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Individuals suffering from schizophrenia demonstrate deficits in recognizing emotion based on voice. 
The present study aimed to develop a vocal emotion recognition test with good psychometric properties 
and use it for evaluation in schizophrenia. Data from 82 healthy participants and 161 stable inpatients 
diagnosed with schizophrenia were collected. The internal consistency and test-retest reliability of the 
vocal emotion recognition test (VER-42) were acceptable. Patients were less accurate than the healthy 
group in identifying emotion based on the VER-42 total score and were less accurate than healthy indi-
viduals across all emotions. The VER-42 total score correlated with cognitive functions and social cog-
nition or function; and was associated negatively with negative symptoms of patients suffering from 
schizophrenia. The VER-42 was shown to be a valid and reliable instrument for evaluating vocal emotion 
recognition ability and could thus contribute to the screening of patients in the future. 
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Social cue perception represents the initial stage of social cognitive processing, involving both 

facial expressions and voice cues (Green et al., 2015), which activate distinct brain mechanisms (Schirmer, 

2018; Young et al., 2020). The perception of facial emotions has been typically associated with limbic 

regions, inferior frontal gyrus (IFG), and medial prefrontal gyrus; whereas the perception of voice emo-

tions has been related to the superior temporal gyrus (STG) and inferior frontal gyrus (IFG) (Green et al., 

2015). Individuals suffering from schizophrenia exhibit significant deficits in emotion perception tasks 
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(Barkl et al., 2014; Gong et al., 2021; Pinkham et al., 2018; Savla et al., 2013), which could result in 

maladaptive daily social functioning and interpersonal relationships (Irani et al., 2012). Facial-emotion 

tasks have been the most commonly used measure for evaluating emotion recognition (Ekman & Frieser, 

1975; Kerr & Neale, 1993; Silver et al., 2002) and have shown a large overall effect size on facial identi-

fication impairment in schizophrenia (Chan, Li, et al., 2010; Kohler et al., 2010). Some voice emotional 

databases have also been established (Bänziger et al., 2011; Bellack et al., 1996; Bryson et al., 1997; Gold 

et al., 2012; Kerr & Neale, 1993; Lassalle et al., 2019; Pawełczyk et al., 2021), but they were rarely used 

for schizophrenia (Gold et al., 2012; Kerr & Neale, 1993; Pawełczyk et al., 2021) and were more often 

employed as a cognitive task rather than a standardized instrument (Kerr & Neale, 1993). 

Moreover, vocal emotion perception impairments might represent specific deficits across emotions, 

although these remain unclear at present. The most widely used facial emotion recognition test has demon-

strated that fear, disgust, and surprise are differential emotions for which individuals suffering from demon-

strate specific processing deficits (Kohler et al., 2003). However, no specific deficits have been observed for 

vocal emotion recognition in conditions involving controlled stimuli (Gold et al., 2012). Furthermore, emo-

tions are usually easily recognized when the intensity is extreme (Kohler et al., 2003), but it is not clear 

whether individuals suffering from schizophrenia have impairments in terms of recognizing the intensity of 

emotion, in addition to recognizing the type of emotion.  

 

 

The Present Study 

 

The purpose of the present study was to develop a vocal emotion recognition test, evaluate its 

psychometric properties, and explore error patterns based on different emotions and intensity in patients 

suffering from schizophrenia. The study (1) investigated the internal consistency and test-retest reliability 

of the instrument, (2) established its relationship to cognitive function, emotional capacity, and clinical 

symptoms — cognitive function was assessed through the MATRICS Consensus Cognitive Battery 

(MCCB), while emotional perception, experience, and expression were evaluated using the Facial Emo-

tion Recognition Test (FERT), the Temporal Experience of Pleasure Scale (TEPS), and the Toronto Alex-

ithymia Scale-20 (TAS-20), respectively, and the clinical feature of schizophrenia was measured using the 

Positive and Negative Syndrome Scale (PANSS) — (3) determined its clinical utility in patients suffering 

from schizophrenia.  

