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Abstract 

Helping children with autism gain a better grasp of vocabulary is an important way to improve 

their language skills. Information that incorporates emotional prosodies provide richer semantics 

and context and may be more conducive to vocabulary acquisition in children with autism. This 

study aimed to explore the facilitating effect of positive emotional prosody on vocabulary 

acquisition with children with autism. A total of 12 children with autism received interventions 

with neutral and positive emotional prosodies. The results revealed that vocabulary learned in 

positive emotional prosodies was more effective than neutral prosodies. The differences in the 

learning effects of emotional prosodies on part of speech were not significant. However, in children 

with higher autism severity, neutral prosodies led to diminished expressive vocabulary 

performance. This study improved vocabulary comprehension and language skills of children with 

autism through emotional prosody intervention and tentatively revealed the role of lexicality in 

this. 

 

Keywords: vocabulary acquisition; emotional prosody; autism; part of speech 
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1 Introduction 

Language disorders are prevalent in autism. Language comprehension is a central part of 

language disorders in children with autism, who are unable to express their thoughts and feelings 

appropriately and have difficulty understanding and responding to the words of others. (Rogers et 

al., 2006). Improving the language disorder in autism has many benefits for them, , such as 

enhancing life skills, facilitating social integration, and maintaining psychological health (Hardan 

et al., 2015; Mayer-Benarous et al., 2021; Nicoletti & Cantacini, 2021). Vocabulary acquisition is 

an important component of language development and the basis for the acquisition and 

development of language skills, which influence children's outcomes in several domains. (Haebig 

et al., 2017) Vocabulary is the foundation of language learning, and the process of vocabulary 

learning is also the process of mastering and practicing phonetics and grammar.(Hartley et al., 

2019) Therefore, helping children with autism get a better grasp of vocabulary is an important way 

to improve their language skills, language teaching in schools should strengthen vocabulary 

teaching and make vocabulary teaching better combined with phonetics and grammar teaching. 

(Paris, 2005; Thurm et al., 2007).  

The autistic population has deficits in multi-information and multi-channel integration and is 

less able to perceive information compared to the healthy population. However, people with autism 

are less sensitive to pitch and tone intensity information during the acoustic cue perception stage, 

and this ability contributes to some extent to the information processing bias in this group 

(O’Connor, 2012), which makes the group more susceptible to factors such as semantics and 

context.(Naigles et al., 2023). Voice is an important medium of human communication, which 

conveys not only semantic information, but also the emotional state of the speaker (MacFarlane et 

al., 2022; West et al., 2018). In the process of processing spoken information, the non-linguistic 



PEDESTRIAN SAFETY SKILLS WITH ASD            5 

  

aspects of speech signals (referring to the emotional intonation of speech, including components 

such as intonation, pitch, voice intensity, and rate of speech) convey emotional information beyond 

semantic linguistic content, and it has been found that contextually varying variations in emotional 

rhythms affect lexical processing in conjunction with lexical meaning, i.e., in the vocabulary 

learning stage, emotional prosody changes affect lexical processing.(Nygaard & Lunders, 2002). 

Emotional induction during the learning process may affect the allocation of attention, encoding, 

and consolidation of lexical semantics of new vocabulary (Nielson & Arentsen, 2012). Whether 

teachers are aware of it or not, the emotional messages they express are reflected in the children 

and further affect their learning outcomes (Harrington & Allen, 2014). Children with autism 

showed a psychological trait that prioritizes phonological perception when understanding 

vocabulary (Grossman, Bemis, Plesa Skwerer, et al., 2010). Children with autism can understand 

the semantic meaning conveyed and perceive the emotional condition of others through intonation 

and stress changes of voice (Scheerer et al., 2020; L. Wang et al., 2022).  

Emotional prosody was introduced by Monrad-Kohn (1947), defined as a speaker conveying 

different types of emotions through changes in accent or intonation without regard to vocabulary 

or grammatical structure. In other words, emotional prosody is a paralinguistic message consisting 

of changes in acoustic cues such as pitch, intensity, and duration (Larrouy-Maestri et al., 2024). 

Emotional information tends to capture attention more effectively than neutral content. This 

heightened attention facilitates better encoding of information into memory (Hinojosa et al., 2010). 

