How do autistic and neurotypical children’s interests influence their visual attention and accuracy during novel word learning?

Model building sequences for results reported in the main text

All models were conducted using the glmer and lmer functions from the lme4 package (Bates et al., 2015) using R Statistical Software (R Core Team, 2024). Population was contrast coded as -0.5 (neurotypical) and 0.5 (autistic). Condition was contrast coded as -0.5 (novel object) and 0.5 (novel animal). Trial type was coded as -0.5 (known) and 0.5 (novel). 

As dependent variables, trial-level accuracy at referent selection, 5-minute retention, and 24-hour retention were coded as 1 (correct) or 0 (incorrect). Proportion of time spent looking at the target object on each trial was scored between 0 and 1 for all participants. Number of looks to the target object on each trial ranged from 0 to 14, with every new look towards the target stimuli being counted. 

All analyses were undertaken using the same procedure. Models were built up sequentially, adding in one fixed effect at a time and comparing each model with the previous best-fitting model using log-likelihood tests. Each model was built up from a null model containing by-participant and by-word random intercepts, with Condition x Trial Type slopes per participant (referent selection analyses) or Condition slopes per participant (5-minute and 24-hour retention analyses). If some models in a sequence failed to converge, the random effects were simplified until all models in the sequence successfully converged (the final random effects structure for each variable are provided below).


Does autistic and neurotypical children’s visual attention differ while learning names for high- and neutral-interest stimuli, and does variability in visual attention predict learning accuracy?

Between-population comparisons

Referent selection

Proportion of time spent looking at the target stimuli
We began with a baseline model containing a by-participant random intercept. In Model 2, Population was included as a fixed effect (χ2 = 5.91, p = .015), which was significantly better fitting the baseline model. In Model 3, Condition was included as a fixed effect (p = 1.00), which was not significantly better fitting than the baseline model. In Model 4, Trial Type was included as a fixed effect (χ2 = 18.42, p <.001), which was significantly better fitting than the baseline model. Model 5 included fixed effects of Population + Trial Type and was significantly better fitting compared to Model 2 (χ2 = 18.42, p <.001) and Model 4 (χ2 = 5.91, p = .015). Model 6 (Population + Condition) did not significantly improve fit compared to Model 2 (p = 1.00), or Model 4 (p = 1.00). Model 7 (Trial Type + Condition) was a significantly better fitting model than Model 2 (χ2 = 12.51, p <.001) but not Model 4 (p = 1.00). Model 8 included fixed effects of Population + Trial Type + Condition but did not significantly improve fit compared to Model 5 (p = 1.00). Inclusion of individual interactions in Models 9-11 (Population x Trial Type: p = .24; Population x Condition: p = 1.00; Trial Type x Condition: p = .22), did not provide a significantly better fit compared to Model 5. Model 12 included the Population x Trial Type x Condition interaction (χ2 = 10.28, p = .068) which yielded an approaching significantly better fit compared to Model 5, but the three-way interaction effect within the model was not significant (t = - 1.19, p = .23). However, the fixed effect of Population (t = - 2.55, p = .016) and the Trial Type x Condition interaction (t = 2.70, p = .007) within the model were significant. As such, Model 13 included the Trial Type x Condition interaction, plus a fixed effect of Population, which afforded a significantly better fit than Model 5 (χ2 = 7.42, p = .025). Therefore, the best fitting model was Model 12, containing the Trial Type x Condition interaction plus fixed effect of Population.

