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Abstract

:

Background: The survival of extremely low birth weight infants (ELBW) has increased worldwide. Even in the absence of major disabilities, ELBW infants show difficulty in simple language functions. It is relevant to assess early abilities, which are the base of early linguistic skills, in order to implement customized intervention programs in ELBW infants. Aims: To evaluate communication precursors of language development in ELBW infants at 12 and 24 months of correct age (C.A). To investigate the correlation of linguistic and communicative prerequisites with mental development outcome at 24 months CA. Method: 52 ELBW neonates (mean gestational age 26.6 weeks, mean birth weight was 775 g) who were admitted to the neonatal intensive care unit of the University Hospital of Modena, were enrolled. Data were collected from archived audio-video recordings of neurodevelopmental follow-up visits. Video analysis of communicative and linguistic developmental was performed at 12 and 24 months CA. Neurodevelopmental outcome was evaluated with Mental Developmental Scales (GMDS-R). Results: The video-analysis showed that infants at 12 months CA used predominantly eye contacts and gestural turns, while vocal turns were scant. At 24 months CA, a significant change in eye contacts, vocal turns, gestural turns, and utterances (p < 0.001) occurred. The total number of utterances (p = 0.036) and eye contacts (p = 0.045) were significantly correlated to the Development Quotient (DQ) of Hearing and Language scale. Moreover, a significant correlation was found with the Personal-Social scale vocal turns (p = 0.009) and the total number of utterances (p = 0,02). Finally, the Global Quotient of the GMDS-R was related to the Vocal Turns (p = 0.034) and the total number of Utterances (p = 0.013). Conclusions: ELBW infants at 12 months CA use predominantly eye contacts and gestural turns to communicate with adults. At 24 months CA, the child’s communicative intention evolves from gestural to verbal communication. The latter is characterized by an increase in both vocal turns and the number of utterances produced during interaction. The video analysis we implement appears to be a sensitive tool for early assessment of communication and language development and to refine early intervention
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1. Introduction


The survival of preterm newborns has increased worldwide, and premature birth (before 37 weeks of pregnancy) is the most common perinatal risk [1]. Preterm infants frequently suffer from delay of neuromotor and language development, and the severity of problems increases with decreasing gestational age [2]. For instance, very preterm newborns show a slower acquisition in word comprehension and production with increasing divergence compared to full-term peers from the age of 12 to 24 months [3,4,5]. Even in the absence of major disabilities, very preterm babies show difficulty in simple language functions [6].



Human communication skills develop early, and infants understand words before they can speak [7]. Contextually, the development of the auditory system is determinant. It has been shown that between the 23rd and 25th weeks of pregnancy, the cochlea is already structured, and between the 26th and 30th weeks, the fetus is able to detect and react to sound stimuli [8]. A very short time after postnatal exposure, infants [9] are able to discriminate between different prosodic patterns [10] and turn-taking is possible through a variety of non-linguistic cues as early as in the second month of life, long before any access to lexical information [11].



The first step of language development is characterized by the presence of prelinguistic skills, such as babbling, pointing, and making eye contact, the so-called “prelingual phase” (from birth to about 12 months of age) [12]. Subsequently, in the early-lingual phase (from 1 to 2.6 years of age), children show signs of word comprehension and start producing isolated words and short sentences. Finally, from 2.6 to 5 years of age, grammar starts to develop and sentences become more complete [13]. It is relevant to assess early abilities, which are the base of early linguistic skills, in order to implement customized intervention programs.



Documenting advances in language development requires a reliable staging system that can be applied across the continuum of vocalization types produced during the first 2 years of life [14]. This task is complicated by the adoption of different methods for assessing varying aspects prelinguistic skills, making comparison of studies difficult, also in observations of full-term babies [15].



To this aim, a video recording technique was developed to observe child–adult interactions in a controlled setting and analyze various aspects of the interaction in deaf children [16], in particular after hearing rehabilitation. The technique was proven to be an objective and sensitive measure of the progresses through the preverbal and early verbal stages of language development [17,18], and, more recently, it has also been used to test the efficacy of intervention in deaf children with complex developmental needs [19].