Emotional words or phrases are often remembered more vividly and for longer periods, enhancing 

the overall processing and retention of emotional information. The emotional prosody of the 

sentence context also affected lexical processing. The combination of the meaning conveyed by 

the prosody and the semantics conveyed by the vocabulary will lead to a more lasting information 
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in memory (Greco et al., 2021). Emotional prosody cues in spoken language not only impact 

learners' vocabulary memory but also help them learn new vocabulary. Therefore, Information that 

incorporates emotional prosody provides a richer semantic and context and may be more 

conducive to vocabulary acquisition in children with autism. 

Vocabulary has always been of great interest in the language learning process, with nouns and 

verbs (i.e. the part of speech) being considered the beginning of a language learning process and 

the foundation upon which the human language system is built. According to statistics, there are 

about three times more nouns than verbs in English(Miller & Fellbaum, 1991), and nouns are also 

central in Chinese(Shen, 2012). Although vocabulary learning differences in children with autism 

have been widely documented, some of the vocabulary learning strategies observed in normal 

children are also reported in children with autism(Williams et al., 2013). Children with autism 

showed a noun tendency in the Chinese language context (Yong-Xiang et al., 2016). In picture 

naming and other lexical tasks, children with autism process nouns better than verbs (Mätziga et 

al., 2009). Understanding the role of emotional prosody in the acquisition of vocabulary with 

different part of speech is relevant for the development of educational strategies. 

In the field of language in children with autism, most of the literature has investigated the 

neurocognitive mechanisms of word learning, and few studies have considered the moderating 

effect of emotion on word learning. There is growing evidence of the important role of emotion in 

word processing, and auditory stimuli elicit stronger behavioral effects compared to visual, so it is 

necessary to investigate the effect between emotional information from auditory stimuli and word 

learning. First, there is no consensus on whether there is an emotional perceptual advantage for 

children with autism (Haebig et al., 2021). Validating the effectiveness of emotional prosody in 

vocabulary acquisition will demonstrates both the emotional perceptual characteristics of children 
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with autism and the importance of emotional prosody in language learning. Second, much of the 

existing research has focused on how emotional information affects vocabulary learning in autism, 

and not much research has been done on the ability of children with autism to use vocabulary. 

Understanding the effectiveness of emotional prosody across different part of speech can both cue 

the mechanisms of language acquisition for children with autism and provide guidance for the 

development of intervention strategies. Finally, most of the current studies have been conducted 

with native speakers of English, which is a non-tonal language (does not use syllables and pitch 

changes to differentiate words) that does not change due to changes in pronunciation, and tones 

indicate the tone of a sentence (e.g., to express a statement or a question). However, Chinese, as a 

tonal language (a language in which the meaning of words is affected by lexical tones), tones also 

indicate lexical meanings, and different tones express different lexical meanings (M. Zhang et al., 

2022). For example, in Mandarin, the syllable /yu/ in the second tone indicates "fish", while in the 

third tone it indicates "rain". Few studies have been conducted on the prosodic learning of autistic 

individuals who use tonal languages. It needs to be further verified whether the effect of emotional 

prosody intervention in the Chinese language learning context has been the same as in the English 

context. 

This study aims to find out whether interventions with different emotional prosody affect 

vocabulary learning in children with autism. Based on this, it will explore which part of speech 

(nouns or verbs) have a greater impact on vocabulary learning in children with autism. The 

hypotheses of this study are as follows: 

H1: The positive emotional prosodies were more effective than neutral prosodies on 

vocabulary acquisition. 

H2: The intervention effect of positive emotional prosody is more persistent than neutral 
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emotional prosody. 

H3: The effects of emotional prosody interventions varied across part of speech. 

2 Method 

2.1 Screening of subjects 

In this study, 15 children with autism were included from a special education institution in 

China. Subjects were screened by combining the results of the Peabody Picture Vocabulary Test 

(Dunn & Dunn, 2012), on-site observations, and information from teacher interviews. Subjects 

meeting the following conditions were included. 

A post power analysis was conducted using G*Power version 3.1.9.7 (Faul et al.2007). The 

effect size was 1.27 (effect size U is converted to Cohen d). With a significance criterion of a=.05 

and sample size is 12. The statistical power was 0.82. 

