging, requires a structural model of head anatomy to compute the propagation
of near-infrared light and to constrain image reconstruction. Ideally such a head model would
be obtained from a subject-specific MRI scan; however, requiring such from each participant
undermines the benefits of DOT, particularly its higher tolerance of motion and portability,
permitting the use of DOT in a clinical context at the infant cotside. We previously published a
database of 215 individual-level neonatal head models from infants aged 29-44 weeks postmenstrual age (PMA)1, scanned as part of the Developing Human Connectome Project, that
can be used as structural priors in place of subject-specific head models. In this present study,
we investigate different methods of selecting a head model from this database using external
characteristics of the head, and how these selection methods affect localisation error in DOT.
Methods: In this work, 51 head models at ages spanning 32-44 weeks PMA were randomly
chosen to act in turn as the target head model. The model in the database with the closest
matching 10/20 scalp positions was defined as the shape-matched model, while the model in
the database with the nearest head circumference to the target was defined as the
circumference-matched model. Each of these models were affinely registered to the space of
the target. A simulated high density DOT array (of 36 sources and 48 detectors) was registered
to the scalp surface of the head models. For the target, shape- and circumference-matched
head models, the Toast++ software2 was used to compute a forward model of light propagation
at 850 nm. At 10 positions across the target cortical surface (Figure 1a), Toast++ was
employed to simulate perturbations in absorption of 10 mm in diameter and the measured
optical attenuation changes that would result from each of these perturbations. Absorption
change images were reconstructed for each of these optical attenuation changes using the
target, shape- and circumference-matched models, and the resulting images using the latter
two models were transformed to the target cortical surface. The centre of mass (CoM) of each
absorption change image was then computed. For each perturbation, the Euclidean distance
between the true absorption change CoM and the reconstructed absorption change image
CoM was used to define the localisation error.
Results: Selecting a neonatal head model based on head shape, not circumference, results
in a lower localisation error a
b
c
(p=0.013), shown in Figure 1b & c.
Discussion: Selecting a head
model based on head shape
improves confidence in the spatial
localisation of DOT in neonates. In
the near future, we aim to present
further
data
from
different
methods to establish the optimum
approach to select a matched head Figure 1 a: Example simulated absorption changes on the cortical
surface in relation to sources (red circles) & detectors (blue circles). b:
model.
Localisation error of target-, shape- and circumference-matched (circ.matched) models. c: Cumulative distribution of localisation error.
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Abstract. The degree of reproducibility in terms of absorption and reduced scattering coefficients of
two sets of solid phantoms, each fabricated with a single preparation, was assessed exploiting three
time-domain diffuse optics devices.
Introduction. In diffuse optics, phantoms are essential both as performance assessment tools in
laboratories [1] and as quality check tools in clinics. They also support interlaboratory comparisons
and represent appropriate research tools for the development of novel approaches. For practical
reasons, solid phantoms are typically needed. For solid phantoms, accuracy is a crucial issue, since
assessing their optical properties, either a priori (from basic principles) or a posteriori (by
measurements), is a complex task. Hence, in order to obtain sets of identical (i.e. reliably comparable)
solid phantoms, the phantom fabrication process must guarantee a good degree of reproducibility,
aimed at a few percentage points of variation on the optical parameters.
Objective. This study aims at assessing the degree of reproducibility in absorption and reduced
scattering coefficients of two sets of solid phantoms, each fabricated with a single preparation.
Methods. A set of 10 phantoms made of epoxy resin and a set of 10 phantoms made of silicon
elastomer were fabricated. For each set, 5 phantoms (identified as batch 1) were made on an earlier
day and 5 phantoms (batch 2) were fabricated on a later day exploiting the same recipe. According
to the protocol, the absolute values of absorption (𝜇𝑎 ) and reduced scattering (𝜇𝑠′ ) coefficient of all
phantoms were retrieved by performing time-domain diffuse optics measurements in reflectance
geometry. For each phantom, measurements were performed on five different positions, obtained
by multiple 60° rotations of the phantom. The measurement protocol was performed by three
different time-domain diffuse optics devices. Data analysis focused on intra-phantom variability,
intra-batch variability and inter-batch variability. Intra-phantom variability assessed homogeneity and
measurement robustness of the optical properties of single phantoms: the coefficients of variation
(CV) of 𝜇𝑎 and 𝜇𝑠′ over the five measurements in different positions were calculated for each single
phantom. Intra-batch variability compared the optical properties of phantoms belonging to the same
batch: the CV of 𝜇𝑎 and 𝜇𝑠′ over the five phantoms of each single batch were calculated. Inter-batch
variability compared the batches made of the same material: the CV of 𝜇𝑎 and 𝜇𝑠′ over the ten
phantoms made of each material were calculated.
Results. Intra-phantom CV resulted within 2% for both 𝜇𝑎 and 𝜇𝑠′ for all phantoms according to all
three systems, showing good homogeneity and measurement robustness of the phantoms. Intrabatch CV resulted within 2% for both 𝜇𝑎 and 𝜇𝑠′ for both resin batches, within 1.5% for 𝜇𝑎 and 4% for
𝜇𝑠′ for both silicon batches. Inter-batch CV resulted within 2.1% for both 𝜇𝑎 and 𝜇𝑠′ for the resin
batches, within 3.5% for 𝜇𝑎 and 7% for 𝜇𝑠′ for the silicon batches.
Conclusions. The degree of reproducibility in terms of absorption and reduced scattering
coefficients of two sets of solid phantoms, each fabricated with a single preparation, was assessed
employing three time-domain diffuse optics systems. The results showed that the phantoms of each
set can be considered identical. We suggest that sets of identical solid phantoms can be fabricated
and widely distributed among laboratories and clinics for multi-center comparisons.
Reference. [1] Pifferi et al., 2005. 'Performance assessment of photon migration instruments: the
MEDPHOT protocol', Applied Optics, vol. 44, no. 11, pp. 2104-2114.
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Abstract:
This preliminary study aims to assess the ability of a compact and wearable Time Domain (TD)
fNIRS device to record cerebral hemodynamic variations during standard physiotherapy protocols
on freely moving subjects.
Introduction: The state-of-the-art in the diagnosis of motor disabilities includes the detection of
anomalies while observing the patient performing movement exercises. This method is clearly
affected by the subjectivity of perception conditioned by the operator's experience. A more rigorous
approach involves the monitoring of cerebral response to motor stimuli by functional Magnetic
Resonance Imaging. However, this method forces the subject to maintain a static condition, therefore
limiting the range of responses. The fNIRS technique may overcome these limits, allowing the
acquisition of cerebral functional data without limiting the movement of the subject [1]. To assess the
potential of the TD-fNIRS technique in this field, we performed on healthy subjects a standard
physiotherapy protocol to be later applied on patients with disabilities.
Materials and Methods: The TD-fNIRS system consisted of two, single channel NIRSbox devices
(PIONIRS s.r.l. Italy) [2] operating simultaneously. The first channel was used to investigate the
region related to motor activation (C3 position following 10/20 system), while the second was placed
on the prefrontal region to monitor any global systemic effects involved in the prefrontal cortex (Fp2)
area during the task. The protocol was performed on 15 healthy volunteers and it was divided into
three tasks: arm raising (active movement) [3], helped arm raising (passive movement), and arm
raising combined with grasping of an object (active goal-oriented movement)[4]. In each protocol the
subject’s hand was moved from the resting position, longitudinally to the body, up to the height of
the eyes, keeping the arm straight and returning to the resting position. Each task consisted of 5 s
baseline, 5 s work and 15 s recovery, repeated ten times. Data were analyzed with the convolved
paths analysis [5] that can reject superficial perturbation enhancing contrast caused by deeper
inhomogeneity. Using the fitting model called Hemodynamic Response Function (HRF), which
represents the transfer function linking neural activity with the fNIRS signal [Fig1].
Results: This preliminary study showed that the arm raising and grasping task showed more evident
signals of activation [Fig1]. However, although the others are less pronounced, they show significant
variations in oxygenated and deoxygenated hemoglobin referable to motor activations. The future
aim of the study will be to investigate motor disorders in unhealthy subjects.
Acknowledgment: Thanks to Elisa Bassani and Francesco Micheloni for their helpful suggestions
and discussions.

Figure 1. The hemodynamic variations of oxygenated and deoxygenated hemoglobin are represented for all the tasks averaged over the ten repetitions on C3 position.
[1] M. Lacerenza, et al., "Monitoring the motor cortex hemodynamic response function in freely moving walking subjects: a time-domain fNIRS pilot study," Neurophotonics
(2021).
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[4] N. H. Kashou, et al., "Hand-grasping and finger tapping induced similar functional near-infrared spectroscopy cortical responses," Neurophotonics 3(2), 025006 (2016).
[5] L. Zucchelli, et al., "Method for the discrimination of superficial and deep absorption variations by time domain fNIRS," Biomed. Opt. Express 4(12), 2893–2910 (2013).
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Abstract: Background and objective: The movements from fine anatomical structures such
as movements of individual fingers, particularly from one hand, have not been investigated
using functional near-infrared spectroscopy (fNIRS). Decoding individual finger movements
using fNIRS could help to enrich control commands generation for fNIRS-based BCI systems.
Methods: Twenty-four right-handed participants, including eighteen males (30.44 ± 3.03 years)
and six females (29.17 ± 3.06 years), participated in the experiment. A continuous-wave nearinfrared diffuse tomographic machine NIRScout with dual-wavelength (𝜆1 = 760 nm, 𝜆2 = 850
nm) and a sampling frequency of 3.9063 Hz is used to acquire the data. The block design of
the experimental paradigm consists of 30 sec of initial and final baseline rest followed by
alternate 10-sec blocks of tasks (on for each finger starting from thumb to little finger) and rest.
The individual finger tapping task was repeated three times in a single experiment, forming an
overall length of 350 sec. Sixteen emitters and detectors were placed over the motor cortex
according to 10-10 international positioning systems with inter-optode distances of 3 cm.
Signal processing, feature extraction and classification were performed in nirsLAB, MATLAB®
and Scikit-learn library in Python. Channels of the left hemisphere are considered for
processing. Initially, bad channels, discontinuities, and large spikes were identified and
removed. Optical densities were then conversated to haemoglobin concentration using
modified Beer-Lambert law. Signals were detrended, and a 4th-order bandpass Butterworth
filter was applied with an upper and lower bond of 0.01 and 0.15 Hz to remove physiological
and non-physiological noise. Finally, a Savitzky-Golay filter with an order of three and frame
size of nineteen is applied to smoothen the signal from all other types of noise. Furthermore,
eight spatial statistical features, i.e., signal mean, median, minimum, peak, slope, skewness,
Kurtosis, and peal-to-peak of oxygenation, haemoglobin were extracted. In the end, different
classiﬁcation algorithms such as support vector machines (SVMs), random forests (RF),
decision trees (DT), AdaBoost, linear discriminant analysis (LDA), artificial neural networks
(ANNs), and k-nearest neighbors (kNN) were applied for comparative and performance of the
data. Results: Among all classifiers, LDA performed poorly on all participants, whereas ANNs,
SVMs and AdaBoost performed marginally better with accuracies of around 50 %. On the other
hand, RF and kNN showed promising results by achieving an average of 75 % and 73 %
accuracies, respectively. The results obtained will be further improved with the implication of
sophisticated data processing methods. In the future, we plan to introduce deep learning
models to get rid of handcrafted features for decoding individual finger movements.
Conclusion: The findings from the preliminary study of an individual finger-tapping experiment
is promising and facilitates the development of an fNIRS-based BCI with rich control signals.
However, there is a need to improve in channel selection, optimal activation window selection,
consideration of deoxygenated and total haemoglobin, optimal feature selection, and more
sophisticated classification algorithms. To the best of the author's knowledge, this is the first
study to implement individual finger tapping from the right hand in fNIRS-based BCI.
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Abstract
Broadband Near InfraRed Spectroscopy (bNIRS) is a technological extension to fNIRS that has the
unique capacity of monitoring both brain haemodynamics/oxygenation (oxy- and deoxy-haemoglobin;
HbO2 and HHb), and metabolism (changes in the redox state of cytochrome-c-oxidase; oxCCO)[1].
We present a new analysis framework for the localization of brain activity and the fusion of
haemodynamics with metabolic information from the bNIRS-derived signals and demonstrate its use
on bNIRS data recorded over the visual cortex on healthy adults.
Motivation: Previous studies have suggested that the investigation of the relationship between brain
activity demand and metabolic supply can provide novel information on brain functioning both in
health and disease[2]. Building on the capability of bNIRS of mapping both brain hemodynamics and
metabolism, the aim of this work was to develop and test a new analysis pipeline to integrate brain
haemodynamics with metabolism to investigate their relationship during functional brain activity [3].
Methods: Thirteen healthy adults (31±8 years, 9 M/4 F) underwent a visual stimulation task. The
visual stimuli were left and right hemifield checkerboards flashing for 18s spaced out by 18s rest
periods. An in-house built 16-channels bNIRS instrument was used to measure changes in HbO 2,
HHb and oxCCO over the occipital cortex. We used a GLM analysis with FIR basis functions to
extract indices of functional haemodynamic and metabolic activity. One sample t-tests were used to
localize the brain regions with significant changes in HbO2, HHb and oxCCO in response to the task.
We then adapted the method in [2] to combine HbO2/HHb with oxCCO and quantify two indices that
reflect the extent of concurrent energy supply and utilization (relative power or rPWR) and their
mismatch (relative cost or rCST). One sample t-tests were used to localize the regions within the
occipital cortex with significant hemodynamic-metabolic coupling or decoupling.
Results: We found widespread significant activations for all chromophores, with more localized
changes in oxCCO than HbO2 and HHb. In addition, the channels on the contralateral side to the
stimulation exhibited the highest significant rPWR (p<0.05 FDR corrected, Fig. 1). No significant
results were found for rCST.
Discussion: Our results demonstrate that the FIRbased GLM is able to capture the typical
haemodynamic and metabolic response patterns to
our functional task, with concurrent increase in
HbO2 and oxCCO and decrease in HHb. The
hemodynamics-metabolism integration analysis
revealed higher spatial sensitivity than the
conventional GLM analysis, identifying highly
localized regions with concurrent haemodynamic
and metabolic activity only within the contralateral
hemisphere to the stimulation. The rPWR and rCST
have the potential to give new insights into how the
energy is supplied and used by the brain under
different
conditions
and
advance
our
understanding on brain physiology and altered Fig. 1. Group-level t-values activation maps for
energy use in both health and disease.
rPWRHbO2 (top; HbO2 integrated with oxCCO) and
rPWRHHb (bottom; HHb integrated with oxCCO).
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Abstract: The ability to engage in social interactions and interact with the world is one of the key
characteristics that define us as human beings. Previous studies have demonstrated the capability
of fNIRS in overcoming the methodological challenges associated with imaging brain activity in
developmental populations and successfully explored the developmental trajectory of social
perception in infancy up to 2 years old[1], revealing the involvement of the superior temporal sulcus
(STS). However, how the social network development unfolds throughout toddlerhood still remains
unclear as children find it hard to comply with the requirements of conventional lab and neuroimaging
testing. The primary aim of this work is to assess the feasibility of wearable fNIRS in monitoring the
functional specialization to social cues in toddlers from 3 to 5 years old. In this framework, we discuss
data quality and attrition rates, propose
experimental procedures to perform
fNIRS measurements in this population
and a pipeline for data analysis.
Methods: Forty-three toddlers of 3
(N=10, 36±2 months, 6M/4F), 4 (N=15,
47±4 months, 9M/6F) and 5 (N=18,
60±4 months, 10M/8F) years old were Table 1. Inclusion rates per age group.
presented with social and non-social
stimuli as described in [1]. Changes in cortical haemodynamics (HbO2 and HHb) were monitored
over the right and left temporo-parietal lobes using a wireless fNIRS system (Brite24, Artinis Medical
Systems BV, Netherland), equipped with 11 channels per hemisphere. Front and side pictures of the
kid wearing the fNIRS cap were taken to evaluate cap placement. The analysis pipeline and
exclusion criteria included: (1) Behavioural coding: video recordings of the experimental session
were coded offline to quantify the toddler’s looking time for each trial. Participants with less than 3
valid trials were excluded. (2) Cap placement evaluation: participants were excluded if the cap
displacement was higher than 2.5 cm; (3) fNIRS data analysis: fNIRS data quality was assessed
with the QT-NIRS toolbox[2]. Participants with less than 50% of good channels were excluded. Good
fNIRS signals were then corrected for motion artifacts and band-pass filtered to minimize
physiological noise. Pre-processed HbO2 and HHb data were averaged across valid trials for each
condition to recover the block-averaged hemodynamic responses for each age group.
Results: In this study, attrition rates (Table 1) were lower than typical fNIRS infants’ experiments
(~34.23%[3]). Clear hemodynamic responses were observed over STS for all age groups (Fig.1).
Discussion: Our results demonstrate that good quality fNIRS data can be recorded with wearable
fNIRS on toddlers. We found that the absence of long fibre
bundles and the portability of wearable fNIRS systems
increased the child’s tolerance to the cap and reduced motion
artifacts, resulting in higher number of trials, statistical power
and signal quality. The use of caps over headbands allowed us
to place the cap more reliably across our participants; however,
cap displacement was more frequent among 3-year-olds as
some did not tolerate the chin strap. The analysis pipeline was
effective in recovering the hemodynamic responses to social
cues robustly. Future studies will investigate the feasibility of
wearable fNIRS on freely moving toddlers.
References
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Abstract: Background. Rostral PFC (area 10) activation is common during prospective
memory (PM) tasks. But it is not clear what mental processes these activations index. Three
candidate explanations from cognitive neuroscience theory are: (i) monitoring of the
environment; (ii) spontaneous intention retrieval; (iii) a combination of the two. These
explanations make different predictions about the temporal and spatial patterns of activation that
would be seen in rostral PFC in naturalistic settings. Accordingly, we plotted functional events in
PFC using portable fNIRS while people were carrying out a PM task outside the lab and
responding to cues when they were encountered, to decide between these explanations.
Methods. Nineteen people walked around a street in London, U.K. and performed various tasks
while also remembering to respond to prospective memory (PM) cues (social vs. non-social).
We used a GLM-based method for automatic identification of functional events (AIDE) to
determine the position of the participants at the time of the activation events on a map of the
physical space. Results. Maintaining both social and non-social intentions was associated with
widespread activation within medial and right hemisphere rostral prefrontal cortex (BA 10). In
addition, increased activation was found within lateral prefrontal cortex (BA 45 & 46) when
people were maintaining a social intention compared to a non-social one (Figure 1). The spatial
and temporal distribution of these events was not random, but aggregated around areas in
which the participants appeared to retrieve their future intentions (i.e. where they saw intentional
cues), as well as where they executed them (Figure 2). Functional events were detected most
frequently in BA10 during the PM conditions compared to other regions and tasks.
Conclusions. It is more likely that BA 10 activations during prospective memory tasks relate to
spontaneous intention retrieval either prompted by the PM cue or anticipation of it. The temporal
resolution of fNIRS together with the ability to move the participant in space affords
considerable power for structure-function theorizing in naturalistic settings.

Figure 1. Activation in right middle and
inferior frontal gyri (BA 46 & 45) was
significantly greater in the social vs. nonsocial PM conditions.

Figure 2. Queen Square, London. Blue and
red stars indicate the location of the social
and non-social PM cues, respectively, and
the blue and red asterisks represent the
locations of participants when social and
non-social functional events occurred in
rostral PFC (BA10).

Neuroimaging interpersonal interactions in mental health interventions: A new
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Abstract: Background. Unusual patterns of prefrontal cortex (PFC) activation and disorders of
mood have often been demonstrated in cognitive neuroscience studies. What is unclear is
whether these same brain regions may also be involved when a person is undergoing cognitive
therapy aimed at alleviating these kinds of symptoms. So this study mimicked a cognitive
therapy session where two people interacted, taking turns to play the role of client and clinician,
and we observed the patterns in both brains during various stages of the therapeutic process.
Methods. We fractionated the major components of the interpersonal verbal interactions
occurring in a mock clinical therapy situation in healthy participants, and used fNIRS-based
hyperscanning to assess the brain systems underlying clinician-client discourse (n = 30).
Results. Cross-brain neural coupling between “client” and “therapist” was significantly greater
during clinical interactions compared to everyday-life verbal communication, particularly
between inferior frontal and supramarginal gyri (Figure 1). Interestingly, the clinical tasks
revealed extensive increases in activity across the PFC, especially in rostral PFC (BA10) during
periods in which participants were required to silently reason about the dysfunctional cognitions
of the other person (Figure 2). Conclusions. These findings support the idea that particular
prefrontal systems might be critical to cultivating mental health during treatment. To some
extent at least, perhaps the same prefrontal cortex regions that show unusual activation
patterns in symptomatic people are also activated by therapeutic processes aimed at alleviating
the symptoms. Future work should examine symptomatic patients to confirm this possibility.

Figure 1. Coherence of brain-to-brain signals
between clinical and control blocks collapsed
across all roles and subtasks. Signal coherence in
the clinical condition was significantly greater than
the control condition, particularly between inferior
frontal and supramarginal gyri. There was no
coherence when pairs were scrambled.

Figure 2. Contrast comparison of the
thinking subtask of the clinical
condition [Clinical thinking > Control
thinking]. Greater activation during
the thinking subtask of the clinical
condition is represented in red, with
the greatest change in activation
being in left rostral PFC (BA10).

Region-specific changes in prefrontal cortex hemodynamics underpin exerciserelated improvements to executive functions
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Abstract: Background. It is well-established that physical exercise can cause acute
improvements in cognitive performance. These effects occur especially on cognitive tests
known to be supported by prefrontal cortex structures. However, the patterns of activation
corresponding to such improvements are not established. Methods. N=106 law enforcement
officers were given a VO2 Max cardiopulmonary exercise test (CPET), and were administered a
set of cognitive tests that have been shown to activate prefrontal cortex (PFC) directly before
and after the CPET assessment (Figure 1). Other physiological data such as heart rate (HR)
and respiration rate (RR) were also gathered. Results. Within-brain statistical comparisons for
cognitive measures of speed of processing and attentional control showed significant activation
changes in dorsolateral PFC (BA46), ventrolateral PFC (BA44/45), and rostral PFC (BA10)
(Figure 2). These composite effects were accompanied by improvements to behavioral
performance in these domains by 22%. Interestingly, improvement in cognitive performance
seemed to be associated with increased activation in the same PFC regions as were found to
support them pre-exercise. Conclusions. These results support a link between exercise-related
improvements in task performance and localized changes in PFC activation, and provide
constraints for theorizing about how physical exercise-induced cognitive enhancements occur in
the brain.

Figure 1. After participants completed
several cognitive tests (1), they completed
strength tests (2). Next, they were
required to complete a 15-minute bleep
test of aerobic fitness, namely VO2 Max
(3). After a short cooldown period, they
completed similar cognitive tests (4).

Figure 2. Deoxygenated hemoglobin (HbR)
changes in PFC as an acute function of
exercise (column 1) and differential activation
of the control group compared to a random
subsample of the exercise group (column 2).
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Abstract: We propose a robust video-based method for estimating the positions of fNIRS
optodes on the scalp. Calibrating the location of optodes relative to a subject’s scalp is an
important step in acquisition of reliable neuroimaging data, and is a relatively open problem
when dealing with developmental populations. Existing methods pose various motion
constraints, require expert annotation and are only applicable in laboratory conditions. A quick
and robust framework to deal with these issues is required. Using a variety of novel computervision technologies, we implement a fully-automatic appearance-based method that estimates
the registration parameters from a raw video of the subject. We validate our method on 10
adult subjects and prove its usability with infants as well. We compare our method with the
golden standard 3D digitizer, and to other photogrammetry-based approaches. We show it
achieves state-of-the-art results. Our method is implemented as a freely available open-source
toolbox at https://github.com/yoterel/STORM-Net. Our method allows to calibrate the fNIRS
system in a simple way, with unprecedented speed and accuracy. Fast calibration facilitates
more spatially precise neuroimaging with developmental and clinical populations even in
unconventional environments.

Properly tuned multivariate Kalman filter outperforms real-time regression over
the recursive least-squares general linear model
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Introduction
Functional near infrared spectroscopy (fNIRS) is a non-invasive technique to quantify taskevoked activation of the brain cortex. Due to its relative low cost and potential for
miniaturization, it has been proposed for applications outside of the lab, including brain
computer interfaces (BCI). Real-time estimation of the hemodynamic response function
(HRF) is desirable for some of these applications, but the general linear model (GLM), the
standard technique to separate extra-cerebral confounding signals from fNIRS signals, is not
computationally efficient enough to perform real-time regression.
Objectives
Here, we compare the effectivity of two proposed techniques for real-time regression of
fNIRS signals, the Kalman filter and the recursive least-squares GLM (RLS), for removing
extra-cerebral nuisances using regressors calculated with temporally embedded canonical
correlation analysis (tCCA) in resting time series augmented with synthetic known HRFs.
Methods
We augmented previously acquired resting fNIRS datasets (between 128 and 154 seconds
each) with known synthetic HRFs. Additionally, each dataset contains auxiliary signals such
as short separation channels and accelerometers. We used tCCA to calculate optimally
delayed multivariate extra cerebral regressors. We create a design matrix with 40 Gaussian
basis functions spaced by 0.5 s plus the two most correlated tCCA regressors and drift
terms. Then, we apply both the tuned Kalman filter and a properly initialized RLS GLM to the
augmented time series. We calculate the root mean square error as a function of time for
each HRF regressions. Finally, we compare the performance of both regression techniques
over time with the performance of the regular GLM.
Results
The figure shows the mean over time of the RMSE
improvement over GLM for both the Kalman filter
and the RLS, with the solid lines representing the
mean improvement and the shaded regions
representing the standard deviation of the
improvement. Here zero represents equal
performance to the GLM of the complete time series
and positive values represent better performance than the GLM.
Conclusions
We show that a properly tuned Kalman filter offers on average faster convergence and
reduced variance over the RLS, and better final performance than the GLM.
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Introduction: Effective human spoken communication relies on the quality of speech signals
received and the inherent contextual cues. When speech is acoustically degraded, our brains
will have to adjust the amount of cognitive effort engaged in parsing information. The
mechanism behind such compensation might vary depending on the characteristics of the
speech stimuli involved. Our research aims to identify the neural basis of effortful listening for
speech altered in linguistic complexity and acoustic clarity. Due to practical constraints such
as scanner noise, functional Magnetic Resonance Imaging (fMRI) studies attempting to
understand spoken language processing often limit stimuli to isolated words devoid of
contextual information. These are far from real-world speech scenarios. High-Density Diffuse
Optical Tomography (HD-DOT) is a promising wearable technology that enables studying the
brain in a non-invasive manner in a naturalistic setting. These features of HD-DOT allow us to
improve upon the ecological validity of our experimental design by enabling noise-free stimulus
presentation, without being constrained in space.
In the hierarchy of speech signals, one can expect long passages to be more
cognitively demanding than individual isolated words. It involves phonological, lexical, syntactic,
semantic, and thematic content in addition to the spectral and temporal processing of the
acoustic signal (Peelle, 2018). The Multiple Demand network (MD network) captures the idea
of higher-order brain regions being recruited to undertake cognitively demanding tasks
(Duncan, 2010). This network includes areas also known as the frontoparietal and cinguloopercular networks (Dosenbach et.al, 2008). We hypothesize that tasks requiring higher
cognitive effort will recruit parts of the MD network.
Methods: Here, we use HD-DOT to quantify source-localized cerebral blood flow in 7 healthy
young adult participants (age 23 ± 2.2 years; 6f) scanned two times in intervals of 1 to 5 weeks.
In each session, participants performed tasks such as passive listening to words (~4 min),
passive listening to clear and acoustically degraded short stories (~40 min), and a spatial
working memory task (~16 min) to localize the MD network. The stories were acoustically
degraded using noise vocoding, a digital signal processing approach that reduces spectral
detail but, under certain circumstances, preserves intelligibility. A total of 40 stories from the
Aesop’s children’s fables (~30 secs each, in a block design) were used across 4 runs.

Results: Listening to words tasks demonstrated bilateral activation in the superior temporal
gyri (STG) (Fig. 1a). In addition to bilateral STG, both clear and acoustically degraded stories
recruited additional areas in the frontoparietal regions (Fig. 1b, c). These areas are comparable
to the areas recruited as part of the spatial working memory task (Fig. 1d). Comparisons of
stimulus complexity (words vs. stories) and clarity (clear vs. noisy stories) show the recruitment
of higher-order brain regions such as the dorsolateral prefrontal cortex and inferior parietal
cortex for the more effortful conditions, suggesting the involvement of domain-general
processing such as the MD network.
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Introduction. The ability to discriminate human vocal sounds is a fundamental skill for social
and language development. Previous works in 3–7-month-old infants showed specialized
cortical responses to social cues emerging during this developmental period. Here, as part of
the Brain Imaging for Global Health (BRIGHT) project, we present data from a task assessing
the cortical responses to auditory social and non-social stimuli in a large cohort of Gambian
and UK 1-month-old infants. The aims of the current work are i) to describe the cortical
responses to auditory social and non-social stimuli in infants from two contrasting
environments and ii) to investigate whether socially selective responses are present at this age.
Method. Here we present data from the 1-month-old infants from the UK (N = 45) and The
Gambian (N = 150) cohorts. Infants were presented with social and non-social auditory stimuli
in a block design task extensively used in previous infant studies and adapted for this context
[1]. fNIRS measurements were acquired in infants during natural sleep, using an array covering
temporal and inferior frontal brain regions. Data preprocessing included pruning of channels
where signal quality was low [2] and motion artefact correction using spline interpolation and
wavelet de-noising. A spatiotemporal threshold free cluster enhancement method [3] was
applied to oxy- and deoxyhemoglobin hemodynamic response time courses to identify
channels showing significant responses to vocal or non-vocal stimuli and to contrast activation
patterns between the two conditions.
Results. In the UK cohort, significant responses to vocal stimuli were localized over three
posterior temporal channels in the right hemisphere. The non-vocal condition elicited
widespread activation over bilateral temporal region. Contrasts between vocal and non-vocal
conditions revealed larger responses to non-vocal stimuli in channels located in bilateral
posterior superior temporal regions. In The Gambian cohort, significant responses to the vocal
condition were less localized, but the strongest responses were observed in the same three
channels as in the UK sample. A widespread pattern of activation was observed for non-vocal
stimuli. Two channels, located in the right inferior frontal and anterior temporal regions
respectively, demonstrated selectivity for social stimuli (vocal > non-vocal).
Discussion. Results for the UK cohort resemble previous works using similar paradigms in
young infants, with larger responses to non-vocal vs. vocal stimuli being localised over
posterior superior temporal sulcus bilaterally. The pattern observed in the Gambian cohort
suggests less specialized responses over the same regions, while anterior channels of the
right hemisphere show socially selective responses. These early response patterns may help
shape the maturity of vocal specialisation observed in older infants in both groups. The distinct
patterns observed in Gambian and UK infants at this age will be explored further but could
suggest that this process may be altered by early acoustic experience, which likely differs
between rural and urban environments, and/or the differing family environmental contexts
across these two populations.
[1] Lloyd-Fox et al. Dev. Cogn. Neurosc. (2017).
[2] Pollonini et al., Biomed. Opt. Express, (2016).
[3] Smith and Nichols. Neuroimage, (2009).
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Introduction: Assuring a high fNIRS signal quality during data collection is essential to avoid
misinterpretations and false findings in the analysis. Moreover, an objective criterion for
evaluating fNIRS signal quality is required for reliable reproducibility of experimental findings.
Here, we present two novel algorithms - Signal Quality Index (SQI) [1] and Machine Learning
based Signal Quality Index (MLSQI) [2] - for quantitatively rating fNIRS signal quality on a
numeric scale from 1 (very low quality) to 5 (very high quality).
Methods: SQI comprises a preprocessing step followed by three consecutive rating stages, 1)
identifying very low quality signals, 2) identifying very high quality signals, and 3) signal quality
rating. MLSQI consists of the same preprocessing step, followed by two consecutive stages:
1) feature extraction, where 14 morphological and temporal features are extracted, and 2)
regression, where signal quality is estimated using a Gaussian Support Vector Machine
regressor. We validated the performance in both binary classifying the signal quality into “good”
and “bad” quality signals and in quantitatively rating the signal quality. We used an fNIRS
dataset, in which signal quality was annotated by human experts. We also compared their
performance with two state-of-the-art algorithms: SCI (Scalp Coupling Index) [3] and PHOEBE
(Placing Headgear Optodes Efficiently Before Experimentation) [4].
Results: MLSQI and SQI ratings showed a high correspondence with human experts’ ratings
in both binary and quantitatively rating fNIRS signal quality, in terms of accuracy ACC and
Pearson's coefficient of determination r2 (ACCMLSQI = 90% and r2MLSQI = 0.76 ; ACCSQI = 85%
and r2SQI = 0.70). In addition, both algorithms performed significantly better (all p < 0.01) than
the algorithms SCI and PHOEBE (ACCSCI = 59% and r2SCI = 0.45; ACCPHOEBE = 64% and
r2PHOEBE = 0.40).
Conclusion: The proposed SQI and MLSQI algorithms provide objective fNIRS signal quality
ratings, which highly correspond with human experts’ ratings. Their objective nature allows for
more consistent quality assessment across fNIRS studies, independent of researchers
expertise. The use of these algorithms contributes to increasing the reliability of statistical
analyses and reducing misinterpretations. Moreover, a quantitative rating provides more
resolution in the assessment of the signal quality than a binary approach. This is useful for
recordings where “good” quality signals are very hard to achieve but medium quality ones are
sufficient for analysis; or in studies where very high quality signals are desirable in order to
reliably and accurately represent the shape of the pulse waves in the signal by extracting time
domain features.
References:
[1] Sappia, M. S., Hakimi, N. et al. (2020). Biomedical Optics Express; 10.1364/BOE.409317
[2] Sappia, M. S., Hakimi, N. et al. (2021). International Society for Optics and Photonics;
10.1117/12.2587188
[3] Pollonini, L., et al. (2014). Hearing research; 10.1016/j.heares.2013.11.007
[4] Pollonini, L. (2016). Biomedical optics express; 10.1364/BOE.7.005104
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Introduction: Executive function (EF) skills that are foundational for outcomes in adulthood
develop rapidly in early childhood1. One theory has suggested that learning labels for visual
features and dimensions confers task-general skills that influence rule-use, categorization, and
priming2. Specifically, learning labels for visual features may form associations between label
representations and regions involved in object and object feature processing. In this way, label
learning may build a dimensional attention mechanism used to represent objects in flexible or
goal-directed ways. Dimensional labels become more important later when they are used in
tasks that measure EF. For example, the dimensional change card sort (DCCS) task tests
children’s cognitive flexibility using rules that verbally instruct children to sort by shape or color
and then to switch to the other rule. Typically, most 3-year-olds will fail to switch rules. The
relationship between dimensional label learning and measures of EF has not been previously
explored. Objectives: We used functional near-infrared spectroscopy (fNIRS) to measure the
neural mechanisms involved in the comprehension and production of dimensional labels and
dimensional attention at 33 months. We then tested the longitudinal relationship between these
measures of neural activation and later developing EF skills. We administered the DCCS and
flanker task, a measure of spatial selective attention, at 45 months. If the association between
early dimensional label learning and later EF is specific to
dimensional attention, then neural activation at 33 months
should predict performance on the DCCS but not the flanker
task. Methods: Twenty-five children completed both
sessions (18 girls). At 2 years, (M=33.4 months), children
completed production, comprehension, and matching tasks
for colors, shapes, and embedded shapes3. At 3 years,
(M=45.6 months), children completed the DCCS and flanker
tasks (Fig. 1). The fNIRS probe measured from left frontal and bilateral temporal-parietal
regions previously implicated in dimensional attention2. Results: Data were analyzed using an
image reconstruction pipeline based in NeuroDOT5. Our key results: We identified regions of
interest that were activated during the comprehension and production tasks at 2 years. We
observed a cluster of activation (HbO>HbR) in left middle frontal gyrus during these tasks (Fig.
2a). We then examined whether neural
activation at 33 months was predictive of
performance at 3 years. Activation in this
region at 2 years was positively associated
with DCCS but not Flanker performance at 3
years. (Fig. 2c). Conclusions: These results
suggest
dimensional
label
learning
selectively influences later dimensional attention. We anticipate that these results may serve
as a start for future work to implement learning as an intervention to influence later cognition.
References: 1. Moffitt et al. (2011). A gradient of childhood self-control predicts health, wealth,
and public safety. Proc. Natl. Acad. Sci. U.S.A, 108(7), 2693-2698. 2. Buss, A. T. & KerrGerman, A. (2019). Dimensional attention as a mechanism of executive function: Integrating
flexibility, selectivity, and stability. Cognition, 192, 104003. 3. Sandhofer, C. M. & Smith, L. B.
(1999). Learning color words involves learning a system of mappings. Dev. Psychol., 35(3),
668. 5. Forbes et al. (2021). Processing pipeline for image reconstructed fNIRS analysis using
both MRI templates and individual anatomy. Neurophotonics, 8(2), 025010.
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Abstract: Functional Magnetic Resonance Imaging (fMRI) is the preoperative gold standard
for identifying functional brain areas before a neurosurgery. However, after patient
craniotomy, a brain shift invalidates the relevance of neuronavigation to intraoperatively
localize the functional brain areas. Optical imaging provides an ideal solution for
intraoperative functional brain mapping because the analysis of the light absorption allows to
monitor the brain activity with quantification brain hemodynamics. We present the
methodology to compare functional brain maps obtained with a RGB camera during
neurosurgery to preoperative fMRI maps. Intraoperative optical brain maps showed a good
correspondence with fMRI (DICE=0.69 and Overlap=1).
Methods: fMRI data were acquired before neurosurgery and a RGB video was acquired
during neurosurgery [1] (the patient was awakened and had his cortex exposed). The motor
skills of the patient's left hand was tested with these two imaging techniques using a taskbased procedure (repetitive hand opening and closing). A multi-modality registration
procedure was set up to compare functional optical and MRI brain maps. These maps were
co-registered to an anatomical MRI (acquired preoperatively). First, a segmentation of the
preoperative MRI sequence was implemented to extract the cerebral cortex. Then, an affine
transformation was computed to the fMRI map on the MRI volume. Finally the optical brain
map was registered on the MRI volume based on data points obtained from neuronavigation
system and anatomical landmarks, see Fig. 1.
Fig. 1 – (A) Intraoperative
functional brain maps (in purple)
using RGB imaging [1] and
statistical brain mapping [2]. (B)
fMRI brain map (in blue). The
optical brain map is represented
in purple. The black contour
denotes the extent of the
surgical window in image A. The
letter M indicates the motor area
indentified by electrical brain
stimulation.
Results and Conclusion: Intraoperative optical brain maps showed a good correspondence
with fMRI (DICE=0.69 and Overlap=1). In the future these works will allow to improve the
detection of resting-state networks using RGB imaging [3].
This work was supported by the LABEX PRIMES (ANR-11-LABX-0063) of Université de
Lyon, within the program Investissements d’ Avenir (ANR- 11-IDEX-0007) operated by the
French National Research Agency and France Life Imaging (ANR-11-INBS-0006).
References: [1] C. Caredda et al. Neurophotonics 6(4), 045015 (2019), [2] C. Caredda et al.
Proc SPIE (2021). [3] C. Caredda et al. Submitted to J. Biomedical Optics (2021)
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Abstract: Although many studies have examined the location of the action observation

network (AON) in human adults, the shared neural correlates of action-observation and
action-execution are still unclear partially due to lack of ecologically valid neuroimaging
measures. In this study, we aim to demonstrate the feasibility of using functional near
infrared spectroscopy (fNIRS) to measure the neural correlates of action-observation
and action execution regions during a live task. Thirty adults reached for objects or
observed an experimenter reaching for objects while their cerebral hemodynamic
responses including oxy-hemoglobin (HbO) and deoxy-hemoglobin (HbR) were
recorded in the sensorimotor and parietal regions (Figure 1). Our results indicated that
the parietal regions, including bilateral superior parietal lobule (SPL), bilateral inferior
parietal lobule (IPL), right supra-marginal region (SMG) and right angular gyrus (AG)
share neural activity during action-observation and action-execution (Figures 2). Our
findings confirm the applicability of fNIRS for the study of the AON and lay the
foundation for future work with developmental and clinical populations.
Figure 1. Experimental
paradigm. (a and c) Baseline
condition (observing a moving
pendulum) (b) Action execution
(d) Action Observation.

a
b
c
d

Figure 2. HbO reconstruction
maps
for
Execution
and
Observation in the right and left
hemisphere.
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Abstract
Teacher-student interaction plays an important role in the learning process. Hyperscanning
studies have demonstrated evidence of brain synchronization of students and teachers during
interaction tasks (Holper et al. 2013). In an fNIRS hyperscanning study, Zheng et al. (2018)
found neural evidence of the teaching-transmission hypothesis, which proposes that the
student's state of knowledge is predicted by the teacher before any teaching occurs (Zheng et
al. 2018). In this work, we hypothesized that the teacher brain hemodynamic responses could
predict the brain hemodynamic of pre-scholars under a naturalistic interaction task. Thus, we
proposed a novel statistical approach to analyze fNIRS hyperscanning data. We trained ML
models using two estimation methods, one more conservative, which is the Ordinary Least
Square (OLS), and one more robust named support vector regression (SVR). The models
were trained with fNIRS signals from the prefrontal cortex (PFC) and temporoparietal junction
(TPJ) of teachers and students related to the first half period of the task. The signals related
to the other half of the task were used for prediction and tests. The results predicted by the
SVR model were statistically significantly correlated with the actual test data of at least one
fNIRS channel for all dyads. Overall, the predicted results of 29/90 channels across the five
dyads (18 channels x 5 dyads = 90 channels) were significant with the SVR approach. The
conventional OLS resulted in only 4 out of 90 valid predictions. These results demonstrated
that the SVR could be used to perform channel-wise predictions across individuals and give
evidence that the teachers' cortical activity can be used to predict the student brain
hemodynamic response. Here, we briefly present the study; more details about the
methodological approach, results, and discussion can be found in the published version
(Barreto et al. 2021).
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Abstract: The purpose of the current case study was to determine the influence of an 8-week
home intervention training utilizing a partial hand prosthesis on hemodynamic responses of
the brain and gross dexterity in a case participant with congenital unilateral upper-limb
reduction deficiency (ULD). The case participant (female, 19 years of age) performed a gross
manual dexterity task (Box and Block Test) while measuring brain activity (functional nearinfrared spectroscopy; fNIRS) before and after 8-weeks of home intervention training. During
baseline, there was a broad cortical activation in the ipsilateral sensorimotor cortex and a nonfocalized cortical activation in the contralateral hemisphere, which was non-focalized, while
performing a gross manual dexterity task using a prosthesis. After the 8-week home
intervention training, however, cortical activation shifted to the contralateral motor cortex while
cortical activation was diminished in the ipsilateral hemisphere. Specifically, the oxygenated
hemodynamics (HbO) responses increased in the medial aspects of the contralateral primary
motor and somatosensory cortices. Thus, these results suggest that an 8-week prosthetic
home intervention was able to strengthen contralateral connections in this young adult with
congenital partial hand reduction. This was supported by the case participant showing after
training an increased flexor tone, increased range of motion of the wrist, and decreased times
to complete various gross dexterity tasks. Changes in HbO responses due to the home
intervention training follow the mechanisms of use-dependent plasticity and further guide the
use of prostheses as a rehabilitation strategy for individuals with ULD.