To assess language development by a staging system suitable for daily clinical practice, early communications of a cohort of extremely low birth weight infants (ELBW) were investigated through video analysis. The methodology was based on the experiences [17,18,20] about monitoring of language development for children with hearing impairment. An Italian adaptation [21] of transcriptive method of communication precursors was used during child–adult interactions in follow-up protocol visits for ELBW.



The first aim of this study was to evaluate communication precursors of language development in ELBW infants at 12 and 24 months of correct age (CA) by the mean of the above-mentioned video-analysis technique. A second purpose was to investigate the correlation of linguistic and communication precursors with mental development outcome at 24 months CA assessed by the GMDS-R [22].




2. Materials and Methods


Observational retrospective study. ELBW infants admitted to the Neonatal Intensive Care Unit of Azienda Ospedaliero-Universitaria of Modena underwent a follow-up protocol regarding neuromotor and mental development up to 24 months CA. The follow up protocol includes: a standard neurologic examination, an audiological evaluation and an assessment of child mental development by the use of the GMDS-R (0-2 years) [22]. The follow-up visits are usually video recorded and stored. Informed consent was requested from parents.



Inclusion criteria: neonates with a birth weight under 1000 g (extremely low birth weight neonates, ELBW). They were enrolled as the video recording of follow up visits was available. All the neonates had normal auditory brainstem response (ABR) and Otoacoustic Emissions with “clear” response.



Exclusion criteria: congenital malformations, genetic syndromes, major brain damage, visual impairment, hearing impairment.



2.1. Griffiths Mental Development Scale (GMDS-R)


The GMDS-R (0–2 years) provides a Global Development Quotient (DQ) of infants’ abilities with a mean of 100 and a standard deviation (SD) of 15 and five subscale quotients (Locomotor, Personal-Social, Hearing and Language, Eye and Hand Coordination, and Performance). The cut-off for abnormality is 2 SD. Locomotor measures the development of basic motor skills such as posture, walking, running and climbing. The Personal-Social Scale measures adaptive and self-help behavior at home and social attitude as evident in child–adult interaction. The Hearing and Language Scale evaluates the development of hearing by measuring responses to external sounds and speech and the development of language by measuring the production of sounds and words. The Eye and Hand Co-ordination Scale evaluates manipulative skills that requires fine motor handwork and visual acuity. The Performance Scale examines manipulative motor skills by assessing speed and precision at work. The assessments at the age of 24 months are reported.




2.2. Video Recording Session


The video recording of each follow-up visit was re-analyzed for approximately 15 min. A developmental speech therapist made a transcription and quantification of the communication precursors of children, at 12 and 24 months CA. Antecedent of communication expresses how the child responds to adult solicitation in the interaction. The assessment grid is based on the temporal organization of adult–infant turn-taking sequences, which is similar to that of adult verbal conversation. Observation included at least 10 interaction attempts on behalf of the adult. During each follow-up visit the speech therapist transcribed the amount and the type of communication precursors expressed by children. In case of doubt, video recordings have been viewed more times.



“Eye contact” occurs each time the infant directs its attention towards the practitioner by looking in his eyes; it corresponds to a 2 s sustained eye contact.



“Vocal turn taking with eye contact” indicates an infant’s gestural intention.



“Vocal turn taking without eye contact” expresses the infant’s communicative intention. “Gestural turn” taking indicates the infant’s feedback to the adult’s interaction proposal. “Communication initiative”, both gestural and vocal represents the infant’s autonomous communication initiative expressed in three ways: vocal, gestural, and cross-modal.



In contrast to evaluation in deaf children, which was conducted in thematic play settings, setting for ELBW children took place during a routinary clinical follow up.



The room had adequate lighting; the child’s face was framed by the camera monitoring the direction of the child’s gaze. During the session, adults adapted to the communication level of the child; neither examiner nor parent facilitated actions towards the child.




2.3. Statistical Analysis


One sample the Kolmogorov–Smirnov test was used to test if variables of the video recording protocol followed a normal distribution.



A paired sample t-test was the procedure adopted to determine whether the mean difference between two sets of observations was zero (12 and 24 months CA analyses) and Pearson correlation coefficient (r) was computed as a measure of the strength of a linear association between two variables (Video recordings variables, GMDS-R subscales). Statistical significance level was p < 0.05 in all procedures.