Number of looks to the target stimuli
We began with a baseline model containing by-participant and by-word random intercepts, with a random slope of Condition per participant. In Model 2, Population was included as a fixed effect (χ2 = 8.75, p =.003), which was significantly better fitting than the baseline model. In Model 3, Condition was included as a fixed effect (p = .12), which did not provide a significantly better fit than the baseline model. Model 4 included a fixed effect of Trial Type (χ2 = 4.99, p = .025), which was significantly better fitting than the baseline model. Model 5 included fixed effects of Population + Trial Type, which provided a significant improvement in fit over Model 2 (χ2 = 5.01, p = .025), and Model 4 (χ2 = 8.77, p = .003). Model 6 included fixed effects of Population + Condition, and significantly improved fit compared to Model 4 (χ2 = 6.24, p = .012), but not Model 2 (p = .12). Model 7 included fixed effects of Trial Type + Condition but did not significantly improve fit compared to Model 2 (p = 1.00) or Model 4 (p = .11). Model 8 included fixed effects of Population + Trial Type + Condition (p = .11) but did not significantly improve fit compared to Model 5. Inclusion of individual interactions in Models 9-11 (Population x Trial Type: p = .20; Population x Condition: p = 1.00; Trial Type x Condition: p = 1.00), did not provide a significantly better fit compared to Model 5. Model 12 included the Population x Trial Type x Condition interaction (p = .33) but did not significantly improve fit compared to Model 5. Therefore, the best fitting model was Model 5, containing fixed effects of Population + Trial Type.

5-minute retention 

Proportion of time spent looking at the target stimuli
We began with a baseline model containing a by-participant random intercept, although simplification of the random effects still yielded a singular fit. Inclusion of fixed effects in Model 2 (Population, p = .67), and Model 3 (Condition, p = .37), did not provide a significantly better fit than the baseline model. Model 4 included fixed effects of Population + Condition (p = .61) but was not significantly better fitting compared to the baseline model. Model 5 included the Population x Condition interaction (p = .34) but was not significantly better fitting than the baseline model. The inclusion of fixed effects did not improve predictive power.

Number of looks to the target stimuli
We began with a baseline model containing by-participant and by-word random intercepts, with a random slope of Condition per participant. Including fixed effects of Population in Model 2 (p = .12) and Condition in Model 3 (p = .64) did not yield a significantly better fit than the baseline model. Model 4 included fixed effects of Population + Condition (p = .27) but was not significantly better fitting than the baseline model. Model 5 included the Population x Condition interaction (χ2 = 7.26, p = .064), and approached a significant improvement in fit over the baseline model with a significant interaction effect (t = 2.24, p = .033). Therefore, the final model was Model 5, including the Population x Condition interaction. However, since the model comparison for the final model approached significance, we must be cautious when interpreting these results.

24-hour retention

Proportion of time spent looking at the target stimuli
We began with a baseline model containing by-participant and by-word random intercepts. Model 2 included the fixed effect of Population (p = .28), and Model 3 included the fixed effect of Condition (p = .52), but neither provided a significantly better fit than the baseline model. Model 4 included a fixed effect of Population + Condition (p = .46) but did not significantly improve fit compared to the baseline model. Model 5 included the Population x Condition interaction (p = .33), which was not significantly better fitting than the baseline model. The baseline model therefore provided the best fit to the observed data.

Number of looks to the target stimuli
We began with a baseline model containing by-participant and by-word random intercepts, with a random slope of Condition per participant. Including Population as a fixed effect in Model 2 yielded a significant improvement in fit over the baseline model (χ2 = 4.85, p = .028), but including a fixed effect of Condition in Model 3 did not (p = .81). Model 4 included fixed effects of Population + Condition (p = .74) but was not significantly better fitting than Model 2. Model 5 included the Population x Condition interaction (p = .38), which was not significantly better fitting than Model 2. Therefore, the final model was Model 2, including a fixed effect of Population.


Looking time predicting accuracy

The following analyses examined whether children’s referent selection and retention accuracy were influenced by different visual attention measures, and whether the effects of those measures differed across populations and conditions (by testing whether the inclusion of x population and x condition interaction terms significantly improved model fit). All models were conducted using the glmer function from the lme4 package in R (Bates et al., 2015).

Referent Selection

Looking time predicting accuracy

Proportion of time spent looking at the target stimuli
We began with a baseline model containing by-participant and by-word random intercepts, with Condition x Trial Type slopes per participant. In Model 2, Proportion to Target was included as a fixed effect (χ2 = 151.09, p <.001), which was significantly better fitting than the baseline model. Model 3 included the Proportion to Target x Trial Type interaction (χ2 = 9.26, p = .010), which was significantly better fitting than Model 2, but the interaction effect within the model was not significant (z = -0.64, p = .53). Neither Model 4 (Proportion to Target x Condition: p = .23, or Model 5 (Proportion to Target x Population: p = .28), provided a significantly better fit than Model 2. None of the three-way interactions in Model 6 (Proportion to Target x Population x Trial Type: p = .075), Model 7 (Proportion to Target x Population x Condition: p = .20), and Model 8 (Proportion to Target x Condition x Trial Type: p = .17), afforded a significantly better fit than Model 2. Therefore, the final best fitting model for the observed data was determined to be Model 2, including a fixed effect of Proportion to Target.