Left dorsolateral PFC activation during inhibitory control for
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Background. Language processing primarily involves left temporal inferior frontal regions.
Increasing evidence suggests that the left dorsolateral prefrontal cortex (DLPFC) also plays a role
in language processing through connectivity with the left perisylvian language network (Hentrich
et al., 2021). While DLPFC is known to be recruited for general and linguistic inhibitory control, it
is unknown whether DLPFC is involved in language processing at the sound (phonological) or
meaning (semantic) level. Here, we use fNIRS to examine the role of DLPFC in the production of
phonologically and semantically related words compared to a non-linguistic inhibitory control task.
Methods. Participants. Preliminary data are from eight participants (5 female) between the ages
of 19 and 24 with no visual, hearing or neurological impairment or use of psychoactive drugs.
Word production task. We used a cyclic picture naming task in which participants said the name
of a series of four pictures that were phonologically (“puzzle”, “pillow”, “piano”, “perfume”) or
semantically (“leg”, “hand”, “ear”, “shoulder”) related. The four pictures were repeated 4 times in
different orders in 32-second blocks with 20-second baseline blocks before and after each block.
Flanker task. The flanker task was used to examine non-linguistic inhibitory control. Arrows were
congruent (>>>>>) or incongruent (><<><). The participant pressed either the left or right arrow
key to indicate the direction of the middle arrow. Flanker blocks lasted 16-seconds with 20-second
baseline blocks before and after each block. Four blocks of each condition (words, flankers) were
counterbalanced into six runs that varied by condition and six lists that varied by participant.
Probe and instrumentation. The probe had 10 sources and 20 detectors making up 24 long and
four short separation channels covering left and right frontal cortex. We used a TechEn CW6
system to record at 50Hz and 690/830 nm wavelengths.
Preprocessing and HRF estimation. Preprocessing involved pruning channels, converting
intensity to optical density, motion correction using spline interpolation method and SavitskyGolay filtering, low pass filtering (0.5 Hz), converting optical density to hemoglobin concentration
then using the general linear model with short separation regression to estimate changes in oxyhemoglobin (HbO) and deoxy-hemoglobin (HbR) concentration. We took the average
concentration across four channels covering DLPFC then conducted paired t-tests by condition.
Preliminary results. In left DLPFC, HbO was marginally significant for phonological but not
semantic blocks (t(7)=1.77, p=.06; figure 1) (not significant in right DLPFC (figure 2)). In left and
right DLPFC, HbO was not significantly greater for congruent or incongruent flanker blocks.
Discussion. These results suggest that left DLPFC may be unique to inhibitory control for
phonologically related words. This study helps to improve our understanding of the
hemodynamic changes that accompany spoken word production. This is important knowledge,
since fNIRS is uniquely flexible for real-word imaging, and communication is a fundamental
human behavior.
Figure 1: Word production in left DLPFC
Figure 2: Word production in right DLPFC

Robust Bayesian Gaussian Process for Hemodynamic Response
Function Deconvolution and Stimulus Amplitude Decoding
Zhengchen Caia, Giovanni Pellegrinob,d, Jean-Marc Linac and Christophe Grovaa,b,d
a

Department of Physics and PERFORM Centre, Concordia University, Montréal, Canada
b
Montreal Neurological Institute, McGill University, Montréal, Canada
c
Département de Génie Electrique, École de Technologie Supérieure, Montréal, Canada
d
Biomedical Engineering Department, McGill University, Montréal, Canada
zhengchen.cai@mail.concordia.ca

Background: Deconvolution aims at estimating the time course of Hemodynamic Response
Function (HRF) from a measured functional Near Infra-Red Spectroscopy (fNIRS) data. HRF
deconvolution is less sensitive to noise than the window averaging method, especially when
considering event-related design with overlapped hemodynamic responses (Aarabi et al.,
2017). Method: We introduce a novel HRF deconvolution method using the Bayesian
Gaussian process, which not only estimates the HRF but also decodes the stimulus amplitude
(i.e., neuronal activity) from fNIRS data. Gaussian processes (GP) were applied to model a
probability distribution of the HRF itself, which means each sample from a Gaussian process
is a whole time course of the HRF. Two more GPs were applied to model fNIRS signal drifting
and systemic physiological fluctuations. Temporally embedded Canonical Correlation Analysis
(tCCA, von Lühmann et al., 2020) involving short distance channels were applied to estimate
physiological noise, which was further used to regularize the GP physiological noise model
rather than just applying it as a nuisance regressor in General Linear Model (GLM) approaches.
The amplitudes of event stimuli were modeled as parameters instead of constant values
usually considered in GLM. Our deconvolution model was solved using a Bayesian approach
and evaluated by realistic simulations: 1) real resting-state fNIRS data were added as noise,
2) stimuli amplitudes/times (50 events) were represented by motor evoked potentials induced
by transcranial magnetic stimulations reported in our previous study (Cai et al., 2021). We
comprehensively assessed the performance of this proposed method and adapted the tCCA
method into the Bayesian framework for comparisons. The validation consisted of 28,800
evaluations including different HRF configurations, signal-to-noise ratios, deconvolution
methods, and model solvers. We further demonstrated the deconvolution performance by
applying it to fNIRS data acquired on one healthy participant during a visual ask. Results: Our
method allowed estimating a distribution of HRF (Fig.1a) rather than only the mean time course.
Hence, flexible statistical inferences can be conducted on any feature of interest (e.g., time to
peak, TTP). It provided accurate HRF deconvolution and stimulus amplitude decoding, and
outperformed an adapted version of the tCCA method, especially when dealing with low SNR
data. The application on a visual task showed typical HRFs and significant positive correlations
between event-related potential (ERP) amplitudes measured by electroencephalogram
(channel O2) and the estimated stimuli amplitudes by our method (Fig1.b). Conclusion: Our
original method not only provides accurate, robust, and flexible statistical inferences of the
HRF deconvolution but also decodes the stimulus amplitude from fNIRS data, which may serve
as an assessment of the integrity of neurovascular coupling at the time of neuronal activity.

Effective correction of physiological noise and head motion
artifacts with resting-state fNIRS data
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Abstract:
Introduction: Resting-state functional connectivity (RSFC) with functional-near infrared
spectroscopy (fNIRS) is a useful tool to study cortical connectivity across disease and
development1. However, the presence of motion artifacts and systemic physiology, including
cardiac, respiration, and blood pressure, and extracerebral signal changes in the fNIRS signal
can lead to incorrect statistical conclusions such as increased false positives (FP) and lowered
sensitivity to the underlying neural activity2. For example, shared systemic physiology between
fNIRS channels may lead to spurious correlations due to increased covariance between
channels. Moreover, the hemodynamic response (HR) and systemic physiology combined with
the high sampling rate of fNIRS can lead to temporal autocorrelation of the time series, also
producing spurious correlations2. Finally, motion corrupted timepoints, whether as spike or shift
artifacts also lead to false conclusions. fNIRS researchers must correct for these issues to
obtain statistically valid RSFC measures using this technique. Previous studies have shown
that pre-whitening and the use of robust methods are effective in reducing temporal
autocorrelation and motion artifacts respectively2. Additionally, the use of short separation (SS)
channels that capture signal changes originating in the scalp offers a solution to ameliorate
some of the problems with extracerebral signal changes in fNIRS data3. However, questions
remain about the effectiveness of principal component analysis (PCA) based prefiltering for
removing shared systemic physiology, and the effectiveness of these methods for time-lagged
connectivity metrics such as Granger causality (GC) is understudied.
Methods: In the current study, we used simulated data with a known covariance structure to
mimic the HR associated with neural activity. We then added shared physiological noise along
with spike and shift artifacts to mimic motion artifacts. We calculated zero-lag and time-lagged
connectivity metrics incorporating pre-whitening, robust statistics, and SS prefiltering. We used
FP rate plots and receiver operating characteristic (ROC) curves to assess the effectiveness
of these methods to correct for statistical errors.
Results: Our results using simulated data corroborate the use of robust statistics and prewhitening as effective methods to correct for motion artifacts and autocorrelation in the fNIRS
time series. More importantly, we found that using principal components extracted from SS
channels as covariates in partial correlations between channels was effective in reducing
spurious correlations due to shared systemic physiology. Finally, while our approach is also
applicable to GC metrics, it is not as effective in reducing the FP rate as with the zero-lag
connectivity metrics, especially in correcting for large head motion artifacts.
Conclusions: Our results suggest a combination of pre-whitening, robust methods, and partial
correlation for obtaining statistically valid connectivity metrics with fNIRS. Further studies
should test for the effectiveness of these methods using human data.
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Introduction: Human adults are skilled when required to adapt the pace of movements to
environmental constraints (e.g., walking with a toddler). This capacity to slow down the pace
of motor activities may be underpinned by cognitive control, while the production of fast
movements would rely on motor processes (Bobin-Bègue et al., 2006). Yet, the brain
correlates of temporal motor control is still largely unknown. A major limitation is the fact that
neuroimaging methods (i.e., EEG, fMRI) are very sensitive to motion artefacts, which renders
challenging the recording of cerebral activation during whole-body movements. Over the last
decade, the noninvasive imaging method of functional near-infrared spectroscopy (fNIRS) has
become the tool of choice in the study of brain functions for motor control (Leff et al., 2011).
Objectives: The aim of the present study was to examine prefrontal and motor activity during
the execution of motor tasks (i.e., circle drawing and walking) performed under different time
constraints. We examined the hypothesis that walking would lead to larger cerebral
oxygenation over the motor areas when compared to circle drawing because of the need to
control whole body musculature. In addition, it was hypothesized that slow pace would lead to
more prefrontal activation when compared to medium and fast paces, especially during the
walking task due to its phylogenetic nature.
Methods: To control for the automaticity of motor behaviors, two tasks were used: a classic
upper-limb task (i.e., circle drawing) and whole-body movements (i.e., steady-state walking).
These two tasks were implemented in a sensorimotor-synchronization paradigm with trials
performed at fast (i.e., 300 ms), close-to-spontaneous (i.e., 600 ms), and slow paces (i.e., 1200
ms). Brain activity was recorded over the bilateral primary motor and prefrontal cortices (i.e.,
orbitofrontal and dorsolateral regions) because of their involvement in inhibitory control.
Results: The walking task led to greater bilateral primary motor oxygenation than the circledrawing task (p = .010, ηp2 = .47). Action production at slow pace yielded more bilateral
orbitofrontal (p = .012, d = 0.98) and left dorsolateral activation (p = .002, d = 1.22) when
compared to action production at close-to-spontaneous and faster paces; this pattern was
observed in the walking task only. Notably, a positive correlation was found between the
prefrontal and motor regions oxygenation for the close-to-spontaneous pace (rorbito = .73, porbito
= .002, rdorso = 75, pdorso = .001) and this was true in both tasks.
Conclusions: Collectively, our findings confirm the role of prefrontal cognitive control when
slowing down the pace of movements. The brain mechanism for inhibiting spontaneous motor
pacing are particularly salient in phylogenetically old movements like walking.
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Motivation: The decline of working memory (WM) is a major problem of healthy aging. Transcranial
photobiomodulation (tPBM), as an emerging neuromodulation technique, has shown beneficial effect
on improving memory performance in healthy adults. However, the effect of repeated tPBM on
improving WM in healthy older adults are not yet completely understood. This study aims to
investigate the effect of seven days of repeated tPBM on improving WM performance of healthy
older adults, compared to one day of tPBM and baseline sham stimulation, as well as the evaluation
of persistent effect after repeated tPBM.
Methods: A total of 61 right-handed healthy older adults participated in this study. They first received
a 12 min of sham tPBM on the left dorsolateral prefrontal cortex (dLPFC) and then immediately
finished an 8 min of N-back working memory task (N=1, 2, and 3) as baseline WM test. For the
following tPBM session, there included seven-day successive active tPBM (1064 nm) stimulation
once one day, during which two N-back working memory tasks were administrated on the first (day
1) and seventh (day 7) day separately after tPBM. Finally, to investigate the persistent effect of
repeated tPBM on WM improvement, N-back WM tasks were administrated on the first, second, and
third week following the repeated tPBM. Response
time and accuracy rate were evaluated for each WM
task on all participants.
Results: Repeated tPBM significantly improved
accuracy rate and significantly decreased response
time during 3-back WM as compared to that at the
baseline sham and one day of tPBM stimulation
(Error! Reference source not found.). Furthermore,
repeated tPBM induced persistent improvement of
WM performance until the third week after stimulation,
as shown that the accuracy (e.g., 3 back) for the period
of follow-up 3 was significantly higher than that at the
baseline sham period, and meantime had no
significant differences with the repeated stimulation
(Error! Reference source not found.).
Conclusion: These results demonstrated that oneweek repeated tPBM positively benefits high task
demanded WM, and produce benefitable effect on
retaining the improvement of WM. These findings
provide pivotal guidance for developing new strategy
with near-infrared light-based neuromodulation
technique to improve WM function in older adults in
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Introduction: Autism spectrum disorder (ASD) is a group of neurodevelopmental disorders
characterized by impaired social communication and restricted and repetitive behavior. Language,
as a fundamental part of human interaction, has been found to be impaired in ASD. It is
well-documented that individuals with ASD tend to display reduced or absent leftward hemispheric
dominance in response to speech and vocal sounds. However, it is still unknown what specific
linguistic and phonological component is driving the observed altered brain lateralization.
Objectives: The present study has three objectives. The first was to explore the feasibility of using
near-infrared functional imaging (fNIRS) to measure brain function of speech-impaired preschoolers
with ASD. The second was to verify whether atypical hemispheric lateralization for language can be
replicated in autistic individuals who speak Mandarin Chinese as their native language. The third
was to explore what linguistic and phonological components of the vocal stimuli are potentially
contributing to the atypical lateralization in ASD.
Methods: The participants included 10 children with ASD (age M =4.70, SD =1.27) and 11
age-matched TD children (age M =5.55, SD =1.81). The experiment was carried out using an
ETG-4000 near-infrared instrument (Hitachi, Japan). Each child accompanied by their parents was
instructed to watch self-chosen muted cartoon while ignore the sounds, wearing a 3×11 fNIRS cap
covering the bilateral temporal and frontal lobes. The auditory stimuli were presented via
headphones at a comfortable volume. Four stimulus conditions were included of which the linguistic
content was systematically reduced: a Chinese story (native speech normal), the same Chinese
story with word order scrambled (native speech scramble), a Russian story (non-native speech) and
a piano piece by Mozart (music). The stimuli were presented in 9 blocks, with each block contains
four 15 second trials. These four conditions were ordered randomly within blocks.
Results: Left and right temporal lobe were chosen as regions of interest (ROIs). The response
measure was obtained by averaging 12 channels located in each ROI for statistical analysis. We
observed that the overall activation in the left hemisphere was greater than that in the right
hemisphere. The group×condition×ROI interaction was not significant. Planned two-way ANOVA
for each group showed significant condition×ROI interaction in the TD group but not in the ASD
group. Specifically, a leftward preference was observed for normal native speech processing in the
TD group, whereas no hemispherical asymmetry was found in the ASD group.
Discussion: This preliminary study demonstrated feasibility of using fNIRS to measure brain
function in speech-impaired preschoolers with ASD. Although the left lateralization for language
processing was observed in the preschoolers from neural level without active listening, the
lateralization appeared to be specific to listening to native prototypical speech, suggesting that
children’s leftward lateralization might be mainly driven by higher-order semantic activation or
meaningfulness rather than phonetic content or speechness. The absence of leftward hemispheric
lateralization in the ASD group aligns with previous research which supports the linguistic
universality of this phenomenon. Nonetheless, atypical lateralization in ASD was observed only for
the native prototypical speech but not other vocal or non-vocal sounds, which might reflect impaired
automatic processing of semantic coherence.
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Abstract: Vision is critical when interacting within the environment in our daily life, such as
when driving along a busy road or passing the ball to a teammate in football. However, these
tasks often require us to shift our attention, and thus gaze location, between different locations.
This alters the availability of visual information, thereby placing emphasis on extra-retinal input
to update a spatio-temporal representation of moving objects. In such situations, it has been
suggested that predictive processes operating in pre-frontal cortex (PFC) provide an important
source of extra-retinal input that help maintain normal perception and control of gaze location.
In addition, it has been reported that efferent and/or afferent input from upper limb movements
can facilitate control of gaze when pursuing a moving object that is temporarily out of sight. In
this study, we examined control of gaze location and activity in PFC when pursuing a moving
object with the eyes alone or with eye and upper limb. We also varied the level of cognitive
demand by introducing a secondary visuospatial memory task. This study in neurotypical
healthy adults is intended to provide a better understanding of oculomanual coordination and
then pave the way to the foundation for further study in populations known to have
sensorimotor control disorder.
Methods: Participants performed dual-task pursuit in ocular and oculo-manual conditions (see
Fig.1A for details). There were three blocks per condition (colour, position, or control), each
comprising 24 trials. Eye movements were recorded using an EyeLink 1000 and then analysed
to determine the contribution of smooth pursuit and saccades. Brain activity was measured
using near infrared spectroscopy (Brainsight, CW, 18 channels and 2 short distance) with
optodes located above the bilateral PFC (Fig. 1B). Using this optode arrangement we
determined relative haemodynamic changes and functional connectivity within PFC as a
function of condition and cognitive demand.

Fig 1: A) Representation of dual-task pursuit. The primary task is to pursue an object that moves from left
to right, disappears, and then reappears at more or less advanced location. When the object disappears, a
secondary visuospatial memory task is presented (coloured or black squares). The participant makes a
judgement regarding the reappearance location of the primary object and whether the position / colour of
the squares of the secondary task has changed. B) Representation of the fNIRS template, with the receivers
(blue) and transmitters (red) and resulting channels (purple - mainly DLPFC (BA 9 and 46); pink - mainly
Frontopolar area (BA 10).
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Abstract: This study explores the novel use of functional Near Infrared Spectroscopy
(fNIRS) for the assessment of operators’ mental workload performing robotic teleoperation
tasks. Manipulating a teleoperating arm involves a set of complex mental (hand eye
coordination, precision, action-feedback loop, etc.) as well as physical processes (the
operator will need some physical force to move the robotic arm). The aim of this study is to
evaluate the reliability and suitability of using fNIRS for mental workload observations in
realistic teleoperation settings. Our preliminary findings (see Figure 1) indicate observable
changes in brain activity during teleoperation using two identical Franka Emika Panda arms
and show that fNIRS is indeed a suitable technique for evaluating operators’ mental workload
during teleoperation tasks.
Introduction. fNIRS has been successfully deployed in different research fields such as
human-computer interaction (HCI) to obtain objective brain activity data for mental workload
assessment of users interacting with technology [1,2]. Monitoring brain activity can have
considerable impact in human robot interaction (HRI) for designing systems that can support
teleoperators in tasks with high complexity and cognitive demands. fNIRS offers a
non-invasive and objective approach for monitoring workload that could be applied in natural
settings (in contrast to fMRI) [1,2]. In this work, we build on previous research done with
fNIRS in HCI [1,2] and further expand and evaluate the challenges of deploying fNIRS in the
area of HRI. The objective of this research is to evaluate the reliability of mental workload
assessments using fNIRS during teleoperation, a process involving more physical
movements and artefacts compared to simply interacting with a computer.
Method. We have designed an experiment with 3 study conditions (counterbalanced): (1)
participants performing a series of difficult trajectory teleoperation tasks of moving a ring on a
wire, (2) participants performing just movement artefacts and (3) a baseline of rest.

Figure 1:The fNIRS measurement (collected using the Artinis Octamon sensor) shows a considerable
increase in brain activity for a teleoperation task compared to the rest baseline.

Results. Preliminary data recorded in this study shows variations in brain activity indicated
by fNIRS between the complex robotic teleoperation task, the movement artefacts as well as
the rest baseline (Figure 1 shows the changes in haemodynamic response during the
teleoperated task as well as at rest). We will further investigate the sensitivity and reliability of
the measurement and build a list of guidelines of applying fNIRS in future teleoperation
studies focused on assessing operators' mental workload.
Acknowledgements: This study is funded by CHIST-ERA and EPSRC (EP/S033718/2).
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BACKGROUND: Transcranial photobiomodulation (tPBM), as an emerging light-based brain
modulation technique, has shown great potential in improving working memory (WM) performance
of healthy old adults. However, the neural physiological mechanism of tPBM on improving WM
performance and its persistent efficacy remains largely unknown.
METHODS: Sixty-one healthy old adults (age = 64.74 ± 5.73 years) were recruited to receive a
baseline sham stimulation, subsequently successive seven days of active tPBM, and then three
weekly follow-up tests without stimulation (Figure 1). Working memory (WM) task (digit n-back
including conditions of 1,2,3 backs) was performed on baseline sham session, the first (Day1) and
seventh (Day7) day during tPBM and the following up session, during which functional near-infrared
spectroscopy (fNIRS) imaging was simultaneously utilized to record cerebral hemodynamic changes
on each participant. Brain activation during the active tPBM or the follow-up sessions were compared
to that during the sham period to demonstrate the neural changes of tPBM on improving WM and
the persistent efficacy.
Figure 1 Experimental settings. A) Photograph
of the laser aperture above the left forehead of
a participant. B) Schematic diagram of the
experimental procedure. D1 and D7 meant the
1st and the 7th day stimulation.

RESULTS: First, the tPBM took effect on higher WM load conditions (3-back). Second, tPBM
induced decreased brain activation in the right dorsolateral prefrontal cortex and supramarginal
gyrus. Third, repeating tPBM led to a larger spatial expansion of decreased activation compared to
that on one-day stimulation (Figure 2A). Finally, the decreased cerebral activation sustained one
week after the successive stimulation (Figure 2B).

Figure 2 Activation changes on 3-back condition
during D1/D7 (A) and follow-ups (B), compare to
the sham session. The 20th second during the
task block were selected to present. Colors on
the brain templates indicate the t values. Line
colors on the line charts indicate the sessions.

CONCLUSIONS: These findings reveal that the tPBM takes effect on more difficult task, and its
underlying neural basis could be the remission in the compensatory brain activity. With seven days
of repeated tPBM, such effect expanded to broader brain regions. Moreover, improved functions in
language processing related regions (AG and SMG) may play a key role in WM enhancement.
Collectively, the current study deepens the understanding of the neural mechanism underpinning the
cognitive enhancement induced by tPBM.
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Abstract:
Functional
near
infra-red
spectroscopy (fNIRS) is a well-known method
for monitoring neural activity of a subject. The
accuracy of an fNIRS system highly depends
on the light source used to emit near infra-red
(NIR). The modified Beer-Lambert law
(MBLL), the process of converting the voltage
levels obtained from the light detectors to
changes in hemoglobin levels, assumes that
the light source is composed of two or more
single wavelength beams. As it is nearly
impossible to obtain a single wavelength light
source, an error term is generated while
assuming that the light sources have single
wavelengths. This research focuses on the
error caused by this assumption and
identifying the ideal center wavelengths for
minimized error. A simulation has been
Fig. 1 Hemoglobin correlation for
processed where the MBLL is applied to two
wavelength pairs
beams with different center wavelengths
being assumed to be single wavelength and the correlation with the original hemoglobin level
changes are obtained. Results are shown in [Fig. 1], expressing the wavelength pairs where
the correlation value was nearly one in white, and generally the correlation value was higher
for narrow spectra. This research can be utilized as guidelines for selection of fNIRS light
source wavelengths, and the method can also be applied to more than two wavelengths.
Methods: Spectra of NIR from a typical dual wavelength NIR LED, with center wavelengths
750nm and 850nm, after passing through the frontal lobe has been obtained through a
calibrated spectrometer. An accurate hemoglobin level was obtained from this process
through mean square regression with minimum error over the range of used wavelengths.
From a range from 500nm to 1000nm, two ideal NIR beams with different center
wavelengths were simulated. Cases for gaussian shaped spectrums and square spectrums
were also compared. The spectrum shape change over time was calculated based on an
arbitrary hemoglobin level change over time. The intensity sum of each beam was assumed
as if it was the intensity of a light source with a single wavelength. The MBLL was applied to
recalculate the hemoglobin level changes from the calculated NIR intensity levels and has
been compared via correlation with the original hemoglobin level change to find the optimal
center wavelengths.
References, acknowledgements (optional): This research has been funded by the Agency
for Defense Development and Defense Acquisition Program Administration (UD210018ID)
from South Korea.
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Introduction: To meet specific needs, consumers often construct context-specific (ad hoc)
product categories that often span across multiple nominal product categories. Functional
near-infrared spectroscopy (fNIRS) was used to investigate whether recent advances in the
cognitive neuroscience of semantic memory can illuminate priming effects in consumer
psychology, with a specific focus on how brand-name product exposure during ad hoc category
construction primes two-alternative forced choice (2AFC) purchase intention behavior. We
hypothesize that hemodynamic response (HR) at study in prefrontal cortex (PFC) and anterior
temporal lobe (ATL) will differ as a function of whether the same ad hoc category was
constructed twice or whether two different ad hoc categories were constructed. We also
hypothesize that HR at test in PFC and ATL will depend upon the ad hoc category study
manipulation of the brand-name products. Finding HR differences that depend on the ad hoc
category manipulation can have implications for how brand-name products are marketed to
consumers.
Methods: In the study phase, participants used brand-name
products to construct context-specific categories (see figure 1)
that were either the same (i.e., same condition) or different (i.e.,
different condition) across two instances. In the test phase (i.e.,
2AFC task), participants were presented a brand-name product
Figure 1. Elmer’s glue and
from the study phase along with a different brand-name product
Imperial sugar from the ad
from the same narrow product category and decided which of the
hoc category “things that
two brand-name products they would rather purchase.
are white”.
Results and Conclusions: In left PFC, but not right PFC, there was greater activity in the
different condition than in the same condition during study and there was greater activity in the
same condition than in the different condition during test. This is in line with prior research, in
which left PFC is the locus for semantic processing (Lambon Ralph et al., 2017). In bilateral
ATL, there was greater activity in the different condition than in the same condition during study
and there was no difference between conditions during test. This is in line with prior research,
in which bilateral ATL is the locus for nominal content and representational content from ad
hoc categories (Lambon Ralph et al., 2017). These differences in HR across PFC and ATL
provide support for the distinction of process and content. Limitation of the current blocked
design was that HR for individual behavioral trials at study could not be linked to the HR for
individual behavioral trials at test. Given that less neural activity is indicative of the lingering
presence of processing fluency and/or greater representational activation, this pattern of
hemodynamic activity demonstrates that the category versatility or flexibility inherent in the
construction of two different context-specific categories at study was more likely to transfer
processing or representational activation benefits to later purchase intention behavior. Future
consumer psychology research could benefit from incorporating insights from the cognitive
neuroscience approach to the study of semantic memory.
References: Lambon Ralph, M. A., Jefferies, E., Patterson, K., & Rogers, T. T. (2017). The
neural and computational bases of semantic cognition. Nature Reviews Neuroscience, 18(1),
42–55. https://doi.org/10.1038/nrn.2016.150
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Introduction: The use of functional near-infrared spectroscopy (fNIRS) has grown
exponentially over the last 20 years. This has been largely due to significant advances in
instrumentation and software. What has not kept pace is the development of tools for optical
signal analysis. One of the most common approaches to data analysis in brain sciences is
block averaging, which involves calculating the mean change in oxygenated hemoglobin
concentrations (HbO) over a time window. A limitation of block averaging is that the temporal
dynamics of the hemodynamic response function (HRF) is lost because it collapses data over
time. Hence, it may lose temporal information about the HRF. Tensor decomposition is a
powerful signal analysis method that has been used to analyze electroencephalogram data to
do signal processing and analysis. Tensor decomposition examines the interactions between
multiple dimensions of the data (e.g., temporal, spatial, etc.) and extracts the main components
that compose the underlying dynamics. Tensor decomposition can overcome the limitations of
block averaging by identifying temporal patterns from the multidimension fNIRS signals.
Objectives: The goal of the current study was to provide support for the use of tensor
decomposition for effective fNIRS data analysis. We hypothesized that tensor decomposition
(i.e., canonical polyadic decomposition and Tucker decomposition) could replicate the results
from block averaging and find additional significant hemodynamic response (HR) patterns that
block averaging might have missed.
Methods: Analysis was performed on an fNIRS dataset (Biondi et al., 2016) that examined
infants’ ability to distinguish between two agents (i.e., human or mechanical entity) when
performing a dynamic event (i.e., a tool used or not used for its purpose). First, a four-way
tensor with time × frequency × channel × subject modes was constructed from the HbO. Next,
canonical polyadic decomposition was used on the four-way tensor. Tucker decomposition
was used on a similar three-way tensor (without the frequency mode). Next, 2 (agent) × 2
(event) ANOVA tests and background knowledge were used to select significant contributing
components. Finally, the selected components were combined and used to demonstrate the
significant HR patterns as a function of agent, event, and the Agent × Event interaction.
Results and Conclusions: Results from canonical polyadic decomposition and Tucker
decomposition were compared to results from block averaging (Biondi et al., 2016). Both
canonical polyadic decomposition and Tucker decomposition found similar results as block
averaging. They found additional significant main effect of agent at an earlier time point, which
block averaging missed. Although tensor decomposition indicated useful additional information
on this dataset, more testing is needed to confirm the generalizability of the approach. Findings
suggest that tensor decomposition is a promising approach to analyze fNIRS data and has
potential to improve traditional signal analysis approaches, such as block averaging.
References: Biondi, M., Boas, D. A., & Wilcox, T. (2016). On the other hand: Increased cortical
activation to human versus mechanical hands in infants. NeuroImage, 141, 143-153.
https://doi.org/10.1016/j.neuroimage.2016.07.021
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Abstract:
Significance: NIRS enables researchers to track neurodevelopment from infancy to adulthood.
Commercial NIRS instruments do not allow for whole-head coverage and do not intrinsically
indicate which brain areas generate the NIRS signal. Hence, the challenge is to design sourcedetector channel arrangement that maximizes sensitivity to a given brain region of interest
(ROI). Existing methods for optimizing channel placement design have been developed using
adult head models. Thus, they have limited utility for developmental research. Aim: The
present study aimed to build an application from an existing toolbox (“fOLD”) that guides NIRS
channel configuration based on age group, stereotaxic atlas, and ROI (“devfOLD”). Approach:
The devfOLD provides NIRS channel-to-ROI specificity computed using photon propagation
simulation with realistic head models from infant, child, and adult age groups. Results: The
devfOLD toolbox is publicly shared (https://github.com/nirx/devfOLD). There are between-age
consistency as well as differences in the channel-to-ROI correspondence among the example
infant and adult age groups. As examples, Figure 1 shows comparisons among the original
fOLD estimation using the original fOLD SPM12 head template and our age-specific group
averages (“3Months”, “6Months”, and “Adults”) for channels sensitive to the left inferior frontal
gyrus (LIFG) and the left superior occipital gyrus (LSOG). The channel placements were
identical across the adult template and the three averages for the LIFG, but inconsistent across
head models for the LSOG. Conclusions: The study highlights the importance of incorporating
age-specific head models for optimizing NIRS channel configurations.

LIFG

LSOG

Fig 1. Three-dimensional displays the source-detector channel configurations for the left
inferior frontal gyrus (LIFG) and the left superior occipital gyrus (LSOG). The channel-to-ROI
specificity for 3-month, 6-month, and 20-24-year age groups was estimated by averaging age
group results computed from individual head models. The specificity threshold was set to 15%.
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Abstract: We mainly utilize the visual and auditory information as cues to infer other’s
emotions. Previous neuroimaging studies have shown neural basis of memory processing
based on facial expression, whereas few studies have examined that based on speech cues.
We aimed to investigate neural basis on working memory processing during auditory emotional
judgement by brain activation while the subject was performing working memory tasks on
emotional information of speech voices in comparison with those on gender information of the
stimuli by using functional near-infrared spectroscopy (fNIRS).
Methods: Thirty right-handed, healthy volunteers (13 males and 17 females, Mean age 21.83
± 0.97 years, range 20-24) participated in this study. We used a multichannel fNIRS system,
ETG-4000 (Hitachi Corporation, Tokyo, Japan). Due to the sensitivity of Δ[oxy-Hb], we
analyzed Δ[oxy-Hb] data. The sampling rate was set at 10Hz. Task: Participants performed Nback task whose stimuli were speech voice including emotional and gender information. The
cognitive load consisted of 0-, 1-, 2-back. Participants performed Emotion N-back task to judge
the emotional information and Identity N-back task to determine gender information. Data
preprocessing: For each participant’s timeline data, we band-filtered with range of 0.0107 to
0.1 Hz. fNIRS data analysis: We fit the baseline for task period (from 13 s after the start of
task to the end) with mean value of 10 s before the instruction. We performed one sample ttest against zero on those values to evaluate the significance of brain activation. In 2-back
condition, accuracy rate was the lowest and reaction time was the longest. Therefore, for brain
activation analysis, we used data of the 2-back condition in the emotion and identity task, which
was considered to give the most adequate cognitive load.
Results & Discussion: Our results showed that different brain activation patterns were
observed between the two tasks. During the Emotion N-back task, there was significant
activation in frontal area including the right precentral gyrus and the right inferior frontal gyrus.
These regions are known as an attentional network in auditory top-down processing (Braga et
al., 2013). On the other hand, during the Identity N-back task, there was significant activation
in temporal area including the left supramarginal gyrus and the left postcentral gyrus. These
regions play an important role of a short-term auditory memory (e.g., Gaab et al., 2006). These
results suggest that when judging emotions, a judgment strategy of paying more attention to
speech voice has to be required. Based on these results, we could provide new insights into
the physiological mechanics in emotional judgements based on auditory information. For the
future work, it would be possible to apply our findings to clinical diagnosis for some diseases
associated with deficits of emotional judgements. A variety of clinical studies have shown
disorders to be associated with difficulties in making emotional judgements (e.g., Dalili et al.,
2015). We expect that the creation of biomarkers associated with difficulties in making
emotional judgements based on speech cues would contribute to early intervention and to
providing criteria for selecting appropriate treatments.
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Abstract: Depressed patients often accompany comorbidity, such as the autistic-like trait. In
Japan, cortical activation obtained with functional near-infrared spectroscopy (fNIRS) has
been approved to help the diagnosis of depression. However, no studies have established
the method to diagnose depressed patients who have autistic-like traits based on cortical
activation. In this study, we aimed to classify control subjects, depressed patients with high
autistic-like traits, and those with low autistic-like traits based on the cortical activation
obtained with fNIRS.
Methods: To estimate the degree of autistic-like traits, autism-spectrum quotient score (AQscore) (Baron-Cohen et al., 2001) is often used. In this study, we used the Japanese version
of the AQ-score measurement method (Wakabayashi et al., 2004) to evaluate patients’ AQscores. When patients’ AQ-scores were more than or equal to thirty-three, then they were
defined as AQ-high. When patients’ AQ-scores were lower than thirty-three, then they were
defined as AQ-low. We used the cortical activation data for sixty-six subjects (20 AQ-high, 23
AQ-low, and 23 control subjects) during the verbal fluency task (VFT). VFT has been utilized
as a supplementary tool to differentiate the feature of cortical activation between controls and
psychiatric patients such as schizophrenia (Takizawa et al., 2008). All data were acquired
using fNIRS (ETG-4000, Hitachi Co., Japan). We focused on the oxygenated hemoglobin
values in the prefrontal area as features because of its sensitivity. We adopted four standard
machine learning methods: k-nearest neighbors, linear discrimination analysis, decision tree,
and support vector machine. The hyperparameters for all methods were optimized by
bayesian optimization with 100 iterations. While performing the hyperparameter optimization,
we used leave-one-out cross-validation to maximize the classification accuracy.
Results & Discussion: Classification using k-nearest neighbors yielded the highest overall
accuracy: 81.82% (other indicators are shown in Table). These results indicated that it would
be able to detect the autistic-like trait in the depressed state with high probability, based on
prefrontal cortical activation. We need to examine with larger samples for future clinical
applications.
Table. Recall and Precision for AQ-high, AQ-low, and Control by k-nearest neighbors (%)
AQ-high

AQ-low

control

Recall

90.00

60.87

95.65

Precision

81.82

87.50

78.57

References:
Baron-Cohen et al. (2001). Journal of Autism and Developmental Disorders, 31, 5–17.
Wakabayashi et al. (2004). The Japanese Journal of Psychology, 75, 78–84.
Takizawa et al. (2008). Schizophrenia Research, 99, 250–262.