(1) Children aged 2-12 who have been diagnosed with autism according to DSM-5 or ICD-

11(American Psychiatric Association & Association, 2013; World Health Association, 

2020); 

(2) Children without hearing or visual impairments, major physical disabilities, or genetic 

disorders. 

The subjects were included after obtaining informed consent from parents. A total of 15 

subjects were initially obtained, three were dropped out in the middle of the intervention due to 

the impact of the Covid-19. Data from the remaining 12 subjects who completed all interventions 

were analyzed. Basic characteristics of included subjects were shown in Table S1. The studies 

were conducted according to the guidelines in the Declaration of Helsinki and the standards of 

ethics in research with human beings and were approved by the Research Ethics Committee of the 

Principal Investigator's University. 
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2.2 Participants 

Participants totaled 12 (10 males and 2 females) with an age range of 54-106 months with a 

mean age of 78.50 months (SD=5.65), a mean intelligence level of 46.41 (SD=5.74), a mean verbal 

PPVT=20.75 (SD=3.56), and a mean level of autism of 36.25 (SD=1.31). 

Table 1 Participant demographics 

Demographics M SD 

Chronological age (month) 78.50 5.65 

Intellectually 46.42 5.74 

language level 20.75 3.56 

Degree of autism 36.25 1.31 

 

2.3 Intervention materials 

In this paper, the intelligence score from the Peabody Picture Vocabulary Test was used to 

measure the IQ of children with autism and the verbal ability score to measure the level of language 

in autism. The test consists of two parallel books, L and M. The split-half confidence coefficients 

are distributed between 0.67-0.88 for the younger age samples and 0.80-0.85 for the older age 

samples on the L-shape; on the M-shape the split-half confidence coefficients are distributed 

between 0.61-0.88 for the younger age samples, 0.52-0.92 for the stability coefficients of the older 

age samples, and 0.73-0.91 for the coefficients of equivalence. 0.91.(Dunn & Dunn, 2012) 

 A total of 44 neutral vocabularies whose meanings do not involve positive or negative 

emotion were selected from the materials of the Peabody Picture Vocabulary Test. By performing 

a word picture matching task on children with autism (Harvey & Schnur, 2016), 18 vocabularies 

with a score of zero for all children were retained. Each vocabulary was matched with a target 

picture. All of the pictures were randomly selected from the word-matched picture library (Dunn 

& Dunn, 2012). Considering the subjects' daily teaching style and their susceptibility to the 
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attraction properties of electronic devices, each picture was centered and printed in black-and-

white on an A4 sheet of paper (20.99 × 29.7 cm). 

Voice materials were recorded by a broadcasting professional using positive and neutral 

emotional prosodies and saved in WAV format for a total of 36 voices (one positive voice and one 

neutral voice for each vocabulary). A total of 26 psychology graduate students were asked to assess 

the type of prosody (positive, neutral) of each voice. All voices have a recognition rate of 80% or 

higher.  

To further ensure that the accuracy of the emotional prosodies categories of the voice 

materials, the pitch of voice materials was analyzed by Praat software (Boersma & Weenink, 2011). 

Pitch is the emotional prosody information that effectively distinguishes between different 

emotional states such as anger, happiness, and sadness(Pell & Baum, 1997). In general, happy 

speech is fast, with a high pitch average and a small fundamental frequency range; sad speech is 

the slowest, with a lower pitch average and a slightly larger fundamental frequency range(Banse 

& Scherer, 1996). An independent samples t-test was performed to test the differences in pitch 

across emotional prosodies. The positive emotional prosodies (M=326.45, SD=49.67) were 

significantly higher than the neutral emotional prosodies(M=256.88, SD=42.55), t(36)=4.64, 

p<.001. 

2.4 Measurement 

Referring to the methods of Harvey & Schnur (2016), this study examines vocabulary 

acquisition effects based on a word picture matching task and picture naming task. The word 

picture matching task was usually practiced before the picture naming task to facilitate subjects' 

familiarity with the cues. Both tasks are semantically mediated, and vocabulary semantic mastery 

can be assessed based on the scores of the two tasks. For each task, the total score is the number 
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of correct responses times divided by the total number of tasks. All analyses were performed with 

JASP version 0.18.2 (Love et al., 2019). 

