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reduced. Specifically, the gap is evident in relation to the system’s stable coordin





“pre communicative structures,” proposing that they 



’s transactional 
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Tronick’s Mutual Regulation Model (MRM) further explains this dynamic systems 

https://www.sciencedirect.com/science/article/pii/S0163638314000952#bib0035


“larger dyadic regulatory system” provided by the caregiver (Tronick, 2007, p. 9). As a result, 

and help organise the infant’s affective and behavioural state

epeated experiences of mismatch and repair support infants’ emerging regulatory capacities

constructed process as one of “co creativity,” 



Building on DST, Tronick’s 

each partner’s behaviour is shaped by preceding interactional exchanges. 



’s

However, infants’ capacities for independent emotion regulation are still under

Infants’ affective displays help 

organise caregiver responses, while caregivers’ contingent reactions support attempts to 

(1988) described these affective displays as “other directed regulatory behaviours,” 

support the infant’s emerging capacity for regulation 



through which caregivers help organise the infant’s 

communicate availability and regulate the infant’s experience (

infant’s 



the infant’s emotional state by soothing distress, sustaining 
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One of the most robust findings associated with the paradigm is the “still face effect.”

described as the “carry effect”

insight into the dyad’s capacity to restore co



of the paradigm and may be associated with infants’ regulatory and emotional responses. For 

infants’ self

face episode reduced infants’ 







Using a standardised parent interview, Dale, Tadić, 



children’s development



children’s sensory losses and developmental levels



accommodate their infant’s 













Hospital’s 

the entire body and face of the infant; the other capturing the mother’s fa



Infant’s behaviour was coded for emotional status using the 
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measure the intensity or place of maternal tactile stimulations. In parallel to the infant’s 





fingers on the infant’s belly like a little ant, move the hands or legs 





–





The groups of infants (VI and FS) were comparable in terms of sex distribution (VI: 18 

males, 63%; FS: 14 males, 66%, χ² (1) = 0.38, p = 0.538) and age at testing (VI mean age = 

11.2 months, SD = 1.08; FS mean age = 11.1, SD = 1.06, t(43) = −0.19, p = 0.852). Descriptive 

statistics for parental touch behaviours during the play and reunion episodes are presented in 

Table 3. Across both groups, periods of no touch accounted for the largest proportion of 

interaction time. 



Table 3 

Descriptive Statistics and Group Differences (FS vs. VI) in Maternal Measures.

Infant emotionality throughout the FFSF procedure is presented in Figure 2. For 

negative emotionality, a significant Episode effect was observed, F (2, 86) = 29.32, p < .001, 

ηp² = 0.405, with no significant effect for Group, F (1, 43) = 0.30, p = .588, ηp² = 0.007, nor a 

significant Episode*Group interaction, F (2, 86) = 0.02, p = .982, ηp² = <0.001. Planned 

contrasts indicated that, across both groups, aggregated negative emotionality was significantly 

greater during the Still-Face episode than during both the Play, t(43) = −8.00, p < .001, and 

Reunion episodes, t(43) = 3.07, p = .004. Across both groups, negative emotionality remained 



higher during the Reunion episode compared with the Play episode, t(43) = −18.70, p < .001. 

For positive emotionality, a significant Episode effect also emerged, F (2, 86) = 45.54, p < .001, 

ηp² = 0.514. Group effect was not statistically significant, F (1, 43) = 3.31, p = .076, ηp² = 

0.072. The Episode effect was further characterised by a significant Episode*Group interaction 

effect, F (2, 86) = 3.95, p = .023, ηp² = 0.084. Post-hoc comparisons revealed that infants with 

VI showed lower positive emotionality than FS infants during the Play episode, t (43) = 2.45, 

p = .018.

Figure 2.

Negative and Positive Infant Emotionality across the Face-to-Face Still-Face Procedure 

Infants with Visual Impairment (VI) and Full-Sighted (FS) Infants.

Note. P, Play; S, Still-Face; R, Reunion. Black square represents the mean. Reproduced from 

Grumi et al. (2025). 



Figure 3 presents representative SSG trajectories for caregiver-infant dyads involving 

FS and VI infants during both interactional episodes. Visual inspection suggests that interaction 

was concentrated within particular regions of the state space in both groups, indicating that 

some dyadic states were occupied more frequently than others. The quantitative analyses 

reported below examine these interactional patterns using the extracted SSG measures.