A new framework for understanding cross-brain coherence
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Despite the growing body of fNIRS hyperscanning studies, we argue that the assessment of
coupling between two neural signals using wavelet transform coherence (WTC) seems to
ignore the directionality. What the field is currently missing is a framework that allows to
determine whether a high coherence value obtained using a WTC function reflects: in-phase
synchronization, lagged synchronization (reflects role changing between social partners), or
anti-phase synchronization (neural activation is increased in one subject and at the same time,
neural activation is decreased for the other subject). To address this need we propose a
complementary and more sensitive approach for analyzing the coherence of two neural signals.
Our toolbox allows for examining coupling directionality by classifying phase angel values into
in-phase synchronization, lagged synchronization and anti-phase synchronization. Our toolbox
also allows to examine how the dynamics of interactions develop and change throughout the
task. We believe this novel approach and the toolbox will advance our understanding of WTC
in fNIRS hyperscanning studies.
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Abstract: There are two main methods for assessing audio quality: physical method and
subjective method. In particular, the subjective method is considered to reflect mental process
of listeners when they are listening to audios. However, the subjective method is often affected
by cognitive bias derived from listeners’ expertise of musical activity and their beliefs for
evaluated audios (Schinkel et al., 2013). Therefore, we focused on brain functional connectivity
by which we could present an objective reliable evaluation method to supplement the current
non-quantitative method for subjective assessment of audio quality. Many brain regions are
involved in multiple functions to connect each brain region because of complex human
behavior (Duncan, 2010) including subjective assessment of audio quality. Thus, in this study,
we examined brain functional connectivity associated with mental activity and cognitive
processing during subjective assessment of audio quality, and introduced the usefulness of a
new subjective assessment of audio quality for listeners.
Methods: 10 participants (8 males and 2 females, mean age 21.4 ± 0.2 years, range 21-23)
who had no experience playing instruments participated in this study. We used a multichannel
fNIRS system, ETG-4000 (Hitachi Corporation, Tokyo, Japan). Due to the sensitivity of oxyHb signal, we analyzed oxy-Hb signal. The sampling rate was set at 10Hz. Task: Participants
performed one baseline session and three evaluation sessions. At the baseline session
(90sec), participants listened to white noise. At the three evaluation sessions, participants
listened to different musical sources (each 300sec). For each evaluation session, we used two
versions of stimuli: high-quality and low-quality musical sources. We randomized the order of
three evaluation sessions, but presented musical sources alternately between low- and highquality. fNIRS signals during each session were recorded separately. Data Preprocessing:
For each participants’ timeline data during baseline session and evaluation sessions, we bandfiltered with the range of .04 to .05 Hz. We calculated cross-correlation coefficients, r, between
the all channel pairs for each signal during baseline session and evaluation sessions. We
transformed these r-values to z scores, and subtracted z scores for baseline from that for each
signal of both qualities. Then, we performed paired t-test for these subtracted z scores between
audio qualities.
Results & Discussion: We observed functional connectivity possibly related to working
memory (dorsolateral prefrontal cortex (DLPFC) – the left frontopolar area, DLPFC – the right
temporal polar area) for low-quality than high-quality (Barbey et al., 2013). Also, we observed
functional connectivity related to comparing music and other audios (the left superior temporal
gyrus – the right superior temporal gyrus) for low-quality than high-quality (Santosa et al., 2014).
These results suggested different functional connectivity between low and high quality audio,
which would help us establish a reliable supplemental method for evaluating audio quality.
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Abstract:
Background:
Attention-Deficit/Hyperactivity
Disorder(ADHD)
is
a
common
neurodevelopmental disease and approximately 15% of youths with ADHD still meet full
diagnostic criteria in adulthood[1]. Many previous studies have shown that comorbid conduct
disorder(CD) is a predictor for ADHD persistence into adulthood[2]. While few studies have
investigated the underlying brain mechanisms. Thus herein we turn to objective measures of
the brain and we hypothesized that brain regions with disrupted FCs in adult ADHD were
correlated with CD symptoms in children with ADHD.
Methods: Using functional near-infrared spectroscopy (fNIRS) with 80 channels, we first
assessed the difference of resting-state functional connectivity (FC) between 98 persistent
adult ADHD and 40 age-, gender- and IQ-matched healthy control across the whole-brain.
Then, FC between these brain areas with significant group differences in adults was
calculated in 173 children with ADHD(age range:72-205month). To this end, we conducted a
Spearman correlation analysis between these FC and the CD scores of the NICHQ
Vanderbilt ADHD screen. Finally, considering the potential confounding effect of other
comorbidities, we further repeated the analysis after excluding other comorbidities except for
CD with the Clinical diagnostic interview scale (CDIS).
Results: Adult with ADHD exhibited significant increased FCs within left dorsal attention
network(DAN_L), between DAN_L and right default mode network (DMN_R), between
DAN_L and right dorsal attention network(DAN_R), between left visual network(VN_L) and
right somatomotor network (SMN_R), and between VN_L and DAN_R. Notably, in children,
all FC in these regions were positively correlated with CD symptoms. The association of FC
and CD scores still existed in our sensitivity analysis after removing the samples with other
comorbidities.
Discussion: In this large sample size study, we provide functional neuroimaging evidence
that higher scores in CD might be a risk factor for ADHD persistence into adulthood and the
disrupted FC in the posterior cerebral might be one of the underlying mechanisms. However,
longitudinal studies are needed to validate the results in the future.
References:
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hyperactivity disorder: a meta-analysis of follow-up studies. Psychol Med. 2006
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Abstract
Broadband near-infrared spectroscopy (bNIRS) is a novel technique that provides measures
of cerebral energy metabolism, through measurement of the oxidation status of mitochondrial
enzyme cytochrome-c-oxidase (oxCCO), alongside haemodynamic measures that are
obtained by conventional fNIRS.
Motivation: The feasibility of fNIRS has made it an increasingly popular neuroimaging tool in
the field of developmental neuroscience and psychology to study brain development and
specialization of brain function. However, conventional fNIRS measures provide a snapshot of
only one part of the neurovascular coupling (NVC) pathway and less work has been done to
understand NVC mechanisms and their role in cortical specialization. In real-world systems,
effective distribution of energy resources is fundamental, and it is important to understand how
the brain, being a biological system, is shaped by energy supply and utilization. bNIRS allows
the opportunity to investigate energy metabolism and understand its role in shaping the brain.
Methods: 42 4-to-7-month-old typically developing infants were studied during functional. The
experimental paradigm consisted of social and nonsocial visual and auditory stimuli (previously
used [1]). bNIRS measurements were made using an in-house system developed at UCL [2]
and consisted of 4 white light sources and 14 detectors (forming 19 measurement channels).
Infants wore custom-built headgear with 10 channels positioned over the occipital cortex and
9 channels over the right hemisphere (source-detector separation 2.5 cm). The array over the
right hemisphere was positioned according to a NIRS-MRI co-registration map. Δ[HbO2],
Δ[HHb] and Δ[oxCCO] were calculated using changes in attenuation of light at 120
wavelengths between 780-900nm using the UCLn algorithm. The mean response in the 14 –
18 s time window was used to combined oxCCO with haemodynamics in order quantify two
indices. These indices reflect the extent of concurrent energy supply and utilization (relative
power or rPWR) and their mismatch (relative cost or rCST) [3,4]. One sample t-tests were used
to localize the regions with significant hemodynamic-metabolic coupling or decoupling.
Results: Data from 25 infants were included and Figure 1 shows the group level maps of the
channels where a statistically significant rPWR was observed. Coupling between
haemodynamic and metabolic activity was observed to be regionally specific, associated with
the areas involved in the processing of the social and non-social stimuli.
Discussion: The results from this study show evidence of functional activation related
coupling of haemodynamic and metabolic activity healthy, awake infants. Further, these
measures identify unique regional networks of activation that were not observed in the
channel-wise spectral data.
References:
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Figure 1: Activation maps resulting from the
group-level one sample t-test against 0
performed on the rPWR values for HbO2 (E,
G) and for HHb (F, H)

NeuroJSON and future of fNIRS data sharing, integration, and
automation
a

Qianqian Fanga and Edward Xua
Northeastern University, Department of Bioengineering, Boston, MA 01864, USA
Corresponding author e-mail address: q.fang@neu.edu

Abstract:
Introduction: With the quick advances in fNIRS technology and its clinical translation,
standardization of fNIRS measurement data and file formats now lies at the forefront of the
community’s agenda to ensure that future fNIRS measurements can be easily shared and
reused. We have contributed to the development of SNIRF (Shared Near Infrared File
Format) - an HDF5-based hierarchical data format to store fNIRS and associated auxiliary
data recordings. However, HDF5 is a complex file format, requiring specialized libraries and
sophisticated programming interfaces to access and manipulate data, creating a high barrier
for adoption among less-experienced users. Also, the bulky libraries prevent embedded
hardware, found among many fNIRS devices, from directly writing raw data in such a format.
In addition, HDF5 is not directly human-readable, less efficient in storing lightweight data,
and lacking a database-like query interface. A lightweight, human-readable data exchange
format that is fully compatible with SNIRF can greatly ease future fNIRS data sharing.
Aims: Here we introduce NeuroJSON - a project recently funded by the National Institute of
Health (NIH) - to develop a set of standardized, lightweight, human-readable, web-friendly
and database-ready data interchange formats based on the ubiquitously supported JSON
format to facilitate future integration of multi-modal neuroimaging data, including fNIRS data.
Methods: A diagram showing the overall design of the NeuroJSON data exchange
framework can be found in Fig. 1. On the file/stream level, NeuroJSON uses internationally
standardized JSON (ISO/IEC 21778:2017) and binary JSON files to store hierarchical
datasets, making the data not only human-readable, but also readily parsable in almost all
programming languages. On the data-structure level, we developed the JData Specification
to create an unambiguous interface to enable storage of strongly-typed binary data and other
complex data structures in JSON. On the data semantics level, we create a set of easy-touse JSON “wrappers”, building on top of JSON/JData annotations, to losslessly represent
widely used neuroimaging data files, including JNIfTI for storing NIfTI-1/2 files, JSNIRF for
SNIRF/HDF5 files, JMesh for unstructured graphics and mesh data, etc. On the dataset level,
we are working on mapping the entire BIDS (brain imaging data structure) data structure into
a JSON-based representation.
Results: We have published the initial specification drafts for JData, JSNIRF and JMesh on
our portal (http://neurojson.org) and cordially invite fNIRS users and developers to comment
and adopt; in addition, we have also released lightweight libraries for MATLAB (JSONLab),
Python (pyjdata, pybj) and JavaScript (jsdata)
to conveniently support NeuroJSON files in
applications. The use of JSON makes it
readily available to use NoSQL hierarchical
databases to share, disseminate and query
large fNIRS/fMRI/multi-modal datasets. This
framework also permits neuroimaging/fNIRS
modeling tools, such as FreeSurfer, SPM,
HOMER, BrainAnalyzIR, to work in tandem,
ushering us towards building fully-automated,
complex analysis pipelines.
Conclusion:
The
NeuroJSON
data
exchange framework builds the foundation
for future scalable storage and integration of
large complex datasets. We invite the fNIRS
user community to join this effort.
Figure 1. NeuroJSON framework diagram.
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Introduction: Growing needs towards monitoring neural activities in natural environments
have led the fNIRS community to explore a modular fNIRS probe design due to its
wearability, flexibility in coverage, and high channel density. A number of modular fNIRS
probes have been reported and characterized, however, most of these systems were based
upon rigid and flex-rigid circuit boards that can not fully conform to the head surface. Creating
a head-conforming, low-profile and fast-to-setup modular fNIRS system is strongly desired for
applications where long-term wearability is needed.
Methods: Using our modular optode configuration analyzer (MOCA), we have performed a
systematic exploration of the numerous design parameters needed for describing a generic
fNIRS module [1], and designed a new modular optical brain imaging (MOBI) system
featuring unique diamond-shaped bendable fNIRS modules. Each diamond module contains
three dual-wavelength sources (735 and 850nm) and two detectors, resulting in 6
intra-module source-detector (SD) channels ranging
from 8 to 30 mm. The use of flexible circuit boards
improves optode-scalp coupling through surface
conformity (Fig. 1A). Greatly reduced headgear setup
time can be achieved through the use of a
peer-to-peer serial network that automatically detects
the module connection topology and optode locations
of any probe configuration, combined with real-time
3-D orientation measurements of each module via
on-board inertial measurement units (IMU).
Results: Our MOBI system was validated against a
commercial fNIRS system (Brite23, Artinis) in a
two-pressure blood occlusion experiment of the arm
(Fig. 1C). Data from the 30mm channels was captured
simultaneously at 20 (MOBI) and 10 Hz (Artinis).
Venous (100 mmHg) and arterial (220 mmHg)
occlusions lasted 75 seconds each prior to release.
Fig. 1D shows the expected increase of oxy- and
deoxy-hemoglobin
during
venous
occlusion.
Additionally, Fig. 1D shows that the two systems
capture both the negative correlation between HbO
and HbR during arterial occlusion (due to muscles
depleting blood oxygen during occlusion of arterial
blood) as well as the hyperemia peak when the
occlusion is released.
Conclusion: We have validated our diamond-shaped,
wearable MOBI modular system against a fiber-based
commercial fNIRS system, demonstrating the ability to
use flexible-circuit-based modules for physiological
monitoring.
[1] Vanegas, M., Mireles, M., Fang, Q., “Designing, optimizing, and assessing modular
functional near-infrared brain imaging probes using an automated software workflow”,
bioRxiv (preprint) 2021.04.06.438705, doi:10.1101/2021.04.06.438705

Looking at each other causes entrainment of spontaneous activity
of the brain and body physiology between subjects: A systemic
physiology augmented functional near-infrared spectroscopy (SPAfNIRS) hyperscanning study
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Background and aim: Functional near-infrared spectroscopy (fNIRS) enables measuring
brain activity of two subjects while they interact, i.e. the hyperscanning approach. In our
exploratory study we tested an extension of the classical fNIRS hyperscanning approach by
adding systemic physiological measures. The new approach we term “systemic physiology
augmented fNIRS (SPA-fNIRS) hyperscanning”. In our study we aimed to test SPA-fNIRS
hyperscanning with an experimental paradigm involving blocking and not blocking the visual
communication between the subjects.
Methods: Twenty-seven pairs of subjects participated in the experiment (mean age: 32.1
years, age range: 18-65 years, 24 males, 30 females). The paradigm consisted of two subjects
that sat in front to each other and had their eyes closed for 10 min, followed by a phase of 10
min where they made eye contact. Brain and body activity were measured continuously by
SPA-fNIRS. Intra biosignal coupling over the two conditions was assessed with the wavelet
transform coherence (WTC). The WTC of the biosignals were filtered into four frequency bands
and the brain-physiology coupling analyses was performed by correlating the time-dependent
WTC of the fNIRS and systemic physiological signals in the same frequency bands.
Results and Discussion: Our study shows that making eye contact for a prolonged time
generally causes an increase in brain-to-brain coupling (e.g. [tHb] in the low frequency band
(LF, 0.015–0.15 Hz)) and characteristic changes in the body-to-body coupling (e.g. an increase
of the hart rate and decrease in the temperature of the left wrist (Temp (left)) in the very low
frequency band (0.002–0.08 Hz)). In addition, several significant temporal relationships
between fNIRS and systemic physiological signals were identified (e.g. the correlation between
[HHb] and Temp (left) during the eye contact was higher compared to when the visual
communication was blocked). This indicates that eye contact is followed by entrainment of the
physiology between subjects. Subjects that knew each other generally showed a larger trend
to change between the two conditions.
Conclusions: The study revealed that eye contact leads to significant synchronization of
spontaneous activity of the brain and body physiology. Our study is the first that employed the
SPA-fNIRS approach and showed its usefulness to investigate complex interpersonal
physiological changes.
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Introduction: Cardiopulmonary bypass (CPB) provides a means of extracorporeal support
during life-saving cardiac surgery in neonates with congenital heart defects. Although blood
flow and oxygenation received by the patient is controlled during CPB, poor neurological
outcomes are still associated with CPB [1]. We focus on mild hypothermic CPB (MH-CPB)
(34°C), which is expected to decrease metabolism, lowering the risk of neurological injury. To
this end, we collected non-invasive optical cerebral hemodynamic data in a neonatal swine
model.
Methods: One-week-old, female swine (n=41, 3-5.5 kg) were continuously monitored during
three hours of MH-CPB. During this time period, frequency-domain diffuse optical
spectroscopy (FD-DOS) and diffuse correlation spectroscopy (DCS) were used to monitor total
hemoglobin concentration (THC), cerebral tissue oxygen saturation (StO2), and cerebral blood
flow (CBF) [3]. Oxygen extraction fraction (OEF) and cerebral metabolic rate of oxygenation
(CMRO2) were calculated using the optical data and arterial blood samples [3]. The optical
data were normalized relative to baseline measurements made just prior to CPB initiation. A
Wilcoxon signed-rank test was used to assess changes from baseline in hourly-averaged data.
Results: During MH-CPB, significant increases in THC and StO2 were observed, as well as
significant decreases in OEF and CMRO2. There was no change in CBF (Figure 1).
p=0.54 p=0.21 p=0.11
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p=0.63 p=0.0081 p=0.0072

p=4.3e-4 p=6.7e-6 p=3.9e-6

Figure 1. Boxplots of hourly averages of optical metrics versus time on MH-CPB with
corresponding p-values.

Discussion: As expected, metabolism was suppressed during MH-CPB, but the degree of
suppression varied widely across animals. We will compare this variability in metabolic
suppression to variability in invasive microdialysis metrics of brain injury in this cohort.
References:
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Introduction: Attention is a central aspect of cognition that guides processing in a goaldirected fashion by selecting, enhancing, or shifting to task-relevant information. The current
study focuses on one particular element of attention: dimensional attention. This form of
attention is important when particular object dimensions, such as shape or color, are relevant
to a task. Dimensional attention can be examined implicitly through similarity-based
judgements or explicitly through rule-based tasks. One process that has been implicated in
how children use attention is labelling of object features or dimensions [1]. Vales and Smith
(2015) found that knowledge of labels (e.g., “red” or “circle”) facilitated 3-year-olds’ ability to
find a target in a visual search task [2]. This finding suggests that labels can help guide attention
to task relevant information. Thus, to understand how learning labels impacts dimensional
attention, the current study investigated how the quality of label learning, assessed via
measures of the neural dynamics involved in the comprehension and production of
dimensional labels, predicts performance in explicit and implicit dimensional attention tasks.
Methods: We used functional near-infrared spectroscopy (fNIRS) to measure hemodynamic
changes in left frontal, left parietal and left temporal cortices previously implicated in
dimensional attention while 3.5- to 4.5- year-olds completed dimensional label comprehension
and production tasks and a battery of dimensional attention tasks [3]. Dimensional attention
was measured using an explicit attention task (the dimensional change card sort task), a
dimensional priming task which measures implicit attentional stability, a matching task which
measures selective attention, and the triad classification (TC) task which measures children’s
implicit object categorization.
Results: Performance on the dimensional attention tasks was positively associated with
activation in the parietal cortex during the dimensional label learning tasks. On the other hand,
performance on the dimensional attention task was negatively associated with activation in the
temporal cortex and ventrolateral prefrontal cortex during the dimensional label learning tasks
(see Figure 1).
Conclusion: The current study found that children who are successful in dimensional attention
tasks show different neural markers in the dimensional label learning task when compared to
children who performed poorly in the dimensional attention task. These findings show that label
learning influences dimensional attention. Further research is needed to better understand the
developmental shifts of label learning and their implications on dimensional attention
performance.
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B

Figure 1. Summary of activation during
the dimensional label learning tasks for
low (A) and high (B) dimensional
attention performers
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Introduction: Concussion has shown alterations in a variety of modalities including, but not
limited to, fNIRS, EEG, ECG and Accelerometers. Current protocols using sequential
measurements of these modalities demand significant time requirements from
participants. Moreover, current protocols are unable to evaluate the relationship between each
modality. Here, we describe the benefits and hurdles of our four-modality integration.
Protocol considerations: Each modality had specific requirements that dictated our paradigm
choices. 8-minutes of fNIRS data were collected in order to reliably evaluate low-frequency
oscillations . In order to collect reliable cardiovascular metrics, a standing task is commonly
used to introduce a sympathetic response that more sensitively delineates differences between
controls and clinical populations. Moreover, ANS dysfunctions may be highlighted. The inclusion
of a standing task, led us to explore the possibility of using embedded accelerometers within our
fNIRS systems . These accelerometers are traditionally used exclusively for the removal of
movement artifacts. During the revision process of our recent manuscript, we received feedback
to incorporate waist-mounted accelerometer for comparison. Modifications to our protocol were
also made to accommodate event-related potentials (EEG).
Conclusions: Despite these challenges, the advantages of simultaneous acquisition of multiple
modalities are numerous. We were able to decrease our total data collection time from 111
minutes to 48 minutes. This time reduction can greatly decrease project cost, particularly in
clinical settings. Relationships between cardiovascular, motor, neurophysiological and
hemodynamic responses may provide new insights into the physiological underpinnings of brain
function.
[1]

[2]
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Abstract: Early childhood sees the emergence of multiple cognitive skills as children learn to
control and regulate their behavior, commonly referred to as executive functions (EF). In this
project, we used functional near-infrared spectroscopy (fNIRS) to measure the neural
mechanisms of EF development in 46 2-year-olds (22 boys). Neural measures with this age of
participants have previously been extremely challenging with other technology and typically
limited to a short data recordings or passive tasks. We administered a battery of tasks that
examined different aspects of EF. The Simon task was used to measure spatial selective
attention, an object matching task was used to measure object-based attention to visual
dimensions (i.e., shape and color), and a snack delay task was used to measure inhibitory
control. We examined how neural activation was associated with performance across these
tasks. Although data collection was interrupted due to the Covid pandemic, we are currently
testing these children longitudinally now at 4 years of age. Our results revealed dissociable
neural mechanisms associated with these different aspects of EF. Performance on the Simon
task was associated with increased activation in a right frontal-parietal network. Performance
on the matching task, however, was associated with increased activation in left frontal-temporal
network. Lastly, performance on the snack delay task was associated with stronger
connectivity between bilateral parietal cortices.
Methods: In the Simon task, children were instructed to make a left/right response to images
of either a cat or a dog. The location of the stimulus was manipulated such that it could appear
spatially congruent or incongruent with the location of the response or at a neutral central
location. Thus, this task requires inhibiting processing of the spatial location of the stimulus. In
the object matching task, children were shown two objects that were either the same color or
shape. Children were then shown an array of 6 objects and told to “pick one that is the same
as these” (referring to the two matching objects initially shown). This task requires children to
selectively attend to the common feature of the two objects in order to select the appropriate
object from the test array. In the snack delay task, children were told to wait to eat a snack until
the experimenter rang a bell. The snack was placed under a clear cup in front the child, and
the child was instructed to wait for increasing durations of time before eating the snack. This
task requires inhibitory control to prevent engaging in a rewarding behavior before it is
appropriate to do so. fNIRS data were collected with a TechEN CW7 system. The fNIRS probe
covered bilateral frontal, temporal, and parietal cortices. Data were analyzed using an imagebased pipeline based in NeuroDOT1.
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Introduction: Brief (≤15 seconds) common carotid artery (CCA) compression is a simple and
reproducible method to assess cerebral autoregulation with transcranial doppler ultrasound,
wherein the transient hyperaemic overshoot in the middle cerebral artery (MCA) is indicative
of intact autoregulation1. However, the impact of CCA compression on the hemodynamic and
metabolic properties of the cerebral microvasculature remains poorly understood. Key to
understanding this affect is having technology that quantifies dynamic perfusion and metabolic
changes in the cerebral microvascular bed. Methods: A non-invasive hybrid optical system
combining diffuse correlation spectroscopy with broadband near-infrared spectroscopy (NIRS)
was used to measure the blood flow index (BFi) and tissue oxygen saturation (StO2) during 15
s of CCA compressions in three young, healthy adults. Participants laid quietly in supine
position with the probes placed on their forehead over the right frontal lobe, along with
continuous monitoring of arterial pressure (finger photoplethysmography) and heart rate
(electrocardiogram). Student’s t-tests were used to compare the average responses during
CCA compression to 15 s of baseline (i.e., immediately pre-compression). The transient
hyperemic response ratio1 (THRR) was determined as the average ratio of the 15 s hyperemic
BFi and StO2 responses after release of compression to the respective 15 s baseline. For
context, healthy MCA THRR is reported around 1.40.2 Preliminary results indicate that 15 s
of CCA compression did not significantly alter mean arterial pressure (Δ4 ± 3 mmHg; P = 0.12
vs pre-compression) or heart rate (Δ-1 ± 3 bpm; P = 0.64). CCA compressions appeared to
decrease oxy-hemoglobin (-5.6 ± 2.8 ΔμM; P = 0.07; Fig 1a), StO2 (-1.7 ± 0.3%Δ; P = 0.01;
Fig 1b), and BFi (-50.3 ± 9.1%Δ; P < 0.01; Fig 1c). Deoxy-hemoglobin increased during CCA
compressions (1.2 ± 0.1 ΔμM; P < 0.01; Fig 1a). All participants experienced a hyperemic
response in BFi immediately following the release of CCA compression, as evident by a THRR
value of 1.24 ± 0.19. In contrast, StO2 did not show hyperemic responses (THRR = 0.99 ±
0.01). In conclusion, CCA compressions are a fast, easy, and strong perturbation for
assessing cerebral autoregulation with optics. These results demonstrate the potential
importance of directly measuring cerebral blood flow instead of StO2 for assessing dynamic
cerebral autoregulation.
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Fig 1. Representative figure from one participant (healthy male) including time-course data of changes
in oxy- (HbO2) and de-oxy- (Hb) hemoglobin (Fig A), oxygen saturation (StO2; Fig B), and changes in
the cerebral blood flow index (BFi; Fig C) in the frontal cerebral microvasculature during 15 s of ipsilateral
common carotid compression. The start and release of carotid compressions is illustrated by grey boxes.
References: 1Smielewski, Stroke 27.12 (1996): 2197-2203. 2Cavill, Br. J. Anaesth. 81 (1998): 317–321
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Introduction: Pulmonary hypertension (PH) is a disorder caused by the loss of pulmonary
pre-capillary arterioles from vasoconstriction, vascular remodeling, or lung destruction. This
loss results in increased pulmonary vascular resistance (PVR). PH is diagnosed by cardiac
catheterization, which also includes a trial of treatment with inhaled nitric oxide. We assessed
whether PH treatment induces changes in cerebral hemodynamics, either via direct effect or
via improved cardiac output. Diffuse optical neuromonitoring methods allowed noninvasive
assessment of oxygen extraction fraction (OEF) and cerebral blood flow (CBF).
Methods: Patients undergoing cardiac catherization for pulmonary hypertension were eligible
for inclusion. Catheterization consisted of baseline hemodynamic assessment as well as
measurement after treatment with 100% oxygen and 40 ppm of inhaled nitric oxide (iNO). PH
was defined as measured indexed PVR of > 3.5 indexed Woods units. A response to
vasodilator medications was defined as indexed PVR reduction by 15% after treatment with
iNO and oxygen. Patients were divided into three groups: (1) no PH, (2) unresponsive PH to
vasodilators, and (3) PH responsive to vasodilators. Optical neuromonitoring assessments
were performed continuously for the duration of the pediatric PH protocol. Neuromonitoring
consisted of frequency-domain diffuse optical spectroscopy (FD-DOS) and diffuse correlation
spectroscopy (DCS) to measure cerebral OEF and CBF. Baseline cerebral hemodynamics
were compared to values after pulmonary vasodilator treatment as percent changes in OEF
and CBF. The mean changes in OEF and CBF due to treatment with 40 ppm iNO and 100%
FiO2 were compared between the three group. Pearson’s correlation coefficient was
calculated to compare changes in PVR with changes in OEF and CBF.
Results: Twenty-three children were included in the study (9 without PH, 6 with unresponsive
PH, and 8 with responsive PH). The median OEF change with vasodilator therapy was -5.4
(IQR [-6.4, 1.7]); the median change in CBF was 1.6 (IQR [3.1, 7.9]). The three groups did not
differ in their responses to vasodilator therapy (OEF: p=0.29 and CBF: p=0.28, Figure 1).
Changes in OEF and PVR were not correlated with severity of PH (Figure 1).

Figure 1. Association of diffuse optical biomarkers with presence, severity, and improvement
of PH. Red gradient on scatter plot indicates severity of PH based on baseline PVRi; darker
colors indicate higher severity.
Conclusions: We performed a pilot clinical study using diffuse optics to assess for cerebral
effects of pulmonary vasodilator medications. Our results demonstrate that there is no
significant correlation between changes in PVR and the cerebral hemodynamic effect of
vasodilator treatment. Large cohort studies are required to further investigate the relationship
between PVR and cerebral hemodynamics in this patient population.

Independence hemispheric specialization for language production
and visuospatial attention: evidence from fNIRS imaging
Gao ding Jia, GuangFang Liu, and Haijing Niu
State Key Laboratory of Cognitive Neuroscience and Learning, Beijing Normal University,
Beijing, China
Corresponding author email address: (niuhjing@bnu.edu.cn)
Introduction: A crucial question regarding functional lateralization of the human brain is how
they interact with each other [1,2]. As two primary lateralized functions, language production
and spatial attention are essential candidates to explore such mechanisms. A few studies on
left-handed participants have revealed that the lateralization of the language production was
causative in directing that of the spatial attention [3]. However, the effect of handedness on
this relationship still lacks further evidence. Here, we investigated whether the degree of
laterality index of language production correlated with that of spatial attention on a group of
right-handed participants and predicted that a significant correlation would preserve if the
"causal" relationship is universally correct.
Method: Imaging data from 56 healthy college students (34 females; 22 ± 2.02 years old) were
recorded with an 80-channel fNIRS system covering the whole head. Both picture naming and
landmark tasks were conducted for each participant. The picture-naming task consisted of 12
blocks, and each block contains 5 pictures presented 4 s with 1 s interstimulus interval. The
landmark task consisted of a task and control condition, with each condition having 6 blocks.
Each block consisted of 12 trials presented 1.6 s with a 200 ms interstimulus interval. Each
trial consisted of a horizontal line pre-bisected by a short vertical line. The difference between
the two conditions was that the vertical line contacted the corresponding horizontal line in the
task condition, while it did not contact in half of the trials in the control condition. Participants
needed to determine whether the vertical line bisected the horizontal line in the middle (i.e.,
task) or contacted the horizontal line or not. We focused on the oxygenated hemoglobin (HbO)
concentration data. After motion artifact correction with splineSG algorithm, an individual
laterality index of each task was calculated according to the differences of mean HbO response
over four regions of interest, i.e., the left and right frontal/temporal-parietal conjunction areas,
each having four channels. Then we applied a Pearson correlation analysis to the degree of
laterality index of each task to examine if they were significant correlated with each other.
Results & Discussion: Brain response patterns differed
in tasks, with the picture-naming task favoring the left
hemisphere and the landmark task favoring the right
hemisphere (Fig. A). The two distinct distribution patterns
of the laterality index suggested a population bias of
language production and spatial attention (Fig. B, left). The
laterality index of the two tasks did not correlate with each
other (Fig. B, right). Thus, combining with previous findings
on left-handers, we speculated that handedness could be
critical in studying the interaction pattern between
lateralized cerebral functions. The existence of such
differences might inform theoretical accounts of
developmental functional lateralization.
References
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Introduction: As a non-invasive brain stimulation technique, transcranial photobiomodulation (tPBM)
uses lasers or LEDs to increase energy metabolism and further improve cognitive function. However,
the effect of tPBM on different cognitive loads of working memory has not been investigated yet.
Moreover, previous studies primarily focused on behavioral improvement elicited by tPBM. Few
studies have investigated the changes in neural activity, especially in the brain network after tPBM.
We combined the functional brain networks and cognitive difficulties to investigate the resting-state
networks’ topological reorganization changes, the working memory improvement of different
cognitive loads and their relationship induced by tPBM, using functional near-infrared spectroscopy
(fNIRS).
Methods: Twenty-two healthy young participants first received an active (1064 nm laser) or sham
tPBM over the left prefrontal cortex. Subsequently, the resting-state fNIRS signals were collected for
each participant after the tPBM. Following that was a behavioral test with different cognitive load (1,
2, and 3-back) to examine the effect of tPBM on different cognitive load. Accuracy and reaction time
were recorded during the active and sham tPBM. The tPBM-induced changes of behavioral
performance and the functional brain networks were examined. Finally, the relationship between
tPBM-induced behavioral performance changes and the functional brain networks’ alterations in
resting-state was evaluated.
Results & Discussion: Compared to the sham stimulation, active tPBM increased the accuracy and
decreased the reaction time in the 3-back condition (Fig. 1). As to the alteration in functional brain
networks, the active tPBM, compared to the sham one, did not influence functional connectivity but
changed the network properties. It increased the
normalized clustering coefficient, small-worldness, and
global efficiency, while decreased the normalized characteristic path length (Fig. 2). Moreover, changes in
normalized characteristic path length and global
efficiency were negatively and positively correlated with
accuracy changes on the 3-back task (Fig. 3). Taken
together, the functional brain network topological
reorganization may underlay working memory performance induced by tPBM,
particular in the higher
cognitive load. The current
study helps clarify the
underlying cognitive mechanisms of the functional brain
network reorganization under different cognitive load induced by tPBM.
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Introduction: Cerebral asymmetry is a cardinal feature of functional organization in the human
brain and an important biomarker of successful brain development. Studies have
demonstrated that functional network asymmetries across hemispheres undergo significant
development through childhood and adulthood. However, it remains unknown when such
asymmetries of functional networks emerge and how they develop across the early months of
infancy. To address this issue, we adopted multiple-channel functional near-infrared
spectroscopy (fNIRS) imaging to record spontaneous brain activity in 56 healthy infants aged
3 to 9 months. We then adopted a graph-theory analysis approach to quantify topological
characteristics of each hemispheric network in each participant. We predicted that cortical
functional network asymmetry should occur after 6 months of life as language ability develop
rapidly during this period.
Method: Resting-state data from thirty-five 3-to 6-month-old infants (23 males, aged 3.07 to
5.63 months, M ± SD = 4.35 ± 0.90) and twenty-one 6-to 9-month-old infants (16 males, aged
6.10~9.83 months, M±SD = 7.79 ± 1.19) was recorded. After obtaining a reliable hemodynamic
change in oxygenated hemoglobin (HbO) and deoxygenated hemoglobin (HbR), we first
constructed the hemispheric functional networks based on the fNIRS imaging data for each
infant, then we computed efficiency-related network parameters utilizing the graph theoretical
approaches to quantify the topological characteristics. Finally, we measured the asymmetries
in these parameters within each group.
Results & Discussion: We found that the infants older than 6 months exhibited obvious
leftward asymmetries in both global and local network efficiencies, but such leftward
asymmetries were not found in the 3- to 6-month-old infants. Further analysis in hemispheric
brain revealed that rapid increase of network
efficiencies was observed in the left hemisphere
but not in the right hemisphere (Fig.1), which led
to developmental increase of leftward asymmetry
during the period. When measured by nodal
efficiency, two groups of infants, namely 3-to 6month and 6-to 9-month, both showed leftward
asymmetry in the regions of frontal lobe,
temporal lobe and parietal-occipital association
areas, yet developmental increase in such
leftward asymmetry was only found in the frontal
cortex(Fig.2).These
findings
collectively
demonstrate that the functional asymmetric
organization has emerged in early infancy, which
lays a critical foundation for the development of
language and social cognition in early life.
Fig.1Between-group differences in the hemispheric networks.
(A-B) Group comparisons in the AI of the global efficiency
(𝐸𝑔𝑙𝑜𝑏 ) and local efficiency (𝐸𝑙𝑜𝑐 ). (C-D) Group comparisons in
the global efficiency and local efficiency within each
hemisphere. p<0.1,*p < 0.05, **p < 0.01.
Fig. 2 Asymmetry of regional nodal efficiency. (A) Asymmetry
of nodal efficiency within each age group. (B) Between-group
difference in the AI of nodal efficiency. Each sphere represents
a node within the hemisphere and the red spheres indicate the
significant left-lateralized positions.
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Abstract: Dyslexia is a neurodevelopmental disorder characterized by difficulties in acquiring
age-appropriate literacy skills. Adults with dyslexia are found to have lifelong problems with
literacy skills and psycho-social skills (i.e., increased anxiety and low self-efficacy)1. For the
most part, remediation approaches consist of SKILL-based training (i.e., targeting reading and
spelling skills), and while there is some success for these remediation approaches in children,
adults do not show the same magnitude of effect 2,3. So, an alternative to the SKILL-based
training would be to focus on specific goals outlined by people with reading difficulties, which will
be referred to as the GOAL-based training.
Aim: This study will examine the behavioural (reading and spelling performance), psycho-social
behavior (self-efficacy and anxiety), and neural (functional connectivity) patterns associated with
SKILL- and GOAL-based training in adults with dyslexia.
Methods: Adults with dyslexia (N=30) will be recruited to take part in an 8-week training study.
Baseline assessments will include behavioral (reading comprehension and self-efficacy,
anxiety) and physiological measurements using functional near-infrared spectroscopy (fNIRS)
(i.e., task-based and resting-state sequences). Participants will then be randomly assigned to
one of the training groups: SKILL-based (N=15) or GOAL-based (N=15). A post-intervention
assessment (after 8 weeks) and a follow-up assessment (after 3 months) will be conducted for
both training groups and will consist of the behavioral and fNIRS measures taken at baseline.
Analysis: Behavioral (response time and accuracy in reading fluency and comprehension, and
the psycho-social measures) and functional connectivity measures (network strength using
graphical models) will be assessed between baseline and both post-assessment and follow-up
periods.
Expected results: We expect training-related changes in brain networks associated with
literacy (SKILL-based and GOAL-based), salience (GOAL-based), and emotional regulation
(GOAL-based). We anticipate brain-behaviour relationships, in brain regions that are
commensurate with each of the training modules (e.g., fusiform gyrus - improved print
awareness; amygdala - reduced anxiety).
References, acknowledgements (optional): 1 Eloranta et al (2019), Scientific Studies of
Reading, 23(4); 2 Gray et al. (2018). Reading and writing, 31(1), 75-98; 3 Heim et al.
(2015). Brain Structure and Function, 220(4), 2191-2207.
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Abstract: Japanese is the most distantly related language to English, in terms of morphology,
phonology, and syntactics. Hence, acquiring English as a second language should cause great
difficulty for Japanese. In order to reveal cognitive aspects of the acquisition of English as a
second language for Japanese, we investigated brain activations while participants translated
English words into Japanese and vice versa (Shinozuka et al, 2021). The Participants were
divided into two groups, namely the advanced or the elementary in their English proficiency.
As results, we found that cognitive processing of advanced learners were different from those
of elementary learners, depending on translation direction and the familiarity of words used as
stimuli. In the advanced group, no regions were activated while translating high-familiarity
words regardless of translation direction. However, prefrontal and temporal regions including
the Wernicke’s area were activated when translating low-familiarity words, especially in
Japanese-into-English direction. On the contrary, in the elementary group, the left temporal
regions including the superior temporal gyrus (STG) were activated, irrespective of either
translation direction or word familiarity. These results would reflect different cognitive
processes depending on English proficiency: the lexical route for the advanced group (Ardila
et al., 2016) and the semantic route for the elementary group (Warburton et al., 1996). To apply
these findings to practical English educational fields, assessing of individual proficiency level,
considering the cognitive aspects of learners, would be indispensable. In the current study, we
investigated the possibility of classifying Japanese learners into the two proficiency groups,
focusing on their hemodynamic responses, by machine learning.
Methods: We used data sets from Shinozuka et al. (2021). Participants: Forty healthy righthanded Japanese young adults. 21 of them were defined as the advanced-level group and 19
as the elementary-level group based on their TOEIC scores. The average score in the
advanced group was 826.4±67.9 and that in the elementary group was 377.5±69.8. Word
Translation Task: All participants were required to translate stimuli words and type its spelling
in Roman letters. There were four conditions in the task blocks: two translation directions ×
high/low familiarity. Features: β values in activated channels for each condition and for each
group. To obtain β values, we conducted a general linear model (GLM) analysis. As data
preprocessing, we moving-averaged for 5 s, and applied wavelet minimum description length
(Wavelet-MDL). Model buildings and Validation: We used the support vector machine
(SVM) as a classifier. A Bayesian optimization algorithm was conducted on the trained model
using these parameters, and 100 iterations to select the optimal hyperparameters for the
minimization of the verification loss. Leave-one-out validation was used to generalize the
minimum classification error in optimizing hyperparameters.
Results & Discussion: By selecting the combination of various β values in significantly
activated channels as feature values, we were able to assign learners to the appropriate group
at 77.5 to 92.5% accuracy in all four conditions. Therefore, it was possible to detect differences
in cortical activations while word translation, not only at the group level, but also at the
individual level. The results could contribute to evaluating English proficiency at the individual
level in practical situations, based on cognitive aspects of Japanese English learners.
Reference:
Shinozuka et al. (2021). Frontiers in Human Neuroscience, 15, doi: 10.3389/fnhum.2021.593108
Ardila et al. (2016). Archives of Clinical Neuropsychology. 31, 112-22.
Warburton et al. (1996). Brain, 119, 159-179.
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The experience of luxury is an important requirement for consumers who purchase prestige
cosmetics due to its pleasurable feeling & enhancement of self-esteem1. So understanding the
consumer experience of luxury is an important goal for cosmetic makers. However, other than
subjective ratings, luxury feelings are difficult to measure due their abstract nature 2. Our goal
was to investigate the luxury experience of cosmetics directly from brain activity, recorded by
fNIRS during real use of lipsticks. Since luxury is an abstract concept, the representation of
luxury experience is likely to be distributed over a number of areas3, we used machine learning.
25 frequent prestige lipstick female users applied & evaluated lipsticks while their brain
activation was recorded with fNIRS. Each participant attended 2 sessions on different days. In
each, they evaluated 6 different brands of lipsticks sold in the Japanese market. On one day,
they were given the brand information, & used the lipsticks in the real container. On the other
day, they used the lipsticks without being given the brand information & used the lipsticks in
identical plain packaging. The days were counterbalanced across participants. The order of
lipsticks was randomized. Immediately after they applied each lipstick, the participants were
asked to evaluate the luxury of the lipstick. At the end of a session, participants gave their
Willingness-to-Pay (WTP) for each lipstick. After preprocessing the time series data, feature
selection from a total of 300 samples of data, including luxury ratings, measuring conditions,
& 52 channels of fNIRS time series data during lipstick application, was implemented. Next the
data was split into a training data set & a test data set. Through model prediction with machine
learning ensemble, the correlation coefficient between final prediction & measured value was
calculated as a model of fitness indicator. This was repeated for all combinations of variables
(e.g. 1. types of lipstick, 2. branding condition, & 3. brain data) to check the reproducibility.
Next the correlation coefficients from each model were Z-transformed & subjected to an
ANOVA with Bonferroni corrected post-hoc comparisons to determine which combinations
produced the highest coefficient.
The ANOVA revealed that the different combinations produced significantly different
coefficients. The post-hoc tests revealed that the Z value when all 3 variables were included
as input variables was significantly higher than any other combination of variables (p < 0.001).
In addition, the model prediction with 2 variables was also significantly higher than 1 variable
(p < 0.001).
Our luxury prediction model can predict the feeling of luxury of consumers. Importantly, the
most accurate model included the brain data suggesting valuable information about the
experience of the abstract concept of luxury can be recovered from the brain. Future
development could help optimize this method & allow use in a more naturalistic environment,
ultimately allowing cosmetic manufacturers to optimize their products to maximize the luxury.
References:
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Introduction: Optical signals, collected using near infrared spectroscopy systems (NIRS),
demonstrate a slow drift or trend due to physiological, optical or mechanical sources. Common
methods for removing these trends include: high-pass filters (~0.01Hz), Wavelet Minimum
Description Length (MDL), Discrete Cosine Transforms (DCT), or moving average [1]. We
propose a new method for removing the first statistical moment of the signals, which results in
detrending. This method, termed Cumulative Curve Fitting Approximation (CCFA) [2], is based
on locally fitting the data with a moving polynomial curve (when using polynomial based CCFA),
and accumulating the fitted curves in each window using appropriate weights. The method can
be used for approximating missing samples, resampling, and filtering of the signals. The
filtering procedure can be used for detrending of time series. The main parameters that
determine the properties of the fitting process are the polynomial degree (pord) and the length
of the moving window (kord).
Methods: For detrending fNIRS signals, a linear polynomial curve was fitted to the data
(pord=1). The weights were uniformly distributed. Different window sizes (5-250sec) were
examined in order to determine their effect. Simulated datasets were created by adding
hemodynamic-response functions (HRFs) with different amplitudes to real life data collected
during resting state. A General Linear Model (GLM), was fitted to the datasets of 28 subjects,
similarly to [1]. Following detrending with CCFA (kord=112.5sec) or DCT (with 128 sec cutoff),
the SNR was defined as the ratio of the summed squared magnitudes of the simulated signal
to the noise.
Results: Fig. 1 demonstrates the effect of the window size (kord) on the detrended data. A
small kord, results in removal of low frequency information which is related to the HRF. Table 1
demonstrates that the SNR obtained following detrending of the concentration of oxy- (HbO)
and de-oxygenated hemoglobin (HbR) with CCFA is higher than that obtained following DCT.