3. Results


Audio-video recordings of 52 ELBW newborns were collected. Seven neonates were excluded due to visual impairment (n = 2), hydrocephalus (n = 1), genetic syndrome (n = 1) and missing data (n = 3). Therefore, the final analysis was performed on the remaining 45 infants. There were 26 males and 19 females, the mean gestational age was 26.6 weeks, and mean birth weight was 775 g.



As neonates were evaluated between 2000 and 2004, more detailed demographic characteristics (maternal education level, etc.) could not be retrieved.



The preliminary Kolmogorov–Smirnov test documented p values between 0.087 and 0.912 so that the null hypothesis that variables were not normally distributed was rejected.



A transcription and quantification of verbal communication precursors was based on the video-analysis. Table 1 shows communication precursors at 12 and 24 months of CA. At 12 months CA, infants demonstrated to use predominantly eye contacts and gestural turns while vocal turns were scant. Table 2 shows video analysis of communication precursors at 12 and 24 months CA. There were significant changes in all variables. Interestingly, vocal turns and the number of autonomous communicative initiatives increased significantly from 12 to 24 months CA; furthermore, eye contacts and gestural turns to communicate with adults decreased.



Paired sample t-test between the two observations (12 and 24 months CA) computed for the communication precursors analyses is indicated in Table 2.



Scores of the 5 Griffiths subscales ate the age of 24 months Ca are reported in Table 3.



Interestingly, at 24 months CA, all subscales (Developmental quotient [DQ] in Locomotor, Personal Social, Eye and Hand coordination performance scales, and Global developmental quotient [GQ]) were within a normal range (+1 SD), whereas the mean Hearing and Speech Scale was within a normal range (but −1 SD), as shown in Table 4.



Table 4 shows the Pearson correlation coefficient between GMDS-R and antecedents of communication. The Pearson correlation coefficient displayed a direct correlation between the total number of utterances and the Hearing and Language subscale of the GMDS-R. Furthermore, a direct correlation was also found between eye contacts and the above mentioned GMDS-R subscale. Moreover, a highly significant and direct correlation was also present between the Personal-Social Scale of the GMDS-R and the Vocal Turns, the Non-Looking Vocal Turns, and the Total number of Utterances subscales. Finally, the GQ of the GMDS-R directly correlates to the Vocal Turns and the Total number of Utterances. The highest correlations were observed in the subscales assessing the more strictly communicative and linguistic aspects, in which greater interaction between adult and child was required.




4. Discussion


Early exploratory abilities are the base of linguistic skills [23]. The Video Analysis allows a direct evaluation during developmental follow-up visits. To our knowledge, the method presented here has not been used previously to monitor communication precursors in preterm infants with normal hearing and neurodevelopmental outcomes. Our protocol differs from Bortolini’s original assessment since it requires a shorter observation time. Furthermore, one video analysis can be reassessed without additional sessions.



Our data show that the development of the communicative intention progresses from a gestural communication to a verbal communication with an increase in both voice shifts and the number of statements.



ELBW at 12 months CA infants use predominantly eye contacts and gestural turns to communicate with adults. In contrast, at 24 months CA, the child’s communicative intention shifts from gestural communication, to verbal communication, characterized by an increase in both vocal turns and number of utterances produced. Moreover, this study revealed an increase in the number of utterances produced over time, a finding consistent with Caselli’s results [24]. According to this model, a child experiences a “word spurt”/“naming explosion” around 24 months of age, while gestural turns decrease, highlighting the passage from a gestural to a verbal communication mode.



Language development also depends on cognitive processes (e.g., memory, attention, etc.), [25]. In our populations, the performances at the GMDS-R scales are within a normal range. However, the average at the Hearing and Language sub-scale DQ is within −1 SD. Even though the cut-off for abnormality is 2 SD, it its noteworthy that nearly 70% of ELBW have a DQ below 1 SD [26]. Some investigators suggest that language difficulties in children born preterm depend on abnormal brain connectivity between brain regions, such as the cerebellum and corpus callosum [27].