A significant main effect of Cell was found for Cell Duration 

during the Play episode, F (8, 344) = 26.63, p < .001

All remaining comparisons were not statistically significant (all p ≥ .121). 

For the Reunion episode, a significant main effect of Cell was found for Cell Duration, 

F (8, 344) = 9.61, p < .001. However, the Cell*Group interaction was not significant, F (8, 344) 

= 0.53, p = .836, and no significant main effect of Group was observed, F (1, 43) = 0.05, p = 

.820. Post hoc comparisons further indicated that states characterised by neutral infant 

emotionality and no touch (Ineut_Pno) showed significantly longer Cell Durations than states 

involving neutral infant emotionality with affectionate touch (Ineut_Paff), t(43) = 4.74, p < 

.001, positive infant emotionality with no touch (Ipos_Pno), t(43) = 3.52, p = .026, positive 

infant emotionality with playful touch (Ipos_Pplay), t(43) = 3.35, p = .041, and positive infant 

emotionality with affectionate touch (Ipos_Paff), t(43) = 5.96, p < .001. In addition, the dyadic 

states characterised by neutral infant emotionality with playful touch (Ineut_Pplay) showed 

significantly longer Cell Durations than neutral infant emotionality with affectionate touch 

(Ineut_Paff), t (43) = 3.69, p = .016, and positive infant emotionality with affectionate touch 

(Ipos_Paff), t (43) = 6.04, p < .001. All remaining comparisons were not statistically significant 

(all p ≥ .075).





A significant main effect of Cell was found for visit duration 

during the Play episode, F (8, 344) = 19.09, p < .001



(all p ≥ .090).

For the Reunion episode, a significant main effect of Cell was found for visit duration, 

F (8, 344) = 6.67, p < .001. However, the Cell*Group interaction was not significant, F (8, 344) 

= 0.32, p = .957, and no significant main effect of Group was observed, F (1, 43) = 0.083, p = 

.775. Post hoc comparisons further indicated that the state characterised by neutral infant 

emotionality and no touch (Ineut_Pno) showed significantly longer visit durations than states 

involving neutral infant emotionality with affectionate touch (Ineut_Paff), t(43) = 4.74, p < 

.001, positive infant emotionality with no touch (Ipos_Pno), t(43) = 3.52, p = .026, positive 

infant emotionality with playful touch (Ipos_Pplay), t(43) = 3.35, p = .041, and positive infant 

emotionality with affectionate touch (Ipos_Paff), t(43) = 5.96, p < .001. In addition, states 

characterised by neutral infant emotionality with playful touch (Ineut_Pplay) showed longer 

visit durations than neutral infant emotionality with affectionate touch (Ineut_Paff), t (43) = 

3.69, p = .016, and positive infant emotionality with affectionate touch (Ipos_Paff), t (43) = 

6.04, p < .001. All remaining comparisons were not statistically significant (all p ≥ .075).





F (8, 162) = 3.07, 

playful touch (Ineut_Pplay), t(162) = −2.86, p = .005, neutral infant emotionality with affective 

touch (Ineut_Paff), t(162) = −3.86, p < .001, and positive infant emotionality with affective 

(Ipos_Paff), t(162) = −3.27, p = .001. In addition, the 



comparisons were not statistically significant (all p ≥ .071).

F (1, 162) = 3.96,

F 

(8, 162) = 1.04, 







Mean Cell Duration across dyadic states during the Play episode for (A) caregiver-infant 

dyads involving infants with VI and (B) caregiver-infant dyads involving FS infants. The red 

plane indicates the overall mean cell duration across all dyadic states.



This study intended to explore the dynamic organisation of caregiver-infant interaction 

in dyads with and without visual impairment, with a specific focus on how interactions develop 

and reorganise succeeding social perturbation. The coordination between infant emotionality 

and maternal touch behaviours were investigated through a dynamic system lens using the state 

space grid approach to encompass the moment-to-moment structure of dyadic interaction.