HbO

Figure 1: Result of detrending of HbO signals using CCFA
with two different window sizes. Upper traces – 112.5sec,
lower traces – 10sec

HRF
amp.
[ M]
0.1

SNR CCFA
[dB]

SNR DCT
[dB]

-4.4
-10.7
[-12.1; -2.4] [-25.6; -4.1]
0.3
2.3
1.3
[1.9; 5.7]
[-4.3; 4.3]
HbR 0.033
-7.2
-16.3
[-19.2; -3.9] [-38.3; -4.3]
0.1
0.5
-7
[-3.3; 3.4]
[-18.7; -4.5]
Table 1: SNR from simulated data
following detrending with CCFA or DCT
for different amplitudes of HRF.
Median [Percentiles 25; and 75]

Conclusions: Detrending using CCFA enables adaptable filtering of fNIRS data, based on
the window size, and results in a higher SNR compared to detrending with DCT.
[1] P. Pinti et al., Front. Hum. Neurosci., vol. 12, no. January, pp. 1–21, 2019.
[2] D. Patashov et al., Ann. Biomed. Eng., vol. 48, no. 2, pp. 634–643, Feb. 2020.
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Introduction: Infants’ ability to perceive repetition-based regularities plays a central role in
language acquisition and has been long investigated, especially with functional near-infrared
spectroscopy (fNIRS). However, exactly which brain areas are involved in processing
repetitions and how this changes with development has received little attention. In this work,
we explored how the pattern of functional activations elicited by different regularities changes
across studies and age groups.
Methodology: We examined seven fNIRS studies conducted in three different labs; the final
sample comprised data from 150 infants (72 M, 78 F; 91 newborns, 59 six month-olds). Stimuli
included trisyllabic auditory sequences in the form of AAB or ABB as well as random
sequences. fNIRS was measured with 24 channels distributed bilaterally to sample the frontotemporal-parietal regions. Data analysis included pre-processing and block-averaging; then,
for each study, cluster-based permutation tests were performed to compare changes in
oxygenated hemoglobin (HbO) concentrations between conditions and identify clusters of
active channels; in particular, paired t-tests compared (i) repetition sequences to a zero
baseline (R>0), (ii) random sequences to a zero baseline (N>0) and (ii) repetition to random
sequences. They were carried out within the time course of the hemodynamic response, for
each channel; then, temporally and spatially adjacent pairs with a significant t value were
grouped to form cluster candidates; clusters’ significance was finally assessed with a
permutation analysis, by comparing their t value to the null distribution of t values obtained by
randomly relabeling data and carrying out the same paired t-test (1000 times).
Results: We found that newborns display a bilateral pattern of activation for the condition R>0,
while no significant activation was found in the left hemisphere for the N>0 comparison; by
contrast, we found the clusters of the six months olds to be bilaterally distributed both for the
R>0 and the N>0 comparison. Changes in the functional connectivity underlying these patterns
are also being explored.
Discussion: Our results suggest that a permutation-based analysis provide a way to derive
regions of interest from the data and assess their changes across dimensions of interest, e.g.
age. Future work involves extending the current investigation to a larger number of studies on
repetition-based regularity learning.
References:
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- Gervain, J., Macagno, F., Cogoi, S., Peña, M., & Mehler, J. (2008). Proceedings of the
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Introduction: Infants’ ability to perceive repetition-based regularities is thought to play a
central role in the process of language acquisition and has been long investigated, both with
behavioral and with neuroimaging studies, in particular with functional near-infrared
spectroscopy (fNIRS) (De la Cruz and Gervain, 2021). In this work, we aim at exploring
whether this mechanism exhibits sex differences, as is the case for some linguistic measures
– like early communicative gestures and vocabulary size (Bouchard et al. 2009) - and to
assess the variability of its effect size across age groups and brain regions.
Methodology: Seven fNIRS studies conducted in three different labs were examined. These
were all the existing published and unpublised fNIRS studies on repetition-based regularity
learning for which participant sex information was available. The sample comprised data
acquired from 150 infants (72 M, 78 F; 91 newborns, 59 six-month-olds). Stimuli included
trisyllabic repetition-based auditory sequences such as AAB and ABB, as well as random
controls (ABC). fNIRS was measured with 24 channels distributed bilaterally (details can be
found in Gervain et al. (2008)). Data analysis included pre-processing and block-averaging;
then, Cohen’s d effect sizes were computed as the differences between the hemodynamic
responses elicited by (i) repetition sequences and random sequences (R>N); (ii) repetition
sequences and the baseline (R>0); (iii) random sequences and the baseline (N>0). For each
of the three comparisons, the variability of the effect sizes was evaluated across studies with
a meta-analytic approach, as well as across subjects with mixed-effects models. Effect sizes
were averaged across channels covering the bilateral temporal and frontal areas.
Results: For the R>N comparison, in the left temporal ROI, the estimated d was 0.21 (C.I [0.30, – 0.72]) in newborns and -0.02 (C.I. [ -0.38, 0.34]) at six months; for R>0, d was 0.31([0.12, 0.74]) in newborns and 0.12([-0.24, 0.48]) at six months; for N>0, d was 0.14([-0.15,
0.44]) in newborns and 0.14([-0.22, 0.50]) at six months. For neither of the three
comparisons was the main effect of sex statistically significant.
Discussion: Despite the variability normally displayed by data acquired in developmental
populations, the effect of repetition-based regularities on the infant brain as measured with
fNIRS is robust and reproducible, and it does not display sex differences, neither at birth or at
six months.
References:
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During the last five years, an important transition in the study of the neural basis of parent-child
interaction has begun. Initially mostly confined to single-person investigations with low
ecological validity, a new generation of studies nowadays simultaneously acquires data from
two (or more) interacting participants within increasingly naturalistic laboratory settings. This
approach enables the novel measurement of interpersonal neural synchrony (INS) – the
temporal alignment or coherence of brain activation.
In our functional near-infrared spectroscopy (fNIRS) studies, we assess INS in parent-child
dyads, with both mothers and fathers participating, and children being five to six years old. We
especially focus on cooperative problem solving and measure INS in brain areas related to
theory of mind (temporo-parietal junction) and behavioural and emotion regulation
(dorsolateral prefrontal cortex). INS is derived from individual brain activations using Wavelet
Transform Coherence (WTC) analysis1. Furthermore, we video-record the parent-child
interactions and code them based on attachment-theory related coding schemes, and have
parents fill in various self-reports. These measures are subsequently correlated with the INS
data.
Results will be presented from 42 mother-child dyads2 (mother age: M=36.26+/-4.81 years;
child age: M= 5.08+/-0.04 years, 23 girls) and N=66 father-child dyads3 (father age: M=39.2+/5.17 years; child age: M=5.32+/-0.31 years; 31 girls). Besides showing increased INS during
cooperative problem solving as such, this presentation will also describe several interesting
associations between INS and behavioural and self-report measures of relationship quality,
attachment, and caregiving, as well as differences between fathers and mothers. These
findings will be discussed from a social neuroscience and attachment theory perspective and
used to suggest that INS, in combination with other behavioural and self-report measures,
could represent a new biomarker for relationship quality, attachment, and caregiving.
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1
Nguyen, T., Hoehl, S., and Vrtička, P. (2021). A Guide to Parent-Child fNIRS Hyperscanning
Data Analysis. Sensors (Section Biosensors; Special issue on “Brain Signals Acquisition and
Processing”), 21, 4075. https://doi.org/10.3390/s21124075.
2
Nguyen, T., Kayhan, E., Schleihauf, H., Matthes, D., Vrtička, P., Hoehl, S. (2020). The effects
of interaction quality on neural synchrony during mother-child problem solving. Cortex, Volume
124, Pages 235-249, https://doi.org/10.1016/j.cortex.2019.11.020.
3
Nguyen, T., Schleihauf, H., Kungl, M., Kayhan, E., Hoehl, S., Vrtička, P. (in press – published
online 10 January 2021). Interpersonal neurobehavioral synchrony during father-child problem
solving:
An
fNIRS
hyperscanning
study.
Child
Development.
https://doi.org/10.1111/cdev.13510.

The actor’s self: probing self-representation in the prefrontal cortex of actors performing a
piece of theatre
D. A. Greaves1*, P. Pinti2,3*, S. Din3, R. Hickson3, D. Mingyi3, C. Lange2, P. Khurana3, K. Hunter4, I.
Tachtsidis2, A. Hamilton2
1
Goldsmiths, University of London, 8 Lewisham Way, SE14 6NW, London, United Kingdom
2
Department of Medical Physics and Biomedical Engineering, University College London, Gower
Street, Malet Place Engineering Building, WC1E 6BT, London, United Kingdom
3
Institute of Cognitive Neuroscience, University College London, Alexandra House, WC1N 3AZ,
London, United Kingdom
* Equal contribution to this study. Corresponding author: Dr. Paola Pinti; p.pint@bbk.ac.uk
Abstract: The past few years have seen an increased interest in ‘real world neuroscience’ which
provides new opportunities to study social interactions in naturalistic situations. However, new
methodological challenges related to task design, uncontrollable environments, suitable equipment
must be considered. Here, we propose to use the theatre to move beyond the static and often
isolated lab testing and study the dynamics of social engagement in a naturalistic but controlled
setting. We examine the question of how acting might change the actors’ sense of self and how
social interaction modulates interpersonal synchrony in pairs of actors. We hypothesize that selfreferential processing leads to an increase in prefrontal cortex (PFC) activity and that interpersonal
synchrony is greater in the interacting social scenarios.
Aims: This study aims to: (1) investigate the technical challenges on monitoring pairs of actors as
they move about the stage; (2) explore how taking on a role might alter the actor’s sense of self;
(3) understand the mechanisms underlying naturalistic social interactions through the quantification
of the interpersonal synchrony at different levels (brain, physiology, behaviour).
Methods: A multimodal wearable setup was used on 6 actors arranged in pairs. Hemodynamic
changes in PFC were measured with a 22-channels wireless fNIRS device (LIGHTNIRS, Shimdadzu,
Japan). We
monitored bodily
coordination alongside fNIRS to
aid
the
interpretation
of hyperscanning brain data by measuring physiological changes (heart rate, respiration) using
wearable chest straps and the actors’ behaviour and movements with wearable motion capture
suits and video recordings. Actors performed control tasks and acting tasks playing two scenes
adapted from Shakespeare’s Midsummer Night’s Dream. Name-call events were added at random
points during each trial. The actors would hear their own name or their partner’s name called out. A
single-brain GLM analysis was used to investigate the patterns of brain activity in the PFC in
response to the ‘name-call’ events. Wavelet Coherence Transform (WTC) was computed on the
fNIRS, physiological and motion
signals between pairs of actors (real
dyads) and pseudo dyads.
Results and Discussion: Contrary
to our hypothesis, we found higher
activity in PFC to the other’s name
compared to one’s own possibly
due to joint agency (Fig. 1 A). The
real
versus
pseudo
dyads
comparison revealed statistically
significant (p<0.05; FDR corrected)
higher interpersonal synchrony at
all levels, at both the task frequency
band and lower frequencies (Fig.1 B). This confirms that interpersonal synchrony arises from the
exchange of social cues in the real dyads. The brain-to-brain coherence at the low frequencies
seemed to be mostly driven by the physiological changes in heart rate.
Conclusion: Taken together, our results demonstrates that it is possible to gather
multimodal hyperscanning data and investigate social interactions using cognitive events and
interpersonal synchrony in an ecological setting. By collecting data at multiple levels (brain,
behavior, physiology), it is possible to disentangle the factors that drive interbrain coherence and
better understand complex social interactions.
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Introduction: Using HbO2 and HHb to interpret fNIRS results is a longstanding recommendation in
the field. However, there is no common analytical framework for identification of brain activity when
the two signals are used together. Similarly, a comparison of the different fNIRS signals which can
be used to infer neuronal activation is also lacking.
Objectives: We aimed to develop a novel Haemodynamic Phase Correlation (HPC) signal that
combines HbO2 and HHb to improve inference of brain activation, and to compare it to other fNIRSderived signals including HbO2, HHb, HbDiff (HbO2-HHb), HbTotal (HbO2+HHb) and CBSI (correlationbased signal improvement). We evaluate how each signal determines neural activation using
synthetic and experimental data.
Methods: The HPC was calculated using a wavelet-based method, computing the instantaneous
phase-correlation between HbO2 and HHb in the time-frequency space. This was adapted for use
with the GLM. The performance of all the fNIRS-derived signals was assessed first on 18 synthetic
datasets (16 channels each). These datasets were used to: 1) test sensitivity of each signal varying
its SNR; 2) test performance of each signal when false positives are artificially introduced. T-values
from the GLM were used to determine signals’ performance. Experimental data acquired with the
Shimadzu LABNIRS system from 128 participants (134 channels each) was used to compare the
signals. The protocol was a right-handed finger-thumb tapping task running for 3 minutes. The area
of interest for these experiments were localized to the left motor cortex. We consider a signal to be
better when it provides a clear statistically significant localization of activation in the left motor cortex.
Results: In all SNR variations either the HPC or CBSI provides the best performance. The best
performing individual chromophore was HHb, in agreement with previous studies. The tests
introducing false positives in to one chromophore emphasized the issue of analyzing single
chromophores, as the one which wasn’t altered still shows activation. This test showed the benefit
of using a combined signal which incorporates the anti-correlated nature of HbO2 and HHb, as seen
in both HPC and CBSI. These reflected the level of functional activation consistently and accurately,
despite the false positives. Finally, the experimental data (fig 1) showed that the HPC was able to
localize activity to 2 channels in the left precentral gyrus, as expected from the task. The only other
signal to achieve comparative localization was HHb.
Conclusion: We have shown efficacy of HPC using experimental data to localize activity from a
right-handed finger thumb tapping task to two channels over the precentral gyrus. Additionally, we
have provided a quantitative analysis of all fNIRS signals using synthetic and experimental data.
Results from synthetic data suggest that use of a combined signal which makes use of the
anticorrelation inherent in fNIRS data can provide more statistically robust results compared to
individual chromophores or derived signals like HbDiff and HbTotal.

Figure 1- Results from experimental data. Channels shown are at p<0.01. HHb and HPC are heavily localized to the left motor cortex
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Introduction: Over the last year the use of online communications has increased dramatically and is likely
to continue to do so, spanning everything from education to social gatherings. This type of social interaction
has not been widely investigated due to methodological obstructions. Here we present a method of
combining two labs using the same fNIRS devices to investigate online social interaction through video
calling. This framework has significant benefits, firstly the practicality of the setup is easier since the
participants are separated. Secondly, the sample size will be doubled as every participant can be used
individually, not as a pair at one lab. Additionally, only one fNIRS system and peripheral equipment are
needed per lab, the full set of optodes can be used. Finally, we can investigate the neural processes of
cross-cultural interactions. The first point of social contact in an online interaction is whether we see a live
or static image. This first point of interaction has been significantly altered by the requirement to wear
masks in most countries over the last year. Our foundational experiment investigates the differences in
brain activation between a live feed and a static image whilst participants wear a mask and without.
Objectives: The aim of this study is to develop a framework which can be used to conduct online
neuroscience experiments. This is a new development for hyperscanning experiments, connecting two
labs, in different continents, studying the brain function of two populations. We utilize the framework using
a 2x2 factorial experiment, varying between live/static image and mask on/mask off for each participant.
Hypothesis: We test the hypothesis that during the live feed the right TPJ will display more activation. We
also expect separate components of the face processing system will be activated depending on if a mask
is worn.
Methods: We have developed a method of
connecting two labs together using a host
server (fig 1). The server waits for a connection
from control computers in London and New
Haven, once it receives two connections it
sends a message to both that the protocol can
begin. Once started, the computers local to
each lab will send triggers and display the
stimuli. Both labs are setup with comparable
equipment. We acquire fNIRS data using the
Shimadzu LABNIRS system (88 channels at
Figure 1 - (a) Lab setup and connections (b) Method to synchronise control computers
UCL, 134 at Yale). We acquire eye-tracking
data on both sides using Tobii eye-tracking
devices. We also aim to acquire short-channel data from participants with short channels located around
the brain. 9 runs are carried out, each run is 2 minutes long with 15 second task/rest periods. Participants
view either live feeds or static images, with or without a mask
during active periods.
Results and conclusion: Data analysis and collection is ongoing.
Pilot experiments to validate the experimental framework have
been carried out and have provided a suitable means to conduct
experiments, verified by logs saved at each computer displaying
the same times for all blocks. Preliminary analysis of the data (fig
2, (n = 10)) suggest that the mask-on condition (red in fig 2)
activates the angular gyrus and somatosensory cortices. In
comparison, the mask-off condition (blue in fig 2) activates more
traditional face processing areas associated with middle and
superior temporal gyri. Hyperscanning specific analysis, such as Figure 2 - GLM contrast comparison of Mask On vs. Mask
wavelet coherence and predictive GLMs will be carried out in the Off conditions for Yale and UCL participants combined
(p≤0.1, HHb and HbO2 signals combined).
future.
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Introduction: Social interaction is a key component of our everyday lives. However, the investigation of
the brain mechanisms involved in social interactions with more than one person (i.e. hyperscanning) has
been difficult due to technological limitations. Advances in fNIRS technology and, specifically, an increase
in the number of available optodes, has led to an increase in fNIRS Hyperscanning studies. Hyperscanning
can provide unique insights into the functioning of the human brain. For instance, it is accepted that atypical
social function is a biomarker in many mental health conditions. However, the analysis methods used for
Hyperscanning studies are limited and there is no agreement on which one is the most appropriate to
investigate the neurobiological basis of interpersonal brain synchrony.
Objectives: The aim of this review is to provide a rounded view of hyperscanning analysis methods, with
a focus on fNIRS. This encompasses a physiological understanding of what each method can unveil about
inter-brain dynamics.
Methods: The review was carried out following the PRISMA guidelines. Searches were carried out in the
title and abstract from 2000-2021 using the keywords ‘hyperscanning’, ‘two-person neuroscience’ followed
by each modality considered, namely fMRI, EEG, fNIRS and MEG. Exclusions were made based on the
PICOS eligibility protocol. Populations: Any gender, age, clinical condition. Participants must be interacting
and scanned simultaneously. Intervention: Either fNIRS, fMRI, EEG, MEG or a combination. Comparators:
Studying two or more brains. Outcomes: Study must have method of evaluating inter-brain dynamics.
Study designs: Any design within cognitive neuroscience. After exclusions, 164 papers were considered.
Analysis methods were categorized into 6 categories: causality, correlation, coherence, phase synchrony,
GLM-based, and novel methods.
Results: The review is currently ongoing. Summary statistics on the reviewed papers are shown in Figure
1. There has been an increase in hyperscanning studies across modalities since the seminal paper in
20021, with the highest number of submissions in 2020 (N=31), of which 21 were from fNIRS. fNIRS has
become the most used hyperscanning modality in 2015, outweighing EEG (NfNIRS=5 vs NEEG=2). 42% of
hyperscanning studies used coherence-based analysis methods across all modalities. This was followed
by correlation consisting of 21%, phase synchrony at 16%, causality at 13%, and GLM and novel methods
at 4% each. The most popular analysis approach for fNIRS hyperscanning is wavelet coherence as used
in 78% of fNIRS publications. Final results will discuss what each method can and cannot tell about the
physiological basis underlying interpersonal brain synchrony.

Figure 1- (a) Number of published hyperscanning studies across all modalities per year. (b) Number of hyperscanning papers per modality 2002-2021. (c)
Number of papers using a specific analysis method for each modality

1 - Montague, P. R., Berns, G. S., Cohen, J. D., McClure, S. M., Pagnoni, G., Dhamala, M., Wiest, M. C., Karpov, I., King, R. D.,Apple,
N., and Fisher, R. E. (2002). Hyperscanning: Simultaneous fMRI during Linked Social Interactions.NeuroImage,16(4):1159–1164
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Abstract: Synchronous interaction between parent and child is central to the development of
fundamental cognitive and socioemotional skills in children. An abundance of research has
been conducted, on mother-child behavioral and biological synchrony that have demonstrated
the occurrence of synchrony in various contexts such as cooperative play and conversations
around difficult topics. However, other aspects of parent interactions may also provide
opportunities for synchrony and thus promote child development. Physically active play
between parents and children has also been described as a synchronous interaction and
occurs frequently in father-child dyads but has been overlooked in synchrony studies due to
a mother-child focus. Father-child Rough and Tumble Play (RTP) is a social and physical
interaction that is a unique blend of cooperation and competition between partners. It is linked
to positive developmental outcomes for children, such as self-regulation and social-emotion
skills. To our knowledge, no study to date has utilised multiple physiological and neural
measures in tandem in father-child dyads to study synchrony in RTP.
Objective: The primary objective of this study is to determine the characteristics of
physiological (heart rate variability and electrodermal activity) and neural synchrony in father–
child dyads engaging in a modified version of RTP. The study aims to a) distinguish whether
brain regions of interest are being simultaneously activated in the dyad, b) determine the
rhythmic dimension of physiological and neural synchrony, c) identify if there is a dominant
individual leading the synchrony, and d) identify if physiological and or neural synchrony are
associated with the quality of RTP.
Methods: Fathers and their biologically related pre-school aged child will be eligible to
participate in this study. In the modified RTP sock wrestle task, the dyad will sit on the floor at
a 90-degree angle, facing each other, so their feet can touch. This modified version of RTP
allows for a more ecologically valid paradigm to be assessed whilst still ensuring minimal head
movement throughout the neural data recording. The experimental design will be as follows:
task 1( experimental task): sock challenge (8 epochs of 30 sec each), and task 2 (control task):
individual puzzle play (8 epochs of 30 sec each). Rest phase will be 25 seconds and task
order will be counterbalanced. Physiological data will be obtained via the Empatica E4
wristband. Neural data will be obtained via the 64 channel NIRx NIRSport system. Data
Analysis: The focus of analysis will be on HbO values, as previous research has shown it is
more sensitive to changes in regional cerebral blood flow. Task-locked averaging across trials
will be conducted as well as Wavelet Transformation Coherence which is one of the more
commonly used estimation approaches to identifying synchrony within a dyad. Extending upon
previous literature in the field of biological synchrony, this study will also utilise the Granger
causality analysis, to determine if there is a dominant individual leading the physiological
and/or neural synchrony. Random pair analysis and Linear Mixed Modelling will be conducted
to further assess synchrony, and associations between physiological and neural synchrony
within and between dyads, respectively.
Conclusion: This study, which is part of a larger research in bio-behavioural father-child
synchrony, will map the characteristics of biological synchrony in typical father-child dyads.
The findings may provide an insight into the influence of fathers’ interactions on children. An
understanding of how paternal relationships and interactions influence children’s brain and
physiology may provide a foundation for future studies with at-risk dyads.
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Abstract: Recently, experience-consumption has been gathering attention in marketing.
There are various types of experience-consumption, and one of the most common forms of
consumption is to purchase experiences of do-it-yourself (DIY). In experiences of DIY, it has
been reported that willingness-to-pay (WTP) of self-made products tended to be more
expensive, known as the IKEA effect (Norton et al., 2012). WTP is the maximum price that
consumers are willing to pay for a product. Some neuroimaging studies (Kawabata-Duncan et
al., 2019; Plassmann et al., 2007) have examined cortical activation during participants’ WTP
evaluation. However, no studies have directly focused on the cognitive mechanism of the IKEA
effect. Hence, to explore the neural basis of the IKEA effect, we investigated cortical activation
patterns during evaluation for WTP of DIY and non-DIY products.
Methods: Eight young adults (Mean age: 22.57±1.59, 3 males and 5 females) participated in
our study. They were asked to assemble three DIY products and touched three non-DIY
products. After a 10-minutes break, we measured oxy-Hb signals during the WTP evaluation
task, in which they were asked to evaluate WTPs for each of three DIY and three non-DIY
products. We adopted a multichannel optical topography system, ETG-4000 (Hitachi, Tokyo,
Japan). Data Preprocessing: For each participant’s timeline data, we band-filtered with the
range of 0.0198 to 0.1Hz. We averaged the oxy-Hb signal of peak (5-21 s after trial onset) and
baseline (0-3 s before trial onset) periods. Data Analysis: We conducted a one-sample t-test
against zero to examine activation patterns for either the DIY or the non-DIY condition. Due to
the small sample size, we did not conduct correction for multiplicity of channels.
Results & Discussion: Our results showed that there were different activations between both
conditions as shown in Figure. In DIY conditions, activation in the bilateral prefrontal and
temporal areas were observed, including the dorsolateral prefrontal cortex (DLPFC). In nonDIY conditions, activation only in the left prefrontal areas including the DLPFC and the temporal
area was elicited. The DLPFC is known to play an important role in decision-making for the
value of stimuli (e.g., Plassmann et al., 2007). Moreover, it is considered that the additional
activated areas in the DIY condition would be involved in the cognitive process of the IKEA
effect. In the future, it is necessary to clarify the mechanism of the IKEA effect by examining
correlation between cortical activation and WTP with larger sample size.
Figure. The activation pattern in DIY and non-DIY conditions.
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Abstract: Cerebral autoregulation maintains cerebral perfusion in the face of changing blood
pressure, and can be measured by signal processing of near infrared spectroscopy signals
and blood pressure. There is an unmet need to deliver an optimal measure of autoregulation
intraoperatively during non-cardiac surgery that may be readily delivered as an outcome
measure in large clinical trials. The aim of this investigation was to evaluate the feasibility of a
wavelet semblance method to evaluate the limits of autoregulation during non-cardiac surgery.
Methods: Hypertensive patients receiving angiotensin receptor blockers who were undergoing
major surgery as part of a larger trial were studied. Following ethical approval and informed
consent physiological data was recorded from the Philips Intellivue Anaesthetic monitor and
INVOS 5100B oximeter using ICM+ software. Mean arterial blood pressure and regional tissue
oximetry (rSO2) signals were cleaned and resampled to 0.1Hz. Wavelet semblance analysis
was performed as previously described using the complex Morlet wavelet and scales 1:30 to
reflect the instantaneous phase difference between blood pressure and rSO2 [1]. The mean
semblance at each time point was sorted into blood pressure bins to illustrate the distribution
of autoregulation with respect to pressure.
Results: Data was analysed from 44 patients aged 66 (9.8) years old, median ASA physical
status 3, 7207 minutes recording, baseline systolic blood pressure 140 (19) mmHg. All patient
recordings gathered data which could be included in analysis. Figure 1 illustrates the
distribution of autoregulation with respect to mean arterial pressure. A clear nadir is visible at
80mmHg reflecting a theoretically optimal blood pressure for this cohort. Below this value
autoregulation is progressively less pronounced (higher semblance) approaching the lower
limit of autoregulation.
Limits of Cerebral Autoregulation

0.28

Figure
1.
Blood
pressure
distribution
of
cerebral
autoregulation measured using
semblance. Error bars indicate 95%
confidence limits. This highlights a
theoretically optimal mean arterial
pressure at 80mmHg where
autoregulation is most effective.

Wavelet Semblance

0.26
0.24
0.22
0.2
0.18
0.16
0.14

0

60

70

80

90

100

110

Mean Arterial Pressure (mmHg)

Conclusion: This data highlights the wavelet technique is feasible to detect the limits of
autoregulation in non-cardiac surgery. The high temporal and frequency domain resolution is
likely to be beneficial in this setting. Further research is ongoing to use this technique to
evaluate different clinical therapies that modify perioperative haemodynamics and organ injury.
References: [1] Highton et al Anesthesia and Analgesia 121(1), 198
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Intro: Impulsivity can be categorized as functional impulsivity or dysfunctional impulsivity, the
difference being whether or not the outcome of the impulsive decision is optimal or not for the
decision maker. The purchase of luxury goods has been associated with impulsive behavior
and thus we hypothesized that aspiring for luxury goods will increase functional impulsivity of
consumers, which in turn may result in the benefit of increased decisiveness. The purpose of
this study was test a method of assessing the effect on functional impulsivity induced by
different types, including expensive and inexpensive, of products using a modified version of
the Traffic Light Task (Burnett Heyes, S et al., 2012) with brain activity simultaneously recorded
using fNIRS.
Methods: The participants in the current study were 30 adults. In the modified Traffic Light
Task, participants were asked to respond by pressing the key when the color of a cue
presented with the image of a product changes from yellow to green. In the task, there were 2
conditions (expensive chocolate/inexpensive chocolate). Participants performed both
conditions 10 times at random. Subjects were informed that their rewards were based on their
reaction times (RTs), whereas they were penalized for pressing before the color changes.
Rewards were the same type of chocolates seen in the test. We used the multichannel fNIRS
system ETG-4000 (Hitachi Corporation, Tokyo, Japan). We placed the fNIRS probes covering
the frontal and the temporal regions. We conducted general liner model (GLM) analysis on the
fNIRS data. Then, the β values reflecting the cortical activation during the task were calculated.
First, to reveal the cortical activation that occurs in association with the task, the task related
β values for all channels were subjected to one-sample t-tests against zero. Based on previous
research (Lv et al., 2021), we select the frontopolar area as our region of interests (ROIs). The
β values between the 2 conditions of ROIs were subjected to paired t-test. The results of all ttests were corrected by effective multiplicity (Meff) method (Uga et al., 2015).
Results & Discussion: A paired t test was conducted on the RT and revealed that the RTs
for the expensive condition were significantly faster than the inexpensive condition (t(30)=2.80,
p<.05, Meff-corrected). The fNIRS data showed greater activation in the frontopolar area [BA
10] for the expensive condition than in the inexpensive condition. We interpreted that the
activation in this region could reflect a switch in strategy (Boorman, E et al., 2009) leading to
increased functional impulsivity. In other words, functional impulsivity can be enhanced by
aspiring to luxury.
References, acknowledgements (optional):
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Abstract: Neurological injury following cardiac surgery is a primary source of severe postoperative morbidity. However, the interplay between perfusion pressure, autoregulation and
metabolic failure is complex. We are presently investigating these changes using broadband
NIRS (bNIRS) and the metabolic marker cytochrome c oxidase (CCO), during cardiac surgery
in 80 paediatric and adult patients. Here we present a case where cerebral perfusion pressure
is directly reduced by clamping the cerebral vasculature. CCO monitoring over the right cortex
and anaesthesia monitoring data were captured with ICM+™ and custom software with
annotation. An infant undergoing complex congenital heart surgery required antegrade
cerebral perfusion to permit surgery.

Clamping of the left ICA during surgical dissection at normothermia causes a sudden decline
in HbO2, and oxCCO, with gradual resolution as blood pressure is substantially raised. Release
of the clamp causes rapid reversal of these changes. Following 90 minutes of cardiopulmonary
bypass and cooling to 20 degrees, a period of deep hypothermic cardiac arrest occurs at 1330,
with reductions in HbO2 and oxCCO that are much slower than at normothermia. These rapidly
resolve upon commencement of antegrade cerebral perfusion. bNIRS measures intracerebral
haemodynamics and metabolism, and may in future assist clinicians in identifying cerebral
ischaemia during complex surgery.
Acknowledgements Funding for this project was obtain from the Australian and New Zealand
College of Anaesthetists Lennard Travers Professorship Grant.
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Introduction: The functional near-infrared spectroscopy (fNIRS) is an emerging neuroimaging
technique that offers an effective and safe approach for non-invasively monitoring brain
activities. However, the presence of human hair can occlude the near-infrared (NIR) light from
reaching the scalp, thus limiting the amount of light reaching the brain and hence imposing a
major challenge in fNIRS studies. Nowadays, fNIRS devices commonly use wavelengths in the
first optical window (650 nm to 950 nm) due to its less absorption in head/brain tissues.
Nonetheless, the performance of these wavelengths has not been compared to longer
wavelengths with the presence of human hairs. Accurate quantifications of hair’s impact on
wavelength selection may have a great significance for future
fNIRS design.
Aim: This study utilizes the state-of-the-art implicit
mesh-based Monte Carlo (iMMC) method [1] developed for
light modeling in extremely complex tissues to quantitatively
investigate how human hairs can impact the penetration depth
for different wavelengths from the first optical windows to that
is close to the second optical window (1100 nm to 1350 nm).
Methods: Fig. 1 shows the anatomical model used in iMMC
simulations. A 3-layered slab model including extracerebral
tissue (ECT), cerebrospinal fluid (CSF) and gray matter (GM)
is used to simulate the human head. Hair is modeled by
straight-line segments of 10 mm and 75 degrees angle with
respect to the normal vector. Follicles are considered to be
4.16 mm in depth with a 15 degrees growing angle with
respect to the normal vector. In the simulation, the hair density
is set to 0, 120 and 240 cm2 and 5 different wavelengths are
used, including 670, 810, 850, 980 and 1064 nm.
Furthermore, multiple hair colors, including black and blond,
are studied. A light source (red) pointing downward is placed
on the top of the ECT layer (Fig. 1).
Results: In Fig. 2, for a bold subject (0 hair/cm2), 810 nm
delivers the highest energy deposition to the GM layer for
black hair. However, as the hair density increases to 240 cm2,
the optimal wavelength for black hair shifts to 1064 nm. For
blond hair, such change cannot be observed and the optimum
wavelength corresponds to 800 nm.
Conclusion: A longer wavelength close to the second optical
window is found to deliver more energy to the brain when the subject’s head is covered with
dense black hair. This shows the potential benefit of using the second optical window in fNIRS
devices when studying subjects with dark hair.
b
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Abstract: The manner in which neuronal message passing underwrites cognitive processes
remains an important challenge for neuroscience. Neuronal responses are known to attenuate
when two successive stimuli activate the same subpopulation of neurons. This is a nearubiquitous phenomena across the brain, detectable at the scale of non-invasive recordings.
As such, experimental designs using repetition suppression (RS) have become a cornerstone
of human neuroimaging (e.g., adaptation, mismatch negativity and oddball paradigms). In this
work, we present a novel means to characterize RS by using a metabolic marker of neuronal
responses, namely cytochrome-c-oxidase (CCO). We applied the well-established general
linear convolution model of hemodynamics to CCO transients. Thus, this study represents the
first CCO event-related study. To develop a CCO canonical response—that can be used for
convolution modelling—we describe a generic optimization scheme that can be applied to all
chromophores measurable by optical spectroscopic methods. In the second part of this work,
we apply this method and explore the specificity of the observable chromophores offered by
broadband NIRS (bNIRS) in a RS paradigm. In particular, we focus on the information gained
by having a metabolic marker of neural activity.
Motivation: Identifying the determinants of neuronal energy consumption and their
relationship to information processing is crucial for understanding functional brain
architectures. As oxidative metabolism represents the primary source of energy to support
neuronal activity, a marker of this process may help
elucidate the relationship between ATP production and
information processing. CCO is the terminal enzyme of
the mitochondrial electron transport chain that drives
ATP production via oxidative metabolism. The
oxidative state of CCO has previously been shown to
have increased specificity in terms of spatial acuity. In
this work, we aim to demonstrate CCO’s ability to
provide a richer description of neuronal transients.
Methods: To develop a canonical response for CCO
responses, we re-parameterize the double-gamma
formulation optimized for hemodynamic responses.
This allows us to leverage a powerful variational
Bayesian optimization scheme to optimize the
canonical response of all three chromophores (see
Figure 1). To characterize the hemodynamic and
metabolic nature of neuronal responses, we then use
this optimized basis set in an RS bNIRS study.
Results and Discussion: We establish the number of modes required to capture variability
in CCO responses and use this to define the number of derivatives required for an optimal
CCO basis set. Using Bayesian model comparison, we quantify the increased statistical
sensitivity afforded by optimized basis sets for all three chromophores. We then perform
between-chromophore comparisons to establish whether a metabolic marker of neuronal
activity provides a richer and more sensitive measure of repetition suppression. We envisage
the ensuing optimization scheme will be useful to fNIRS as a whole, where hemodynamic
responses in diseased and infant populations can deviate from the canonical form.

Functional Connectome Fingerprint:
individual identification based on resting-state fNIRs
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BACKGROUND: Functional connectome has been widely applied in mapping networks
of brain for cognitive and behavior studies, which has also been found to be effective and
robust “fingerprint” in the identification of individuals. Functional near infrared
spectroscopy (fNIRS), as an emerging brain imaging technique, has exhibited promising
potential in the characterization of healthy brain development and identification of
neurological disorders. However, it remains largely unknown whether the fNIRS-derived
resting-state functional connectome can be used as fingerprint in the identification of
individual participants.
METHODS: Resting-state fNIRS data from 107 children and adolescents (age = 9.65 ±
2.17 years old) were utilized for individual identification analysis. FNIRS scanning length
for each participant was 10 minutes. To perform individual identification analysis, we
divided the whole 10-min dataset into two nonoverlapping continuous 5-min sub-datasets
for each participant. As such, data from one sub-dataset was regarded as training dataset,
and the other was regarded as test dataset. Functional connectivity was calculated for
each participant of the two sub-datasets, and then the connectivity matrix was stretched
to an edge-wise vector and was z-score normalized. To evaluate similarity between any
two vectors across participants, we calculated the dot product of any two corresponding
vectors and then summed all values to be utilized as the similarity of the two vectors. Such
analysis was repeated across vectors (i.e., subjects) and the identity with maximal
similarity was considered as the predicted identification of this subject. Finally, to
investigate how functional connectivity with spatially different distances contributed to the
individual participant identification, we calculated both differential power and group
consistency indexes (Finn, 2015) on two sub-datasets.
RESULTS: First, we found that the success rate for identification of individual participant
was 96.26% and 97.2% as using these two sub-datasets as test targets. Second, we
found that a minimum 4-min scanning duration was enough to achieve stable individual
identification. Third, we found that the frontal-parietal network served as one of the most
predictive networks and the sensory motor and visual networks displayed higher group
consistency. Finally, we found that long-range (>60 mm) and cross-hemisphere functional
connectivity contributed more to the individual uniqueness as compared to that using
short-(0-30 mm) and medium-range (30-60 mm) connectivity.
CONCLUSIONS: The individual’s functional connectivity calculated from resting-state
fNIRS imaging data was stable and unique between individuals. Our results showed that
the fNIRS-based functional connectome was able to capture the individual differences and
demonstrated its potential in encouraging progress toward comprehending variability of
cognition and behaviors arising from them.
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Abstract: Let 𝑓(𝑡) be some observed signal and ℎ(𝑡) some hypothesized expected response
underpinning 𝑓(𝑡), whether evoked or default. Under some constraints, it is well known that it
is possible to transform 𝑓(𝑡) into ℎ(𝑡) by means of the intermediate processing and analysis
system transfer function; 𝐺[𝑠] = 𝐻[𝑠]/𝐹[𝑠] using Laplace transform. This apparently trivial
result reveals an important danger; given the adequate processing pipeline 𝑔 ∘ 𝑔
∘ … ∘\𝑔 ∘
𝑓(𝑡), it is almost always possible to retrieve our desired hypothesis ℎ(𝑡) from any observation
𝑓(𝑡) even if it was not there in the beginning. This is called overprocessing. Overprocessing
occurs when we exceed on reasonable processing steps to extract the information that we
want from observations, and the obvious consequence are false positives. Nowadays, some
fNIRS publications are exhibiting flamboyant ever more aggressive processing pipelines with
the only apparent goal of bringing 𝑓(𝑡) closer to ℎ(𝑡), apparently oblivious to the fact that ℎ(𝑡)
may not be latent to 𝑓(𝑡), yet one can be transformed into the other.
Aim. How can we ensure that we aren’t overprocessing?
Methods. Most processing and analysis tools that we routinely use; the GLM, Fourier,
wavelets, PCA/cMDS, ICA, CCA, manifold embedding, etc are a change of basis [1]. Within
these coordinate bases our signals are points in a space; 𝑝 and 𝑝 of the form ∑ ∈ 𝜔 𝑒 , with
𝜔 the coordinates and 𝑒 the basis functions. Taking the classical view of processing as
internal operations 𝑋 : 𝑆 → 𝑆, and analysis as external operations 𝑋 : 𝑆 → 𝑌, we can abstract
ourselves of whether we are conducting a processing or an analysis step by using the
Cartesian product of the domain and co-domain; 𝑋 ~ : 𝑆 × 𝑌 → 𝑆 × 𝑌. Hence, a processing
operation 𝑋 is a relocation of point 𝑝 , to some new location 𝑝 , ideally in the direction towards
𝑝 . We can measure how strong is the effect of some processing step by measuring the
distance that we have shifted 𝑝 , 𝑑 (𝑝 , 𝑝 ). At the same time, we can measure the quality of
the enhanced signal 𝑝 by the distance to 𝑝 , 𝑑 𝑝 , 𝑝 .
Results. This research (i) states the problem of overprocessing in abstract terms, (ii)
homogenizes processing operations as point shifts within the coordinate systems of the
processing tools (Fig 1a,b), and (iii) makes a preliminary analysis of distances for simple
processing operations such as regressing out, and filtering (Fig 1c,d).
Conclusions. There is so far no methodological framework to prevent overprocessing, and
our preliminary advance is insufficient to afford a pragmatical solution yet. Notwithstanding, we
expect that looking at processing functions under a homogenous lens (that of a coordinate
basis) may hint on how to tackle the problem. In principle, we only want to reach 𝑝 ,
𝑑 𝑝 , 𝑝 ~0, if the hypothesis about the response being present in the observation was true,
but we do not know when this is the case. We hypothesize for the continuation of the research
that 𝑑 (𝑝 , 𝑝 ) can perhaps be leveraged to put some empirical constraints on our processing.