In the current study, prerequisites related to communication development correlate positively with the GMDS-R Personal-Social and Hearing and Language subscales, which assess a child’s language and communication development. Assessment of development of the communication skills precursors across a preterm infant in the first two years of life is important as it allows to provide useful reference values for prediction of developmental delay. A few clinical interventions for promoting healthy language development exist currently [28]. Interventions that enhance preterm infants’ exposure to maternal speech are suggested as potential strategies for improving short-term health outcomes and also to reduce the risk of future delays in language development [28,29]. The results of this study suggest that the video recording technique is sensitive to change and could be used to assess the outcomes of early intervention.



However, it would be important to assess reference values as a predictive index of communicative, linguistic and neurodevelopment delay. A recent review reports a great individual variation in early vocalizations and babbling [15]. For this reason, routine follow-up visits could be enriched by a video analysis evaluation of communicative and language development in children at high risk of language impairment. Identification of predictors of long-term outcomes is also particularly relevant to help health care [30] in cases burdened by the impact of family socio-economic problems. It could give the possibility to implement customized intervention programs [31].



In addition, this technique could allow remote assessment of children’s functions during the pandemic era, or by different professionals belonging to facilities located in different centers.



An important limitation of this study is the lack of full-term infants as a control group. The lack of control group does not allow us to compare the precursors of communication with normal full-term neonates. Further studies are needed to standardize this video recording technique in order to validate the tool. The goal is to evaluate the precursors of communication and language development in children under 24 months of age with a validated tool. This would allow planning of early interventions in high-risk children.



Another limitation is the lack of reporting of other factors that could influence language development such as maternal education level or family context. As the first aim of this study was to evaluate language development in ELBW infants by the mean of the video analysis technique, the design was focused towards how child–adult interactions have been expressed.




5. Conclusions


ELBW infants at 12 months CA use predominantly eye contacts and gestural turns to communicate with adults. At 24 months CA, the child’s communicative intention evolves from gestural to verbal communication. Verbal communication is characterized by an increase in both vocal turns and the number of utterances produced during interaction. The total number of utterances and eye contacts were significantly correlated to the Development Quotient (DQ) of Hearing and Language scale. The video analysis we implement appears to be a sensitive tool for early assessment of communication and language development and to refine early intervention.







Author Contributions


Conceptualization, E.G. and L.S.; methodology, L.S., M.P. and M.F.R.; software, D.M. and E.A.; validation, M.P., L.S., E.G. and A.B.; formal analysis, M.P., L.S., D.M., S.P. and E.A.; investigation, L.S., M.P. and M.F.R.; resources, L.S., M.P., S.P. and D.M.; data curation, D.M., S.P. and M.F.R.; writing—original draft preparation, S.P., M.P., D.M. and E.G.; writing—review and editing, A.B. and S.P.; visualization, D.M.; supervision, E.G.; project administration, E.G. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


The study was conducted in accordance with the Declaration of Helsinki. This work represents an appraisal of practice for quality improvement, therefore, institutional review Board was not necessary.




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


The data presented in this study are available from the corresponding author on request due to privacy restrictions.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Gráf, R.; Kalmár, M.; Harnos, A.; Boross, G.; Nagy, A. Reading and spelling skills of prematurely born children in light of the underlying cognitive factors. Cogn. Process. 2021, 22, 311–319. [Google Scholar] [CrossRef] [PubMed]

	



Pugliese, M.; Rossi, C.; Guidotti, I.; Gallo, C.; Della Casa, E.; Bertoncelli, N.; Coccolini, E.; Ferrari, F. Preterm birth and developmental problems in infancy and preschool age Part II: Cognitive, neuropsychological and behavioural outcomes. J. Matern. Fetal Neonatal Med. 2013, 26, 1653–1657. [Google Scholar] [CrossRef] [PubMed]

	



Imafuku, M.; Kawai, M.; Niwa, F.; Shinya, Y.; Myowa, M. Audiovisual speech perception and language acquisition in preterm infants: A longitudinal study. Early Hum. Dev. 2019, 128, 93–100. [Google Scholar] [CrossRef]

	



Foster-Cohen, S.; Edgin, J.O.; Champion, P.R.; Woodward, L.J. Early delayed language development in very preterm infants: Evidence from the MacArthur-Bates CDI. J. Child Lang. 2007, 34, 655–675. [Google Scholar] [CrossRef]

