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Supplemental Material S4. Identification performance on untrained-
novel talker. 
 

Referring back to our method section, in the identification tests, we included an 
untrained female talker (F2) in addition to the trained talker (F1). It is our intention to 
examine whether the current training paradigm is effective in generalizing trained level 
tone categorization to stimuli produced by an untrained novel talker, and whether the effect 
of talker interacts with the consolidation process discussed in the main text. 

First, participants were able to generalize trained categorization such that their 
performance was significantly different from the chance level of response accuracy (i.e., 
0.33) on the trained stimuli (mean accuracy: 0.71), t(157) = 35.98, p < .001, and untrained 
stimuli (mean accuracy: 0.65), t(157) = 30.63, p < .001, in the identification tests.  

Second, in the main text, the aptitude model on identification revealed a significant 
interaction between pitch threshold and test at HV but not LV group. To test whether this 
interaction can be further explained by the effect of talker (2 levels: F1 Trained vs. F2 
Untrained; deviation coding: −0.5, 0.05), we ran a mixed effects model with talker, tested 
nested within group, and pitch threshold as fixed effects, and by-participant and by-tone 
intercepts as random effects. Results showed a main effect of talker (β = −0.44, SE = 0.03, 
z = −13.55, p < .001), indicating better tone categorization in stimuli produced by the 
trained talker (F1) than the untrained talker (F2). There was significant interaction between 
talker and pitch threshold (β = 0.10, SE = 0.03, z = 3.02, p = .003). Post-hoc analyses 
revealed that although different in magnitude, for both trained and untrained talker, pitch 
threshold predicted overall identification accuracy (Trained: β = −0.33, SE = 0.07, z = 
−4.97, p < .001; Untrained: β = −0.20, SE = 0.05, z = −3.99, p < .001). 

The results showed that training variability and pitch aptitude influenced tone 
consolidation (and training progress), however, neither of them contributed to the talker 
generalization of tone categorization (i.e., with identification accuracy of the stimuli 
produced by the untrained talker being significantly above chance). Training variability 
has been shown to promote generalization to new talkers in phonetic training studies on 
segmental contrasts (Bradlow et al., 1999; Lively et al., 1994; Logan et al., 1991). For 
tone learning, Perrachione et al. (2011) showed that, regardless of pitch aptitude, learners 
had better generalization abilities (measured by a ratio of posttest performance with 
untrained talkers and training performance with trained talkers; see note 1 of Dong et al., 
2019) following the HV training than the LV training. However, Dong et al. (2019) found 
no evidence for better generalization following the HV training than the LV training 
when comparing the accuracy of stimuli produced by the trained and untrained talkers in 
the ID posttests. Thus, the finding is not conclusive regarding the effect of training 
variability, which is further modulated by other factors such as training length and talker 
presentation, on talker generalization in tone learning (for a systematic review, see Zhang 
et al., 2021). On the other hand, the issue of talker generalization became complicated for 
the current design including an overnight sleep, which potentially has promoted both the 
consolidation of trained materials as well as the generalization to novel talkers (Qin & 
Zhang, 2019). Thus, the overnight consolidation might have obscured the effect of talker 
generalization, resulting in a lack of interaction between talker and other factors (e.g., 
training variability). Since learners need to efficiently map variable acoustic input to 
tonal categories produced by different talkers for successful learning, this research calls 
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for future studies to test the effect of training variability (and pitch aptitude) on tone 
consolidation and generalization. 
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