Figure 1. Coordinate systems for the GLM (a) and Fourier (b). Processing operations; line shift with GLM (c), low pass
filtering with Fourier (d).
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Abstract: Motivation. Continuous electroencephalography (cEEG) is routinely used in the
neurological intensive care unit (NeuroICU) to monitor critically ill patients. Notably, it allows
detection of various types of abnormal events that lay on a spectrum now often referred to as
the ictal interictal continuum (IIC), such as non-convulsive seizures (NCS) or status
epilepticus (NCSE), and periodic discharges (PDs) [1]. cEEG is also used to evaluate seizure
control and anesthesia-induced background suppression (i.e. burst suppression, or BS),
which is commonly sought as a treatment endpoint for refractory status epilepticus. However,
the underlying neurophysiology and the impact on patient brain hemodynamics of these
abnormal EEG patterns has yet to be investigated. Functional near infrared spectroscopy
(fNIRS) is a portable, robust imaging technique that can be used for long-term monitoring of
cortical hemodynamic signals. This makes it particularly suitable to be combined with cEEG
in the neuroICU. Methods. We conducted continuous EEG-fNIRS recordings on critically ill
patients in the neuroICU. A total of 19 EEG electrodes were installed based on the
international 10-20 layout and up to 128 fNIRS channels were mounted to cover the patient’s
bilateral frontal lobes, central areas, most of the temporal lobes, and the anterior portion of
the posterior regions. The onset and offset times of abnormal EEG patterns were identified
by certified epileptologists on EEG traces. The pre-processing and analysis of fNIRS data
were carried out using Homer2 and in-house developed Matlab scripts. For each type of
EEG patterns, we grouped the events into 5-second bins of different durations [2]. The
hemodynamic response functions (HRFs) to each bin of EEG patterns were estimated with
an event-related general linear model (GLM). Results. Combined EEG-fNIRS data were
successfully acquired from seven comatose patients with diverse acute brain injuries. The
averaged length of cEEG-fNIRS data included in the analysis was 2.17±1.26 hours for each
patient. We identified NCSE in three out of the seven patients, PDs in three patients, and BS
patterns in four patients. For NCS, PDs and bursts in BS patterns, we observed an overall
increase in oxy-hemoglobin (HbO) and a decrease in deoxy-hemoglobin (HbR). Specifically,
the peak amplitudes and the durations of the hemodynamic responses were seen to be
positively correlated with the length of the events evident on EEG. Suppressions in BS
patterns were associated with a global decrease in HbO, suggesting an acute drop in
neuronal activity and oxygen supply. Discussion. This study is important in showing the
feasibility of conducting continuous monitoring of cortical hemodynamic changes along with
the current monitoring of brain electrical activities in critically ill patients. While IIC patterns
remain a diagnostic and therapeutic challenge in the neuroICU, combined EEG-fNIRS
monitoring may help better understand the neurophysiological mechanism and clinical
implications of those events, and therefore may help the clinicians rethink strategies for
treatment and patient care.
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Motivation: Functional near-infrared spectroscopy (fNIRS) is a valuable neuroimaging
modality that enables experiments that could not be performed within the limits of traditional
imaging methods. With increasing popularity, the need to determine specificity of the source
and nature of the recorded signals has grown. It has been shown that multiple systemic
components exist in standard 3cm fNIRS channels that contain complex influences from both
superficial non-neural and cortical sources [1].
Methods: Several methods to separate non-neural components have been proposed including
spatial and temporal domain filtering via signal processing, physiologic regression, and short
superficial channels [2-4]. Here we compare similarities of non-neural signal removal strategies
on two fiducial tasks, right-handed finger-thumb tapping, known to activate responses in
contralateral motor cortex and a reversing checkerboard visual stimulus that produces activity
in visual cortex. We compare temporal regression strategies using short channel separation to
a spatial principal component (PC) filter that removes only non-neural signals present globally.
For regression of short channels, we compare non-neural component removal using a broad
distribution of short channels to a limited distribution of short channels placed only on the
forehead. We test similarity in non-neural components filtered using both spatial PC regression
and short channel regression. We also compare filtered results using the first PC and the
combined first two PCs from all short channels using broad and restricted locations.
Results: Results indicate that
temporal regression of nonneural
information
from
broadly
distributed
short
channels did not differ from
Figure 1. Comparison of Raw and Regressed/Filtered Data. Raw
OxyHb data recorded from a 32-pair optode NIRx NIRScout are limited forehead distribution.
shown on left and identical results of both spatial and short channel Spatial principal component
temporal filtering are shown on right [5].
filtering
provides
similar
results with respect to spatial significance of results in the temporal domain regardless of the
short channel configuration (Figure 1). Adding the first and second principal components from
the short channels can remove additional non-neural information.
Conclusions: We conclude that both short channel in the temporal domain and spatial
regression methods remove similar non-neural components represented by scalp
hemodynamics from fNIRS signals two fiducial tasks and that, regardless of hardware, either
technique is sufficient to remove non-neural components from standard 3cm fNIRS channels.
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Abstract: Accurate estimation of mental workload is critical to the efficacy of cognitive training
using brain computer interface systems. Current methods to measure mental workload suffer
from scalp effects and inter-subject variability, among others. In this study, we propose using
an Adaptive Neuro Fuzzy Inference System (ANFIS) network on multi-distance optode
measurements to perform classification of mental workloads into EASY or HARD difficulties.
Methods: A total of 28 subjects were recruited to perform two levels of n-back tasks – 6 EASY
trials (1-back) and 6 HARD trials (2-back). Brain signals were measured using functional Near
Infrared Spectroscopy (fNIRS) with 18 channels at source-detector distances of 30mm and
21mm. Using the signals from different tissue layers (deep and shallow), the deep contribution
ratio (DCR) data was extracted. The trend of DCR over different mental workloads varies from
subject to subject due to inter-subject variability. To tackle this, we propose a novel framework
that use the first trials of EASY and HARD to perform calibration for each subject. The average
DCR values of all brain channels and an alpha value was set using:
§ if first trial EASY mean < first trial HARD mean, then alpha for all trials = +1;
§ if first trial EASY mean > first trial HARD mean, then alpha for all trials = -1.
All data in the first trials for both EASY and HARD were transformed using y = tanh(alpha ´ x).
Those channels that did not obey expected alpha trend were considered inactivated for the
subject and thus eliminated from all subsequent analysis. Then, normalization was performed
on all the channels. Six best channels that showed the clearest distinction between EASY and
HARD were selected. Using those six best channels and selected alpha value, transformation
and normalization were performed for all remaining trials. Training and testing data were
generated using leave-one-out 5-fold validation and fed into MATLAB ANFIS, which used
subtractive clustering to generate membership functions. The ANFIS classification was
performed using:
§ If ANFIS prediction < 0.5, then ANFIS prediction = EASY
§ If ANFIS prediction ³ 0.5, then ANFIS prediction = HARD
Results: The results show a 99.4% accuracy over all 28 subjects, with 12 trials each, using
six DCR channels per trial. Only two trials were misclassified – one false negative and one
false positive. This is because some subjects do not have a consistent DCR trend over all trials,
perhaps due to mental disengagement. The results show that ANFIS has the potential to be
used as a classifier for mental workload difficulty.

Left: Custom probe layout for multi-distance optode measurements. Right: ROC plot.
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non-rest tasks in individuals with Multiple Sclerosis using functional NIRS
(fNIRS)
Ateyeh Sorousha,b,c,d, Damilola D. Adingupua,b,c,d, Taelor Evansa,b,c,d, Scott Jarvisb,c, Lenora
Browna,c, Jeff F. Dunna,b,c,d
aHotchkiss

Brain Institute (HBI), University of Calgary, Canada
of Radiology, University of Calgary, Canada
cDep. Of Clinical Neurosciences, University of Calgary, Canada
bDep.

Author’s e-mail: ateyeh.soroush@ucalgary.ca

Background: Multiple sclerosis (MS), is a chronic inflammatory disease of the central nervous
system (CNS), which has previously been studied with NIRS techniques1. Low microvascular
oxygenation (hypoxia) has been reported in 40% of the MS population2. This data was
recorded using frequency-domain NIRS (fdNIRS). Hypoxia may be associated with
inflammation, reduced metabolic rate, or impaired neurovascular coupling. As a result, hypoxia
may alter the brain functional connectivity (FC). To test this hypothesis, we used functional
NIRS (fNIRS) to quantify brain FC and used fdNIRS to quantify cortical microvascular
hemoglobin saturation (StO2) to identify the hypoxic group. Our aim was to determine if hypoxia
in MS participants results in reduced interhemispheric FC as a marker of brain function.
Material and methods: The OxiplexTS (model 96208, ISS Inc., Champaign, IL) was utilized
to measure StO2 on the forehead (~1 minute on each side). Data were averaged between left
and right side and those with StO2 values below 55.7% (2 SD below the control mean) were
grouped as hypoxic. We compared healthy controls (HC), normoxic MS, and hypoxic MS
participants (n=12/group, age=48±12). A NIRScout (NIRX, CA, US) device was used with 16
sources and 16 detectors covering the sensory-motor and frontal cortices. Participants
underwent resting-state and finger-tapping tasks. The investigator was blinded to participant
group during analysis. HbO signals were filtered to remove cardiac and respiratory
frequencies. Wavelet coherence was computed, and results were split into two frequency
windows: low frequency window (LFW)=0.015-0.079 Hz and high frequency window
(HFW)=0.08-0.20 Hz. Interhemispheric wavelet coherence, a measure of FC, was computed
in both frequency windows for each region during tasks. The averaged coherence values were
compared between groups. A one-way ANOVA and t-test analysis were performed for
statistical assessment.
Results: During the resting state, there was a significant effect of group on coherence values
between the left and right frontal cortex (p=0.007 for HFW and p=0.046 for LFW). Coherence
was lower in hypoxic MS compared to HC (p=0.005 for HFW and p=0.048 for LFW). During
finger-tapping, using the LFW, there was also a significant effect of group on coherence
between the left and right frontal cortex (p=0.012). Values within the LFW were significantly
reduced in hypoxic MS group compared to HC (p=0.005). In the HFW the difference did not
reach significance. Discussion: We show a strong link between hypoxia in MS and reduced
brain FC. We have proposed that hypoxia may be a marker of inflammation in MS and disease
progression. These conditions could result in impaired brain function—in this case assessed
with interhemispheric coherence. fNIRS measures of hemodynamic coherence in MS could
provide novel information on brain function and be a biomarker of functional impairment and/or
disease progression.
1.
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Abstract: The purpose of this study was to examine the relationship between children’s
vocabulary and neurocognitive measures of executive function. We recruited 3-year-olds to
perform a cognitive control task that required inhibiting irrelevant information. Parents
completed a vocabulary survey to report how many words their children knew. We
hypothesized that children with higher vocabulary skills would perform better and produce
stronger neural activation in the cognitive control task. Our results indicated that vocabulary
score was not associated with behavioral performance on the cognitive control task; however,
neural activation in left parietal cortex during the inhibition condition was related to vocabulary
score. Specifically, higher vocabulary scores were associated with stronger activation during
the inhibition condition. These results suggest that children with higher vocabularies rely less
on parietal cortex to resolve cognitive conflict.

Methods: Twenty-six 3.5-year-olds participated in this study. Parents completed the
MacArthur-Bates Communicative Development Inventory (MCDI). Children completed the
flanker task while fNIRS data were recorded from left frontal cortex and bilateral parietal cortex.
In the flanker task, children made left/right button press responses based on the direction that
a centrally presented animal stimulus was facing. On neutral trials, only the target stimulus was
presented. On congruent trials, the target object was flanked by four additional objects (two on
either side) that were facing the same direction as the targe stimulus. On incongruent trials,
the target object was flanked by four additional objects (two on either side) that were facing the
opposite direction as the target stimulus. fNIRS data were analyzed using an image-based
pipeline based in NeuroDOT (Forbes et al., 2021). We ran a 2x3 ANOVA comparing Hb (oxy
and deoxy) and trial type (congruent, incongruent, and neutral) with vocabulary as a covariate
measure.
References:
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Introduction: While research using fMRI has provided important information about brain
activation for speech and language, use of fNIRS to evaluate more naturalistic discourse tasks
overcomes some of the inherent limitations of fMRI (i.e., supine position in scanner, scanner
noise, and sensitivity to motion artifact) (Suda et al., 2010). The current investigation trialed
two novel tasks evaluating conversational responses and narrative discourse during fNIRS as
a pilot for a larger-scale investigation of neurotypical individuals and clinical populations.
Methods: Experimental tasks were trialed in three pilot participants. Both tasks were
programmed using PsychoPy and included an experimental condition eliciting spontaneous
connected speech and a control condition eliciting non-spontaneous speech. In the
Conversation task experimental condition, participants watched videos of a woman asking
questions (either personal/autobiographical or general world knowledge) and provided a 10second answer in each trial. In the Conversation task control condition, participants watched
videos of a woman saying a sentence and repeated the sentence twice in each trial. In the
Narrative Discourse task experimental condition, participants watched a series of short
narrative video clips and provided a 15-second summary of each clip. In the Narrative
Discourse control condition, they watched a series of short non-narrative video clips and
counted from 1 to 15 after each clip. Data were collected using a NIRx NIRSport2 on a probe
designed in AtlasViewer with bilateral frontal (middle and inferior frontal gyri), precentral,
temporal (middle and superior temporal gyri), and parietal (angular and supramarginal gyri)
channels (16 sources, 15 long-separation and 8 short-separation detectors, 37 channels) (See
Figure 1).
Results: Both tasks elicited consistent increases in oxygenated hemoglobin during the
response period for the experimental but not the control conditions in bilateral frontal channels.
Behavioral and neural results for future participants will be reported.
Figure 1: Bilateral frontal, temporal, and parietal fNIRS probe developed in AtlasViewer.

Discussion: This pilot data collection shows the feasibility of two novel tasks for evaluating
conversational responses and narrative discourse using fNIRS. This exercise merits further
behavioral and neural data collection and analysis.
Reference: Suda, M., Takei, Y., Aoyama, Y., Narita, K., Sato, T., Fukuda, M., & Mikuni, M.
(2010). Frontopolar activation during face-to-face conversation: An in situ study using nearinfrared spectroscopy. Neuropsychologia, 48(2), 441–447.
Acknowledgements: This work was supported by NIH 5U01EB029856-02. The authors thank
Natalie Gilmore for training in fNIRS methodology; Nelson Leonardo Gonzalez Dantas and
Kylie Isenburg for task programming; Nishaat Mukadam for project management and input into
task design; and Sreekanth Kura for fNIRS cap building.
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Motivation. How does one human convey emotion to another human? Although emotional
contagion is a primitive and foundational feature of social interactions, the underlying mechanisms
are not understood. The mechanisms of emotional contagion are investigated with hyperscanning
fNIRS (Shimadzu LABNIRS); face cameras (Logitech C-920); eye-tracking (Tobii Pro x3-120); and
face-tracking and analysis software (OpenFace)1.
Hypothesis. We hypothesize that emotional contagion occurs by facial expressions that are
decoded by the receiver using face-to-brain tuned mechanisms specialized to detect and process
salient emotions.
Methods. One partner within a dyad, the “Video-Watcher”, watched short (5 s) emotionally
provocative silent videos, while the other partner, the “Face-Watcher”, watched the face of the
“Video-Watcher” (Fig 1A). Ratings of emotional experience (dial rotation) were acquired
simultaneously for both participants following each video. Action Units of facial expressions were
analyzed with OpenFace1. Partners sat across a table from each other and alternated roles as
“Video-Watcher” and “Face-Watcher”. Videos included “neutrals”, featuring landscapes;
“adorables”, featuring animal antics; and “creepy crawlies”, featuring spiders, worms, and states
of decay. All were pre-tested for emotive properties and presented in 3 min blocks that alternated
between 15 s of movies and 15 s of rest. “Video-Watchers” rated their emotional feelings following
each movie block, and similarly “Face-Watcher’s” rated their emotional feelings based on the
expressions of the “Video-Watcher’s” face.
Results. Highly correlated emotional ratings
between the “Video-Watcher” and “FaceWatcher” (r=0.60) confirmed that emotion was
transmitted by facial expression and is taken as
a measure of emotional contagion. Facial
Action Units from the “Video-Watcher’s” face
were taken as the stimuli for the Face-Watcher
Figure 1. A. Hyperscanning paradigm and task. B. The and confirmed by eye-tracking. The largest
Face-Watcher’s brain activity was regressed with the Video- Action Units, “Lip Corner Puller” and “Dimpler
Watcher’s Facial Action Units, revealing a right TPJ complex Buccinator”, were combined and used as a
associated with emotion contagion and face sensing.
regressor on the Face-Watcher’s neural
responses. A complex of right TPJ regions, consisting of supramarginal, angular, and superior
temporal gyri, was found to be responsive to the dynamic emotional expressions (p<0.05, FDRcorrected, Fig 1B). Conclusion. Emotional contagion by facial expressions was confirmed by
correlation of emotional ratings. Neuroimaging results regressed by the facial expressions
included face decoding and social pathways. Findings lead to an emergent model that proposes
the integration of jointly tuned neural and visual (face processing) mechanisms to send and receive
emotional states via facial cues shared between communicating individuals.
1Baltrušaitis,

Robinson, & Morency (2016, March). Openface: An open source facial behavior analysis
toolkit. In 2016 IEEE Winter Conference on Applications of Computer Vision (WACV) (pp. 1-10).
Acknowledgements of support: NIH: R01MH107513 (JH), R01MH119430 (JH), R01MH111629 (JH),
R37HD090153 (JH). Contents are not necessarily consistent with NIH views.
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Motivation: Physical touch is a natural form of social and interactive communication. Although
the neural representations of the sensory systems are well understood, the social functions
associated with sensorimotor touch remain understudied. In one model, the social/affective
function would be processed by sensory pathways. However, the nexus model of social
processing proposes that the right temporal parietal junction (rTPJ) serves as a neural hub for
social functions and predicts that social touch would also be represented in the rTPJ1.
Hypothesis: We test these alternative hypotheses with real vs. simulated hand clasps using
the right and left hands. The design of this study takes advantage of the anatomically crossed
sensory and motor pathways where expected responses for sensory touch include
contralateral regions in sensorimotor hand areas (Fig 2). The “social domain” hypothesis (real
vs. simulated hand clasps) predicts activity in right parietal regions.
Methods: 15 dyads (n=30) performed right & left-hand clasps with their partners’ hand (social)
or a simulated hand (non-social condition). The time
series of each condition (Fig 1) is similar to that used
in previous studies2: each run was 3 min. long with
15-second task or rest periods. In task periods,
Figure 1. Time course of the experimental paradigm participants grasped the real or simulated hand for
3 s and let go for 3 s. Contrast comparisons were
based on combined OxyHb & deOxyHb signals.
Results: [Real Right + Real Left Hand > Simulated Right + Simulated Left Hand] activity was
observed in right hemisphere superior temporal gyrus (STG); middle temporal gyrus (MTG);
and angular gyrus (AG), components of the right temporal parietal junction (Figure 3, p < .001,
t = 3.19) consistent with the “social domain” hypothesis.
Conclusion: Neuroimaging findings for right- and left-hand clasps with real vs. simulated
hands were consistent with known social properties of rTPJ and extend the nexus model to
include social touch.

Figure 2. Functional localizers for somatosensory hand areas
measured by finger thumb tapping (FTT). Findings illustrate the
expected contralateral neural responses. A. Left hand FTT: right
hemisphere activity. B. Right hand FTT: left hemisphere activity.
1

Figure 3. Contrast findings confirm that the right temporal
parietal junction functions as a neural hub for social touch.

Carter & Huettel (2013). Trends in Cognitive Sciences, 17(7), 328-336.
Noah, Zhang, Dravida, Ono, Naples, McPartland, & Hirsch (2020). Real-time eye-to-eye
contact is associated with cross-brain neural coupling in angular gyrus. Frontiers in Human
Neuroscience, 14, 19.
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Motivation: Minimizing personal encounters in the COVID-19 lockdown resulted in reliance
on webcam platforms (e.g., Zoom) for conducting business and maintaining interpersonal
relationships. This common experience heightened awareness that interactions with webcam
faces are not the same as interactions with real faces even though the faces and the people
are the same. Why?
Hypothesis: Real and webcam face processes are dissociated by neural paths and gaze.
Methods: A multimodal approach was applied to evaluate
dyads (n=28 participants, 14 dyads) in two conditions:
webcam gaze (virtual face, Fig 1A) & face-to-face gaze
(real face, Fig 1B) by concurrent recording with fNIRS
(Shimadzu LabNIRS); EEG (g.tec g.USB): and eyetracking (Tobii Pro x3-120) using a previously described1
face-watching paradigm (Fig 1C).
Results. EEG:The N170 amplitude was larger for real
faces than virtual faces suggesting an early advantage for
the real face stimulus. Spectrum power in the theta band
was also higher in the real face condition consistent with
Figure 1. Paradigm and time series.
oscillatory specificity for real face processing. fNIRS:
Neuroimaging findings indicated distinct areas of activity
for each condition. Specifically, activity for [real face >
virtual face] included bilateral dorsal parietal regions (Fig
2A), whereas activity for [virtual face > real face] (Fig 2B)
showed robust left hemisphere activity in ventral temporal,
Figure 2. Real vs. Virtual Face contrasts.
occipital, and parietal areas (p<0.05).
Cross-brain coherence (Fig 3) was greater for the real face
condition for signals between SomatoSensory Association Cortices
(SSAC), p=0.028, consistent with neural coupling effects specific to
real faces. Eye-tracking showed longer dwell times (p<0.001) and
reduced horizontal positional variation (p<0.001) for the real face
relative to virtual (webcam) face condition consistent with variations
in visual sensing mechanisms. Finally, relating these findings, the
Figure 3. Cross-brain coherence real-face coherence between cross-brain primary and association
between somatosensory areas somatosensory cortices was positively correlated with visual sensing
for Real vs. Virtual Face tasks.
(avg dwell time), (r = 0.66; p=0.05) Fig 4) but not with virtual
(webcam) face gaze.
Conclusion: The hypothesis that real face processes are neurally
dissociated from webcam face processes is supported by these
findings. Further, visual sensing mechanisms (gaze dwell times) are
related to coherence between Somatosensory Areas.
Figure 4. Dwell Time (visual
sensing)
vs.
cross-brain
coherence for each dyad
between primary & association
somatosensory areas.
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Objective: The neuroscientific study of naturalistic actions has been hampered by the
reliance on techniques, primarily functional magnetic resonance imaging (fMRI), that
substantially constrain bodily movements. Therefore, we examined the feasibility of using
functional near-infrared spectroscopy (fNIRS) to study hand actions using a modified fMRI
paradigm previously employed by our research group (Cavina-Pratesi et al., 2018, Cortex).
Methods: fNIRS was used to record brain activation within the left hemisphere while
participants performed four actions upon objects: view, touch, grasp or lift. Our fNIRS-optode
montage was optimized to target brain regions found with fMRI to be involved in reaching,
grasping, and lifting. A rapid, jittered event-related protocol was used to minimize the effect
of physiological sources of noise.
Results: Compared to passive viewing, reaching was associated with robust fNIRS-signal
changes (increased oxygenated hemoglobin and decreased deoxygenated hemoglobin
concentrations) in channels above the anterior intraparietal sulcus (aIPS) (See Fig.1.A),
dorsal and ventral premotor cortices (PMd and PMv), and the hand area of the sensorimotor
cortex (M1/S1). Activation in these regions was also higher for grasping and/or lifting
compared to reaching. Importantly, activation differences in our regions of interest mostly
followed a similar pattern as previous fMRI findings (See Fig.1.B).
Conclusion: Activation patterns recorded with fNIRS were largely consistent with past fMRI
findings. These results further support the notion that reaching, grasping, and lifting have
common neural substrates that facilitate hand-object interactions. Together, these findings
help validate fNIRS as a reliable technique for investigating hand actions and providing a
window into exploring other natural bodily actions in the real-world using fNIRS.

Figure 1. Group (n=24) changes in oxygenated hemoglobin (HBO). A) The deconvolved time
course for channels (n=2) over anterior intraparietal sulcus (aIPS). B) Bar graphs comparing
the findings of the current study to previous fMRI findings in aIPS. Each bar graph represents
fNIRS-signal changes associated with each condition when compared to baseline.
References:
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Abstract: The use of telemedicine applications among hearing healthcare providers has
grown dramatically in the last few years. Many of these applications train hearing in noisy
everyday situations, especially for children and the elderly. A promising development as
comprehension of speech in noisy situations is a cornerstone to a high quality of life. Several
training programs have successfully demonstrated significant improvements in speech in noise
comprehension among normal hearing, the elderly, and cochlear implant users.
Motivation: No study has yet examined if functional neuroplasticity underlies improvements
in speech in noise comprehension. This study thus aimed to identify the neural markers that
underlie these improvements.
Methods: Twenty young normal hearing adults were assigned to either Treatment or Control
group. The Treatment group received 15 minutes of daily speech in noise training through a
smartphone app for 12 straight days; the Control group received none. Hemodynamic
responses to stimuli were measured using functional near-infrared spectroscopy (fNIRS) while
subjects performed a sentence in noise comprehension task at different noise levels (10, 6, 2
dB SNR). Both fNIRS and comprehension measures were twice taken: before and immediately
following training.
Results: All subjects completed training and follow-up. A significant group effect was observed
for improvement in both accuracy (p < .01) and reaction time (p < .05). The fNIRS data
supported these behavioral results with a significant group effect of oxyhemoglobin measures
in the bilateral superior and middle temporal gyrus (SMTG, left and right: p < .05) and left
inferior frontal gyrus (IFG, left: p < .01). Further correlation analyses revealed that improvement
in accuracy of the Treatment group appear correlated with pre-training hemodynamic response
measures in both SMTG (left and right: r = -0.7, p < .05) and likely in IFG (left: r = -0.6, p = .073).
Discussion: These findings corroborate previous literature demonstrating SMTG and left
IFG’s association with auditory processing and verbal working memory. Subsequent work on
this study’s complete dataset will focus on predicting treatment efficacy from labeled pretreatment fNIRS data through conventional machine learning models using time, spectral, and
wavelet domain features. It is expected this study will have implications for both the use of
speech in noise training and the clinical management of hearing loss more broadly.
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Background and aim: In near-infrared spectroscopy (NIRS), it is crucial to have an accurate
and realistic model of photon transport in the adult head for obtaining accurate brain
oxygenation values. There are several studies on the influence of thickness, morphology of
extracerebral layers, and source-detector distance on the sensitivity of NIRS to the brain.
However, the optical properties of the different layers vary between different publications.
How is the performance of NIRS affected, when the real optical properties differ from the
assumed ones?
We aim to investigate the influence of variation in scattering and absorption in a five-layered
head model (scalp, skull, CSF, grey and white matter).
Methods: We performed Monte Carlo simulations focusing on a five-layered slab mesh. The
rationale was to thus avoid the position dependency present in a realistic head model e.g.
from an MRI scan. The thicknesses of these layers were chosen to simulate an aboveaverage adult male head. Given the heterogeneity of optical properties in the literature, we
based our range on a review of different published values.
Results and Discussion: We assessed the effect on light propagation by measuring the
difference in the partial path lengths, reached brain depth, attenuation, and the number of the
detected photon between the different optical properties performing Monte Carlo simulations.
For changes in the scattering value, we found that the upper layers tend to have a negative
impact. In contrast, changes in lower layers tend to impact the brain’s influence metrics
positively. Furthermore, for small source-detector distances, the relative percentage
difference between lower and higher values appears to be greater than larger distances. In
time-domain NIRS, these changes also have an impact by delaying the arrival time of the
photons that have been through a specific layer.
Conclusions: We conclude that the assumption of different optical properties has a
substantial effect on the sensitivity to the brain. This means that it is important to determine
the correct optical properties of the different tissue for realistic NIRS measurements in vitro
and in vivo.
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Abstract: In the past two years, the COVID-19 pandemic dramatically challenged intensive
care unit (ICU) departments all over the world. Indeed, 5% of COVID-19 patients suffer from
acute respiratory failure, often requiring treatments in the ICU (e.g. oxygen support). It has
been shown that endothelial function plays an important role in the devolpment of the severity
of the disease. VASCOVID is a European research project funded by European Union’s
Horizon 2020 framework which aims to develop a cost-effective, and real time health
monitoring platform for the stratification and management of severe COVID-19 patients in the
ICU. VASCOVID project exploits non-invasive diffuse optics techniques, time domain nearinfrared spectroscopy (TD-NIRS) and diffuse correlation spectroscopy (DCS), to assess tissue
oxygenation and perfusion, to personalize therapies and avoid ventilator-induced lung injuries.
Methods: The VASCOVID device will monitor the microvasculature and endothelium functions
by measuring hemodynamics of the thenar muscle during a vascular occlusion test (VOT). TDNIRS and DCS modules will operate simultaneously alongside a pulse-oximeter to assess
tissue metabolism and an automated inflatable tourniquet to perform the VOT. An integrated
computer controls the device, which can be wirelessly connected to a tablet. The all system
can be battery operated with up to six hours lifetime. All retrieved data will be loaded on the
cloud and analyzed by artificial intelligence algorithms for better extraction of relevant
biomarkers based on machine-learning and time-series predictions.

Figure 1: A schematic of the VASCOVID device

Conclusions: We are working to assess VASCOVID performances through characterization
measurements on phantoms.
Acknowledgements: This project has received funding from the European Union’s Horizon
2020 research and innovation programme under grant agreement No 101016087.
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Abstract: We propose an image reconstruction algorithm that performs short separation (SS)
generalized linear model (GLM) and image reconstruction simultaneously.
Introduction: GLM and image reconstruction of fNIRS data are usually performed sequentially
that is a GLM is applied to the time-series data with short separation regressors, and the
resultant hemoglobin changes are used in image reconstruction. Since the physiological
process is temporally and spatially dependent, it is preferable to model them simultaneously.
Method: We used spatial basis and temporal basis to represent the change of hemoglobin
(Hb) in both spatial and temporal space1.
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G is the spatial basis which is a 3D Gaussian kernel and T is the temporal basis which is the
convolution of stimulus onset timings and a modified gamma function. A is the forward matrix.
1 is the weight to each spatial-temporal basis. By solving the inverse problem in the Tikhonov
regularization scheme as 1 = (35 2)/(35 3 + 89), we derived b. Then we reconstructed the Hb
changes in spatial and temporal space. We also took advantage of GPU to accelerate our
algorithm. The sparse and dense versions of spatial basis were implemented, with kernels
spaced at a distance of 15 mm and 5 mm respectively.
Results: As shown in Fig. 1, we simulated a perturbation change in the motor region of a head
model, and reconstructed it using our algorithm. The location of the perturbation is successfully
reconstructed, with the dense basis giving us better results as we expected.

Figure 1. The simulated reconstruction results

Conclusion and plan: We modeled the fNIRS data with SS GLM and image reconstruction
simultaneously. In the future, we plan to collect experimental data to further validate the
algorithm.
References: 1. Huppert, T. J., Diamond, S. G., & Boas, D. A. (2008). Journal of biomedical optics, 13(5), 054031.
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Motivation – Deep-brain stimulators (DBS) implanted in the ventro-intermediate nucleus of the
thalamus (VIM) can provide substantial clinical motor benefit to patients with Essential Tremor
(ET) [1]. Knowing the extent of cortical effects of DBS on functional connectivity (FC) can
enhance future DBS implantations, stimulation delivery, and optimization procedures. However,
it is difficult to study using Positron Emission Tomography (PET) due to radiation exposure and
limited temporal resolution, as well as functional Magnetic Resonance Imaging (fMRI) due to
contraindications. Hypothesis – We hypothesized that High Density Diffuse Optical
Tomography (HD-DOT) can estimate the impact of DBS on FC. Methods – We used a
previously validated HD-DOT (96 sources & 92 detectors) [2] to study the neural mechanisms
underlying the cortical effects of VIM DBS in ET patients. Ten ET patients (2f; ages 53-70) and
11 age-matched controls (8f; ages 52-71) were scanned using the HD-DOT system during
resting state, auditory, and visual tasks while the control group underwent an fMRI scan
following the same protocol. Results – We demonstrated the feasibility and sensitivity of HDDOT in imaging ET patients and controls with VIM DBS ON and OFF using an established data
analysis pipeline [3]. Task activations and resting state networks in ET patients anatomically coaligned with control data. Discussion – These preliminary results validate that HD-DOT has the
resolution to accurately map task responses and FC within and between cortical networks in ET
patients (Figures 1 & 2). In the future, we plan to evaluate differences in network connectivity
between control and ET cohorts and between on/off conditions in ET patients.
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Motivation: fNIRS technology provides two main signals: relative changes in Oxyhemoglobin
(OxyHb) and that of deOxyhemoglobin (deOxyHb). Derived signals can also calculated
including Hbdiff[1], which combines sensitivity of both OxyHb and deOxyHb signals for detecting
neural activity. It is commonly cited in fNIRS literature that OxyHb is apparently the strongest
signal and is therefore used in the majority of fNIRS research as a proxy for neural activity.
Methods: 128 subjects participated in finger-thumb tapping and reversing checkerboard
viewing tasks presented in a block design. The tasks both consisted of 6 repetitions of a 15
second task, 15 second rest design for a total of three minutes per run. Each run was repeated
twice for a total of 6 minutes of recording for both tasks2. fNIRS signals were recorded with a
40 optode-pair continuous wave Shimadzu LabNIRS device. Recorded signals were analyzed
using whole brain GLM analysis to determine beta values with respect to a standard
hemodynamic response function. The median beta value determined during GLM analysis
within a 20mm radius around the peak activity in the contralateral motor and visual cortices
was used to compare signal properties of OxyHb, DeOxyHb, and Hbdiff signals. A spatial
principal component filter was also applied to data[2,3] for comparison to raw acquired data.
Results:
Both beta and group-T values for
OxyHb were found to be
stronger than deOxyHb signals
for both tasks (Fig. 1). The
derived Hbdiff signal was found to
have a signal strength between
that of OxyHb and DeOxyHb
signals,and does not provide
additional statistical advantage
Figure 1. GLM Analyses of raw (acquired) and global component compared to the OxyHb signal
alone. Non-neural or global
removed data for finger-thumb tapping and passive viewing tasks.
component removal reduced the
overall signal strength, but on the other hand had the effect of increasing the group T-statistic,
in addition to increasing spatial specificity. Previous studies have shown that DeOxyHb signals,
regardless of the task, and OxyHb signals during passive tasks contain fewer global
components compared to OxyHb signals during active tasks[3]. These results are consistent
with these previous findings, however we show that removal non-neural components reduced
variance in the both signals. Therefore, removal of the non-neural, global components can
enhance the group T-statistics for both DeOxyHb and OxyHb signals.
Conclusions: Findings show that the OxyHb signal is strongest in amplitude while Hbdiff is
between Oxy and deoxyHb. However, spatial specificity is reduced with the OxyHb signal
compared to DeOxyHb. Removal of non-neural components increases group statistics. For
tasks involving speech, the deOxyHb signal can outperform the OxyHb signal due to additional
factors including CO2 concentration in the blood[4,5].
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Abstract: Reproducibility between different devices is an important aspect of time domain (TD)
NIRS instrumentation. Multiple replicas of the same dual-wavelength, single-channel NIRSbox
device1 have been assembled and characterized by PIONIRS s.r.l. (Milano, Italy). In this work
we present a full performance assessment of six devices, focusing on their capabilities in terms
of accuracy, reproducibility, and reliability, exploiting well-defined procedures to assess the
quality of TD-NIRS systems.
Introduction: TD-NIRS is increasingly becoming used in many research laboratories across
the world. The number of users of this technique is however still mainly limited to specifically
trained scientists. The reason for this can be also found in the lack of easy-to-use commercial
devices and the absence of agreed standards.
Methods: Six NIRSbox systems have been tested in terms of their technical features and their
ability to retrieve optical parameters of diffusing media. In particular, results from three
performance-assessment protocols, previously introduced in the Biomedical Optics scientific
community (MEDPHOT2, BIP3, NEUROPT4), have been combined to compare accuracy,
reproducibility and linearity of the device set. Capability in optical parameter retrieval was
compared on a matrix of 32 different phantoms (MEDPHOT), while BIP protocols were followed
to test the stability of the devices’ basic technical features, and finally, the NEUROPT protocol
was exploited to assess depth sensitivity. New tests were finally conducted, on healthy
volunteers, also to compare the devices' in-vivo capabilities.

Figure 1:, a) The NIRSbox device, b,c) Extract of MEDPHOT protocol. Average over measurements acquired with six
devices compared to the nominal values of the 32 phantoms. Shaded disks show the uncertainty on the nominal values, black
error bars represent the standard deviation of the results retrieved by the six device replicas at 685 and 830 nm. Absorption
(b) and reduced scattering (c).
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Motivation: Previous fNIRS research revealed that typically developing infants show stronger
activation to vocal vs non-vocal sounds in temporal brain regions and that this pattern is altered
in infants who later receive a diagnosis of autism [1]. To test whether fNIRS can be used for
identification of individual differences in early social brain specialization, we need a pipeline
that allows us to reliably measure individual brain responses to a variety of social and nonsocial stimuli. Neuroadaptive Bayesian optimisation (NBO) has been used in adult fMRI [2] and
infant EEG research [3] to identify which stimuli trigger an individual’s brain response most
strongly. In this proof-of-principle study, for the first time a pipeline applying NBO to infant
fNIRS data is built (study 1/offline) and tested (study 2/real-time), in order to identify at the
individual level the auditory stimulus that produces the strongest activation in the temporal
regions expected to specialize for vocal sounds.
Methods: In real-time fNIRS, brain data is collected and analysed after each block, and the
resulting brain response is passed to a Bayesian optimisation algorithm. This algorithm drives
the selection of which stimulus to sample next by embedding knowledge of previous samples
and optimizing for the largest signal. This process is repeated until the strongest response is
reliably identified (see Figure 1). In study 1, N = 4 typically developing infants (age: 5–8 months)
are presented with a variety of social and non-social sound segments (8s each) interleaved by
baseline (9-12s). Each sound is played 4 times. Brain hemodynamic responses are recorded
with a wireless 44-channel fNIRS system (Brite MKII, Artinis Medical Systems) covering the
fronto-temporal regions bilaterally. Optodes are housed in a custom-designed neoprene cap.
Study 1 data will be combined with existing fNIRS data from a larger sample (BRIGHT project)
using a similar protocol to optimize individual-level data processing and select regions of
interest (ROIs) for the real-time analysis. In study 2 (real-time), the resulting pipeline will be
initially tested as a proof of principle in N = 5 typically developing infants.
Results and conclusions (expected): Ongoing analyses on study 1 are expected to identify
the processing pipeline, parameters and ROIs that allow to reveal a reliable hemodynamic
response to a single stimulus on an individual basis. Results from study 2 will be a proof-ofprinciple of the identification of an infant’s optimal stimulus from real-time fNIRS. Taken
together, this preliminary study will show the feasibility of NBO to identify which sound most
strongly activates social brain areas in individual infants from fNIRS data. Future work will
expand the presented method to naturalistic live interactions with real-time wireless fNIRS.
This approach has the potential to design targeted, individualized interventions to support
social brain development in infants.