 

 

METHOD 

 

Participants 

 

Data were collected at the Beijing Huilongguan Hospital. Participants were stable inpatients diag-

nosed with schizophrenia (N = 161) and investigated through a convenient sampling method, as well as 

healthy controls (N = 82) matched by age, gender, and education. For patients, positive and negative symp-

tom severity was low and stable. The severity of clinical symptoms was measured with the Positive and 

Negative Syndrome Scale (PANSS; Kay et al., 1987), administered by a well-trained psychiatrist. All par-

ticipants also completed a questionnaire that obtained general information, demographic characteristics and 

neurocognitive and emotional capacity measures, as well as the vocal emotion recognition test. Eighty-one 
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healthy participants completed two study examinations: a baseline and a retest conducted 1-4 weeks after the 

initial examination (mean interval = 14.37 days). Furthermore, 46 of the healthy participants completed neu-

rocognitive assessments during the study period. All subjects provided written informed consent after 

demonstrating their understanding of the consent documents. This study was approved by the institutional 

review board of the Beijing Huilongguan Hospital (number 2015-90), and performed in accordance with the 

guidelines and regulations of the Helsinki Declaration. 

Eighty-two healthy participants were involved in the reliability analysis of the VER-42, while its 

applicability was assessed in 161 chronic inpatients suffering from schizophrenia. The average age of 

onset for patients suffering from schizophrenia was 23.90 years, with a standard deviation of 7.74 years. 

The duration of the illness varied from 0.4 to 39 years, with an average of 17.07 years and a standard 

deviation of 10.91 years. The mean scores for positive symptoms, negative symptoms, and general psy-

chopathology among patients were 12.68 (SD = 5.28), 18.00 (SD = 6.51), and 29.64 (SD = 7.98), respec-

tively. All patients had an average of 60.33 (SD = 15.14) on the PANSS total score. Demographic and 

clinical characteristics are provided in Table 1. Groups did not differ in terms of gender or age (p > .05), 

but they differed marginally in years of education (p = .058).  

 

TABLE 1  

Demographic variables in clinical samples and the healthy group 

 

 
Schizophrenia 

(N = 161) 

Healthy group 

(N = 82) 
t/χ2 p 

 M (SD)/N M (SD)/N 

Age 41.21 (11.96) 39.85 (9.78) ‒.95 .342 

Gender (male/female) 74/87 29/53 2.50 .114 

Education (years) 13.52 (2.40) 14.18 (2.85) 1.91 .058 

Age of onset (years) 23.90 (7.74) ‒ ‒ ‒ 

Duration (years) 17.07 (10.91) ‒ ‒ ‒ 

PANSS     

Positive symptom score 12.68 (5.28) ‒ ‒ ‒ 

Negative symptom score 18.00 (6.51) ‒ - ‒ 

General psychopathology score 29.64 (7.98) ‒ ‒ ‒ 

Total score 60.33 (15.14) ‒ ‒ ‒ 

Note. PANSS = Positive and Negative Syndrome Scale. 

 

 

Measures 

 

The MATRICS Consensus Cognitive Battery. The MATRICS Consensus Cognitive Battery 

(MCCB) was used to provide a relatively brief evaluation of seven cognitive domains: speed of processing, 

attention/vigilance, working memory, verbal learning, visual learning, reasoning and problem solving, and 

social cognition (Mayer-Salovey-Caruso Emotional Intelligence Test, MSEIT). The test-retest reliabilities 

were generally good (r > .70) (Nuechterlein et al., 2008). 

The Temporal Experience of Pleasure Scale. The Temporal Experience of Pleasure Scale (TEPS) 

was used to measure experiences of pleasure (Chan, Wang, et al., 2010). It has four basic factors: abstract 
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anticipatory, contextual anticipatory, abstract consummatory, and contextual consummatory. The internal 

consistency was .83 and the test-retest reliabilities were good (r = .79 to .81). 

Toronto Alexithymia Scale-20. The Toronto Alexithymia Scale-20 (TAS-20) was a self-report meas-

ure designed to assess alexithymia symptoms and used to assess nonclinical variability in emotional aware-

ness. The questionnaire consists of 20 items and was rated on a 5-point Likert scale ranging from 1 (strongly 

disagree) to 5 (strongly agree). The internal consistency was .65 and the test-retest reliability was .78 (Bagby 

et al., 1994). 

Facial Emotion Recognition Test. The Facial Emotion Recognition Test (FERT) was used to measure 

facial emotional recognition ability (Yanli et al., 2020). It consists of 42 items and includes seven types of 

emotion, with six items each. The participants were asked to judge the emotional expression type by forced 

choice (eight emotion options). Each correct response was scored as 1, and the participant might score 0 to 42 

on the test. The internal consistency was .77 and the test-retest reliability was .81. 