Number of looks to the target stimuli
We began with a baseline model containing by-participant and by-word random intercepts, with Condition x Trial Type slopes per participant. In Model 2, Number Looks to Target was included as a fixed effect (χ2 = 36.68, p <.001), which was significantly better fitting than the baseline model. Model 3 included the Number Looks to Target x Trial Type interaction (χ2 = 17.70, p <.001), which was significantly better fitting than Model 2, but did not have a significant interaction effect (z = 1.33, p = .18). Model 4 contained the Number Looks to Target x Condition interaction (p = .61) but was not significantly better fitting than Model 2. Model 5 included the Number Looks to Target x Population interaction and was significantly better fitting than Model 2 (χ2 = 8.19, p = .017), with a significant interaction effect (z = -2.01, p = .044). Model 6 included the Number Looks to Target x Population x Trial Type interaction, but this model would not converge. Model 7 included the Number Looks to Target x Population x Condition interaction (p = .10) but was not significantly better fitting than Model 5. Model 8 included the Number Looks to Target x Condition x Trial Type interaction (χ2 = 10.92, p = .027), which was significantly better fitting than Model 5, but did not have a significant three-way interaction effect (z = 0.37, p = .71). Therefore, Model 5, including the Number Looks to Target x Population interaction was established as the final model. 


5-minute retention

Proportion of time spent looking at the target stimuli
We began with a baseline model containing by-participant and by-word random intercepts, with a random slope of Condition per participant. In Model 2, Proportion to Target was included as a fixed effect (χ2 = 297.24, p <.001), which was significantly better fitting than the baseline model. Model 3 included the Proportion to Target x Condition interaction (p = .54), and Model 4 included the Proportion to Target x Population interaction (p = .77), but neither were significantly better fitting than Model 2. Model 5 included the Proportion to Target x Population x Condition interaction (p = .31) but was not significantly better fitting than Model 2. Therefore, the final best fitting model for the observed data was determined to be Model 2, including a fixed effect of Proportion to Target.

Number of looks to the target stimuli
We began with a baseline model containing by-participant and by-word random intercepts, with a random slope of Condition per participant. In Model 2, Number Looks to Target was included as a fixed effect (χ2 = 52.13, p <.001), which was significantly better fitting than the baseline model. Inclusion of the Number Looks to Target x Condition interaction in Model 3 approached a significant improvement in fit over Model 2 (χ2 = 5.70, p = .058), and contained a significant interaction effect (z = 2.60, p = .009). Model 4 contained the Number Looks to Target x Population interaction (p = .26) but did not yield a significantly better fit than Model 2. Model 5 included the Number Looks to Target x Population x Condition interaction but was not significantly better fitting than Model 2 (p = .10) or Model 3 (p = .28). Therefore, the final best fitting model for the observed data was determined to be Model 3, including the Number Looks to Target x Condition interaction. However, since the model comparison for the final model approached significance, we must be cautious when interpreting these results.

Proportion of time spent looking at the target stimuli during referent selection
We began with a baseline model containing by-participant and by-word random intercepts, with a random slope of Condition per participant. In Model 2, Proportion to Target was included as a fixed effect (p = .67), which was not significantly better fitting than the baseline model. Model 3 included the Proportion to Target x Condition interaction (p = .65), and Model 4 included the Proportion to Target x Population interaction (p = .87), but neither were significantly better fitting than the baseline model. Model 5 included the Proportion to Target x Population x Condition interaction (p = .32), which was not significantly better fitting than the baseline model. The inclusion of fixed effects did not improve predictive power.