Figure 1. Illustration of the real-time loop

[1] Lloyd-Fox, S., et al. (2018). Eur. J. Neurosci. doi:10.1111/ejn.13757
[2] Lorenz, R., et al. (2016). NeuroImage. https://doi.org/10.1016/j.neuroimage.2016.01.032
[3] da Costa, P. F., et al. (2021), ArXiv. https://arxiv.org/pdf/2106.06029.pdf

Investigating Working Memory in Children With and Without Developmental
Language Disorders
Allison S. Hancocka, Christopher M. Warrena, Carla I. Orellanaa , Guoqin Dinga , and
Ronald B. Gillama
a

Utah State University, United States
allison.hancock@usu.edu

According to the Domain-general account of language development, cognitive skills provide the
underlying foundation for language learning. This study aimed to examine potential differences
among working memory, neural processing, and language in monolingual typically-developing
children (TD) and children with developmental language disorders (DLD). fNIRS data were
recorded as 28 school-aged children between the ages of 9-14 performed an auditory N-back
task. The continuous N-back task consisted of three blocks (0-back, 1-back, 2-back) presented
in pseudorandomized order. Participants heard a stream of letters (“P”, “Q”, “R”, and “S”) and
responded after each letter. Each block started with a 20- second fixation period and contained
31 trials with a three-second response window. Performance on an N-back task is especially
revealing because it requires participants to simultaneously employ a number of executive
functions, including anticipation and controlled attention, self-regulation, and working memory
(WM). Methods: Data were collected using the Hitachi ETG-4000 system at 695 and 830 nm
and sampled at 10 Hz. Two 3x5 probes containing 44 channels were placed on the front and left
sides of the head. Channel locations were identified using the Polhemus 3D digitizer. Regions of
interest (ROIs) were left and right dorsolateral prefrontal cortex (DLPFC), inferior frontal gyrus
(IFG), superior temporal gyrus (STG), and primary motor area (PMC). All ROIs selected have
been shown to play important roles in both language and memory. Results: A series of linear
mixed models were used for the analysis of O2Hb concentration values. Accuracy analyses
revealed that the children in the DLD group performed similarly to their TD peers on the 0-back
task and significantly worse than their TD peers on the 1-back and 2-back tasks. fNIRs data
revealed that children in the DLD group had significantly higher O2Hb concentration values
during the 0-back task than the children in the TD group, albeit similar scores in accuracy and
response time. Thus, children in the DLD group required more O2Hb to obtain the correct
answers on the 0-back task than children in the TD group. There were no significant group
differences in O2Hb concentration values in the 1-back and 2-back conditions, meaning that the
DLD children had similar activation levels with poorer outcomes. There were interesting withingroup differences. The children in the TD group had the expected pattern of increases O2hb
concentration in the higher working memory load task (1-back and 2-back) as compared to the
no load 0-back task. The children in the DLD group presented the opposite pattern. A decrease
in O2hb activation as working memory load increased is consistent with the processing limitation
hypothesis that language development for children with DLD is impacted negatively by cognitive
processing difficulties. There were no significant group differences across ROIs, suggesting that
children in both groups recruited similar brain regions. However, there were important group
differences in the nature of the relationships between O2Hb concentration values and
performance on language measures. We found that 0-back O2Hb was predictive of language
ability in the DLD group but not the TD group. However, 1-back O2Hb was predictive of
language ability in the TD group but not the DL group. In sum, similarities in behavioral data
combined with differences in neural data demonstrate how fNIRS can bring about important
insights in a clinical population that would otherwise be missed from behavioral data alone.

Processing Real Faces: Simultaneous fNIRS, EEG, and Eye-tracking
Investigation of Supramarginal and Angular Gyri
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Motivation. While neural processing mechanisms of face-to-face interaction have previously
been explored1, temporal dynamics of these mechanisms and how they relate to the movement
of eyes over a real face stimulus are less well understood. Here, functional near-infrared
spectroscopy (fNIRS), electroencephalography (EEG), and eye-tracking data were acquired
simultaneously to assess the temporal features of neural responses as well as eye gaze behavior
during eye contact with another person and with a robot control. Methods: Subjects (n=11)
engaged in alternating periods of rest and of eye contact with either a human partner or a robot
bust that has eyes that blink and move, but which otherwise lacks naturalistic features or
behaviors. Neural data were collected from 124 fNIRS channels (Shimadzu LABNIRS) and 32
EEG channels (g.tec gUSBamp). Eye behavior was recorded with a desk-mounted system (Tobii
Pro X3-120). Results. fNIRS: A general linear model (GLM)
of task and rest blocks was convolved with the canonical
hemodynamic response function to identify regions that
differed between human and robot eye contact. Past findings1
of differences in a supramarginal and angular gyrus cluster
(SMG/AG) were replicated (Fig 1). EEG: Source localization
was conducted on independent components using the fNIRSdefined SMG/AG cluster to constrain solutions. Those with
<50% residual variance were clustered by scalp topography
and limited to one per subject. The resulting SMG/AG
component cluster showed equivalent theta oscillations (4-8
Hz) early in eye contact for both partner types, but differences
emerged later (540 ms-740 ms after start of eye-contact
events; Fig 2). Eye-tracking: Eye movements were clustered
into fixations and compared across partners. Eye gaze within
a box around the partners’ eyes showed greater dwell time on
the eyes of the robot partner than those of the human partner
(t-score=2.60; p<0.05). Conclusions. These preliminary data
suggest that temporal differences in theta band
activity (4-8 Hz) and localized face-processing
mechanisms in the SMG/AG are involved in
processing live face stimuli as social partners, and
these differences may be related to exploratory
saccadic behavior centered on the eyes. Future
directions will explore saccade and fixation
characteristics and relate them to variance in
hemodynamic and neural data.
1

Kelley, M., Noah, J. A., Zhang, X., Scassellati, B., &
Hirsch, J. (2020). Comparison of human social brain
activity during eye contact with another human and a
humanoid robot. Frontiers in Robotics and AI, 7, 209.
Funding: NIH NIMH R01 MH107513 (JH); NIH NIMH
R01 MH11629 (JH); NIH NIMH R01 MH NIMH R01
MH119430(JH); R37 HD 090153; and NIH NINDS
T32 NS041228 (MK,TP). Content is solely the
responsibility of the authors and does not necessarily
represent the official views of the National Institutes
of Health.

Responses to initiated gaze cueing are modulated by visual dwell time
T. Parker1, X. Zhang2, J.A. Noah2, M. Kelley1, and J. Hirsch1,2,3,4,5,6
1

Interdepartmental Neuroscience Program, 2Depts of Psychiatry, 3 Neuroscience, &
4
Comparative Medicine; Yale School of Medicine, New Haven, CT, USA
5
Haskins Laboratories, New Haven, CT, USA
6
Dept of Medical Physics & Biomedical Engineering, University College London, UK
Corresponding author email: joy.hirsch@yale.edu
Motivation: Eye gaze, an example of visual sensing, plays a significant role in live social
interactions by directing the acquisition of facial cues. However, the underlying mechanisms
for the relationship between visual sensing and face
processing are not known. Hypothesis: We compare a social
robot that has simplified humanoid face features, Maki1, with a
human partner to test the hypothesis that face processing
mechanisms for real faces are modulated by visual sensing
that is specific to the human face using functional near-infrared
spectroscopy (fNIRS; Shimadzu LABNIRS) and eye-tracking
(Tobii Pro X3-120). Methods: Twenty-five neurotypical
participants engaged in a gaze cueing task in which an initiator
(robot or human) used eye gaze to direct the participant’s eyes
to one of two circular targets on a glass partition. During the
gaze cueing task, the initiator looked at the participant’s eyes
for 2-seconds and then averted gaze to a dot (left or right) for
2-seconds (Fig 1A). The participant’s task was to follow the
Figure 1. A. Gaze cueing tasks. B. Time initiator’s gaze. The paradigm consisted of 3 gaze cueing
Series.
events, followed by 15-seconds of rest, for a total of 3 minutes
per run (two runs per condition) (Fig 1B). Results: Eye
following accuracy was 100% in both robot and human gaze
cueing conditions. Average face dwell time during the first 2seconds of the gaze cueing event decreased during human
face viewing relative to robot face viewing [Human Face: 1.51
+ 0.0092 seconds; Robot Face: 1.60 + 0.0072 seconds; t=7.64,
p<0.0005], suggesting that visual acquisitions differed between
the two conditions (Fig 2). Dwell time was defined as the
amount of valid retained samples of the first 2-seconds of a
gaze cueing event normalized by the sampling rate in seconds.
Figure 2. Average dwell time for
To test whether dwell time modulated social processing of real
human and robot conditions.
human faces, dwell time during the human gaze cueing
condition was used as a regressor for neural activity during face
viewing and gaze cueing. Human gaze modulated by dwell time
(Fig 3) showed increased activity in right supramarginal gyrus
and right angular gyrus (50, -66, 44), right primary
somatosensory cortex (20 -48 72), right pre-motor and
supplementary motor cortex (18, -22, 78), and right frontal eye
Figure 3. Contrast comparison [Human fields (10, 28, 62), known interactive face areas. Conclusion:
Gaze Cueing > Rest] modulated by the
first 2 s of human gaze cueing condition. Taken together, these findings demonstrate that oculomotor
Note: n = 23 rather than 25 because mechanisms that gather information from live human faces
eye-tracking data could not be acquired
modulate the neural systems that process the faces.
on two participants.
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Introduction: Multivariate analysis approaches are an important advance in the analysis of
neuroimaging data: by combining features from several signal dimensions and/or modalities
into a single pattern, they can uncover subtle effects of interest that would be difficult to detect
with other techniques. They are especially useful for the analysis of infant fNIRS data, which
is often characterized by small HRF amplitudes and considerable amount of noise. However,
a clear description of how different classifiers perform in these conditions is missing. In this
work, we aim at quantifying if and how the performances of two linear classifiers - Linear
Discriminant Analysis (LDA) and Support Vector Machines (SVM) – are affected by the
characteristics of the data. To this end, we use a parametrized synthetic dataset in which HRF
amplitudes and signal noise were systematically tuned as to resemble real infant fNIRS data,
and we describe how they impact performances of LDA and SVM.
Methodology: Synthetic data was generated according to the montage and stimulus design
employed in Gervain et al. 2012. Ten datasets (“subjects”) were simulated each with 14 18slong stimuli. HRFs’ amplitudes ranged between 0.05 and 0.25 mM x mm ([-0.025->-0.125 mM
x mm] for HbR). HRFs were only added to 12 channels (“true” active channels) and were not
placed within the first five minutes: this resting state segment was used to randomly sample
14 “rest” observations. To simulate the contribution of heart rate, respiration and Mayer waves,
the signal amplitude was increased by a factor ranging between 0.01 and 0.03 mM x mm, at
frequencies typical of the newborn NIRS data (1.5 ± 0.2 Hz, 0.25 ± 0.05 Hz and 0.1 ± 0.02 Hz,
respectively). Finally, three versions of these functional datasets were created, characterized
by three different levels of noise, measured in terms of coefficient of variation (CV (%)). After
pre-processing, features were extracted from each single-trial epoched signal by using a 4s
wide sliding window and computing, for each step, the average amplitude and slope. Features
from HbO and HbR were combined into a multivariate feature matrix .Then, two separate
classification procedures were carried out with LDA and SVM, to discriminate “task” from “rest”
observations. To assess the statistical significance of the observed accuracies, they were
compared to the null distribution of accuracies obtained by repeating the procedure on the
resting-state only segment (100 times) and marked as significant – and the channel as active
- if p<0.05. The impact of algorithm and data characteristics was explored with a mixed effects
model, with fixed effects of Noise, Algorithm and HRF amplitude, a random intercept for
Subject and random slope for Noise.
Results: LDA and SVM yielded similar overall accuracies (LDA: 75.9%, SVM: 75.5%). Noise
and HRF amplitude had the largest impact on the results (p<0.001); additionally, a significant
Noise x Algorithm interaction indicated that SVM performs better than LDA in more noisy
datasets (CV > 10%); no difference was found for different HRFs amplitudes; in particular, at
the small amplitude of 0.1 mm x mM and CV>10%, both algorithms yielded accuracies larger
than 60%.
Discussion: A data-driven analysis based on a linear classifier such as LDA or SVM is suitable
for classifying infant-like fNIRS data with good accuracies. Future work involves the application
of this method to real experimental data and to multimodal feature vectors.
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Abstract: Sleep research traditionally uses EEG and fNIRS is occasionally combined with
EEG in hospital settings to assess newborn sleep. However, to date studies are lacking that
use simultaneous fNIRS-EEG during sleep with the aim of understanding the relationship
between sleep and development in infants. This is mostly due to the methodological challenges
of integrating fNIRS optodes and EEG electrodes within the same headgear for sleeping
infants. Therefore, new developments for combined fNIRS-EEG for sleep research are needed.
Requirements for a combined NIRS-EEG headgear for sleeping infants are different than for
awake infants in such that the primary concern is comfort while ensuring good coupling and
hence data quality. Here, we describe the steps towards developing a comfortable, wireless
NIRS-EEG headgear adapted specifically for sleeping infants and present the experimental
procedures to conduct infant sleep research.
Methods: N = 26 infants (age: 5-8 months) took part in study part 1 at Birkbeck Babylab,
London, UK. 11 (4 boys) infants slept using version 1 of a customized NIRS-EEG headgear
with 13-channel EEG (ENOBIO, Neuroelectrics) and 44-channel NIRS (NTS, Gowerlabs).
Based on results of study part 1, we developed a fully wireless version 2 of the headgear using
the BabyBrite system (Artinis Medical Systems BV) with 44-channels and tested its
performance on N = 5 infants in the same age range. Data pre-processing and quality checks
were performed using Homer2 and custom-written scripts.
Results: Study part 1 showed good EEG data was obtained in 45 % of napping infants and
good NIRS data in 100%. The wireless headgear improved (EEG) data quality significantly,
improved napping and compliance across infants. In study part 1 42% of infants napped in the
lab and in study part 2 100% of all infants napped in the lab showing an advantage of the
wireless BabyBrite in infant sleep studies.
Discussion: We presented a novel wireless customized NIRS-EEG headgear for infant sleep
research and showed its capability of increasing data quality and infants’ comfort while
sleeping, hence minimizing participants’ exclusion. This new headgear has great potential for
future research due to its light weight and portability that allow for in-home testing and testing
in the field/different populations (e.g., toddlers, poor sleepers, low resource environments, …)
Acknowledgements: This project received funding from the European Union's Grant
Agreement No 721895 and the Wellcome Trust ISSF Birkbeck.

ß Figure 1. Illustration of version 2 of
the headgear
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Abstract: Broadband near-infrared spectroscopy (bNIRS) is a novel technique that provides
measures of cerebral energy metabolism, through measurement of the oxidation status of
mitochondrial enzyme cytochrome-c-oxidase (oxCCO), alongside haemodynamic measures
that are obtained by conventional fNIRS. Conventional fNIRS measures provide a snapshot of
only one part of the neurovascular coupling (NVC) pathway and less work has been done to
understand NVC and neurometabolic (NMC) mechanisms and their role in cortical
specialization. More specifically, the relationship between metabolism, haemodynamics and
neural activity has not been explored in depth in infancy due to technological limitations of
neuroimaging instrumentation. Here, we present an integrated platform (hardware and
analysis) for the investigation of NVC and NMC during functional brain activity in infants.
Methods: Social and non-social visual and auditory stimuli were used to study brain activation,
using simultaneous bNIRS and EEG, in 42 4-to-7-month-old typically developing infants.
bNIRS measurements were made using an in-house system developed at UCL. Infants wore
custom-built headgear with 10 bNIRS channels being positioned over the occipital cortex and
9 channels over the right hemisphere (source/detector separation was 2.5 cm). Δ[HbO2],
Δ[HHb] and Δ[oxCCO] were calculated using changes in attenuation of light at 120
wavelengths between 780-900nm using the UCLn algorithm. EEG data was collected using
the wireless Enobio system (Neuroelectrics, Spain) and 32 electrodes were positioned
according to the international 10/20 system (see Figure 1). The sampling rate was 500 Hz. The
root mean square (RMS) power was calculated for each experimental trial and averaged
across trials. We used a GLM analysis to gather information on how the task-evoked neuronal
activity predicts the hemodynamic activity. More precisely, the regressor was generated
through the convolution of the boxcar function reflecting the stimulation protocol with the
canonical haemodynamic response function. This was then convolved with the EEG RMS
power and used to fit each bNIRS chromophore individually. The resulting beta values were
entered into one sample t-tests vs 0 to localize the brain regions with significant correlations
between HbO2, HHb and oxCCO and EEG in response to the task.
Results: Data from 16 infants were included for the social condition and 18 for the non-social
condition. Figure 2 shows the group level activation maps (for the social condition), showing
the channels where a statistically significant relation was observed for different frequency
bands. HbO2 and HHb show strong correlation between temporo-parietal NIRS channels and
EEG channels while oxCCO shows more spatially specific correlations that are stronger for
the higher frequency.
Discussion: The results from this study show
the first correlations between metabolism and
neuronal activity in awake healthy infants and
suggest that metabolic activity may relate more
closely to neural activity than hemoglobin.

Figure 1: Positioning of headgear on infant

Figure 2: Statistically significant correlations between bNIRS
channels (filled circles) and EEG channels (empty circles) for
low frequency (alpha power) and high frequency (gamma
power) bands. The colour bar shows the t-values.
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Introduction: Infant sleep quality can impact development, but researchers still debate what
happens in the infant brain during sleep that can impact development. Functional connectivity
patterns in infancy show much variability and these individual differences might predict later
cognitive development [1]. Individual differences in functional connectivity patterns during
sleep could provide more information about the underlying mechanism that connects sleep
and development. We developed the first bespoke neuroimaging headgear that combines
wireless EEG for sleep stage assessment and fNIRS to measure connectivity during infant
sleep. Our proof-of-concept sleep study inspects the feasibility of using combined NIRS-EEG
to measure functional connectivity during a nap.
Methods: N = 26 infants (age: 5-8 months) took part in the study at Birkbeck Babylab, London,
UK. 11 (4 boys) infants slept using a customized NIRS-EEG headgear with 13-channel EEG
(ENOBIO) and 44-channel NIRS (NTS Gowerlabs). Parent-report questionnaires recorded
infant developmental status and habitual sleep patterns. fNIRS data was epoched into 120s
epochs. Connectivity matrices were obtained by performing channel-by-channel correlational
analyses for every epoch. K-means cluster analysis was used on all participants’ concatenated
sleep epochs to show recurring patterns of connectivity across naps in all participants.
Results: Infants nap duration varied from 23-63 minutes (M: 39.64 minutes, SD: 13.96
minutes). Connectivity matrices of every epoch per subject showed differences in connectivity
across the sleep period in every infant. Five different connectivity patterns were identified and
the overall occurrence of connectivity clusters differed across individual naps.
Discussion: The results suggest individual differences in connectivity pattern occurrence
during a nap in infants, that we interpret as individual differences in sleep quality. This first
proof-of concept study showed the feasibility of using NIRS-EEG to study the relationship
between sleep and development. Future research will determine the association of those
connectivity differences with development and habitual sleep.
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Figure 1. Percentage of connectivity cluster occurrence / participant in each nap
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Introduction: Cerebral blood flow (CBF) is an important biomarker for indicating brain
diseases, thus development of real-time CBF measures is desired in the clinic. Positron
emission tomography (PET) is the gold standard for imaging CBF but is limited by its high
instrument cost and ionizing radiation. Speckle contrast optical tomography (SCOT) is a
radiation free, cost-efficient, and portable optical imaging technique for mapping CBF noninvasively via analysis of dynamic speckles and has the potential for imaging at the bedside
with signal-to-noise ratio (SNR) and cost advantages in comparison with diffuse correlation
spectroscopy (DCS), a well-known optical technique for imaging CBF. Applications of highdensity SCOT (HD-SCOT) in rodents have been studied and shown feasible [1, 2]. However,
the present SCOT system with free-space design is not optimal for large-field-of-view imaging
of human brains. A fiber-based HD-SCOT system could conform to the complex shape of the
human head and could comb through the hair. However, performance of HD-SCOT imaging
in an anatomical head model has not been studied. Methods: To evaluate the performance of
SCOT, we built a pipeline to simulate reconstructed images and measurements of an HDSCOT. NIRFASTer and NeuroDOT modeling packages were leveraged to develop our pipeline,
and images were simulated with an anatomical head model and a 24-sources-by-28-detectors
array. Results: The depth sensitivity with different system exposure times and source-detector
distances were explored. Our simulation results indicated that 1) we could measure the surface
of the cortical region of the brain with a source-detector distance of 29 mm, 2) the spatial
resolution of approximately 12 mm full-width-half-maximum at a depth of 10 mm could be
achieved, and 3) the localization error was reduced when we included longer source-detector
distances. However, attempts to use larger source-detector distances may be limited by the
increased imaging system noise and decreased signal-to-noise ratio (SNR). The system
exposure time is important in optimizing SNR because it affects both the amplitude of
measurements and the noise of an HD-SCOT system. We evaluated measurement and
imaging SNR for a volumetric CBF perturbation with speckle noise and shot noise. An
approximate 1000x greater SNR was observed using an exposure time of 1ms relative to 1 μs.
Future instrument designs can be based on these results with available source-detector
distances and optimal exposure time; further, our simulation pipeline is a compelling tool for
investigating the performance of HD-SCOT and can easily incorporate different noise models
depending on the experimental system.
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Abstract
Broadband Near InfraRed Spectroscopy (bNIRS) is a technological extension to fNIRS that has the
unique capacity of monitoring both brain haemodynamics/oxygenation (oxy- and deoxy-haemoglobin;
HbO2 and HHb), and metabolism (changes in the redox state of cytochrome-c-oxidase; oxCCO).
Previous studies have suggested that oxCCO and is a more direct marker of brain activation, given
its location in the neurovascular coupling pathway. Building on the capability of bNIRS of mapping
both brain haemodynamics and metabolism, the aim of this work was to develop and test a new
analysis pipeline to integrate brain haemodynamics, metabolism and neural activity to investigate
their relationship during functional brain activity [1].
Methods: Thirteen healthy adults were studied during a visual stimulation task which consisted of
left and right flashing hemifield checkerboards. The checkerboards were presented for 18 s followed
by 18 s of rest. An in-house developed bNIRS system [2] was used to measure changes in HbO2,
HHb and oxCCO over the occipital cortex. bNIRS signals were filtered and motion correction was
applied, following which averaging across trials was performed. EEG data was collected
simultaneously using the wireless Enobio system (Neuroelectrics, Spain) and 26 electrodes were
positioned according to the international 10/20 system for whole-head coverage. The power spectral
density (PSD) was calculated from the EEG data for high frequency bands and averaged across
trials. Cross-correlations were performed such that the PSD was correlated with the task-averaged
bNIRS signals using a sliding window approach [1]. Bootstrapping was performed to correct for
autocorrelations. Wilcoxon’s sign rank non-parametric test was used to identify significant
correlations, following which FDR correction was performed.
Results: We found a time-dynamic and stimulus-dependent relationship for oxCCO, appearing to
be more closely related to neural activity, occurring earlier than the observed changes in
haemodynamic activity. Figure 1 shows the significant maximal correlations at each bNIRS channel
and EEG electrode in the first time-window, which corresponds to the onset of the stimulus. A higher
number of significant negative correlations were observed for oxCCO and EEG which transitioned
to positive in later time-windows.
Discussion: Our results demonstrate the capability of simultaneous bNIRS and EEG measurement
and data integration which has the potential to provide novel insights into neurovascular coupling
mechanisms. Moreover, we demonstrated that oxCCO was more significantly correlated with neural
activity earlier than HbO2.
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Fig. 1. Significant cross-correlations between bNIRS channels and EEG electrodes of
HbO2, HHb and oxCCO in the first time-window. The colour represents the correlation
while the size of the circle represents the time-lag at which the maximum correlation
occurs.
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From birth, the newborn brain reacts specifically to familiar sounds, such as a left-hemisphere
dominant response to its native language [1] or a stronger discrimination to a lullaby repeatedly
exposed in utero [2]. While it suggests that brain development can already be modulated by
the fetus’ surrounding acoustic environment, the current knowledge is mainly based on
postnatal correlational studies. This study aims to explore the impact of a repeated prenatal
exposure to a foreign language on the brain responses at birth.
Methods. Seventy-six healthy women were recruited during their last trimester of pregnancy
and were assigned to the control group or one of the two prenatal experimental groups.
Fetuses in the experimental groups were exposed during the last month of gestation to a
children’s story in both their native (French) and one foreign language (German or Hebrew)
through headphones placed on the mother’s abdomen (presented twice in alternance per day).
After birth, all newborns (aged 31±16 hours) undertook a functional near-infrared spectroscopy
recording while listening to the same recordings in each of the three languages. Preprocessing
data included steps such as semi-automatic artifact detection and correction, filtering, and
regression of auxiliary physiological signals. Oxyhemoglobin concentration changes were
extracted and averaged across blocks for each channel, condition, and participant.
Permutations tests controlling for multiple comparisons allowed to identify channels that were
significantly activated during at least one condition. Those channels were grouped into four
regions of interest by hemisphere allowing to conduct a MANOVA by region, including
hemisphere and condition as within-factors and group as between-factor.
Results. The final sample included a total of 53 newborns (n=20 from the control group, n=17
and n=16 from the prenatal German and Hebrew experimental groups, respectively).
Permutation analysis outlined a bilateral activation in all conditions that covered temporal lobes
as well as the left inferior frontal lobe. The main analysis revealed an effect of hemisphere in
the inferior frontal region (F1,50=9.31 p=.004), revealing a larger activation in the left
hemisphere. A group*condition*hemisphere interaction was also found close to the superior
temporal region (F4,100=2.99 p=.022). In Hebrew condition, neonates from the control group
had a larger response in the right compared to the left hemisphere while newborns from the
German-exposed group had the inverse pattern. Furthermore, the German-exposed group had
a reduced response to the native language compared to the German condition in the right
hemisphere and compared to the Hebrew condition in the left hemisphere.
Conclusion. The newborn brain bilaterally processes linguistic stimuli of different levels of
familiarity. While there is no effect of prenatal exposure that can be generalized to both
experimental groups, newborns from the prenatally German-exposed group appear to
differently process familiar and novel linguistic stimuli. The salient infant-directed speech
properties in the German story version (i.e. higher pitch and slower speech rate compared to
others) [3] as well as the alternating prenatal exposure between two sets of rhythmicallydifferent stimuli (i.e. French and German) [4] might have driven the stronger linguistic
discrimination effect localized in the temporal cerebral region. It provides preliminary evidence
of prenatal experience-dependent auditory and linguistic learning.
References. [1] Vannasing et al. (2016) Neuropsychologia, 84, 63–69; [2] Partanen et al.
(2013) PLoSOne, 8(10), e7894; [3] ManyBabies Consortium. (2020) Adv Meth Pract Psychol
Sci, 3(1), 24-52; [3] Lagus et al. (2017) Neurosci Biobehav Rev, 81, 158-166.
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Aims: Hypoxia may cause many life-threating conditions such as stroke, heart attack or even
death. It has been reported that brain response decreased slightly during hypoxia [1, 2]. The
influence of the hypoxia and hyperoxia on a brain tissue has not been fully described yet. The
main goal of this study was to quantify effect of hypoxia and hyperoxia on brain cortex
hemodynamic responses to visual stimulation.
Methods: We have carried out series of visual stimulations on a group of 10 healthy
volunteers. The cortical activity was recorded with in-house developed high-density-DOT
measurement setup [3]. The HD-DOT measurement setup is based on principles shown in [4].
The optical fibers fixing system with 12 detecting fibers and 16 source fibers was positioned
on the surface of the head above occipital area. The stimulation of visual cortex was induced
by blinking checkerboard at the frequency of 8 Hz using following protocol: 10-second long
stimulations separated by 10-seconds of rest. A hypoxicator system Go2Altitude®
(Biomedtech Australia Pty Ltd, Australia) equipped with pulse oximetry was used to control the
oxygen level in a breathing gas mixture and collect other data (arterial saturation level, heart
rate and respiratory rate). The visual cortex activation was recorded under following conditions:
normal breathing conditions (20% oxygen in the gas mixture), hypoxia (12 % oxygen) and
hyperoxia (40% oxygen).
Results: All registered parameters (heart rate, respiratory rate, arterial oxygen saturation and
haemoglobin concentration change) were constant at the normoxia. Under the hypoxia
condition, the amplitude of the brain hemodynamic response to the visual stimulation was
gradually decreasing together with arterial saturation level. Moreover, an increase in the heart
rate was observed in the hypoxia. During hyperoxia, the highest amplitude of response was
observed. We observed significant decrease in hemodynamic response during hypoxia in
comparison with normoxia [ median(25th-75th percentiles) 0.31 (0.29-0.53) µM vs 0.61 (0.560.95) µM, p< 0.001].
Conclusion: Our findings are in accordance with results obtained with other neuroimaging
techniques [1,2]. However, NIRS presents several advantages relative to standard functional
neuroimaging. Opportunity of measuring changes in both forms of haemoglobin gives more
complete picture of brain function under harsh condition. The fNIRS approach may allow for
bed-side prediction of critical arterial saturation at which the hemodynamic response to
stimulation is no longer possible.
Acknowledgements: This study was partially supported by the National Science Centre –
project number 2016/21/N/ST7/03117
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Abstract: Traffic accidents are a principal cause of injury and death and they are often induced
by underestimation of driver’ cognitive workload (CW)1. Wearable and portable neuroimaging
techniques, such as near infrared spectroscopy (fNIRS), could provide a quantitative
assessment of CW. In this work, a Support Vector Machine classification was implemented to
estimate drivers’ CW from fNIRS, employing a leave-one-subject-out cross validation.
Methods: The method was tested on 10 volunteers (6 males, mean age 28.4 years)
performing the Digit Span (DS) while driving in an urban context on a static driving simulator.
The fNIRS signals were acquired in frontal and prefrontal cortices employing the ISS Imagent
system. The standard deviation and the sample entropy of both oxy- and deoxyhemoglobin
were computed to estimate the CW. A Receiver Operating Curve (ROC) analysis was
performed to test the capability of the classifier to distinguish low or high CW (i.e., during the
DS administration vs. baseline driving).
Results: ROC showed a good performance of the classifier with an AUC of 0.88 (Figure 1).
Discussion and conclusion: Although preliminary, these results demonstrate the feasibility
to estimate the CW through fNIRS and a machine learning framework. However, further studies
with larger study samples are needed to corroborate these findings.

Figure 1. ROC curve delivered classifying low and high CW.
Reference: Kajiwara, S. Evaluation of driver’s mental workload by facial temperature and
electrodermal activity under simulated driving conditions. International journal of Automotive
technology 15, 65–70 (2014).
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Introduction: Attention Deficit/Hyperactivity Disorder (ADHD) is highly heritable and the
most common developmental disorder in childhood. It is currently estimated to affect 711% of children, with 50-60% of these cases persisting into adulthood. It is well understood
that early diagnosis and intervention is imperative for effective management of the disorder
through adolescence and adulthood; however, research into the neurocognitive basis of
attention in children under 5 is difficult using traditional neuroimaging methods (e.g., fMRI).
Thus, identifying children who are at risk behaviorally, heritably, and neurologically is both
highly important and extremely difficult.
Methods: The current study employed functional near-infrared spectroscopy (fNIRS) to
assess the neurocognitive relationship between attention and executive functioning in
children (2-5-years old, N=63, 49.2% female), during a Go/No-Go task (GNG), a novel
visual attention task (VAPP) consisting of three blocks (orienting, alerting, and executive),
and a novel working memory task (PWM). Additional survey measures were utilized to
measure childhood temperament (CBQ/ECBQ, SDQ, and MAP-DB). Parental ADHD
symptoms (ASRSv1.1) were also collected to evaluate familial risk. Risk for ADHD was
identified as at least one parent endorsing 4 of the 6 DSM diagnostic criteria for ADHD and
participants were grouped accordingly. 20% (N=13) of the current sample is identified as
“at risk” based on this condition. Assuming 70-80% of this population will receive an ADHD
diagnosis based on current heritability findings, our at-risk group is an accurate reflection
of the overall population.
Results: Early results show that the “at risk” group has slower reaction times and lower
accuracy in most tasks when controlled for age. Additionally, results show that PWM
predicted differences in alerting and executive attention blocks of the VAPP, suggesting
that working memory is a downstream result of early attentional processing. Heightened
neural response within left frontal cortex predicted performance during PWM but not VAPP.
Further, neural response in parietal cortex was associated with parental ADHD scores and
reduced neural activation was associated with reduced performance and parental ADHD
symptoms, suggesting a possible mechanism for clinically relevant attention problems.
Conclusion: These data are the first to report on the neural underpinnings of alerting and
executive attention in toddlers and combine them with behavioral and temperamental data.
Limitations to the study include an incomplete data collection (goal N=120) and a small
group of children at risk in each age range. A larger sample size is necessary to confirm
the significance of these findings, but these results suggest that risk for ADHD may have
tangible behavioral manifestations, beyond temperament, in children even before the
typical age of diagnosis. Future studies should continue to research those at risk for ADHD
through neural, behavioral, and temperamental data and tried to identify potential profiles
that could be used for early intervention and diagnosis.
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Motivation: Extracerebral contamination of fNIRS signals is a prevalent problem in NIRs
studies [1]. One solution is to regress out short-separation (SS) channel measurements from
the longer ones [2]. This study aims to evaluate, in the context of HD-DOT, the reconstruction
of synthetic activations added to real psychological noise using different SS regression
strategies. Methods: Physiological signals were obtained from resting-state and motor
paradigms using a HD-DOT system (LUMO, Gowerlabs). In the former, haemodynamic activity
was measured on a single individual over fifteen sessions. In each session, the subject
attended a fixation cross over a 50% grey background for 12 mins. In the motor paradigm, the
subject squeezed a soft object with the left or right hand while attending a fixation cross (Fig.
1a). The session started with 30 s baseline followed by a task block of 15 s and a variable rest
period of 20-30 s. Each condition was repeated ten times and completed in random order. The
synthetic perturbations included (1) single blobs (Diam.=2cm) and (2) complex spatial patterns
projected onto the cortical surface obtained from Zernike polynomials with random coefficients
(Fig. 1b). The regression was performed by (a) simply regressing the time series of a SS
channel (SSReg) and (b) by using the Generalized Linear Model (GLM) approach. The SS
regressor candidates included: the nearest SS channel (Nch) to the middle point of a given
channel, the most correlated channel (Corr), the average of all SS channels (Gbl) and the
averaged of the nearest SS channels around the location of sources and detectors (LocalSD).
Several metrics were calculated to evaluate the quality of the reconstructions, including the
spatial and temporal correlation, root-mean-squared error, and signal-to-noise ratio. Results
and discussion: Fig. 1c shows the haemodynamic response functions (HRF) for the motor
task in channels with a source-detector separation of ~30 mm. The presence of activation-like
patterns is likely due to extracerebral contamination. Fig. 1d shows a target oxyhaemoglobin
(HbO) image. Fig. 1e-f show the recovered images using the Nch and LocalSD regressor types,
respectively. Fig. 1e shows an increase in HbO on both hemispheres, while Fig. 1f shows
activation on the left hemisphere only. Fig. 1g shows the box plots of the correlation coefficient
between the original and recovered images over all sessions for the complex pattern
considering all the regressor types. Overall, the GLM approach with the LocalSD and global
regressors obtained the highest scores. No substantial differences between the different
regressor types were observed in resting-state data or in the recovery of single perturbations.
[1] Fantini S et al. (2018) APL Photonics, 3(11), 110901. [2] Saager R et al. (2005) JOSA, 22(9)
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Introduction. While adults typically demonstrate superior cognitive abilities compared to children,
language learning appears to be an exception. However, this discrepancy applies more to some
language components than others. Particularly, adults struggle with implicit learning of
grammatical patterns more so than explicit learning of vocabulary words and their meanings.
Adults’ increased reliance on more mature explicit brain processes may interfere with optimal
grammar learning. Objectives and Hypotheses. The study goals were to (1) determine the neural
mechanisms that govern early second language learning, (2) examine the distinct cortical
correlates implicated in vocabulary vs. grammar processing post-learning, and (3) assess whether
cortical activation during learning predicts individual differences in vocabulary and grammar
proficiency outcomes. We hypothesized neural differences during vocabulary vs. grammar
processing that reflect explicit and implicit learning, respectively. Moreover, if explicit attempt to
learn grammatical rules interferes with optimal grammatical pattern acquisition, then greater
reliance on brain regions that govern explicit memory encoding during learning was hypothesized
to predict poorer grammatical proficiency outcomes. Methods. We used whole head functional
Near-Infrared Spectroscopy (fNIRS) during an artificial language learning task that targeted
explicit vocabulary learning and implicit grammatical pattern learning in monolingual English
speakers (n = 34). We examined the neural correlates of language learning over the course of a
training phase and compared behavioural and neural correlates of vocabulary recall vs.
grammatical generalization post-learning. fNIRS data were analyzed using an autoregressiveiteratively reweighted least squares (AR-IRLS) general linear mixed model implemented with the
NIRS Brain AnalyzIR toolbox. Results. Reflecting natural second language learning, participants
performed better and faster on vocabulary compared to grammar test items. We discuss
differences in neural engagement across training, namely attenuation in frontal and temporal
regions across time. At test, left hemisphere frontal and bilateral temporal regions were more
active for grammar compared to vocabulary test trials despite poor grammar achievement. On the
other hand, right hemisphere frontal regions showed more activity for vocabulary processing.
Preliminary regression results revealed that an increase in bilateral temporal gyri engagement
across training predicted better vocabulary retention at test while reliance on right hemisphere
frontal regions predicted poorer grammar outcomes. Discussion. We demonstrate how explicit
word learning is achieved more easily than implicit grammar learning in adults. During second
language learning, adults rely on cortical regions known to govern explicit semantic memory while
exerting more cognitive effort to process grammatical patterns compared to word-meaning
associations post-learning. Moreover, an increased reliance on explicit memory processes during
learning may interfere with optimal grammar attainment. Our future work will aim to compare
adults’ vocabulary and grammar learning abilities with children to shed light on whether neural
maturation, while beneficial in some cases, may come with costs when it comes to certain aspects
of language learning.