2.4.1 Word Picture Matching Task 

The word picture matching task examines the subject's mastery of receptive vocabulary. It 

involves the issues of language research such as picture comprehension, semantic judgment, and 

semantic interference effects. By taking advantage of the visual processing of children with autism, 

vocabulary acquisition can be studied using word picture matching task. The main procedure of 

the word picture matching task is to present the subjects with four pictures, including one target 

picture and three interference pictures, and play the instructional language with the related target 

vocabulary voice at the same time. After hearing the vocabulary voice, subjects are asked to point 

out the correct target picture, and the interference pictures are randomly selected from the 

vocabulary-matched picture library. Pointing out correctly was scored as one point and incorrectly 

was scored as zero point. The task was used to assess the acquisition of semantic knowledge, and 

over time, if the score remained stable, it indicated that the knowledge was retained. 

2.4.2 Picture Naming Task 

The picture naming task examined the subjects' mastery of expressive vocabulary 

(vocabularies that can be used in expressive vocabulary behaviors such as speaking and writing). 

Picture naming task included processing stages such as conceptual preparation, lexical selection, 

phonological encoding, and pronunciation. The main procedure was to present subjects with a 

picture of the target while playing the instruction and related vocabulary speech, and then ask them 

to name the picture after hearing the instruction. Each question was scored one point for completely 

correct naming and zero points for incorrect naming or no response. 

2.5 Intervention process 
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Figure 1 displays the implementation process of our intervention. After subject selection, each 

subject was given one-on-one intervention in a classroom they were familiar with. The intervention 

was performed by authors and assisted by a teacher familiar to the subject. Each subject received 

nine interventions, two times per week, and each time lasting about 20 minutes. The subjects 

learned a total of 18 words, two words at a time. We randomized the intervention material while 

ensuring that the number of emotional prosody and part of speech of each subject's intervention 

material was consistent. After each intervention, subjects were post-tested on the vocabulary 

matching task and picture naming task on the selected vocabulary material. Intervention effect is 

a summary of all post-test results. To verify the durability of the intervention, a follow-up tests 

contains word picture matching task and the picture naming task were consisted three months after 

the end of all interventions. 

Each intervention consisted of three stages: emotional arousal, learning, and testing: 

(1) Emotional arousal stage: a recorded instructional phrase with different emotions was 

played first to induce the emotional state before teaching new vocabulary. 

(2) Learning stage: play the recorded vocabulary materials with different emotions. Since 

autism has difficulty concentrating, it is necessary to focus the subject's attention on the 

intervention materials when the subject's attention is shifted. The teacher only needs to click the 

play and pause buttons to adjust the attention of autism in time. 

(3) Post-test: first play the emotional guidance voice, and then test the scores of the picture 

naming task and word picture matching task. Subjects answered and recorded their correctness 

and made relevant records. 

Figure 1. Intervention Flowchart 



PEDESTRIAN SAFETY SKILLS WITH ASD            13 

  

 

2.6 Statistical analysis 

The statistical program JASP version 0.18.2 was used(Love et al., 2019). Initially, the word-

picture matching task in the vocabulary comprehension test, which represents receptive vocabulary 

knowledge, and the picture naming task, which represents expressive vocabulary knowledge. Each 

subject received positive emotional rhyming vocabulary and neutral emotional rhyming 

vocabulary, so emotion was grouped as the independent variable and scores on the two tasks were 

grouped as the dependent variable. The overall sample distribution was non-normal, as well as the 

sample size was small, therefore, non-parametric tests were used (Mann-Whitney U test).  

U=𝑛1𝑛2 +
𝑛1(𝑛1+1)

2
− 𝑅1 

n1 and n2 are the sample sizes of the two samples, respectively, R1 is the rank sum of the first 
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sample. A smaller U-value indicates a significant difference between the two sample distributions. 

