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Nowoczesne technologie/metody badania rozwoju 
neuropoznawczego
1. Neuroobrazowanie:


1. monitorowanie aktywności elektrycznej mózgu (spoczynkowa + wywołana 
bodźcami) - elektroencefalografia, EEG 

2. monitorowanie zmian przepływu krwi przez mózg - spektroskopia bliskiej 
podczerwieni - NIRS 


2. Eye-tracking (okulografia) - Monitorowanie zachowań wzrokowych, ruchów oczu, 
pomiar czasów patrzenia na bodźce oraz zmian w zakresie rozwarcia źrenicy.


3. Analiza ruchu i zachowań interakcyjnych (automatyczna analiza video)



Eye-tracking
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Mutual Gaze During Early Mother–Infant Interactions Promotes Attention
Control Development

Alicja Nied!zwiecka , Sonia Ramotowska, and Przemysław Tomalski
Faculty of Psychology, University of Warsaw

Efficient attention control is fundamental for infant cognitive development, but its early precursors are not well
understood. This study investigated whether dyadic visual attention during parent–infant interactions at 5 months
of age predicts the ability to control attention at 11 months of age (N = 55). Total duration of mutual gaze (MG)
was assessed during free play at 5 months, while infant attention control was measured in a gap-and-overlap task
at 5 and 11 months. MG predicted attention disengagement at 11 months. Infants who spent more time in MG at
5 months showed better attention control at 11 months. These results provide important insights into developmen-
tal pathways linking visual behavior in dyadic interactions with infants’ subsequent attention skills.

Mutual Gaze and Learning in the Context of
Social Interactions

Looking at each other’s face or mutual gaze (MG)
is an important mode of communication in parent–
infant interactions (e.g., Lavelli & Fogel, 2005; Tron-
ick, 1989). From birth, MG serves crucial commu-
nicative (Csibra & Gergely, 2009, 2011) and
affiliative functions (Heyes, 2015). It informs about
another person’s attention directed to self (Reddy,
2003), signals communicative intent (Senju & Csi-
bra, 2008), provides means of sharing positive affect
(Feldman, 2007), and helps to regulate infant’s emo-
tions in moments of distress (MacLean et al., 2014).

MG and Attention Control: The Role of Approach
Motivation System

MG may influence the development of attention
control by activating the approach motivation sys-
tem in the brain. Davidson (1984) proposed the

existence of two distinct motivation systems in the
brain: one approach related and one avoidance
related. These systems show differential responses
to stimuli eliciting approach versus avoidance
behaviors (e.g., there is a clear lateralization of
responses apparent in EEG recordings, Davidson,
Ekman, Saron, Senulis, & Friesen, 1990) and there is
interindividual variability in the balance between
these two systems (Sutton & Davidson, 1997). Here
we focus on the relation between approach motiva-
tion and cognitive control.

Friedman and F€orster (2005) demonstrated that the
activation of the approach motivational system
enhanced adults’ performance in cognitive flexibility
tasks. Adults performed better when approach-related
cues were present, relative to avoidance-related cues.
Pessoa (2009) proposed that approach motivation
enhances cognitive performance by optimizing the
allocation of attentional resources during a task.

Pochon et al. (2002) argue that the motivation to
obtain a reward is linked to performance in a work-
ing memory task through a common brain system,
which is sensitive to both the task demands and the
reward value. Moreover, another study showed
that trait approach and avoidance motivation mod-
erate the impact of incentives on participant’s per-
formance in a cognitive task (Locke & Braver,
2008). Spielberg et al. (2012) proposed a model of a
brain network that integrates motivational and
executive processes, involving the dorsolateral pre-
frontal cortex (DLPFC), the orbitofrontal cortex, the
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Chaotic home environment is associated with reduced infant
processing speed under high task demands
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A B S T R A C T

Early adversity has profound long-term consequences for child development across domains. The
effects of early adversity on structural and functional brain development were shown for infants
under 12 months of life. However, the causal mechanisms of these effects remain relatively
unexplored. Using a visual habituation task we investigated whether chaotic home environment
may affect processing speed in 5.5 month-old infants (n = 71). We found detrimental effects of
chaos on processing speed for complex but not for simple visual stimuli. No effects of socio-
economic status on infant processing speed were found although the sample was predominantly
middle class.

Our results indicate that chaotic early environment may adversely affect processing speed in
early infancy, but only when greater cognitive resources need to be deployed. The study
highlights an attractive avenue for research on the mechanisms linking home environment with
the development of attention control.

1. Introduction

During the early years of life home environment is the primary space where children learn and develop. Bronfenbrenner's
bioecological model highlights the role of both the social and the physical microsystem for early development
(Brofenbrenner &Morris, 2006). While the majority of research was historically focused on the social microsystem, early work by
Wachs, Evans and others demonstrated the influence of physical home environment on the development of young children
(Evans &Maxwell, 1997; Wachs, 1979, 1989, 1993). What emerged from this work was the idea that the lack of temporal regularity,
high levels of crowding and noise have detrimental effects on cognitive (Swanson, Valiente, & Lemery-Chalfant, 2012; Vernon-
Feagans et al., 2012) and socio-emotional functioning (Fiese et al., 2002).

The insufficient structuring of the home environment is captured well by the construct of “chaos”: the presence of crowding,
confusion and noise as well as the lack of routines and high unpredictability (Matheny, Wachs, Ludwig, & Phillips, 1995). Household
chaos is associated with psychological distress among middle school children (Evans, Gonnella, Marcynyszyn, Gentile, & Salpekar,
2005) and has long-term detrimental effects on child cognitive development (Berry et al., 2016; Petrill, Pike, Price, & Plomin, 2004;
Vernon-Feagans et al., 2012), academic achievement (Hanscombe, Haworth, Davis, Jaffee, & Plomin, 2011; Swanson et al., 2012) and
mental health (Deater-Deckard et al., 2009; Wang, Deater-Deckard, Petrill, & Thompson, 2012).