Investigating the dual-task cost of texting while walking using
wearable High-Density Diffuse Optical Tomography (HD-DOT)
E. E. Vidal-Rosasa, Y. Wua, S. and R. J. Coopera
a

Medical Physics and Biomedical Eng., University College London (UCL), UK
Corresponding author e-mail address: ernesto.vidal@ucl.ac.uk

Motivation: The use of smartphones is omnipresent in our everyday life, and their use while
walking is ordinary, which is of public concern since the risk of falls and collisions increases
due to cognitive-motor interference and the reduction of visual information [1]. The prefrontal
cortex (PFC) plays a central role in allocating attention between physical and cognitive
demands [1]; however, studies on PFC activation during smartphone use are scarce due to
previous technological limitations. This study aims to evaluate the role of the PFC in dual-task
with unprecedented spatio-temporal resolution enabled by a new wearable neuroimaging
technology [2]. Methods: Measurements were collected using a twelve-module HD-DOT
system (LUMO, Gowerlabs). The dual-task experiment consisted of two within-subject factors:
walking and sitting, and verbal fluency and random typing. During the walking condition,
participants were instructed to walk continuously at a comfortable pace in a closed path. The
session started with 60 s walking only followed a 30 s task period and a recovery phase of
random length (30–40 s). The verbal fluency task required typing words for a category or
starting with a specified letter, while the control condition required random typing. Each
condition was repeated ten times and presented randomly for a total of 20 trials. A sitting
condition was included to compare the single and dual tasks. To facilitate tracking participant’s
attention and event marking, TobiiTM Eye-tracking Glasses (Tobii Tech., Se) were used
throughout the session. Results: The insets in Fig. 1a show the participant’s point-of-view
(POV) during the execution of the tasks. Figures 1b and c show intensity data during the
walking and sitting conditions, respectively. These subplots emphasize the stability of the
measurements and the minimal influence of motion in the recordings. Figures 1d and e show
the haemodynamic response functions (HRF) for the experimental and control tasks during the
sitting condition, respectively. Fig. 1d shows large oxyhaemoglobin (HbO) changes on the
central and left PFC, while Fig. 1e shows mainly flat responses or subtle changes. Fig. 1f
shows 3D activation maps (HbO) during the verbal fluency and random typing tasks; the former
shows a more considerable increase in HbO in the left PFC. Discussion: Extensive tests are
taking place at the premises of UCL to evaluate the cognitive load in the PFC during texting
while walking. Initial results indicate that smartphone use while walking may activate the PFC
due to increased demand on executive function in agreement with similar fNIRS studies [1].
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Background: Carotid artery disease (CAD) affects cerebral hemodynamics in patients and
may alter the brain's functional organization in the long term. Functional near-infrared
spectroscopy (fNIRS) can quantitatively assess brain reorganization due to CAD. In the
present work, we aimed to evaluate the effects of CAD on the resting-state functional
connectivity (rsFC), as measured by fNIRS, with a graph-theoretical approach. Our main
results indicate that CAD seems to increase the rsFC, altering global network parameters.
Methods: We assessed 46 CAD patients (34 males, 68 ± 8 y.o.) and 17 healthy controls (10
males, 70 ± 10 y.o.). Thirty patients presented unilateral (> 70% occlusion) stenosis, and 16
patients were diagnosed with bilateral stenosis. All patients were instructed to sit still in a
chair and not perform any specific task (resting state) for 10 minutes. Measurements were
performed with a commercial NIRS system (NIRScout, NIRx Medical Systems) and a probe
with 48 channels (3 cm distance) symmetrically covering the frontal, parietal and temporal
lobes of the two hemispheres. For data analysis, light intensity from each channel was
corrected for motion artifacts before conversion to hemoglobin concentration changes. Then,
data were band-pass filtered (0.009–0.08 Hz), and a PCA filter was used to remove global
physiological noise. Last, pre-whitening was applied to remove temporal autocorrelation. The
Pearson correlation coefficient was computed across all pairs of channels independently for
each hemoglobin. From the correlation matrix, we calculated the topology of the brain
reorganization with graph theory. Briefly, each channel was defined as a node, and the link
between each node was set to either 1 or 0 if the nodes' correlation was higher or lower than
a threshold. We varied the threshold from 0 to 1. For each threshold, we computed global
network metrics (average degree [K], clustering coefficient [CC], and global efficiency [E]).
Results: The correlation coefficients were distributed around zero for both the control and
the patients' groups, with an asymmetry towards the positive correlations expected for any
complex system. All global parameters decreased as a function of the threshold, but the
decrease for the patients’ groups was significantly different than the healthy controls. At a
threshold of 0.4, we found a median (IQR) of 0.03 (0.01), 0.17 (0.05), and 0.08 (0.05) for K,
CC, and E, respectively. CAD patients with unilateral stenosis had K = 0.1 (0.1), CC = 0.4
(0.2), and E = 0.2 (0.2), while patients with bilateral stenosis presented K = 0.09 (0.09), CC
= 0.3 (0.1), and E = 0.2 (0.1) for the same threshold. No statistically significant differences
were found between unilateral vs. bilateral CAD patients. Similar to what we have found in
the literature, the inter-subject variation was small in the control group for all global metrics.
In contrast, both CAD groups presented a higher degree of variation.
Conclusion: Our results suggest that the alterations in brain hemodynamics due to CAD can
be quantified with rsFC. As measured with fNIRS rsFC, brain topology from CAD patients
shows a hemodynamic network that is consistently more connected and with more prominent
clusters than healthy controls. The higher heterogeneity in the CAD group may result from
individual compensation mechanisms from each patient to overcome atherosclerosis.
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Abstract: Frequency domain (FD) systems use modulated light leading to measurements of
changes in intensity and phase. It has previously been shown that phase data offer better
localization of cortical activation and are less influenced by superficial tissue [1]. It has also
been shown that combining different modulation frequencies in FD measurements offers
better localization of cortical activation, and resolution of tomographic reconstructions [2].
Both studies were from simulated data. Our research hypothesis is that we can show the
benefits of multi frequency FD measurements combining intensity and phase data to perform
tomographic reconstruction of cortical activation. We also show that we can recover changes
in scattering using the phase measurements.
Methods: Sources and detectors were placed on a 3D printed cap in a high density
arrangement, figure 1. Subjects then performed a motor activation task. This comprised of
alternating 30 s left or right hand grip and 30 s rest. Data was collected using the ISS
Imagent (Illinois, USA) at 141 MHz at 830 nm and 690 nm. The data was then filtered using a
third order Butterworth filter of 0.5 Hz low pass and 0.01 Hz high pass, to remove cardiac
and system drift signals respectively.

Figure 1. A. Subject wearing cap. B.
Source-detector set up.

Figure 2. HRF from hand grip stimulus using
intensity (CW) and phase (FD) data.

Results and discussions:
Figure 2 shows three selected channels of the hemodynamic response function (HRF) to the
30 s stimulus. The HRF was obtained using intensity data only (CW), phase data only (FD)
and combining the CW and FD data. Changes in scattering were obtained at 830 nm and
690 nm, then this was used with the CW & FD data to recover the HRF (CW & FD *). Figure
2 shows that FD data can offer more contrast between HbO and HbR compared to CW data
only, and the inclusion of scattering changes increases the magnitude of the HRF. Further
data collection is planned, such that data can be analyzed at multiple modulation frequencies
as well as to perform tomographic reconstructions from all channels in the high density set
up.
The authors would like to acknowledge financial support from the Engineering and Physical Sciences Research
Council through a studentship from the Physical Sciences for Health Centre for Doctoral Training (Grant No.
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Abstract: Visual working memory (VWM) holds visual information in mind to achieve task
goals. Performance varies based on factors such as stimulus modality and number of
distractors1. Several different tasks have been used to measure VWM, each resulting in
differing estimates of capacity2. Our goal was to examine how task demands can influence
neurocognitive measures of VWM during early childhood. We administered two tasks to 4- and
5-year-olds that were identical except for the type of response required. In the change detection
task (CD), a visual stimulus was compared with a VWM representation. In the cued-recall task
(CR) a VWM representation was verbally labeled. Method: A single-item probe color CD task
and a CR task were identical in structure until the response phase of the trial. The memory
array of one to three items was presented for 0.5 seconds, followed by a blank interval of 1.5
seconds at which point a test array would appear. When asked to make a same/different
response in the CD task, a colored item appeared at one of the locations from the memory
array. When asked to verbally label a VWM representation in the CR task, a spatial cue
appeared at one of the locations from the memory array. Six canonical colors were used (red,
orange, yellow, green, blue, purple). Neural data were collected from bilateral frontal, temporal,
and parietal regions using functional near-infrared spectroscopy (fNIRS). Results and
Discussion: Behavioral analyses showed a main effect of set size for both the CD task, F(2,
618) = 85.37, p < .001, and the CR task, F(2, 711) = 131.19, p < .001, with a significant
decrease in performance as set size increased. Moreover, VWM capacity was estimated to be
higher in the change detection task (k4=2.12, k5=2.36) compared to the cued recall task
(k4=1.18, k5=1.84) (p < .001). A network of frontal, temporal, and parietal regions was engaged
across tasks (see Fig. 1). During the CR task increased activation was seen in both the left
supramarginal gyrus, F(1,35) = 11.642, p = 0.002, and the right superior parietal cortex, F(1,35)
= 7.915, p = 0.008. Higher activation was observed for 5-year-olds during CR in right
supramarginal gyrus, F(1,34) = 8.295, p = 0.007. During the CD task, right superior temporal
gyrus showed increased activation at SS2, F(2,64) = 3.643, p = 0.032, which is around capacity
for this task. Thus, the CR task was observed to be more difficult than the CD task, and 5-yearolds showed increased activation in right parietal cortex during the CR task. These data
suggest that children improve at engaging compensatory neural mechanisms during more
challenging tasks involving the labelling of VWM representations.

Figure 1: Activation across tasks, age, and set-size (SS).
References: 1 Simmering-Best, V. R. (2008). Developing a magic number: the dynamic field
theory reveals why visual working memory capacity estimates differ across tasks and
development. PhD thesis, University of Iowa, Iowa City. 2 Simmering-Best, V. R., and Perone,
S. (2013). Working memory capacity as a dynamic process. Front. Psychol., 3, (1–26).
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Abstract: Frequency domain (FD) systems use modulated light leading to measurements of
changes in intensity and phase. It has previously been shown that phase data offer better
localization of cortical activation and are less influenced by superficial tissue [1]. It has also
been shown that combining different modulation frequencies in FD measurements offers better
localization of cortical activation, and resolution of tomographic reconstructions [2]. Both
studies were from simulated data. Our research hypothesis is that we can show the benefits
of multi frequency FD measurements combining intensity and phase data to perform
tomographic reconstruction using an inhomogeneous phantom [3].
Methods: Sources and detectors were placed on a 3D printed cap in a high density
arrangement, figure 1A and B, on top of the phantom. Data was collected using the ISS
Imagent (Illinois, USA) at 78, MHz, 141 MHz and 203 MHz at 830 nm and 690 nm. 1000 frames
were taken with the reference rod inserted, followed by 9 x 1000 frames of the contrast rod
(equivalent absorption of 0.05 / cm) at nine different positions (y = - 20 mm to + 20 mm). To
perform tomographic reconstructions, a sensitivity matrix was generated for the phantom. Then
this was pseudo inverted and multiplied by the measured data, where the measured data is
the change in intensity and phase measurements with respect to the reference rod.

Results and discussions:
The reconstructions were performed at 141 MHz using intensity data only, 141 MHz using
combined intensity and phase data, and a combined 78 & 141 & 203 MHz using both intensity
and phase data. Figure 1C shows the reconstruction in the y and z plane respectively for the
multi modulation frequency case. Figure 1D shows the profile of the reconstruction. The initial
results show that combining modulation frequencies offers increased contrast compared to a
single modulation frequency and combining intensity and phase data offers more contrast than
intensity data alone. The next steps are to investigate the reconstructions with the contrast rod
at various positions, use different contrast rods and quantify the differences in reconstructions
from the different data types.
The authors would like to acknowledge financial support from the Engineering and Physical Sciences Research
Council through a studentship from the Physical Sciences for Health Centre for Doctoral Training (Grant No.
EP/L016346/1).
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Abstract: The prominence of cardiac pulsation (CP) has long been considered a reliable
indicator of data quality in fNIRS measurements [1]. Although physically coupling scalp and
optodes represents the ideal optical setup for fNIRS, achieving such an optimal condition on
tens or hundreds of optodes is arguably challenging, especially on hairy subjects. In this work,
we investigated the relationship between scalp-optode coupling (SOC) and presence of CP in
both ideal and suboptimal coupling conditions as a function of the emission wavelength (WL).
Methods: Using fiber-coupled halogen lamp (Thorlabs SL201L) and NIR spectrometer (Ocean
Insight QEPro, 660-1050 nm), we acquired a single-subject multi-wavelength (690, 730, 785,
830, 850, 904, and 980 nm) set of 10-s optical measurements at 30 mm source-detector
separation over the forehead. We included four SOC levels: both source and detector in
physical contact with scalp (scenario 1, ideal coupling), and either source, detector, or both
optodes (scenarios 2-4) recessed a couple of millimeters into their respective fiber holder.
Scalp-Coupling Index (SCI) and Peak Spectral Power (PSP) metrics, taken individually and in
combination, were used to evaluate the quality of the collected measurements [2].
Results: Ideal configuration (Fig. 1a) exhibited more robust CP oscillations than recessed
SOC settings (Fig. 1b-d), although WL combinations including 690 and 980 nm were below
the SCI threshold. We found that any combination within the subset 730, 785, 830, and 850
nm yielded an SCI
. for a recessed source, while only 830 and 850 nm were above the
threshold for a recessed detector. No WL pair was above the SCI threshold when both optodes
were recessed. Similarly, only some of the combinations in the subset 730, 785, 830, and 850
nm obtained a S
. for scenario 2, and only 850-830 and 830-785 nm pairings obtained
a PSP value above the threshold for scenario 3. None of the wavelength combinations
exceeded the threshold for scenario 4. After binarizing the SCI and PSP results, we confirmed
that the CP could only be observed on some WL pairing, namely 830 and 850 nm.
Conclusion: High quality fNIRS signals could be achieved even if either a source or a detector
are slightly detached from the scalp, but only at limited wavelengths where the optical contrast
may be suboptimal for fNIRS measurements.
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Figure 1. Optical data (top row), SCI-PSP binarized assessment (bottom row). Ideal (a, e) recessed source (b, f), recessed
detector (c, g), and recessed both (d, h).
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Introduction: Neonates are highly vulnerable to brain injury [1]. However, there is currently
no suitable functional neuroimaging technology available that can be conducted repeatedly at
the cot-side to potentially provide effective diagnoses. Herein, we propose a wearable, modular,
high-density (HD) Diffuse Optical Tomography (DOT) technology (named ANIMATE) that has
been developed specifically for functional imaging of neonates. Our design produces a newgeneration technology that is significantly smaller and lighter than all existing wearable highchannel-count DOT devices.
Methods: A sophisticated 10-layer rigid-flexible printed circuit board (PCB) technology was
utilized to implement the HD-DOT modules. To date, we have currently realized two versions
of the ANIMATE systems. Version one (v1) consists of two patterns of rigid-flexible module,
dual-hexagon (dual-hex) and triple-hexagon (tri-hex). Each module consists of a flexible chain
of either 2 or 3 hexagonal units. Each hexagonal unit is equipped with 3 dual-wavelength lightemitting diode (LED) sources and 4 photodiode detectors (Fig.1a). A local micro-controller is
embedded in each hexagonal unit for logic control and two-way communication. In-built boardto-board connectors are realized in each module so as to remove the requirement for
conventional cabling. A flexible section is present between each connector tab and the
adjacent rigid hexagonal unit to afford extra flexibility.

Fig.1. Two versions of systems: ANIMATE v1 dual-hex module (a), and ANIMATE v2 switch-back, stacked module
(b); (c) The 12-hex ANIMATE v1 DOT imaging array; (d) A daisy-chain setting of twelve ANIMATE v2 modules.

Building upon this flexible-rigid design, another version of the ANIMATE system (named
ANIMATE v2) has been implemented using the same individual hexagonal unit. However, in
v2, a second rigid hexagonal section is folded back to generate a stacked board pattern
(Fig.1b). While presenting a higher profile than v1, the v2 system is expected to afford a more
robust mechanical structure, while the shielded cabling and stacked board configuration will
provide additional noise isolation. This design should therefore facilitate longer-term
application in clinical environments.
For ANIMATE v1, as board-to-board connectors have been implemented into each module,
modules can be easily connected together in a vast range of possible layouts. As a first
demonstration of this system, 3 dual-hex and 2 tri-hex ANIMATE v1 modules were connected
in a 2-3-2-3-2 layout configuration (Fig.1c). There are 36 source and 48 detector locations in
this system so as to generate 1728 DOT channels per wavelength. For ANIMATE v2, modules
connect together to form a daisy-chain as displayed in Fig.1d, which can then lead to an
arbitrary array layout. We expect that this ANIMATE technology will make functional
neuroimaging of the neonates at the cot-side significantly more practical and effective.
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Abstract: Insufficiency in oxygen supply cease the energy-dependent neuronal processes
and cause irreversible cellular damage. Therefore, adequate cerebral blood flow (CBF)
ensures the delivery of oxygen and the removal of metabolic waste products [1]. Diffuse
correlation spectroscopy (DCS) is an emerging and non-invasive optical technique to
measure cerebral blood perfusion as a biomarker for brain health and its functionality. One of
the main challenges of utilizing optical techniques in in-vivo measurements on the adult
human head is minimizing the contamination of the extra-cerebral tissues. The detected light
does not only propagated through cerebral tissue, and the measured signals are influenced
by physiological changes in the superficial tissues [2]. So, measurements on multi-layer
phantoms or applying depth-sensitive methods can reduce the magnitude of the errors and
play an essential role in optimizing the system.
Methods: In this study, we developed a DCS system to quantify scattering particle flow in
turbid media. The instrument was equipped with a 785 nm CW laser (CrystaLaser, USA) and
four single-photon avalanche diode (SPAD) detectors (PDM, Micro Photon Devices, Italy)
which each was connected to a time-correlated photon counting (TCSPC) board (SPC-130,
Becker&Hickl, Germany). We described the design of a dynamic phantom with the controlled
flow inside, which permits direct testing of CW-DCS-derived blood flow index and
characterizing the fluid dynamics and optical properties of this phantom model.
We evaluate the performance of our system by performing a series of measurements on twolayer liquid phantoms with matched optical properties between the top and bottom layers.
The absorption coefficient of the phantoms was kept at a constant value, while the reduced
scattering coefficient was changed from 2.8 to 8.5 cm-1 in 9 steps. The liquid phantoms
were made by mixing distilled water, homogenized milk (3.2 % fat), and black ink. We mixed
the top layer solution with glycerol (30% concentration) to reduce the dynamical properties.
There was no significant change in the corresponding μs ′ since the addition of India ink only
affected absorption. To assess the depth sensitivity of the system, the thickness of the
phantom superficial layer was changed from 0.5 to 2 cm, with a step size of 5 mm. The
measurements were performed at 2.5 cm source-detector separation.
Results: The decay of the detected signal autocorrelation function reveals information about
the velocity of the moving scatters in the liquid phantom. Fast decay of intensity
autocorrelation function indicates high blood flow level, while slow decay reflects slow blood
flow. According to our results, increasing the thickness of the top layer, the depth sensitivity
is decreased. Also, as expected, the blood flow index was estimated at a constant level for
the phantoms with different reduced scattering coefficients.
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Introduction: Carbon Monoxide (CO) poisoning causes about 430 deaths and 50,000
emergency department visits every year in the United States. 1 CO can bind to both hemoglobin
(COHb) and to the terminal enzyme in the electron transport chain of mitochondria, cytochrome
c oxidase (CCO). Presently, COHb levels measured from systemic blood sampling have had
limited predictive value for brain outcomes, especially for mild CO poisoning.2 Here we embark
on an exploratory pre-clinical study to test the hypothesis that degree of cerebral mitochondrial
impairment, as assessed through diffuse optical measurements of cerebral oxygen metabolism,
is predictive of brain injury.
Objectives: To relate non-invasive optical measurements of cerebral oxygen metabolism
(assessed by monitoring oxidized cytochrome C oxidase) during CO exposure to acute invasive
brain outcome metrics such as cerebral microdialysis, mitochondrial respirometry, and
neuropathology.
Methods: To date, we have measured two Yorkshire swine with weights, 21.2 and 17.7 kg. We
assessed oxygen metabolism during CO exposure via broadband diffuse optical spectroscopy
(bDOS) measurements of oxidized CCO concentration changes. bDOS was also used to
measure changes in oxy-hemoglobin and deoxy-hemoglobin concentration in parallel. The pigs
were exposed for 120 minutes to 2000 ppm CO, and continuous bDOS measurements were
acquired before/during/after the CO exposure. Cerebral microdialysis sampling of brain
metabolites was conducted prior to exposure, and every 30 minutes after initiation of exposure.
Animals were euthanized 30 minutes after the end of CO exposure, and cerebral tissue was
extracted for mitochondrial respirometry analysis of brain metabolites and for neuropathology of
brain injury. The bDOS data was analyzed using the UCLn algorithm3 to obtain changes in
oxCCO concentration relative to the 5-minute baseline immediately prior to CO exposure.
Results/Discussion: In the two pigs, oxCCO concentration was estimated to decrease by 0.29
μM and 0.35 μM, respectively, at the end of CO exposure. These decreases suggest impairment
in mitochondrial aerobic metabolism caused by CO poisoning. Additionally, we observed an
increase (decrease) in oxy-hemoglobin (deoxy-hemoglobin) concentration of 7.04 μM and 4.08
μM (-2.02 μM and -2.00 μM), respectively. Since the absorption spectra of COHb is small
compared to the other chromophores in the 780-900nm range, we expect that our results are
not directly affected by changes in COHb. However, in the future it should be possible, and will
be preferable, to directly recover COHb with bDOS by using a wider spectral range (650 -1000
nm). Analysis of brain outcomes data and measurement of more animals are underway.
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Abstract: Pain is mainly treated with pharmacologic agents, often producing significant
adverse effects. Transcranial direct current stimulation (tDCS) is a promising non-invasive
treatment for managing chronic pain. Although pain mechanisms involve different brain regions,
no investigations have analyzed the functional connectivity (FC) networks produced by tDCS
as a nonpharmacological pain treatment.
Methods: We investigated the longitudinal effects on the FC topology of tDCS and sham-tDCS
treatments on two groups (tDCS n=149, sham n=140) during a thermal stimulation using fNIRS
on knee osteoarthritis patients. Participants were trained in the use of portable tDCS
equipment (1×1 tDCS, Soterix Inc., NY) and were asked to self-administer a 20-min long, 2mA dose of tDCS every weekday (Monday to Friday) for two weeks (10 tDCS sessions) at
home. The anode and cathode were placed on the left primary motor cortex M1 (C3 in 10-20
system) and the right supraorbital area SO (Fp2 in 10-20 system), respectively. A controlledthermal stimulation (45°C) was applied in six 20-s blocks (30s interstimulus interval) after the
treatment administration (Sham or tDCS) on day 0 (before the first tDCS session) and days 5
and 10. FNIRS measurements were collected during the thermal stimulation using a 20channels Shimadzu system covering the left primary motor and somatosensory cortices.
Optical changes were motion-artifact corrected using the temporal derivative distribution repair
(TDDR) algorithm and then converted into HbO2 and HbR species using the modified BeerLambert law. FC matrices were obtained using the autoregressive robust correlation method
at subject level [1], and second-level analysis was performed over the R coefficients using a
linear mixed effect model considering the group-day interaction. We computed the global
efficiency (GE), which describes the transference of parallel information in FC networks.
Results and conclusions: Six FC models were computed for every Hb signal, but we only
present HbO2 results considering |R| ≥ 0.55 correlation coefficient for limit reasons. We
observed differences in GE between tDCS and Sham at the group level (Fig. 1, left). Such
differences increased from day 0 to day 10. We attribute the higher flow of information
observed in the Sham group
to an increasing demand of
PFC resources to cope with
the thermal pain stimulation
(Fig, 1, center) [2]. Finally,
tDCS may promote structural
changes modulating the pain
management and reducing Figure 1. Global efficiency (left), Sham (center) and tDCS (right)
the demand between cortical connectivity networks at day 10.
regions (Fig. 1, right).
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Abstract: Spatial ability is relevant for children's development and has been associated with
academic achievement (Wai et al., 2009). Many studies investigate the neural substrate associated
with mental rotation tasks (MRT) and their relationship to adults' learning processes (Zacks, 2008).
However, few studies have investigated the brain activity of children during visuospatial tasks. The
objective of this study was to measure children's cognitive effort using a multimodal approach
employing fNIRS and Eye-tracking during MRT to understand the neural correlations involved in
geometric problem-solving. We hypothesized that the pupil dilations and prefrontal cortex (PFC)
activity during the visuospatial task reflect differences in children's mental effort. Thirty-two
schoolchildren aged 9–11 years participated in this study. First, all students were submitted to a
geometric problem-solving test with eleven questions. Then, we employed the eye-tracker and fNIRS
equipment to record the pupil diameter and PFC blood oxygenation (OxyHb and DeoxyHb signals)
of children during the MRT. Our results indicate changes in pupil sizes and neural activity elicited by
the MRT. There is a correlation between PFC activation and performance in MRT (OxyHb signal, r
= 0,44; p = 0,01). These data show that the greater PFC activation follows the better performance in
MRT and geometric problem-solving tests. Additionally, the DeoxyHb amplitude variation on the
dorsolateral prefrontal cortex (dlPFC) evoked by the MRT follows the pupil dilation, indicating
differences in mental effort. It suggests that children with more effort during the task performed better,
which is unexpected from what is already known about the general cognitive load theory (Sweller,
Chandler, 1991), where better problem solvers express less effort compared to novice learners'
performances (Çakır et al., 2011; Shaw et al., 2013). A possible explanation is the participants' age
in our study. Children do not have well-developed visuospatial skills, so they need more activation
to solve geometric problems and perform well. In another phase of life, this synaptic pruning process
differs from the point where there is another dynamic of cognitive load. In this sense, adults would
have different findings from children. Such information has significant implications for understanding
students' spatial cognition and basic geometric concepts development.
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Abstract: Persons with broader (BAP), medium (MAP), and narrow (NAP) autism phenotypes
as determined with the Autism Spectrum Quotient (AQ) scale [1] have shown cognitive and
behavioral traits similar to those diagnosed with ASD [2]. Individuals with autism spectrum
disorder (ASD) exhibit specific brain connectivity patterns such as lack of long-distance
connections, local over-connectivity, or a combination of both [3]. However, the connectivity
patterns of the autism phenotypes are less well investigated.
Aims: We obtained the functional connectivity (FC) networks from BAP, MAP, and NAP groups
of volunteers to investigate the differences among them at the topological connections level.
Methods: Forty subjects participated in two conversational sessions while the brain responses
were measured with fNIRS. Participants were grouped according to the AQ questionnaire as
without autistic phenotypes (WOAP; AQ score <23)), BAP, MAP, or NAP . In session 1 (without
syllabic stress), participants performed three 30-s listening-speaking conversation round trials
(15s +15s) with an interlocutor. Session 2 was as session 1 but including a syllabic stress
burden (inclusion of ‘na’, ‘ka’, ‘ta’ or ‘a’ sound interspersed the conversations). Relative
hemoglobin (Hb) changes were measured using a 24-channel fNIRS device (NIRScout, NIRx)
over the Broca’s area and the superior temporal sulcus. We applied the temporal derivative
distribution repair (TDDR) algorithm and band-pass filtering ([0.01-0.2] Hz) to remove motion
artifacts and undesired oscillation before reconstruction. Hemoglobin changes were retrieved
using the modified Beer-Lambert law with a differential pathlength factor of 5. Subject-level FC
networks were obtained through the autoregressive robust correlation method [4]. Then for
each session, the Fisher Z-transformed correlation coefficients from the first-level analysis
were used as the input observations to a mixed effect model considering the condition-group
interaction. Only the functional connections with |R . were conserved in ever
odel.
Sixteen group-level FC networks from two sessions, two tasks, and four groups were obtained.
Results: We found a different
number
of
functional
connections
between the
WOAP and the groups with
autistic phenotypes (Fig. 1) for
both tasks. Additionally, the
inclusion of syllabic stress
changed the number of
connections. For the speaking
task, WOAP and BAP groups
Figure 1. Change in the number of functional links across groups from
showed a reduction in the session 1 to session 2 in Speaking (left) and Listening (right)
number of links while MAP and
NAP increased the number of connections (Fig. 1, left). When including syllabic stress, the
WOAP group exhibited a decrease in the number of connections while BAP, MAP, and NAP
groups increased the connectivity for the listening task (Fig. 1, right).
Conclusions: FC models from fNIRS capture the similarities between BAP, MAP, and NAP
and their distant structure pattern to WOAP. Structural metrics from fNIRS connectivity models
can reveal the existence of autism phenotypes in undiagnosed subjects in complement to the
AQ questionnaire tool.
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Introduction: Multimodal imaging is of major benefit to the neuroscience community, as it
increases the amount of concurrent data one can obtain during a study. This could prove
vital for understanding how brain function is altered in clinical populations, such as those
individuals who are symptomatic following a concussion. However, hardware integration is
often a significant hurdle in developing a multimodal imaging protocol. Two neuroimaging
techniques that are increasingly being employed in concussion research are fNIRS and
transcranial doppler (TCD). These devices provide informative brain function monitoring
through indexes of delta hemoglobin concentration and cerebral blood velocity, respectively.
Therefore, combining fNIRS with TCD would allow for an understanding of the relationship
between the brain’s main conduit vessels with cortical microvascular oxygenation.
Methods: To combine these technologies, one has to consider probe/optode placements
and time syncing. Proper probe/optode placement involves adjusting fNIRS optode positions
to accommodate the TCD headframe as well as creating openings in the cap for the TCD
probes around the transtemporal acoustic window. For accurate time syncing, which is
important for several task paradigms, it is important to understand how each system receives
external triggers/markers. In this case, we show how fNIRS systems that have a
serial/parallel port input method of receiving triggers can be synced with a TCD that has a
BNC trigger input. We used Psychopy (PC or MAC compatible) to send a trigger via a USB
to parallel port cable (c-pod). The trigger was sent to a parallel port replicator (from NIRx, Fig
1). The replicator takes a single parallel port input and splits it into 4 identical outputs. One
output was connected to the TCD with a parallel to BNC (Fig 2), while the other was
connected to the fNIRS with a parallel-to-parallel cable. This allowed for accurate marking of
the data.
Conclusion: Data were streamed to each of the TCD and fNIRS systems and the trigger
signals were used to sync the data for post-processing. With the probe placement and time
syncing, the combination of both modalities is complete (Fig. 3), which will prove useful in
future studies monitoring changes in brain function in clinical populations.
Figures:

Figure 1: Parallel Port Replicator:
This was used to replicate the trigger
sent from the stimulus presentation
software

Figure 2: Parallel to
BNC Cable. This
was used to send
from the stimulus
presentation
software to the TCD

Figure 3: TCD & fNIRS Synchronization. Each
system received triggers simultaneously from the
stimulus presentation software.
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Introduction: Wearable functional near infrared spectroscopy (fNIRS) technology is an essential
tool for neuroimaging. Recent advancements in the design of high density, fiberless fNIRS
imaging systems have paved the way for accessible imaging modality, however weight and limited
portability of these systems is still a concern. In this work, we developed an open source fNIRS
system capable of high density optode arrangements that is modular and scalable for use in reallife applications.
Methods: The NinjaNIRS 2021 system is an advancement from our previous NinjaNIRS 2020
system, utilizing an improved optode design with the same control unit and user interface. Two
optode modules replace the combined source and detector optode from NinjaNIRS 2020: the first,
a dual-wavelength LED source, and the second, a detector containing a PIN photodiode and 16bit ADC. These optodes have a smaller footprint than the dual optode design allowing for minimum
source-detector separation of 12 mm. Our modified design allows for up to 8 sources and 12
detectors using the current control unit design with the potential to increase the number of sources
and detectors controllable with a single control unit to 32 sources and 108 detectors. The new
sources are packaged in a two-stage encapsulation with an epoxy potting compound protecting
the electronic components and silicone rubber providing heat isolation and ergonomic
improvement.
Results: The optical performance of the optodes was assessed through noise equivalent power
(NEP) testing of the detectors and recording the optical power produced by the sources. This
testing showed a NEP of 116 fW/√(Hz) on unencapsulated detector optodes and measured optical
power from the sources of 5.5 ± 0.5 mW at 730 nm and 11.5 ± 0.5 mW at 850 nm. Human studies
have revealed our design has sufficient sensitivity to measure cardiac signals even through thick
hair in the motor region on the scalp, however further refinement is required for use in subjects
with especially dense, dark brown or black hair.
Conclusions: The addition of our single optode design in the new NinjaNIRS 2021 system has
improved the customizability of probe design and enabled higher density measurements than
were previously possible with our wearable fNIRS device. With the ability to perform high density
measurements we are now seeking to increase the number of optodes that can be controlled by
a single unit to allow for whole head, high density fNIRS measurements in a portable system that
can be used in real world situations outside of the lab environment.
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Abstract: Children exposed to socio-economic status (SES) adversities are more likely to
experience heightened risk for academic, cognitive, and behavioral problems. Mounting
evidence suggests that it may lead to underlying changes in neural correlates that subserve
key functions, e.g., executive functioning (EF), in ways that explain disparities (1). However,
most work has focused on school-age children and adolescents. There is a dearth in
understanding alterations in brain development in early childhood. Methods. To address this
gap, we examined functional near-infrared-spectroscopy (fNIRS) based neural activation
during a modified visuo-spatial working memory (WM) task (2) in young children aged 4-7
years (N=30) who varied in SES risk exposure. Fourteen families had an income to needs
ratio (INR) less than 1, classifying them as living below the poverty line (Meanses= 1.13,
SDses= 0.59). Hollingshead index (HI) ranged from 14 to 51 (MeanHI= 32.84, SDHI= 10.78), of
which higher score (up to 66) reflects higher social standing. Raw fNIRS signals were
converted to optical density and corrected for motion artifacts using Temporal Derivative
Distribution Repair and then converted to oxy- and deoxy-hemoglobins (HbO and HbR) using
the modified Beer-Lambert Law. The task activation was quantified by solving a general
linear model that uses an autoregressive iteratively-reweighted least squares (AR-IRLS)
approach containing the canonical hemodynamic response function (3). Results. Our results
showed SES risk was negatively associated with child brain activation. Particularly, children
who experienced greater SES disadvantage (lower INR and HI) exhibited lower HbO
activation in the lateral prefrontal cortex (LPFC) (Figure 1). Variability in PFC activation was
also associated with poorer outcomes of child EF (tHbO= -2.55, p<.05; tHbR=2.59, p<.05).
Conclusions. These findings add to existing evidence that early childhood SES adversity
shapes the neural correlates underlying EF in this critical period, increasing risk for
disparities in functioning across multiple cognitive and social domains.
Figure 1. The association between INR and brain activation during WM
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Introduction: The first year of life features speech developments from broad sensitivity to both
native and nonnative speech sounds to narrowed sensitivity to only native speech categories.
Referred to as perceptual narrowing, this process has been observed at/after six months for
vowel and consonant perception. [1,2] However, perceptual narrowing in lexical tones may occur
before 6 months [3]. To better understand tone acquisition in early infancy, we examined
Mandarin-learning young infants’ cortical responses that accompany native tone
discriminations. Since cortical lateralization is known to be a critical index of native
suprasegmental acquisition [4], we predicted that it would occur as a function of age.
Method: Data from thirty awake 2- to 6-month-olds (12 female, M±SD = 133.1±35.0 days)
were analyzed. Four different Mandarin tones carried by the syllable [ta] were presented in a
non-alternating/alternating (NA/A) block design. The NA-phase (~26.5 s), consisting of
repetitions of T2 (Tone 2), was always presented first. The A-phase (~16.5 s) comprised a
sequence of alternations between T2 and one of the other tone types (i.e., T1, T3 or T4). The
oxygenated hemoglobin (HbO) concentration data were recorded with a 64-channel fNIRS
system covering the whole head. After being preprocessed with a combination of spline and
wavelet algorithms, HbO differences between the NA- and A-phases in 0−16.5s post-stimulus
onset were extracted for each infant and entered into linear mixed-effect models to examine
whether cortical lateralization occurs over age in four regions of interest (ROI), i.e., the left and
right frontal/temporal regions, each having four channels.
Results & Discussion: Strengthened discrimination between T2 and the other tone types was
observed as a function of age. Contrary to the hypothesis of perceptual narrowing, only the
older infants discriminated between T2 and the other tone types after we median-split the data
by age (Fig. a). Such results are consistent with previous behavioral findings [5] that lexical tone
acquisition diverged from the developmental trajectories for consonants and vowels. Moreover,
brain responses to tone changes differed by age and
tone type (Fig. b). Of note, left-hemisphere dominance
was observed only in changes from T2 to T4 (Fig. b1),
whereas right-hemisphere dominance was observed
in changes from T2 to T1 (Fig. b2) and from T2 to T3
(Fig. b3). Thus, cortical lateralization accompanying
the acquisition of native lexical tones occurred before
6 months, but the pattern was dependent on the
specific tone type. Therefore, theoretical accounts of
developmental cortical lateralization may need to be
informed by the nature of the speech signals. Any oneway, right-to-left lateralization hypothesis in speech
acquisition may be incomplete.
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Abstract: Effective connectivity from fNIRS signals has been traditionally addressed under the
causal definitions of Granger [2] or Spirtes [2]. These definitions of causality require
separability [3]. Separability is characteristic of purely stochastic and linear systems but it is
problematic in dynamic systems with weak to moderate coupling such as the brain. An
alternative definition is Segal’s causality [4], but it operates in spaces of negative signature. In
the past, we described how a cylinder is equipped to study aspects of functional connectivity,
providing a geometry able to encode phase and frequency [5]. The cylinder has positive
signature and thus cannot encode the direction of causality required for Segal’s definition.
Aims: We study the Lorentzian cubinder as a geometrical space to encode topological causal
curves, with implications to study brain’s effective connectivity from fNIRS records.
Methods: We extrude the cylinder to its generalization in 4 dimensions: the cubinder. We
assigned a negative signature to the extra linear dimension thereby encoding order associated
to time. The Short-time Fourier transform is used to project time-domain signals into world lines
on the cubinder. The geodesic over the cubinder is used to estimate distances between events.
Negative values of the geodesic suggest the existence of future-directed causal curve between
events. Using fundamental sinusoidals, we first show that distances over the cubinder are
sensitive to differences in frequency, phase and time as intended. Evidence of face validity is
given by encoding and propagating an event on sinusoidal carriers.
Results: A 100 sinusoidals lasting 6 secs ranging 5 frequencies and 20 phases were projected
to the cubinder (Fig. 1a,b). The geodesic distances computed between pairs of events shows
evidence of sensitivity to differences in frequency, phase, and time, with a distortion that is
topologically tractable (Fig.1c). For face validity, two of three identical carriers were designed
to simulate a short-time activity with a time delay. The third carrier is left undisturbed. We
projected the carriers to the cubinder. A negative geodesic (evidence of a possible causal
relation) was found only between the first two activity events as expected (Fig.2).
Conclusions: The Lorentzian cubinder appears to be an adequate geometrical space for the
study of causal lines between projections of signals. This has implications for the study of
effective connectivity from fNIRS under Segal’s causality which may be more suitable than
previous approaches. At present, we have ignored the speed of information transmission; that
is, the sign of the distance is sufficient to determine the existence of a future directed causal
curve between events. This is equivalent to “infinite” transmission speed or no delay; an
assumption that may not hold despite the electrical activity being faster than hemodynamics.

Fig 1. Sinusoidals (a) projected to the cubinder, represented here by its 3D representation (b). Geodesic distances between
sinusoidals (c). Fig 2. Negative distance suggests a possible causal path.
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Background: Time-Domain functional Near-Infrared Spectroscopy (TD-fNIRS) has been
considered as the gold standard of non-invasive optical brain imaging devices. However, due
to the high cost, complexity, and large form-factor, it has not been as widely adopted as
Continuous Wave (CW) fNIRS systems. Kernel Flow is a TD-fNIRS system that has been
designed to break through these limitations by maintaining the performance of a research
grade TD-fNIRS system while integrating all of the components into a small modular device.
Approach: The Kernel Flow modules are built around miniaturized laser drivers, custom
integrated circuits, and specialized detectors. The modules can be assembled into a system
with dense channel coverage over the entire head, with all of the system optics and electronics
contained in the headgear (Fig 1, Left).
Results: We show performance similar to benchtop systems with our miniaturized device as
characterized by standardized protocols for TD-fNIRS (Basic Instrument Performance1 and
MEDPHOT2 protocols). An example instrument response function (IRF) is shown in Fig. 1.
Conclusions: The miniaturized design of the Kernel Flow system allows for broader
applications of TD-fNIRS.