(Mann & Whitney, 1947) 

4 Result 

4.1 Emotional prosody improving vocabulary acquisition 

4.1.1 Differences in learning effect for receptive vocabulary 

The learning effect of receptive vocabulary was examined through the word picture matching 

task. The differences in word picture matching task scores between the positive and neutral 

emotional prosodies were analyzed. The analysis results are shown in Figure 2. The results showed 

a significant difference in vocabulary acquisition in positive emotional prosodies (M=0.95, 

SD=0.07) and neutral prosodies (M=0.60, SD=0.34), U=34.00, p=.023, suggesting that children 

with autism are learning receptive knowledge of vocabulary better with positive emotional 

prosodies than with neutral emotional prosodies. 

Figure 2. Differences in the Effectiveness of Emotional Rhyme Interventions on Receptive 

Vocabulary Knowledge 
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4.1.2 Differences in learning effect for expressive vocabulary 

The learning effects of expressive vocabulary were examined in a picture naming task. The 

differences in picture naming task scores between the positive and neutral emotional prosodies 

were analyzed. Observation of the post-test data showed that two subjects were reluctant to make 

sounds when doing the picture naming task. We excluded the two extreme values and then 

conducted the test of difference. The results are shown in Figure 3, there was a significant 

difference in the effect between the expressive vocabulary with positive emotional prosodies 

(M=0.39, SD=0.32) and neutral prosodies (M=0.70, SD=0.34), U=37.50, p=.048. This indicated 

that positive emotional prosodies are beneficial for expressive vocabulary for children with autism. 

Figure 3. Differences in the Effectiveness of Emotional Rhyme Interventions on Expressive 

Vocabulary Knowledge 

 

4.2 Long-term effect of emotional prosody on vocabulary acquisition 

The present study further validated the durability of the effect of emotional prosody on 

vocabulary acquisition after three months, results are shown in Figure 4. In receptive vocabulary, 

- 1.0

- 0.5

0.0

0.5

1.0

1.5

2.0

Neutral Posit ive

Emotional Prosody

E
x

p
re

s
s
iv

e
 V

o
c
a
b

u
la

ry



PEDESTRIAN SAFETY SKILLS WITH ASD            16 

  

the positive emotional prosodies (M=0.77, SD=0.31) are significantly higher than neutral 

prosodies (M=0.42, SD=0.30), U=26.50, p=.009. In expressive vocabulary, the positive emotional 

prosodies (M=0.65, SD=0.38) are significantly higher than neutral prosodies (M=0.35, SD=0.33), 

U=37.00, p=.045. That means that positive emotional prosodies are more persistence than neutral 

prosodies in vocabulary acquisition. 

Figure 4. Long-term effects of emotional Prosody on receptive and expressive vocabulary 

knowledge 

 

4.3 Differences in emotional prosodies on part of speech 

Finally, this study compared the differences between receptive vocabulary and expressive 

vocabulary in different part of speech (nouns and verbs). The results are shown in Table 1. There 

is no significant difference in scores on the expressive vocabulary and receptive vocabulary 

between nouns and verbs indicated for children with autism. The difference in the follow-up test 

results for the receptive vocabulary as well as the expressive vocabulary is shown in Table 2, which 

shows that there is still no significant difference in part of speech. 

Table 2. Differences in part of speech of post test 
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Neutral 0.55±0.32 0.43±0.33 86.50 .415 

Expressive Vocabulary 

Positive 0.59±0.32 0.54±0.30 86.50 .400 

Neutral 0.30±0.29 0.34±0.28 62.50 .597 

 

Table 3. Differences in part of speech of follow-up test 

 
Emotional  

Prosody 

Noun 

(M±SD) 

Verb 

(M±SD) 
U p 

Receptive Vocabulary 

Positive 0.72±0.13 0.67±0.15 86.50 .403 

Neutral 0.44±0.27 0.37±0.31 80.00 .661 

Expressive Vocabulary 
Positive 0.56±0.30 0.50±0.31 85.00 .463 

Neutral 0.33±0.33 0.35±0.28 67.50 .815 

4.4 Exploratory analysis 

Given the differences among the subjects, we further analyzed the role of heterogeneity 

factors in emotional prosody intervention, including gender (Table S2), intellectual age (Table S3), 

and autism level (Table S4). The results showed no significant differences in the effects of 

emotional prosody across different genders and ages. However, there was heterogeneity in autism 

severity. Children with higher levels of autism (higher CARS scores) exhibited lower expressive 

vocabulary performance than moderate levels on both the posttest (U=2.00, p=.011) and follow-

up test (U=2.50, p=.016) of the neutral emotional prosody intervention. In contrast, positive 

emotional prosody did not show any differences. 