	



Sansavini, A.; Guarini, A.; Savini, S.; Broccoli, S.; Justice, L.; Alessandroni, R.; Faldella, G. Longitudinal trajectories of gestural and linguistic abilities in very preterm infants in the second year of life. Neuropsychology 2011, 49, 3677–3688. [Google Scholar] [CrossRef] [PubMed]

	



van Noort-van der Spek, I.L.; Franken, M.-C.J.P.; Weisglas-Kuperus, N. Language Functions in Preterm Children: A Systematic Review and Meta-analysis. Pediatrics 2012, 129, 745–754. [Google Scholar] [CrossRef]

	



Liberman, Z.; Woodward, A.L.; Keysar, B.; Kinzler, K.D. Exposure to multiple languages enhances communication skills in infancy. Dev. Sci. 2017, 20, e12420. [Google Scholar] [CrossRef]

	



Mcmahon, E.; Wintermark, P.; Lahav, A. Auditory brain development in premature infants: The importance of early experience. Ann. N. Y. Acad. Sci. 2012, 1252, 17–24. [Google Scholar] [CrossRef]

	



Dehaene-Lambertz, G.; Hertz-Pannier, L.; Dubois, J.; Mériaux, S.; Roche, A.; Sigman, M.; Dehaene, S. Functional organization of perisylvian activation during presentation of sentences in preverbal infants. Proc. Natl. Acad. Sci. USA 2006, 103, 14240–14245. [Google Scholar] [CrossRef]

	



Saito, Y.; Kondo, T.; Aoyama, S.; Fukumoto, R.; Konishi, N.; Nakamura, K.; Kobayashi, M.; Toshima, T. The function of the frontal lobe in neonates for response to a prosodic voice. Early Hum. Dev. 2007, 83, 225–230. [Google Scholar] [CrossRef]

	



Gratier, M.; Devouche, E.; Guellaï, B.; Infanti, R.; Yilmaz, E.; Parlato-Oliveira, E. Early development of turn-taking in vocal interaction between mothers and infants. Front. Psychol. 2015, 6, 1167. [Google Scholar] [CrossRef]

	



Watt, N.; Wetherby, A.; Shumway, S. Prelinguistic Predictors of Language Outcome at 3 Years of Age. J. Speech Lang. Hear Res. 2006, 49, 1224–1237. [Google Scholar] [CrossRef]

	



Vandormael, C.; Schoenhals, L.; Hüppi, P.; Filippa, M.; Tolsa, C.B. Language in Preterm Born Children: Atypical Development and Effects of Early Interventions on Neuroplasticity. Neural Plast. 2019, 2019, 6873270. [Google Scholar] [CrossRef]

	



Ertmer, D.J.; Jung, J.; Kloiber, D.T. Beginning to Talk Like an Adult: Increases in Speech-Like Utterances in Young Cochlear Implant Recipients and Toddlers with Normal Hearing. Am. J. Speech Lang Pathol. 2013, 22, 591–603. [Google Scholar] [CrossRef]

	



Morgan, L.; Wren, Y.E. A Systematic Review of the Literature on Early Vocalizations and Babbling Patterns in Young Children. Commun. Disord. Q. 2018, 40, 3–14. [Google Scholar] [CrossRef]

	



Tait, M. The Role of Singing in the Social and Linguistic Development of Nursery-Aged Deaf Children. Ph.D. Thesis, Nottingham University, Nottingham, UK, 1984. [Google Scholar]

	



Tait, M.; Lutman, M.E.; Nikolopoulos, T.P. Communication development in young deaf children: Review of the video analysis method. Int. J. Pediatr. Otorhinolaryngol. 2001, 61, 105–112. [Google Scholar] [CrossRef]

	



Tait, M.; Nikolopoulos, T.P.; Lutman, M.E.; Wilson, D.; Wells, P. Video analysis of preverbal communication behaviors: Use and reliability. Deaf. Educ. Int. 2001, 3, 38–43. [Google Scholar] [CrossRef]

	