Caregiver-infant interaction constitutes the primary context through which infants 

acquire the foundations of socio-emotional regulation during the first year of life. Through 

repeated cycles of mutual responsiveness, mismatch, and repair, caregivers and infants 

progressively establish coordinated patterns of interaction that support emotional regulation, 

social engagement, and the development of increasingly stable expectations about the social 

world (Tronick & Beeghly, 2011; Feldman, 2007; Provenzi et al., 2018). These processes are 

particularly important to study in the context of visual impairment, where reduced access to 

visual communicative cues may alter the pathways through which caregiver and infant 

establish reciprocal engagement. Visual impairment necessitates a reorganisation of 

communication through alternative sensory modalities, including touch, vocalisations, and 

emotional expression, rendering these dyads a theoretically significant population for 

examining how early interaction is shaped and sustained in the absence of a primary regulatory 

channel (Grumi et al., 2021; Gui et al., 2023; Rattray & Zeedyk, 2005). 



Despite growing evidence describing adaptive communicative behaviours in VI dyads, 

relatively little is known about how caregiver and infant behaviours become coordinated 

throughout moment-to-moment interaction, or how these interactions reorganise following 

social perturbation. Addressing these questions requires moving beyond traditional frequency-

based approaches, which treat caregiver and infant behaviours as independent variables, 

towards methodologies capable of capturing the temporal organisation of caregiver-infant 

exchanges as dynamic and reciprocal processes (Hollenstein, 2007; Smith & Thelen, 2003). 

Dyadic measures are therefore essential, as they preserve the bidirectional, time-structured 

nature of early social exchanges that cannot be adequately represented by unidimensional 

approaches.

With regards to the first aim of the study, results indicated that caregiver-infant dyads 

involving infants with VI and FS differed in the organisation of spontaneous interaction during 

the Play episode of the FFSF paradigm but were no longer detected following the Still-Face 

perturbation. During Play, dyads involving infants with VI spent significantly longer periods 

in states characterised by neutral infant emotionality paired with affective touch. They also 

presented with longer visit duration characterised by neutral infant emotionality paired with 

either no touch or playful touch. In contrast, dyads involving FS infants showed longer visit 

duration characterised by positive infant emotionality paired with either no touch or playful 

touch. Although the overall frequency of return visits differed between groups during the Play 

episode, the absence of a Cell*Group interaction suggests that this difference was not specific 

to particular dyadic states. Rather, FS dyads showed a generally higher tendency to revisit 

interactional states than dyads involving infants with VI, without evidence of group differences 

in the distribution of return visits across dyadic states. Taken together, these findings suggest 



that group differences during the Play episode were primarily reflected in the affective content 

of interaction rather than in the overall pattern of transitions between interactional states. The 

present findings are consistent with previous work by Grumi and colleagues (2025), as they 

reported lower levels of positive emotionality during the Play episode of the FFSF paradigm 

in infants with VI, despite qualitatively similar behavioural responses to the subsequent social 

perturbation. 

This finding suggests that throughout early social exchanges, visual impairment could 

disrupt or at least partially restrict socioemotional engagement. This could potentially occur 

because infants with visual impairment have less access to visual interactive cues, such as facial 

expressions and eye contact, that are critical for recognizing and responding to social signals 

(Dale et al., 2014). Reduced access to these cues may make it more challenging for infants to 

develop contingent expectations about social interactions, a process considered fundamental 

for effective socioemotional stress regulation. One possible explanation is that, in the absence 

of visual scaffolding provided by the caregiver, infants with visual impairment may have fewer 

opportunities to develop positive affective responses during social exchanges, as their ability 

to perceive, interpret, and respond to visual social cues is altered (Gui et al., 2023). Although 

further research is needed to understand these mechanisms, the findings suggest that 

interventions supporting adaptive caregiver-infant interactions may be particularly beneficial 

for promoting socioemotional development.

The first goal of the study was further addressed by examining the reorganisation of 

caregiver-infant interaction following the Still-Face episode. As opposed to the differences 

between clinical and control groups observed during the Play episode, no significant group 

differences were detected in cell duration or visit duration during the Reunion episode. 



Similarly, Grumi et al. (2025) reported that both infants with visual impairment and full-sighted 

infants exhibited the typical Still-Face effect and showed comparable patterns of recovery 

during the Reunion episode. Another study examined free parent-child interaction, rather than 

caregiver-infant interaction within the FFSF paradigm, and their findings similarly suggest that 

reduced access to visual information does not necessarily diminish children's capacity to 

engage in social interaction. Specifically, the authors reported no differences in the overall time 

that totally blind and partially blind children spent displaying joint engagement behaviours, 

despite differences in gaze-related behaviours (Gui et al., 2023). Together with the present 

findings, this supports the view that visual impairment may alter the modalities through which 

interaction is organised rather than reducing infants' capacity to participate in reciprocal 

exchanges.