Fig. 1 Left: Photo of Kernel Flow headgear, containing 52 optical modules. Right: Histogram of the IRF
measurement for 690 and 850 nm. The boxed region is where the mean background for the afterpulsing
ratio was selected.
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Abstract: fNIRS is becoming an increasingly popular tool for studying auditory processing.
However, auditory fNIRS research lacks a standard task for improving localization of the
auditory cortex, as motor research uses the standard finger-tapping task to localize the motor
cortex. We tested the efficacy of a brief auditory localizer task for improving the precise
contributions of auditory brain regions in other auditory tasks. Our localizer task, modeled after
Langers et al. (2014), required participants to listen to rapid sequences of tones presented
over both broad- and narrow-band frequency ranges. This task allowed identification of
temporal channels in each participant that were most responsive to sound stimuli. We aim to
use the results of the task to improve localization of the auditory cortex response in those
participants in a follow-up speech-in-noise (SIN) task.
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Understanding how the brain allocates resources to match the demands of active neurons
under physiological conditions is critically important. Increased metabolic demands of active
brain regions are matched with hemodynamic responses known as neurovascular coupling
(NVC). Several methods, such as functional near-infrared spectroscopy (fNIRS), allow for
noninvasive NVC assessments of brain activity in humans. Purpose: The aim of this study was
to investigate areas in the pre-frontal cortex (PFC) and assess the sensitivity of fNIRS in
detecting cognitive states evoked by differing levels of cognitive workload. We hypothesized that
fNIRS can discriminate NVC evoked by higher demand tasks compared to baseline or lower
demand tasks. Methods: A total of 14 healthy adults (age: 31 ± 5.94 years) participated in this
one-visit study. Participants performed an n-back working memory paradigm with several
difficulty levels while fNIRS measured NVC response in the PFC. The n-back test was
administered as followed: 0-backà 1-backà 0-backà 2-back, with 0-back being baseline.
Results: All participants recorded >90% correct responses and reaction times were
significantly longer during 1-back and 2-back vs baseline 0-back (p < 0.01). A t-contrast
between the 2-back and 1-back task conditions revealed a significant increase in oxyhemoglobin (HbO) in the PFC and HbO increase in the left dorsolateral prefrontal cortex
(DLPFC). Deoxy-hemoglobin (HbR) concentrations were also significantly altered focally in
regions of PFC and in the left DLPFC. Regarding group averaged HbO and HbR time courses,
the 2-back condition compared to the preceding 0-back condition showed an increase in HbO
and decrease in HbR in the medial PFC and left DLPFC. Conclusion: The current study
compared hemodynamic responses in the brain evoked by the n-back paradigm with different
levels of cognitive workload. The more demanding cognitive task (2-back) evoked greater
neurovascular coupling responses in the medial PFC and left DLPFC compared to both
baseline (0-back) and the less demanding task (1-back).
Reference: Csipo T, Lipecz A, Mukli P, Bahadli D, Abdulhussein O, Owens CD, Tarantini S,
Hand RA, Yabluchanska V, Kellawan JM, Sorond F, James JA, Csiszar A, Ungvari ZI,
Yabluchanskiy A. Increased cognitive workload evokes greater neurovascular coupling
responses in healthy young adults. PLoS One. 2021 May 19;16(5):e0250043. doi:
10.1371/journal.pone.0250043. PMID: 34010279; PMCID: PMC8133445.
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Background: Executive function is known to be impaired by sleep deprivation (SD) but the
underlying mechanisms have not been elucidated yet. Motor coordination requires coordinated
operations between brain regions that is characterized by simultaneous hemodynamic responses
evoked by neural activity. Such relationships are described as static functional connectivity (sFC)
revealing the task-specific brain networks. Our hypothesis is that the brain after SD is less able
to reorganize functional relationships between neuronal assemblies during task state leading to
impaired cognitive function. The objective of this study was to investigate the impact of SD on
sFC in the prefrontal and motor cortices and whether changes in FC correlate with changes in
neuropsychological scores. Methods: We assessed cerebromicrovascular and cognitive function
in healthy young male individuals (n=10, 27.6±3.7 years of age) before and after 24 hours of SD.
We obtained records of hemoglobin concentration time series with continuous-wave near-infrared
spectroscopy from 48 brain regions during rest and finger tapping paradigm. We analyzed
functional connectivity (FC) by determining Pearson-correlation matrix from preprocessed
hemoglobin signal within each session. Brain network metrics were characterized by node degree
(D) representing the number of functional connections. Results: We found significantly smaller
decrease in the number and strength of functional connections in the frontal cortex after SD.
Changes in global connection strength correlated with decreased performance in the paired
association learning test. Conclusion: These observations suggest that SD impairs task-related
reorganization of brain networks in the frontal lobes associated with impaired cognitive function.
Reference: Mukli, P. T. Csipo, A. Lipecz, O. Stylianou, F. S. Racz, C. D. Owens et al. Sleep
deprivation alters task-related changes in functional connectivity of the frontal cortex: A nearinfrared spectroscopy study. Brain Behav, e02135, doi:10.1002/brb3.2135 (2021).
This work was supported by Oklahoma Center for the Advancement of Science and Technology,
Presbyterian Health Foundation, Oklahoma Shared Clinical and Translational Resources program
funded by the National Institute of General Medical Sciences (GM104938), National Institute on
Aging (R01-AG055395, R01-AG067480), National Institute of Neurological Disorders and Stroke
(R01-NS100782), NIA-supported Geroscience Training Program in Oklahoma (T32AG052363),
Oklahoma Nathan Shock Center (P30AG050911), and the Cellular and Molecular GeroScience
CoBRE (P20GM125528, sub#5337).
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Abstract
The main objective of the case study was to identify the cortical resting state functional connectivity
changes during the upper limb immobilization and recovery. The case participant (12-year-old
male) was presented with an immobilized right upper limb due to a fractured right clavicle.
Methods: The case subject was scanned using optical imaging technology of fNIRS over the
period of immobilization and post-immobilization. A baseline recording of the subject prior to
immobilization was available from another project. Data collection and task experiment protocol
were followed from the recent study from the lab1. The resting state measurement was conducted
for a duration of three minutes with participant asked to relax and sit in a chair with eyes open and
focusing on a fixation point. Resting state data were processed with FC-NIRS toolbox2. The task
data were processed using custom made MATLAB codes derived from NIRS toolbox package.
Once this data passes the quality control it is filtered for removing the physiological noises. The
data was band pass filtered (0.008-0.09 Hz) A motion correction step was included to reduce the
effect of head movement ever so happening. The left-right correlation was calculated for Channels
2,3,5 and 9 from left hemisphere and Channels 12,13,15 and 19 from right hemisphere. Fisher
transform was applied to the correlation values between these channels and the average z value
for each hemisphere was computed. To obtain average correlation coefficient, an inverse Fisher’s
z-r transform was applied.
Results:
The subject prior to the immobilization had contralateral activation of the PMC and M1 area for
both hands. The resting state data reveals a good correlation of left and right hemisphere areas
of M1(r=.46). The Week 1 of the immobilization however introduced a bilateral coactivation of M1
areas for the non-immobilization hand function. A small dip in left-right correlation was seen for
Week1. The left-right correlation increased over the subsequent weeks of Week2 and Week
3(r=0.71 and r=0.75). The task related activation was still bilateral for Week 2 and increased
activation was seen bilaterally for the Week 3. Post immobilization the left-right connectivity is
reduced to a normal level prior to immobilization(r=.53). The task data also reveals a more bilateral
activation with increased contralateral hemisphere activated for corresponding hand functions.
Discussion:
Short-term immobilization of the upper limb is shown to have cortical changes in terms of
activations of brain regions as well as connectivity. The short term dis-use of the upper limb has
shifted the unilateral activation pattern to the bilateral coactivation of motor cortex from both
hemispheres. The increase in left-right hemisphere M1 area connectivity pattern reveals that the
cortical reorganization occurred during immobilization. Understanding such cortical reorganization
could be informative for studying the recovery from neurological disorders affecting motor control
in future.
References:
1. Borrell JA, Copeland C, Lukaszek JL, Fraser K, Zuniga JM. Use-Dependent Prosthesis Training Strengthens

2.

Contralateral Hemodynamic Brain Responses in a Young Adult With Upper Limb Reduction Deficiency: A Case
Report. Front Neurosci. 2021 Jun 11;15:693138. doi: 10.3389/fnins.2021.693138. PMID: 34177460; PMCID:
PMC8226211
Xu J, Liu X, Zhang J, Li Z, Wang X, Fang F, Niu H. FC-NIRS: A Functional Connectivity Analysis Tool for NearInfrared Spectroscopy Data. Biomed Res Int. 2015;2015:248724. doi: 10.1155/2015/248724. Epub 2015 Oct
11. PMID: 26539473; PMCID: PMC4619753.
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Research has shown the importance of a neural network transformation in response to
infant cry early on in pregnancy to prepare parents biologically to learn to respond to their infant
(Witteman et al., 2019). With this neural network transformation early in pregnancy in response
to listening to infant cry, it is imperative to address the gap in the literature and understand the
potential implications cannabis, the most commonly used substance during pregnancy, has on
this network transformation (Colorado Department of Public Health, 2018). The dorsal regions
of the prefrontal cortex (PFC) have shown to have dampened signaling in substance users, in
addition to playing a critical role in activation during the infant cry task (Cousijn et al., 2012).
However, previous studies tend to group women who are using different types of substances
together, and little is known about the specific role of cannabis use on maternal brain
responses to infant cues early in pregnancy. Prefrontal cortex activation measured by fNIRS
was most pronounced in the second trimester, compared to other trimester in response to
fearful faces (Roos, 2011). In addition, second trimester stress had a more profound effect on
fetal maturation in the third trimester, suggesting a potential sensitive time window during the
second trimester for emotional responses (Sandman, 2011). This adaptation to focusing on
relevant threat related stimuli is associated with heightened response to infant’s wellbeing
postpartum (Barba-Muller, 2019). Thus, we hypothesized that mothers who used cannabis (CA)
during their second trimester will have less activation in the dorsal regions of the PFC
compared to healthy controls (HC) in their second trimester when listening to infant cry.
Pregnant women performed the infant cry fNIRS (function Near-Infrared Spectroscopy)
task during a home visit (HC= 17; CA=13). fNIRS data was measured by NIRSSCOUT (NIRx
Medical Technologies, Berlin, Germany) using an 8x8 PFC montage. Cannabis use was
defined by a positive urine drug screen test, or self-report using a Timeline Followback/SelfReport Drug Use Scale (Robinson et al., 2014). Groups were matched on age, race and
ethnicity, education, and parity. The infant cry fNIRS task was event related design listening to
an infant cry and matched white noise. Preprocessing and whole brain data analysis was
conducted through Matlab 2019b (The MathWorks, Inc., Natik Massachusetts, USA) using
NIRS Toolbox (Huppert & Barker, 2015) using a GLM AR-IRL model. Second level analysis
was done using ANOVA with an FDR correction, then within groups mixed effects post hoc
was done to determine where the differences were.
One significant channel, 33, showed differences in activation. Among this channel there
was a significant group by condition different in HbO (see Figure 1) corresponding to the
dorsolateral prefrontal cortex (Channel 33 (BA9); F=15.23, df(1), p<.000, q<.05; dorsolateral
prefrontal cortex (68.933% specificity). In post hoc tests, the CA group showed a pronounced
deactivation in channel 33 to infant cry (see Figure 2) and showed potential increases in
activation to white noise (see Figure 3) (Infant Cry: β=-4.52, t=-2.73, df(24), p<.05; White Noise:
β=5.54, t=3.58, df(52), p<.05).
The dorsolateral prefrontal cortex is associated with emotion regulation and has been
shown to have roles in both signaling in response to infant cry and previous cannabis studies
have found differences in neural activation in frontal regions related to emotion regulation
compared to nonusers (Mackie, 2008; Witteman, 2019; Zimmerman, 2017). This increase in
activation to white noise and not infant cry during the second trimester is preliminary data to
potentially see differences between cannabis users and non-users during pregnancy. Further
research needs larger sample sizes and longitudinal data to understand this difference and the
potential implications it may have on parenting.

(Left to right: Figure 1, Figure 2, Figure 3): Significant activation in Channel 33 in condition
(infant cry vs. white noise (labeled infant noise)) x group (HC vs. CA)
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Abstract: Intraventricular hemorrhage (IVH) remains a significant cause of adverse
neurodevelopmental outcomes in preterm infants. Current management options for IVH rely
on serial 2-dimensional cranial ultrasound (US) ventricular measurements and clinical signs.
Debate is ongoing concerning the optimal timing of intervention to improve long-term outcomes,
particularly cerebral palsy (CP). Precise assessment and management of the degree of
ventricular dilatation to guide timely intervention are critical. A need still exists for reliable
biomarkers to aid in the early detection of CP. The ultimate goal of this study was to incorporate
newer bedside biomarkers: 3-dimensional cranial US (3DUS) and functional infrared
spectroscopy (fNIRS), to monitor and predict intervention thresholds for infants with IVH.
Methods: Preterm infants <32 weeks’ gestation were enrolled in a prospective cohort study
from the neonatal intensive care unit after a diagnosis of IVH was made during standard cranial
US screening. Infants underwent sequential measurements (3DUS screening and fNIRS). A
Philips HDI 5000 US machine was used to image ventricles. US images were manually
segmented using in-house developed software. The software created 3D images of the
ventricles, from which a volume measurement was provided. Resting state fNIRS data were
acquired using a multichannel fNIRS system, while infants lie in incubator and cap positioned
on infant’s head, for a minimum of 6 minutes. Optodes were positioned at predefined locations
(see Fig 1a). Data quality was assessed using QT-NIRS. Preprocessing and spontaneous
functional connectivity were conducted using NIRS Brain AnalyzlR Toolbox.
Results: 22 infants with IVH were enrolled in the study: 6 with grade I, 9 with grade II, 2 with
grade III, and 4 with grade IV IVH. The cohort was heterogeneous and varied in terms of
baseline characteristics. In neonates with severe forms of IVH (grade III-IV), larger ventricular
volumes were detected by 3DUS (Fig 1b), and corresponding changes in oxy- and
deoxyhemoglobin concentrations and decreased connectivity were observed. (Fig 1c).
Conclusions: Findings demonstrating an association among ventricular size and reduced
functional connectivity and cerebral flow suggest a potential mechanism underlying adverse
developmental outcomes in very preterm-born neonates. Our results indicate that 3DUS and
fNIRS are promising bedside tools for monitoring IVH in preterm infants.

TD-fNIRS measurements of brain activity in everyday activities:
meditation and video gaming
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Background: While many studies have used fNIRS to understand the neural correlates of
simplified cognitive functions, relatively few studies have explored the neural correlates of
everyday activities. Here we present two studies exploring brain activity during meditation and
video gaming.
Methods: In the first study, participants (N=26) learned to meditate using a commercial
application over 8 weeks. Brain activity during meditation and during attention tasks was
measured weekly using Kernel Flow, a whole-head coverage TD-fNIRS device1. The attention
tasks used include a Stroop task, an attention blink task, and a mind-wandering task.
In the second study, brain activity was measured while participants (N=7) played a video game.
The video game was presented in block design with two conditions, one condition requiring
motor planning and motor responses, and one condition requiring motor responses only.
Participants completed two runs of the task.
Results: Data collection and analysis for both studies is ongoing. A preliminary group analysis
for the video game study is shown in Fig 1. We show differential prefrontal activation to the
game condition as compared to the control condition.

Fig. 1 HbO (red) and HbR (blue) hemodynamic responses for the game and control conditions. Top
middle shows game – control condition cluster-based permutation statistical maps.
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Shaflei, Vineet Tiruvadi, and Mary Zhang.
1. Ban, H. Y. et al. Kernel Flow: a high channel count scalable TD-fNIRS system. in
Integrated Sensors for Biological and Neural Sensing (ed. Mohseni, H.) 23 (SPIE, 2021).
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Abstract: Multiple sclerosis (MS) is the most common non-traumatic cause of neurological
disability in young adults. Substantial pre-clinical and clinical data may suggest a causal role
of hypoxia in this disease. Therefore, there is the need for new modalities able to follow the
cerebral oxygenation in people with MS (pwMS). Time-domain near-infrared spectroscopy
(TD-NIRS) is a good candidate to do so, as it can provide an absolute quantification of cerebral
oxygenation non-invasively. However, to produce accurate results, special care should be
taken for the data processing, as the typical assumption used in NIRS might not be satisfied.
Particularly, the anatomical changes induced by MS (i.e., brain atrophy), might affect the light
propagation in tissues, impacting the TD-NIRS extracted cerebral oxygenation values. To
quantify the effects of these anatomical changes, computational methods such as Monte Carlo
(MC) can be used to simulate photon propagation. In this work, we develop a simulation
pipeline of light propagation in the brains of pwMS to aid improving the robustness of the
evaluation of the cerebral oxygenation via TD-NIRS.
Methods: MRI images were obtained from participants with secondary progressive MS taking
part in the MS-STAT2 study at UCL. Firstly, T1-weighted images were segmented into five
tissue types (grey matter, white matter, cerebral-spinal fluid, skull, scalp) through the SPM
toolbox. Following the segmentation step, 3D head meshes were created using a MATLAB
based mesh generation toolbox called brain2mesh (Fang et al, 2020). Then, MC simulation of
the photon migration were run using the mesh-based MC (MMC) code.
10 0

number of detected photons

number of detected photons

10 0

10 -5

10 -10

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

Time of flight

10 -5

10 -10

0

5

10

1.5

2

2.5

3

3.5

4

4.5

5

10 -9

100
Scalp
Skull
CSF
GM
WM

80

Scalp
Skull
CSF
GM
WM

80

% partial pathlength

% partial pathlength

1

Time of flight

100

60
40
20
0

0.5

-9

60

40

20

0

0.5

1

1.5

2

2.5

Time of flight

3

3.5

4

4.5

5
10

-9

0

0

0.5

1

1.5

2

2.5

Time of flight

3

3.5

4

4.5

5
10 -9

Figure 1. Example of the percentage of partial pathlength as function as the TOF for 2 different pwMS. The 3D
mesh of each pwMS is displayed on the side. We can see the larger volume of CSF (blue on the mesh), for the one
displayed on the right panel.

Results and Discussions: This simulation pipeline allow us to investigate the effect of the
anatomy on the TD-NIRS measurements and provides a way to test several algorithms and
configurations (i.e., wavelength used, number of wavelengths, source/detector separation
etc…) to increase the accuracy of the TD-NIRS measurement of brain oxygenation in pwMS.
An example of the information that we can extract from the simulations is presented on figure
1, with the percentage of partial pathlength for each tissue type as function as the time of flight
of photons (TOF) for 2 different pwMS, for a source positioned on the forehead (on Fp2) and
a detector positioned 10 mm away at 800nm. We can see that the same level of sensitivity of
the brain tissues are reached at different TOF which might, for example, decrease the accuracy
of the TD-NIRS brain oxygenation measurement if the same homogeneous model was to be
used for the data processing for these 2 subjects. We will develop the effects of the brain
atrophy on the accuracy of the TD-NIRS measurements of the brain oxygen saturation during
the meeting.
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Abstract: Perinatal injury to the developing brain continues to remain a significant cause of
neonatal morbidity and mortality. The availability of early cot-side markers of neuronal injury
that correlate with disease severity and are predictive of outcome would likely to facilitate a
more targeted therapeutic approach using adjunctive therapies. To answer this need, we
developed a photonic platform that brings together broadband near-infrared spectroscopy
(bNIRS) and diffuse correlation spectroscopy (DCS); allowing the synchronous measurement
of (i) haemoglobin oxygenation changes, (ii) mitochondrial function through measurements of
the oxidation state of cytochrome-c-oxidase (oxCCO) and (iii) cerebral blood flow index (BFi).
Methods: The FLORENCE system is composed of a bNIRS and a DCS instrument. The
bNIRS consists of a tungsten halogen lamp light source with a 700nm longpass filter, and a
micro spectrometer as a detector. The DCS system, consists of a 785nm long coherence diode
laser as a source, and 4 avalanche photodiodes with a correlator as detectors. Optical fibres
are used to connect the instrument with infant’s head using a custom 3D printed probe holder
(source-detector separation of 3cm and 2cm for bNIRS and DCS respectively). The
FLORENCE measurements include the changes in concentration of oxy- and deoxyhaemoglobin ([HbO2], [HHb]) (from which we can derive changes in brain oxygenation
(HbDiff=HbO2-HHb) and brain blood volume ([HbT]=[HbO2]+[HHb])), absolute tissue
saturation (StO2), changes in the oxidation state of cytochrome-c-oxidase ([oxCCO]) and
cerebral blood flow index (BFi).

Figure 1. Typical Dataset.

Results and discussion: We are currently investigating the impact of hypoxic ischaemic brain
injury on cerebral metabolism, haemodynamic and oxygenation in infants with neonatal
encephalopathy (NE) with an aim to develop an index of brain tissue health that will be able to
assess injury severity and prognosticate outcome. We have so far recorded data with our
FLORENCE instrument on 28 neonates in the neonatal intensive care unit (NICU) and are
analysing this data in combination with traditional systemic monitoring (i.e. blood oxygen
saturation, blood pressure, heart rate, etc...). A typical dataset is presented in figure 1.
We have demonstrated that a combined bNIRS-DCS system is able to monitor useful real time
information regarding cerebral blood flow, mitochondrial metabolism and cerebral oxygenation
relating to the evolving pathophysiological changes in infants with NE. It promises to be a
useful tool in NICU.
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F. Langea, P. Pintib, M. Siddiquib, A D Levya,c,d, I. Tachtsidisa
a

Department of Medical Physics and Biomedical Engineering, University College London, UK
b
Centre for Brain and Cognitive Development, Birkbeck College, University of London, UK
c
Wellcome Centre for Human Neuroimaging, Institute of Neurology, University College
London, UK
d
Headache and Facial Pain, Institute of Neurology, University College London, UK
f.lange@ucl.ac.uk

Abstract: Due to a lack of suitable infant neuroimaging techniques, basic metabolic pathways
in the brain remain largely unexplored in developmental populations. There is an urgent need
to adapt existing neuroimaging technology in order to understand the haemodynamic response
and metabolic pathways in the developing brain. Broadband near-infrared spectroscopy
(bNIRS) provides this opportunity through the detection of both the traditional cerebral
oxygenation (via the measurement of the haemoglobins’ species concentrations) and of
cerebral metabolism via the measurement of the oxidation state of cytochrome-c-oxidase
(oxCCO). In this work, we aim to develop a novel multi-channel bNIRS instrument to measure
brain metabolic and haemodynamic changes in response to functional activation in toddlers.
Methods: The system (Fig. 1) consists of 2 white-light sources and 8 independent
spectrometers, covering a spectral range between 770 and 940nm, with a spectral resolution
ranging between 0.1 an 0.2 nm. On the source side, each light source is connected to an 8m
bifurcated optical fibre and a DAQ is used to
Detection Stage
control the mechanical shutter of the light
sources to allow time multiplexing between
them. Therefore, 4 source locations can be used
on the head (2 x 2). On the detection side, each
of the 8 spectrometers can be controlled
independently with a minimum integration time
of 2ms and is connected to individual 8m optical
Source Stage
fibre. The independence of the spectrometers
allows us to have a high flexibility in the array
design without any direct crosstalk between
detectors, which was an issue with the
previously developed systems based on CCD
1U PC
arrays. Moreover, the use of long optical fibres
Medical
Grade
(8 m) allows the system to be used in naturalistic
Isolation Transformer
settings such as studying toddlers in their natural
UPS
environment while they are free to move.
Results: We are currently working on the
extensive characterization of the system by Fig. 1. On the left panel: Photograph of the system.
the right panel: Close up of the opened
using standardized methods commonly used in On
spectrometers’ enclosure; light source with
the community, by (1) applying the BIP and controlling DAQ; System’s elements.
nEUROPt protocols, allowing us to have a
precise quantitative assessment of the system’s parameters and properties and (2) by
performing basic in-vivo validations using standard protocols of arterial arm cuff occlusion and
typical fNIRS protocols (finger tapping, visual stimulation, etc.), in order to test the
performances of the system in-situ. We will present this detailed characterization during the
meeting.
Conclusion: The presented system has the potential to advance our knowledge on the
neurobiological basis of brain development, moving beyond previous bNIRS instruments and
uniquely providing simultaneous measurements of brain hemodynamics and metabolism at
multiple locations on the head and at higher sampling rates.

Effective metabolic and hemodynamic connectivity in the developing brain
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Broadband near-infrared spectroscopy (bNIRS) is a novel technique that provides measures
of cerebral energy metabolism, through measurement of the oxidation status of mitochondrial
enzyme cytochrome-c-oxidase (oxCCO), alongside haemodynamic (HbO2 and HHb)
measures similarly to conventional fNIRS. In real-world systems, effective distribution of
energy resources is fundamental, and it is important to understand how the brain, being a
biological system, is shaped by energy supply and utilization. bNIRS allows the opportunity to
investigate both energy metabolism and consumption and understand its role in shaping the
developing brain. Recent work [1,2] has demonstrated that measurement of brain energy
metabolism alongside haemodynamics helps to identify unique regional networks of activation
that are not observed in the channel-wise spectral data. Within this context, there is an
increased interest in investigating how brain regions are functionally connected in networks,
as this is related to myelination and synaptogenesis, fundamental processes for
neurodevelopment [3]. While conventional functional connectivity investigations limit the
understanding of networks development, dynamic causal modelling (DCM) estimates effective
connectivity between brain areas, evaluating the directionality of the connections and how
these are influenced by changes in experimental context [4]. The aim of this study is to test the
feasibility of DCM to assess, for the first time, effective connectivity in infants from bNIRS
hemodynamic and metabolic measures. 42 4-to-7-month-old typically developing infants were
studied during functional activation, using social and non-social visual and auditory stimuli
(previously used [5]). bNIRS measurements were made using an in-house system developed
at UCL [6] and consisted of 4 white light sources and 14 detectors (forming 19 measurement
channels). Infants wore custom-built headgear with 10 channels positioned over the occipital
cortex and 9 channels over the right temporal cortex. Δ[HbO2] Δ[HHb] and Δ[oxCCO] were
calculated using changes in attenuation of light at 120 wavelengths between 780-900nm using
the UCL algorithm [6]. Functional activation results showed increase activation to the social
stimuli over the temporo-parietal brain region [2]. Data analysis of DCM is ongoing and will
involve the application of the procedure detailed elsewhere [7]. Channel-wise Δ[HbO2] Δ[HHb]
and Δ[oxCCO] will be used for the DCM analysis and will be fitted with the DCM model, where
we hypothesize a bidirectional connection between ventral occipital channels (corresponding
to the occipital face area) and the superior temporal sulcus – temporo-parietal junction (STS –
TPJ) with a modulatory effect of social processing on the connections (see Figure 1). These
findings will advance the understanding of the neurobiological mechanisms behind cortical
social processing in infants by mapping the brain metabolic and hemodynamic networks. By
applying DCM to bNIRS data for the first time, we will provide a pipeline of analysis for future
studies. More importantly, this work has the unique potential to answer the question of whether
neural connectivity can be explained by metabolic factors besides the well-known structural
connection between white matter fibers.
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Figure 1: A relationship is expected between ventral
occipital channels and channels over the STS-TPJ
region (indicated in orange)
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Motivation: Understanding how the brain modulates improvisation has been the focus
of numerous studies in recent years. Models have suggested regulation of activity
between default mode and executive control networks play a role in improvisational
execution. Several studies comparing formulaic to improvised sequences support this
framework and document increases in activity in medial frontal lobe with decreased
activity in the dorsolateral prefrontal cortex (DLPFC). These patterns can be influenced
through training and neural responses may differ between in beginner and expert
musicians. Our goal was to test the generalizability of this framework and determine
similarity in neural activity in the prefrontal cortex during improvisation.
Methods: Twenty guitarists performed improvised and formulaic sequences in a blues
rock format while brain activity was recorded using functional near-infrared
spectroscopy (Hitachi ETG-4000).
Results: The findings of the study indicate similar modulation in DLPFC as seen
previously. Specific decreases of activity from left DLPFC (BA46L) in the end
compared to beginning or middle of improvised sequences were also found. Despite
the range of skills of participants, we also found significant correlation between
subjective feelings of improvisational performance and modulation in left DLPFC
(BA46L). We also found significant hemodynamic responses in Broca’s area the right
homologue (BA45L&R) during improvised sequences greater than those during
formulaic sequence that were not correlated with feelings of improvisational
performance, skill, history of guitar play or age.
Conclusions: Processing of subjective feelings regardless of skill may contribute to
neural modulation in DLPFC and may be a factor in understanding neural activity
during improvisation. The results may also indicate concurrent activity in BA45 is
related to sustained execution of improvisation in motor control analogous to motor
planning and control for speech.

Simultaneous EEG-fNIRS can differentiate novice and expert based on the perception
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Abstract: We hypothesized that simultaneous measurement of brain signal using bi-modal
electroencephalogram (EEG), and functional near-infrared spectroscopy (fNIRS) signals could
allow a better understanding of the difference in brain-directed connectivity on subjects of two
different skill levels than a single modality. We have tested our hypothesis on subjects (N=6
Experts, N= 8 Novice, right-handed) performing fundamentals of laparoscopic surgery (FLS)
suturing tasks. Non-overlapping sliding window spectral Granger causality was used to obtain
the dynamic directed connectivity. Our analysis on neuronal signal indicates the flow of
information from the left prefrontal cortex (LPFC) to the supplementary motor cortex (SMA),
right prefrontal cortex (RPFC) to SMA, and SMA to left primary motor cortex (LPMC) that is
statistically different (p <0.05) between the cohorts. The analysis of hemodynamic
oxyhemoglobin signal revealed the connectivity from SMA to LPFC is significantly different (p
<0.05) between the cohorts. The observed connectivity in EEG and fNIRS are complementary
showing the recurrent connection between LPFC and SMA differentiating expert and novice
which jointly supports the perception-action cycle of motor learning theory where the subject
learns to distinguish relevant perceptual cues important to the action. The difference in brain
connectivity of the two cohorts can be related to behavior which was reflected as the difference
in their performance scores. Thus we conclude, EEG in combination with fNIRS can explore
the difference in directed brain connectivity between the cohorts.
Materials and Method:
The study was approved by the Institutional Review Board of the
University at Buffalo. Eight novice medical students and six experts
were selected to perform the FLS suturing task. The optical probes
and electrodes held by a standard montage (Figure 1) were carefully
placed on the subject's head to capture the neural and hemodynamic
response. The EEG and fNIRS data were preprocessed with
EEGLAB and Homer3. Spectral Granger causality (GC) with a sliding
Figure1: EEG-fNIRS
window was used to measure the dynamic directed connectivity.
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Figure 2: (a) Directed brain connectivity in fNIRS (b) Directed brain connectivity in EEG (c) Coefficient of
variance of performance score.

Comparing different pre-processing routines for infant fNIRS data
Jessica Gemignani a, Judit Gervaina,b
a

Department of Developmental Psychology and Socialisation, University of Padova, Via
Venezia, 8 – 35131 Padova (Italy)
b
Integrative Neuroscience and Cognition Center, University of Paris, 45 Rue des Saints
Pères, 35006, Paris (France)
jessica.gemignani@unipd.it

Introduction: Functional Near Infrared Spectroscopy (fNIRS) is an important neuroimaging
technique in cognitive developmental neuroscience, yet there is no general consensus about
pre-processing practices that are best suited for this specific data. Systematic comparisons
between analysis methods are thus necessary. In this work, we investigated the performance
of five different pipelines from the infant fNIRS literature, using a finely tuned synthetic dataset
as well as a real dataset acquired on newborns.
Methodology: A literature search was
performed to identify some of the most
commonly employed pre-processing pipelines in
the infant fNIRS literature. Five pipelines (A, B,
BA, BB, C) were selected (Fig.1), accounting for
86% of the reviewed articles. They broadly
differed in terms of how artifacts are handled
(correction vs rejection) and how pre-processing
steps are ordered. The pipelines were applied to
datasets from two experiments; in Experiment 1,
we generated a synthetic dataset with 22
“participants”, characterized by different HRFs’
and motion artifacts’ amplitudes and frequencies
(specific details in [1]), and we analyzed it with
the five selected pipelines. Metrics of
comparisons that we extracted from the final Figure 1: Selected pipelines (specific details of implementation in
processed data include: correlation coefficient [1]). N indicates the number of studies employing each workflow
and RMSE between recovered and true HRF,
peak amplitude of the HRF and number of included trials. In Experiment 2, we analyzed an
already published dataset from an artificial grammar learning study on 22 healthy newborns.
For this experiment, employed metrics include the peak amplitude of the response and the
number of included trials. For the statistical comparison of performances, mixed-effect linear
models were fitted to each metric, to investigate the fixed-effect of Pipeline (and its interaction
with Noise, for Exp. 1).
Results: Results from both experiments show that Pipeline A (trial rejection with strict data
inclusion criteria) and Pipeline C (motion artifact correction with Wavelet-based filtering (Molavi
and Dumont, 2012)) achieve the best results in terms of correlation coefficient between
recovered and true HRF, and in term of stability of the metrics at increasing levels of noise;
Pipeline A discards the largest number of trials (~50%) but recovers most faithfully the
amplitude of the response; Pipeline C retains basically all trials (inclusion rate ~100%), but
lowers dramatically the peak amplitude of the response. Results also show that there is no
difference between pre-processing optical densities or concentration changes.
Discussion: When selecting the pre-processing steps, a data quality/inclusion trade-off needs
to be taken into account. The best pre-processing choice depends on whether a more accurate
identification of the HRF or larger data inclusion is more desirable to best answer the research
question of interest.
[1] Gemignani, Jessica, and Judit Gervain. "Comparing different pre-processing routines for infant fNIRS
data." Developmental cognitive neuroscience 48 (2021): 100943.
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Abstract: The way we perceive the outside world is based on the one hand on
external sensory input, and on the other hand on our internal representation and
consciousness (e.g., our past experiences). Cognitive research has traditionally
mostly focused on the former (i.e., how different types of sensory input influence our
perception). Understanding the mechanisms of modulation of our internal world on
perception is no less important, albeit more challenging. In the present study that
used functional near-infrared spectroscopy (fNIRS) recording on the surface of the
frontal lobes (Figure 1), we investigated the extent to which prior contextual
information influences the perception of an auditory story. Specifically, fifty-three
participants listened to a 9-minute auditory story in which the main hero could be
interpreted either as a girl or a cat. Prior to listening to the story, half the participants
were told that the main hero was a cat, while the other half was told that the hero was
a girl. Our key finding was that the deoxy-hemoglobin activity of the participants who
listened to the story with the same context was more similar than the activity of the
participants who listened to the story with the different context. This result points to
the role the frontal lobes play in shaping perception of external information.
Methods: fNIRS recording has been conducted using Artinis Medical Systems’
Octamon+ 8 channel portable device. The channels were positioned on the surface
of the frontal lobes (see below).

Figure 1. fNIRS montage used in the experiment
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Introduction. The frontal lobes play a central role in many aspects of cognition and consciousness.
Therefore, investigation of the functional mechanisms of the frontal lobes has great importance both
as a basic research and clinical application. In the present study with healthy participants, we used
naturalistic stimuli (i.e., auditory story and classical music fragment) and functional near infrared
spectroscopy (fNIRS) imaging to investigate the role of the frontal lobes. Our study had two goals.
First, from a basic science perspective, we tested whether using fNIRS can find evidence of
naturalistic stimuli processing in the frontal lobes. Second, from a clinical application perspective, we
were interested in developing a paradigm that will permit testing consciousness levels in patients with
disorders of consciousness (DOC). Detecting conscious processing of DOC patients is a challenge,
as the results of behavioral assessment in many cases are not satisfactory. The introduction of
neuroimaging in detecting consciousness of DOC patients has truly revolutionized the field.
Naturalistic paradigms have been previously shown to be effective with DOC patients, but these
studies used functional MRI (fMRI), a method that is not always accessible and feasible for testing the
patients. Thus, introducing a paradigm using fNIRS, a method that can be used at bedside, can be
beneficial.
Methods. 24 healthy participants were included. The participants listened passively to two pairs of
naturalistic stimuli: story and scrambled story, music and scrambled music. During the listening, brain
activity in the frontal lobe was recorded by fNIRS (Octamon+,Artinis medical systems), with 4
channels in each side (Figure 1). We applied intersubject correlation between subjects on the oxy and
deoxy hemoglobin values recorded during the listening.
Results. Story vs. scrambled story: At the group level, there was a higher correlation in the story in all
of the channels, in the oxy as well as in the deoxy values. These results were statistically significant in
almost all channels. We applied bootstrapping in order to assess the effect at the individual level. The
effect was shown in 75% of cases. Music vs. scrambled music: There was no significant change
between the two conditions in oxy values. However, significant higher correlation has been
demonstrated in the deoxy values in two channels, dorsomedial bilaterally. This effect was shown also
at the individual level at 62.5%.
Conclusions. We demonstrated that the frontal lobes have been involved in processing naturalistic
content, in particular comprehension of an auditory story. Our results might pave the way to more
clinical applications, proposing a new neuroimaging paradigm to detect consciousness level at
bedside. This approach might complement routine behavioral assessment of patients with DOC, thus
improving diagnosis accuracy for this patient population.

Figure 1. placement of fNIRS optodes on the frontal area
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The quality of the home environment is crucial for children’s development. Previous research
has shown how it influences both visual working memory (VWM) and vocabulary skills. This
study investigated how the variety of toys/activities provided in the home environment may be
related to children’s VWM and vocabulary development. 4.5-year-old children completed a
change detection task to measure VWM performance, while their brain activity was recorded
using a portable functional near-infrared Spectroscopy. They also completed the vocabulary
subset of the Wechsler Preschool and Primary Scale of Intelligence to assess word
knowledge. Parents were interviewed on the HOME (Home Observation for the Measurement
of the Environment) Inventory. Our findings revealed that greater vocabulary scores were
associated with greater activation in the left angular gyrus and right middle frontal gyrus and
reduced activation in the right precentral gyrus. The variety in toys/activities offered for VWM
and vocabulary stimulation was positively correlated with activation in the left angular gyrus.
We show that exposure to a variety of learning materials and activities offered by parents to
their pre-school children impacts activation in brains areas underlying VWM processing, which
in turn is associated with an improvement in vocabulary. This suggests that parents can shape
their childrens’ development, both behaviourally and cognitively, by providing a variety of
stimulating toys/activities and encouraging the use of these at home.
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The Open Platform of Tranparent Analysis Tools for functional near infrared spectroscopy
(Open PoTATo) is a software platform that enables integrated use of a variety of tools for fNIRS
data analysis. Open PoTATo is an open source software distributed free of charge on the
Internet [1]. It runs on MATLAB, a product of Mathwork, Inc. Open PoTATo was developed by
the National Institute of Advanced Industrial Science and Technology (AIST) based on the
Platform for Optical topography Analysis Tools (POTATo) developed by Hitachi, Ltd [2], and
provides various functions such as signal preprocessing, statistical analysis, and visualization
(Fig. 1). In particular, Open PoTATo is able to read data from a wide variety of fNIRS
instruments [3]. One of the features of Open PoTATo is that it has a full manual. One of the
features for beginners is the "Recipe" function. The "Recipe" function allows users to save and
share procedures that combine various analysis tools. For example, if a recipe created by an
expert in analysis is shared, even a beginner can easily perform the sophisticated analysis. In
addition, functions can be extended by "plug-ins", so analysis experts can incorporate their
own analyses into the Open PoTATo. The author hope that Open PoTATo will contribute to
stimulating the fNIRS user community.

Fig. 1 Open PoTATo interface (left) and sample data display (right)
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Background: One of the great advantages of functional near-infrared spectroscopy (fNIRS) is its
ability to study freely moving subjects, making it a popular method to study cortical responses
during movement and gait. We were particularly interested in the cortical processes associated
with movement automaticity, as this is known to contribute to gait impairments in Parkinson’s
disease patients and in elderly. Although multiple fMRI studies have shown cortical differences
between automatic motor control (involving the primary motor cortex) and non-automatic motor
control (involving the prefrontal, premotor, and posterior parietal cortex), it is unknown how well
fNIRS can pick up on these distinctions. Furthermore, it is not even clear how sensitive fNIRS is
for the more difficult to reach leg areas. We therefore investigated the difference in fNIRS activity
between automatic and non-automatic finger and leg movements in healthy subjects.
Methods: 25 healthy participants (aged 20-30) performed a finger tapping and foot stomping
task. The task consisted of tapping four fingers on a keyboard or stomping the right foot on four
squares on the floor in a specific order given by a 12-digit sequence (e.g. 434141243212). Two
different sequences were executed: an automatic version, which was practiced for 5 min/day for
7 days in advance; and a non-automatic version, which was only practiced for 5 minutes on the
day of the experiment (enough to memorize the sequence). The difference in automaticity was
assessed by performance differences on a dual-task paradigm. A multichannel fNIRS device
including 12 short separation channels covered the primary motor cortex (M1), premotor cortex
(PMC), the dorsolateral prefrontal cortex (dlPFC), and the posterior parietal (PPC) cortex.
Results: We found a significant increase in HbO2 of medium effect size in channels over dlPFC,
PMC, and lateral channels over M1 during the finger tapping tasks, and in channels over the
dlPFC and medial channels over M1 during the foot stomping task. Dual-task performance
showed significant differences between the two sequences for speed (p=0.05), but not for error
rate (p=0.53) or interval irregularity (p=0.52). Subsequently, fNIRS activity between the
automatic and non-automatic conditions did not reveal significant differences.
Discussion: The differential activity patterns between the finger tapping and foot stomping tasks
are in line with the somatotopic representations of finger and leg primary motor cortical areas.
This demonstrates that fNIRS is sensitive for activity in the leg areas, which is important for gait
studies. Additional research is needed to conclude whether fNIRS is sensitive for cortical
processes involved in movement automaticity.
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Introduction: Characterising the neural substrates of various mental states has become a
cornerstone of research into disorders of consciousness and has led to improvements in
diagnosis and prognosis. These improvements have come about through evidence
accumulated across different neuroimaging modalities, cognitive states, complex neural
features, and analysis techniques. Yet, despite these advances, few studies have capitalized
on the breadth of neural features and classification algorithms available. Moreover, by
adhering to the standard practice of relying on classification accuracy and K-fold crossvalidation, the generalizability of results has been limited. Here, we sought to use the
diversity of neural features and advanced machine learning algorithms to enhance the
sensitivity and specificity of joint EEG-fNIRS to motor imagery without sacrificing generality.
Methods: We selected an open-access simultaneous EEG-fNIRS dataset, that included data
from 29 participants engaged in motor imagery and a resting task (Shin et al., 2017). From
this, we compiled several data-rich network-level neural features from fNIRS (e.g., vector
phase analysis and functional connectivity) and EEG (ERP, power, ISPC) and trained and
tested them on 29 machine learning classifiers (available on scikit-learn (Pedregosa et al.,
2011) and computed via LazyClassifier). We avoided generalizability issues by evaluating
models based on their specificity and sensitivity and employing the leave one subject out
train-test method.
Results: Combining these strict criteria with feature-rich EEG and fNIRS data results in
models with high diagnostic potential (sensitivity = 0.9997± 0.00152) and (specificity =
0.9997 ± 0.00150) when differentiating between motor imagery and rest. Notably, the best fit
model’s performance stayed the same when EEG was excluded. EEG had comparably lower
sensitivity (0.7008 ± 0.0888) and specificity (0.7017 ± 0.0890). The highest performing model
for joint EEG-fNIRS and fNIRS alone employed the Extra-Trees algorithm (Geurts et al.,
2006) and the highest performing feature was cerebral oxygen exchange (COE) computed
from independent components of oxy- and deoxy-hemoglobin (Kato, 2018).
Discussion: These results highlight the potential diagnostic benefit of combining feature-rich
datasets with advanced machine learning algorithms. Given the overall modest decrease in
specificity and sensitivity from simultaneous EEG-fNIRS versus fNIRS alone, it is worth
considering whether the extra time and expense of EEG are worthwhile. We observed large
variability in performance depending on the algorithm selected (ranging from near-ceiling to
chance). Interestingly, the Extra-Trees algorithm is rarely employed in neuroscience
research, but it proved to be interpretable and robust to overtraining and feature redundancy.
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