Wadnerkar Kamble, M.; Lam-Cassettari, C.; James, D.M. Communication Skills and Communicative Autonomy of Prelinguistic Deaf and Hard-of-Hearing Children: Application of a Video Feedback Intervention. Front. Psychol. 2020, 11, 1983. [Google Scholar] [CrossRef] [PubMed]

	



Olswang, L.; Stoel-Gammon, C.; Coggins, T.; Carpenter, R. Assessing Prelinguistic and Early Linguistic Behaviors in Developmentally Young Children; University of Washington Press: Seattle, WA, USA, 1987. [Google Scholar]

	



Bortolini, U. In Proceedings of Diagnosi Precoce e Prevenzione dei Disturbi del Linguaggio e della Comunicazione, Conegliano, Veneto, 9–11 November 1992. Available online: https://opac.bncf.firenze.sbn.it/bncf-prod/resource?uri=BVE0091994&found=1 (accessed on 20 February 2022).

	



Griffith, R. GMDS-R: Griffiths Mental Development Scales, Revised: O-2 Anni: Edizione Italiana a Cura di Francesca Maria Battaglia e Margherita Savoini; Revisione 1996 di Michael Huntley; Giunti O.S., Organizzazioni Special: Firenze, Italy, 2007. [Google Scholar]

	



Tomasello, M.; Carpenter, M.; Liszkowski, U. A New Look at Infant Pointing. Child Dev. 2007, 78, 705–722. [Google Scholar] [CrossRef]

	



Caselli, M.C.; Rinaldi, P.; Stefanini, S.; Volterra, V. Early Action and Gesture “Vocabulary” and Its Relation with Word Comprehension and Production. Child Dev. 2012, 83, 526–542. [Google Scholar] [CrossRef]

	



Déak, G.O. Interrelations of language and cognitive development. In Encyclopedia of Language Development; UC San Diego Permalink: San Diego, CA, USA, 2014; pp. 284–291. Available online: https://escholarship.org/uc/item/2833j0rj (accessed on 20 February 2022).

	



De Groote, I.; Vanhaesebrouck, P.; Bruneel, E.; Dom, L.; Durein, I.; Hasaerts, D.; Laroche, S.; Oostra, A.; Ortibus, E.; Roeyers, H.; et al. Outcome at 3 Years of Age in a Population-Based Cohort of Extremely Preterm Infants. Obstet. Gynecol. 2007, 110, 855–864. [Google Scholar] [CrossRef]

	



Stipdonk, L.W.; Franken, M.-C.J.P.; Dudink, J. Language outcome related to brain structures in school-aged preterm children: A systematic review. PLoS ONE 2018, 13, e0196607. [Google Scholar] [CrossRef]

	



Brignoni-Pérez, E.; Morales, M.C.; Marchman, V.A.; Scala, M.; Feldman, H.M.; Yeom, K.; Travis, K.E. Listening to Mom in the NICU: Effects of increased maternal speech exposure on language outcomes and white matter development in infants born very preterm. Trials 2021, 22, 444. [Google Scholar] [CrossRef]

	



Neri, E.; De Pascalis, L.; Agostini, F.; Genova, F.; Biasini, A.; Stella, M.; Trombini, E. Parental Book-Reading to Preterm Born Infants in NICU: The Effects on Language Development in the First Two Years. Int. J. Environ. Res. Public Health 2021, 18, 11361. [Google Scholar] [CrossRef] [PubMed]

	



Linsell, L.; Malouf, R.; Morris, J.; Kurinczuk, J.J.; Marlow, N. Prognostic Factors for Poor Cognitive Development in Children Born Very Preterm or With Very Low Birth Weight: A Systematic Review. JAMA Pediatr. 2015, 169, 1162–1172. [Google Scholar] [CrossRef]

	



McGowan, E.C.; Vohr, B.R. Neurodevelopmental Follow-up of Preterm Infants: What Is New? Pediatr. Clin. N. Am. 2019, 66, 509–523. [Google Scholar] [CrossRef]








[image: Table] 





Table 1. Means and standard deviations (SD) of number of communication precursors during video-recording at 12 and 24 months of CA are reported. Sample size = 45 cases.






Table 1. Means and standard deviations (SD) of number of communication precursors during video-recording at 12 and 24 months of CA are reported. Sample size = 45 cases.