Since the majority of studies measuring physical home environment were conducted on families experiencing poverty, chaos has
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Beyond fixation durations: Recurrence quantification analysis
reveals spatiotemporal dynamics of infant visual scanning
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Standard looking-duration measures in eye-tracking
data provide only general quantitative indices, while
details of the spatiotemporal structuring of fixation
sequences are lost. To overcome this, various tools
have been developed to measure the dynamics of
fixations. However, these analyses are only useful
when stimuli have high perceptual similarity and they
require the previous definition of areas of interest
(AOIs). Although these methods have been widely
applied in adult studies, relatively little is known about
the temporal structuring of infant gaze-foraging
behaviors such as variability of scanning over time or
individual scanning patterns. Thus, to shed more light
on the spatiotemporal characteristics of infant fixation
sequences we apply for the first time a new
methodology for nonlinear time-series analysis—the
recurrence quantification analysis (RQA). We present
how the dynamics of infant scanning varies depending
on the scene content during a ‘‘pop-out’’ search task.
Moreover, we show how the normalization of RQA
measures with average fixation durations provides a
more detailed account of the dynamics of fixation
sequences. Finally, we link the RQA measures of
temporal dynamics of scanning with the spatial
information about the stimuli using heat maps of
recurrences without the need for defining a priori AOIs
and present how infants’ foraging strategies are driven
by the image content. We conclude from our findings
that the RQA methodology has potential applications
in the analysis of the temporal dynamics of infant

visual foraging offering advantages over existing
methods.

Introduction

As naive learners, during the first year of life, infants
face a number of challenges in building their knowledge
of the structure of the surrounding environment (Aslin,
2013). From birth, they rely on visual information
processing and limited attention biases to guide their
learning, most notably a bias towards face-like patterns
(Johnson, Dziurawiec, Ellis, & Morton, 1991; for a
review see Johnson, Senju, & Tomalski, 2015). Initially,
reflexive saccades (i.e., eye movements occurring in
response to the sudden onset of a peripheral stimulus)
dominate in the first two postnatal months (Richards,
2008) and young infants have difficulties with disen-
gaging their gaze from any stimulus (e.g., Johnson,
Posner, & Rothbart, 1991). At around two months of
age, infants begin to show smooth visual tracking,
although their eye movements still lag behind the
movement of the stimulus (Johnson & de Haan, 2015,
p. 93). Moreover, the cortical areas that control
voluntary saccade movements in the brain continue to
develop until the sixth postnatal month, which allows
infants to control attention-directed voluntary sac-
cades. As visual scanning of the environment becomes
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Combining Recurrence Analysis and
Automatic Movement Extraction
from Video Recordings to Study
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Parent-Child Interactions
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The analysis of parent-child interactions is crucial for the understanding of early human

development. Manual coding of interactions is a time-consuming task, which is a

limitation in many projects. This becomes especially demanding if a frame-by-frame

categorization of movement needs to be achieved. To overcome this, we present a

computational approach for studying movement coupling in natural settings, which is a

combination of a state-of-the-art automatic tracker, Tracking-Learning-Detection (TLD),

and nonlinear time-series analysis, Cross-Recurrence Quantification Analysis (CRQA).

We investigated the use of TLD to extract and automatically classify movement of

each partner from 21 video recordings of interactions, where 5.5-month-old infants and

mothers engaged in free play in laboratory settings. As a proof of concept, we focused

on those face-to-face episodes, where the mother animated an object in front of the

infant, in order to measure the coordination between the infants’ head movement and

the mothers’ hand movement. We also tested the feasibility of using such movement

data to study behavioral coupling between partners with CRQA. We demonstrate that

movement can be extracted automatically from standard definition video recordings and

used in subsequent CRQA to quantify the coupling between movement of the parent and

the infant. Finally, we assess the quality of this coupling using an extension of CRQA called

anisotropic CRQA and show asymmetric dynamics between the movement of the parent

and the infant. When combined these methods allow automatic coding and classification

of behaviors, which results in a more efficient manner of analyzing movements than

manual coding.

Keywords: parent-child interactions, infant, automatic movement extraction, recurrence quantification analysis

(RQA), tracking-learning-detection (TLD)
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Interakcje matka-dziecko (predyktor 
rozwoju neuropoznawczego
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analizy resting EEG
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fNIRS
nowy projekt NCN: specjalizacja 

korowa na mowę V i AV u 
niemowląt w 5 i 9 mies.
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Dynamiczne analizy 
ruchu, interakcji

David Lopez



ostatnie projekty

01
Czujność i uwaga wzrokowa

02
03
04

R o z w ó j n i e m o w l ą t z 
rodzinnym ryzykiem autyzmu

Audiovisual speech processing
Nowy projekt NCN z użyciem ET, EEG i 
fNIRS (niemowlęta 5 i 10 mies.)

D y n a m i c z n e m i a r y 
interakcji społecznych i 
skanowania wzrokowego - 
David Lopez

Źreniczne miary sieci uwagowych w ET 
(analiza PCA źrenicy, zadania uwagowe w ET), 
zachowania uwagowe w interakcjach

Jak niemowlęta używają 
s w o j e g o c i a ł a d o 
kontrolowania uwagi?

05