5 Discussion 

This study used word picture matching tasks and picture naming tasks to examine the effect 

of emotional prosody on vocabulary acquisition in children with autism. The results showed that 

positive emotional prosodies were more effective than neutral prosodies on both receptive and 
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expressive vocabulary for vocabulary acquisition. Emotional prosodies had no significant effect 

on different part of speech (nouns and verbs). 

5.1 Effects of emotional prosodies on vocabulary acquisition 

The present study found that emotional prosody significantly improved the learning effect of 

receptive and expressive vocabulary in Chinese context. This is consistent with the findings of 

native English speakers. Children with autism often show differences in the processing of 

emotional cues (McCann et al., 2007). The intervention process effectively utilizes the role of 

emotional induction in the learning process of children with autism, which can affect the allocation 

of attention, encoding, and consolidation of lexical semantics of new words. (Nielson & Arentsen, 

2012), empowering them to better navigate and internalize vocabulary acquisition. Emotional 

prosody, by conveying emotions through speech, can capture and hold the attention of individuals 

with autism more effectively than neutral speech(Le Sourn-Bissaoui et al., 2013). This enhanced 

attention to emotionally charged stimuli aids in the more efficient encoding of new information 

(Savekar et al., 2021; West et al., 2017). The study suggests that emotional prosodies, especially 

those conveying positive emotions, improve the engagement and motivation of learners, leading 

to better learning outcomes. 

Three months after the intervention, the memory maintenance effect of vocabulary presented 

in positive emotional prosodies was superior to that of vocabulary presented in neutral prosodies 

in both receptive and expressive vocabularies. This suggests that during the learning process, the 

vocabulary presented in positive prosodies is learned more persistently than neutral vocabulary, 

and the memory maintenance effect is also better than that of the vocabulary presented in neutral 

prosodies. Emotional information can influence cognitive processes (Matsumoto et al., 2016). This 

information activates key emotional and memory-processing regions of the brain, such as the 
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hippocampus, amygdala, and prefrontal cortex (LaBar & Cabeza, 2006). These activities enhance 

the encoding, storage, and retrieval of emories, allowing them to leave a deeper and more lasting 

impression on the brain (Qasim et al., 2023). 

Notably, children with higher levels of autism exhibited lower expressive vocabulary 

performance following neutral emotional prosody intervention. This emphasizes the importance 

of emotional prosody in vocabulary acquisition in autism. For children with higher autism severity, 

their impaired processing of neutral emotional prosody may make it difficult for them to extract 

linguistic information from these tones (Grossman, Bemis, Plesa, et al., 2010; J.-E. Wang & Tsao, 

2015). On the other hand, positive emotional prosody, due to its heightened arousal properties, 

may create a better learning environment for children with autism in different levels of severity 

(Icht et al., 2021; Loveland et al., 1997). 

5.2 Differences in learning performance across part of speech 

We observed no significant differences in the impact of emotional prosody on the learning of 

nouns and verbs, nor were there notable differences in follow-up assessments. Contrary to findings 

by Haebig et al. (2021), which suggested a noun preference among children with autism, our 

research did not reflect this tendency. This discrepancy hints at potential cultural variations in 

lexical preferences among children with autism (Norbury & Sparks, 2013). There are significant 

phonological, syntactic, semantic and pragmatic differences between Chinese and English (Fang 

et al., 2022; D. Zhang, 2012). The process of recognizing Chinese characters necessitates intricate 

cognitive and linguistic efforts pointing to the unique challenges and learning mechanisms in 

Chinese (Yin et al., 2023). The distinctive features of the Chinese language, its culture, and its 

writing system are likely to shape language and literacy acquisition in Chinese children with 

autism in ways that differ from their peers exposed to alphabetic scripts, as proposed by Naigles 



PEDESTRIAN SAFETY SKILLS WITH ASD            20 

  

et al. (2023). This underscores the importance of considering linguistic and cultural contexts in 

understanding the language learning experiences of children with autism. 

