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[bookmark: _GoBack]SM6 - Differences in communicative-pragmatics between children with cochlear implants and TA peers, and analysis of the effect of age group and of non-verbal intelligence

To investigate differences in pragmatic performance between children with cochlear implants and peers with typical hearing development (TA), we used a generalized linear model (GLM) with participants’ scores on the ABaCo as outcome, group of participant (two levels: children with cochlear implants, TA peers), scale (five levels: linguistic, extralinguistic, paralinguistic, contextual and conversational), and age group (three levels: 6;11 – 7;11; 8;0 – 8;11; 9;0 – 9; 11) as categorical predictors, level of intelligence as continuous covariate, and varying effects by participants and items. We tested the significance of each predictor and interaction term by performing an analysis of deviance (with type III Wald chi-square test) as implemented in the car package (Fox & Weisberg, 2011). Post-hoc pairwise comparison with Tukey correction for multiple comparisons was conducted using the lsmeans package (Lenth, 2016).
Results
The analysis revealed a significant effect of Group (χ2(1, N = 44) = 11.31, p < .001). As shown in Table S2, an examination of the main effects of Group revealed that overall, children with cochlear implants performed worse than typically hearing peers on the ABaCo as a whole (β = -.17, p < .001). The analysis also showed a significant effect of Scale (χ2(4, N = 44) = 129.52, p < .001), with different levels of performance on the different scales of the ABaCo. We also found a significant effect of Age Group (χ2(2, N = 44) = 13.08, p < .001), showing that overall performance on the ABaCo improves with age in the 8 and 9-year-old groups. See Table S2.
The interaction between Scale  Group was also significant (F χ2(4, N = 44) = 11.77, p = .02). Post-hoc pairwise comparisons with Tukey correction revealed that children with CIs (all age 
groups pooled together) performed worse than typically hearing peers on the paralinguistic (p < .001) and contextual scales (p < .001), while no significant differences were found on the linguistic, extralinguistic, or conversational scales (see Table S2). 
The interaction between Scale  Age group was also significant (F χ2(8, N = 44) = 16.14, p = .04). Looking at the differences in scores on the ABaCo scales for the different age groups (three levels: 6;11 – 7;11 vs 8;0 – 8;11 vs. 9;0 – 9; 11), post-hoc pairwise comparisons with Tukey correction revealed that children with a CI in the youngest age group (6;11 – 7;11) and 
intermediate age group (8;0 – 8;11) differed significantly from their hearing peers in terms of overall performance on the ABaCo (p = .02; p = .04). Considering the different tasks in the different age groups, we found that children with a CI in the Age Group 6;11 – 7;11 differed from their hearing peers on the Contextual scale (p < .001) and on the Paralinguistic scale (p = .02), children with a CI in the Age Group 8;0 - 8;11 differed from their hearing peers on the Contextual scale (p < .001) and on the Paralinguistic scale (p = .02), while no differences were observed between children with a CI and their hearing peers in the Age Group 9;0 – 9;11. Finally, we also found an effect of the covariate CPM (χ2(1, N = 44) = 9.39, p < .001), indicating a role of non-verbal intelligence in pragmatic performance (both groups, i.e., CI and CG, pooled together). However, differences between children with a CI and TH peers still remained significant after controlling for the role of the covariate, i.e., level of intelligence. 
Conclusion
We assessed the differences in pragmatic performance between children with a CI and typically hearing peers as a function of age group, that is to say, whether such differences are influenced by children’s age. The results showed that differences in pragmatic ability are mediated by the children’s age. Indeed, we found differences in overall pragmatic ability assessed with the ABaCo between children with CI and typically hearing peers in the two younger age groups of children, 7- and 8- years, but not in the older one of 9-years. This datum indicates that while the differences are greater in the younger groups (with medium effect size) and suggest a delay in the development of pragmatic skills, they tend to narrow and be less evident in children with CIs in the oldest age group, whose pragmatic ability was comparable to that of typically hearing peers. We explain (in line with Toe et al. 2007) this developmental trend as due to different factors such as the longer exposure to auditory stimuli combined with the higher level of engagement in very structured and well-contextualized social interactions with peers and teachers at school experienced by older children.
We also found a significant role of the covariate non-verbal intelligence on pragmatic performance. This is in line with previous studies showing that non-verbal intelligence is generally associated with language acquisition (Watson, Sullivan, Moeller, & Jensen, 1982). However, our primary aim was to assess whether differences in pragmatic-performance between children with CIs and TA peers might be due to differences in non-verbal intelligence. In this respect, we found that differences in pragmatic performance are still present even after controlling for the role of non-verbal intelligence. This finding is in line with both developmental studies and studies on different clinical populations which demonstrated the specificity of pragmatic impairment over and beyond the role of non-verbal intelligence and other cognitive functions (Bosco & Gabbatore, 2017; Parola et al., 2020). 









Table S3. Performance obtained by children with cochlear implants (CI) and typically auditory developing peers (TA) on the different scales and on the overall ABaCo battery in the different age groups (6;11 – 7;11; 8;0 – 8;11; 9;0 – 9; 11). In the table are reported the p-value for post-hoc tests with Tukey correction for multiple comparisons, and the effect size of the differences (Hedges’ g).
	Performance on different scales and on the overall ABaCo battery in the different age groups

	
	Age group (6;11 – 7;11)
	Age group (8;0 – 8;11)
	Age group (9;0 – 9;11)

	
	CI (n = 10)
	TA (n = 9)
	p
	g
	CI (n = 6)
	TA (n = 6)
	p
	g
	CI (n = 6)
	TA (n = 7)
	p
	g

	Overall ABaCo
	.58 (.17)
	.69 (.18)
	<.05
	-.64
	.72 (.06)
	.80 (.06)
	<.05
	-1.46
	.79 (.06)
	.86 (.05)
	.45
	-1.40

	Linguistic
	.61 (.12)
	.68 (.16)
	.23
	-.47
	.69 (.13)
	.74 (.06)
	.44
	-1.06
	.79 (.07)
	.83 (.08)
	.78
	-.43

	Extralinguistic
	.58 (.16)
	.61 (.16)
	.42
	-.18
	.69 (.09)
	.68 (.08)
	.78
	.12
	.74 (.07)
	.78 (.09)
	.93
	-.49

	Paralinguistic
	.61 (.19)
	.74 (.17)
	<.05
	-.78
	.76 (.11)
	.88 (.09)
	<.05
	-1.55
	.82 (.08)
	.91 (.07)
	.23
	-1.38

	Contextual
	.53 (.28)
	.73 (.28)
	<.01
	-.77
	.74 (.17)
	.88 (.10)
	<.01
	-1.55
	.82 (.10)
	.91 (.09)
	.06
	-1.07

	Conversational
	.90 (.10)
	.95 (.06)
	.34
	-.94
	.92 (.08)
	.96 (.07)
	.28
	-.79
	.98 (.04)
	.96 (.06)
	.51
	.41





