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Tone languages such as Mandarin Chinese are particularly challenging for native English 

speakers to learn due to the difficulty in perceiving and distinguishing linguistic tones. An 

emerging body of research has found neurostimulation to be a promising intervention for 

learning and memory, but little research has applied these approaches to linguistic tone 

learning. Transcutaneous vagal nerve stimulation (tVNS) is a safe, non-invasive method of 

neurostimulation that can be delivered via earbuds. It has the potential to accelerate tone 

learning by increasing engagement of brain areas that support the perception of non-native 

sound contrasts as well as paired-associates learning and attentional control. The current 

study investigates the impact of tVNS on the learning of vocabulary involving Mandarin 

minimal triplets (using flat, rising, and falling tones) paired with English words. 

Participants in the study were naïve to tone languages. They completed one pre-training 

assessment session and two tone learning sessions with tVNS. A rigorous double-blinding 

procedure assigned participants to an active or sham tVNS condition, controlling for non-

linguistic pitch ability and music experience. In the active condition, tVNS was either 

delivered continuously in pre-task stimulation periods (priming) or time-locked to individual 

task stimuli during learning (peristimulus). These two methods of delivering tVNS were 

employed to investigate whether the effectiveness of tVNS differs among stimulation 

protocols. Tone learning and testing tasks included an introductory lesson to linguistic tone, 

tone categorization tasks with and without feedback and generalization items, passive word 

learning, forced-choice word learning with feedback, a vocabulary match/mismatch 

recognition task, and a vocabulary recall task. Vocabulary items consisted of nine Mandarin 

non-words recorded by native Mandarin speakers. 

Results from mixed-effects modeling on 43 priming tVNS participants (21 active, 22 sham) 

and 38 peristimulus tVNS participants (20 active, 18 sham) show that tVNS is associated 

with reaction time advantages across a variety of task types for priming stimulation, and both 

reaction time and accuracy advantages for peristimulus tVNS. Both types of tVNS also 

produce differences in the time course of participants’ pupil dilation, a known physiological 

index of cognitive effort. Validation of tVNS as a method for accelerating tone learning could 

have broad impacts for language learning populations and specific benefits for learners of 

tone languages. 
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