5.3 Implication 

Based on the outcomes of this research, incorporating positive emotional intonations is 

recommended when introducing new vocabulary, as the emotional tone of spoken language 

significantly influences the effectiveness of language acquisition. Given the unique traits of 

children with autism, educators often find themselves needing to repeat instructions continuously, 

which can pose challenges in sustaining a consistently positive teaching demeanor. Creating audio 

materials can prove beneficial, offering children with autism consistent exposure to positive 

emotional cues throughout the learning experience and fostering a conducive environment for 

positive learning outcomes. 

5.4 Limitation 

The present study found that positive emotional prosodies would have an effect on vocabulary 

acquisition in children with autism, but there are still some limitations that can be further expanded 

in subsequent studies. First, the sample size was small. Nonetheless, further investigation with a 

greater sample size is desirable. And we would also like to take into account more factors affecting 

the development of language learning in subsequent studies in order to isolate more clearly the 

effects of the intervention. Secondly，this study only assessed the effects of emotional prosody 

on vocabulary acquisition in children with autism. Future research could explore the contribution 

of emotional prosody to other language disorder issues in autism. Thirdly, whether the 

heterogeneity of children found in the present study to exist in children with autism persists in a 

larger group needs to be further investigated. Finally, although the present study provided the 

effects of an emotional prosody intervention in the context of Chinese culture, it did not make 
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direct cross-cultural comparisons. Future studies could assess the differences of the same 

intervention across cultures. 

Data Availability Statement 

Details of data and analyses script are available via Open Science Framework 

(https://osf.io/m9tkn/?view_only=601461414cee486ca87a3485091c4a0d). 
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Appendix 

Table S1 

Basic characteristics of included subjects 

Subject Age Gender PPVT CARS Intellectual Age 

Subject G 6 Male 45 33 Moderate 4 

Subject A 5 Female 13 34 Moderate <3 

Subject K 5 Male 14 38 High <3 

Subject H 5 Male 17 33 Moderate <3 

Subject B 8 Male 44 31 Moderate 4 

Subject C 9 Male 13 43 High <3 

Subject E 7 Male 28 31 Moderate <3 

Subject I 4 Male 16 36 High <3 

Subject D 5 Male 18 33 Moderate <3 

Subject J 8 Male 23 44 High <3 

Subject F 7 Female 9 41 High <3 

Subject L 8 Male 9 38 High <3 

Note: PPVT means Peabody Picture Vocabulary Test, CARS means Childhood Autism Rating 

Scale. 
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Table S2 

Differences in Gender of emotional prosody intervention 

 Emotional Prosody U p 

Post Test    

Receptive Vocabulary Positive 9.50 1.000 

 Neutral 9.00 .912 

Expressive Vocabulary Positive 9.50 1.000 

 Neutral 10.50 1.000 

Follow-up Test    

Receptive Vocabulary Positive 7.00 .583 

 Neutral 10.00 1.000 

Expressive Vocabulary Positive 10.00 1.000 

 Neutral 12.00 .746 

Note: Male (n=10), Female (n=2). 
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Table S3 

Differences in CARS of emotional prosody intervention 

 Emotional Prosody U p 

Post Test    

Receptive Vocabulary Positive 8.50 .107 

 Neutral 10.50 .250 

Expressive Vocabulary Positive 6.50 .073 

 Neutral 2.00 .011 

Follow-up Test    

Receptive Vocabulary Positive 10.50 .252 

 Neutral 8.00 .127 

Expressive Vocabulary Positive 7.50 .107 

 Neutral 2.50 .016 

Note: High (n=6), Moderator (n=6), CARS means Childhood Autism Rating Scale. 
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Table S4 

Differences in intellectual age of emotional prosody intervention 

 Emotional Prosody U p 

Post Test    

Receptive Vocabulary Positive 9.50 1.000 

 Neutral 14.50 .377 

Expressive Vocabulary Positive 13.50 .512 

 Neutral NA NA 

Follow-up Test    

Receptive Vocabulary Positive 12.50 .661 

 Neutral 13.00 .590 

Expressive Vocabulary Positive 11.00 .914 

 Neutral 14.00 .449 

Note: intellectual age equal to four (n=2), intellectual age less than three (n=12). NA: one of the 

groups has an SD of zero and cannot continue the calculations. 
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