	
Communication Precursors 12

	
12 Months CA (n = 45)

	
24 Months CA (n = 45)




	

	
Mean

	
SD

	
Mean

	
SD






	
Eye Contacts

	
171.38

	
78.49

	
229.36

	
76.46




	
Vocal Turns (VT) with eye contacts

	
1.74

	
1.05

	
4.67

	
2.67




	
Vocal Turns (VT) without eye contacts

	
1.10

	
0.82

	
2.76

	
2.13




	
Gestural Turns

	
5.31

	
1.76

	
3.36

	
1.56




	
Utterances

	
3.56

	
3.50

	
23.26

	
12.83
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Table 2. Paired sample t-test between the two observations (12 and 24 months CA) computed for number of communication precursors in the video recording analysis. The statistical level of significance was p < 0.001 for all variables.






Table 2. Paired sample t-test between the two observations (12 and 24 months CA) computed for number of communication precursors in the video recording analysis. The statistical level of significance was p < 0.001 for all variables.





	

	
Difference in Means

	
Std. Dev

	
Paired Difference 95% Confidence Interval of the Difference




	

	

	

	
Lower

	
Upper






	
Eye contacts

	
−57.97

	
74.55

	
−81.21

	
−34.74




	
Vocal turns

	
−2.92

	
2.20

	
−3.61

	
−2.23




	
Gestural turns

	
1.95

	
1.97

	
1.33

	
2.56




	
Non-looking vocal turns

	
−1.66

	
1.93

	
−2.26

	
−1.06




	
Utterances

	
−19.69

	
12.47

	
−23.737

	
−15.64
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Table 3. Griffiths Mental Development Scale (GMDS-R). Means and standard deviations refer to the evaluation at 24 months CA (n = 45). Percentage of cases with neurodevelopmental impairment according to the Griffith Scales is reported.






Table 3. Griffiths Mental Development Scale (GMDS-R). Means and standard deviations refer to the evaluation at 24 months CA (n = 45). Percentage of cases with neurodevelopmental impairment according to the Griffith Scales is reported.











	
	Means
	Std. Dev
	Neurodevelopmental

Impairment (%)





	Locomotor Scale
	100.09
	14.08
	6.6%



	Personal Social Scale
	106.91
	15.02
	8.8%



	Hearing and Language Scale
	94.35
	20.53
	17.8%



	Eye and Hand Coordination Scale
	107.85
	13.88
	4.4%



	Performance Scale
	102.62
	11.11
	6.6%



	General Quotient
	102.26
	14.92
	8.8%
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Table 4. Pearson correlation coefficients between GMDS-R version and video recording analyses. (**) = p < 0.005, (*) = p < 0.05.






Table 4. Pearson correlation coefficients between GMDS-R version and video recording analyses. (**) = p < 0.005, (*) = p < 0.05.















	
	Locomotor
	Personal Social
	Hearing Language
	Eye and Hand
	Performance
	General
	Quotient





	Eye contacts
	Pearson CC
	0.156
	0.110
	0.336
	0.287
	0.062
	0.182



	
	Sig. (2-tails)
	0.431
	0.510
	0.045 (*)
	0.073
	0.366
	0.273



	Vocal turns
	Pearson CC
	0.056
	0.416
	0.327
	0.127
	0.082
	0.345



	
	Sig. (2-tails)
	0.414
	0.002 (**)
	0.052
	0.588
	0.401
	0.034 (*)



	Gestual turns
	Pearson CC
	0.028
	0.142
	0.130
	0.131
	0.093
	0.089



	
	Sig. (2-tails)
	0.681
	0.396
	0.451
	0.057
	0.174
	0.558



	Non-looking
	
	
	
	
	
	
	



	vocal turns
	Pearson CC
	0.184
	0.110
	0.288
	0.087
	0.125
	0.289



	
	Sig. (2-tails)
	0.401
	0.510
	0.890
	0.207
	0.068
	0.102



	Utterances
	Pearson CC
	0.118
	0.485
	0.350
	0.099
	0.125
	0.401



	
	Sig. (2-tails)
	0.087
	0.002 (**)
	0.036 (*)
	0.151
	0.068
	0.013 (*)
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