The absence of significant group differences in cell duration and visit duration during 

the Reunion episode may reflect the greater co-regulatory demands imposed by this episode of 

the FFSF paradigm (Coppola et al., 2015; DiCorcia & Tronick, 2011). Whereas the Play 

episode captures the dyad's spontaneous interactional organisation, the Reunion episode 

requires caregiver and infant to reorganise their interaction following the social perturbation 

introduced by the Still-Face procedure. One possible interpretation of the present study’s 

findings is that these increased regulatory demands may reduce the expression of group-

specific interactional patterns, as both members of the dyad adapt their behaviour to restore 

coordinated interaction. This interpretation is consistent with transactional models of 

development (Sameroff, 2010), which propose that caregiver and infant continuously adapt to 

one another in response to changing interactional demands. More broadly, the present findings 

support the growing view that caregiver-infant adaptation in the context of visual impairment 

is characterised by interactional reorganisation rather than interactional deficit (Grumi et al., 

2021).





The second goal of the study was to identify emergent attractor states arising from the 

coordination between infant emotionality and maternal touch. Although preferred states of 

interacting were present in both groups, differences emerged in the organisation of the attractor 

landscape. Dyads comprising of infants with VI established a more centralised attractor 

landscape. The most prominent attractor state for this clinical group was characterised by 

neutral infant emotionality and the absence of maternal touch. Contrastingly, FS dyads 

exhibited a broader attractor landscape, with attractor states disseminated across both neutral 

and positively valanced interactional configurations. Specifically states including positive 

infant emotionality paired with no touch or playful touch surfaced as prominent attractors. 

These findings extend the results of the SSG analyses by demonstrating that group differences 

were evident not only in the duration of specific dyadic states but also in the overall 

organisation of interactional patterns over time.

Although theorists have argued for the importance of understanding dynamic patterns 

such as preferred states of interaction across contexts (Thelen & Smith,

 



The present study had a relatively small sample size which was heterogenous in terms 

of clinical conditions included in the VI group. The clinical group included infants with 

peripheral, cerebral or oculomotor impairment. Consequently, it was not possible to determine 

whether distinct patterns of interaction were associated with specific types of visual 

impairment. Future studies including larger and more homogeneous samples may provide a 

more detailed understanding of how different visual conditions influence the organisation and 

regulation of early caregiver-infant interactions. Another limitation concerns the study’s cross-

sectional design, which provided insight into caregiver-infant interactions at a single 

developmental time point. Therefore, longitudinal research is needed to investigate how these 

interactional processes emerge and change throughout infancy in dyads involving infants with 

VI, as well as their implications for later socio-emotional development. Finally, although the 

FFSF paradigm (Tronick et al., 1978) is a well-established method for examining dyadic 

regulation and responses to social perturbation, laboratory-based observations may not fully 

capture the complexity of everyday caregiver-infant exchanges. Future studies may therefore 



benefit from incorporating more naturalistic observational approaches or combining the FFSF 

paradigm with complementary methodologies to obtain a richer understanding of caregiver-

infant interaction in the context of VI.

This study aimed to better understand caregiver-infant dynamics in the context of visual 

impairment by examining how infant emotionality and parental touch contribute to the 

organisation of dyadic engagement. Using a dynamic systems framework and State Space Grid 

methodology, the study explored how interactional patterns emerged and reorganised across 

the Face-to-Face Still-Face paradigm.

The findings indicate that caregiver-infant dyads composed of infants with VI 

developed organised and coherent patterns of interaction, despite early visual impairment. 

During free play, however, these dyads showed a more centralised organisation of interaction, 

characterised by longer engagement in neutral interactional states and a narrower repertoire of 

preferred interactional states than FS dyads. Following the Still-Face perturbation, group 

differences in the organisation of interaction were no longer detected, suggesting that both 

groups were able to reorganise their interactions following social perturbation. The study also 

demonstrated the value of State Space Grid methodology for examining caregiver–infant 

interaction. By capturing the temporal organisation of dyadic behaviour, this approach 

identified patterns of interaction that would have been difficult to detect using traditional 

variable-centred analyses, providing a more comprehensive understanding of how caregiver 

and infant behaviours become organised over time.
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