Number of looks to the target stimuli during referent selection
We began with a baseline model containing by-participant and by-word random intercepts, with a random slope of Condition per participant. In Model 2, Number Looks to Target was included as a fixed effect (χ2 = 5.35, p = .021), which was significantly better fitting than the baseline model. Model 3 included the Number Looks to Target x Condition interaction (p = .29), and Model 4 included the Number Looks to Target x Population interaction (p = .58), but neither were significantly better fitting than Model 2. Model 5 included the Number Looks to Target x Population x Condition interaction (χ2 = 11.80, p = .067), which was borderline significantly better fitting than Model 2, but the interaction effect was not significant (z = 0.04, p = .97). Therefore, the final best fitting model for the observed data was determined to be Model 2 (Number Looks to Target).


24-hour retention

Proportion of time spent looking at the target stimuli
We began with a baseline model containing by-participant and by-word random intercepts, with a random slope of Condition per participant. In Model 2, Proportion to Target was included as a fixed effect (χ2 = 263.96, p <.001), which was significantly better fitting than the baseline model. Model 3 included the Proportion to Target x Condition interaction (p = .54), which was not significantly better fitting than Model 2. Model 4 included the Proportion to Target x Population interaction (χ2 = 8.93, p = .012), which was significantly better fitting than Model 2, although the interaction effect within Model 4 was not significant (z = -1.50, p = .13), so Model 2 was retained as the most parsimonious option. Model 5 included the Proportion to Target x Population x Condition interaction (χ2 = 12.87, p = .045), which was significantly better fitting than Model 2. However, the three-way interaction effect within Model 5 was not significant (z = -1.46, p = .14), so Model 2 was retained as the final best fitting model, containing a fixed effect of Proportion to Target.

Number of looks to the target stimuli
We began with a baseline model containing by-participant and by-word random intercepts, with a random slope of Condition per participant. In Model 2, Number Looks to Target was included as a fixed effect (χ2 = 65.37, p <.001), which was significantly better fitting than the baseline model. Model 3 included the Number Looks to Target x Condition interaction (p = .22) but was not significantly better fitting than Model 2. Model 4 included the Number Looks to Target x Population interaction (χ2 = 11.07, p = .004), which was significantly better fitting than Model 2, and contained a significant interaction effect (z = -3.03, p = .002). Model 5 included the Number Looks to Target x Population x Condition interaction (p = .27) but was not significantly better fitting than Model 4. Therefore, the final best fitting model for the observed data was determined to be Model 4, including the Number Looks to Target x Population interaction. 

Proportion of time spent looking at the target stimuli during referent selection
We began with a baseline model containing by-participant and by-word random intercepts, with a random slope of Condition per participant. In Model 2, Proportion to Target was included as a fixed effect (χ2 = 3.65, p = .056), which approached a significant improvement in fit over the baseline model. Model 3 included the Proportion to Target x Condition interaction (p = .56), which was not significantly better fitting than Model 2. Model 4 included the Proportion to Target x Population interaction (χ2 = 5.49, p = .064), which approached a significant improvement in fit over Model 2 but did not contain a significant interaction effect (z = 0.81, p = .42). Model 5 included the Proportion to Target x Population x Condition interaction (χ2 = 12.33, p = .055), which approached a significant improvement in fit over Model 2 and contained a significant interaction effect (z = -2.04, p = .041). Model 5 (Proportion to Target x Population x Condition) was therefore determined to be the best fitting model. However, since the model comparison for the final model approached significance, we must be cautious when interpreting these results.

Number of looks to the target stimuli during referent selection
We began with a baseline model containing by-participant and by-word random intercepts, with a random slope of Condition per participant. In Model 2, Number Looks to Target was included as a fixed effect (χ2 = 11.01, p <.001), which was significantly better fitting than the baseline model. Model 3 included the Number Looks to Target x Condition interaction (p = .64), and Model 4 included the Number Looks to Target x Population interaction (p = .28), but neither were significantly better fitting than Model 2. Model 5 included the Number Looks to Target x Population x Condition interaction (p = .59) but was not significantly better fitting than Model 2. Therefore, the final best fitting model for the observed data was determined to be Model 2 (Number Looks to Target).  