Positive and Negative Syndrome Scale. The Positive and Negative Syndrome Scale (PANSS) was 

used to measure patients’ symptoms (Kay et al., 1987). The scale consists of 30 items and was rated on a 7-

point Likert scale ranging from 1 (none) to 7 (extremely severe). The PANSS had a good reliability (coeffi-

cients > .60). 

 

 

Procedure 

 

Vocal Emotion Material Library Building 

 

Serial vocal emotion discrimination items were developed with reference to the emotion portrayals 

described by Juslin and Laukka (2001); these included eight emotion domains: happiness, sadness, anger, 

fear, disgust, surprise, sarcasm, and neutral. Each emotion contained three intensity levels: high, medium, 

and low (with voice intensities in place of emotion intensities for “neutral”). Two neutral content items in 

Chinese (“What time is it now?” or “Now it is eight o’clock”) were used to avoid providing additional cues 

that would help in discriminating the emotion (Kerr & Neale, 1993). Four professional drama actors (two 

males and two females) were used as speakers of the vocal items, and the inclusion of two age groups (20~30- 

and 40~50-year-olds) was intended to increase the generalizability of the results. All the actors performed a 

1-week off-site technical training to meet professional project requirements before making the recording and 

were paid for their anonymous participation. The recordings took place in a professional recording studio. 

The vocal portrayals were stored in computer memory with a 48-kHz sampling frequency. Two sentences, 

four actors, eight emotions, and three emotion intensities yielded a total of 192 vocal portrayals. The partic-

ipants wore headphones (SHM1900), sat alone at the computer desk in a hospital room, and used the mouse 

to give a response on the computer screen. 

 

 

Pretest 

 

The 192 items from the vocal emotion material library were placed in a random order to generate 

the beta version of the vocal emotion discrimination test. In total, 138 people were recruited through ad-

vertisements to evaluate the beta version of the test. The participants were asked to judge the emotional 

expression type by forced choice (eight emotion options) and strength (from 1 to 99 percent) for each item. 
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Participants could listen to each item as many times as needed. The experiment took approximately 40 

minutes, including a short break. The formal test had to be carried out after passing a practice test (correct 

rate > 70%), which consisted of 10 easy, high-intensity facial emotion recognition tasks, and each partic-

ipant had two opportunities to pass. Of the 138 individuals, five refused, 15 failed to pass the practice test, 

and 21 failed to complete the entire test; thus, eventually 97 healthy persons (39 men and 58 women; aged 

25-62 years, mean = 40.34; mean number of years of education = 14.41, SD = 3.10) completed the beta 

version evaluation. These participants were either paid or given course credits for their anonymous and 

voluntary participation. 

 

 

Item Selection, and Initial and Final Version 

 

Items were selected according to the following three criteria: (1) items for which more than half of the 

participants selected the labeled emotion; (2) item discrimination indicating the extent to which success on an 

item corresponds to success on the whole test of more than 0.2 (or more than 0.1 if the item difficulty was close 

to 0.9 or 0.1); (3) an equal number of items on each emotion type and same gender of the speaker. The initial 

version was created using eight items for each of the seven emotions assessed. All items relating to happiness 

were deleted because the average selection rate was 21%, similar to the mean correct rate in a previous study 

(Gold et al., 2012), and it seems like the happy tone of voice could be limited by the neutral content. The final 

version of the test was validated with a cross-validation cohort of 82 healthy subjects. The final version of the 

VER-42 was reduced to six items for each emotion, with the speaker’s gender being equal (Table 2). 

 

TABLE 2  

Characteristics of the voice on each emotion 

 

Emotion 
N  

of items 

Speaker’s gender 

(male/female) 

Mean intensity of 

actor’s play (%)a 

Neutral 6 2/4 1.50 (50.0) b 

Anger 6 4/2 2.67 (88.9) 

Sadness 6 3/3 2.00 (66.7) 

Fear 6 2/4 1.67 (55.6) 

Surprise 6 3/3 1.83 (61.1) 

Sarcasm 6 4/2 1.83 (61.1) 

Disgust 6 3/3 2.17 (72.2) 

Total 42 21/21 2.03 (67.6) c 

Note. a three intensity levels (high = 3, medium = 2, and low = 1), percentage in parentheses 

was mean intensity divided by 3 and then times 100; b voice intensity; c except neutral. 

 

 

Data Analyses 

 

For continuous variables, t-tests were used to compare differences between groups. For categor-

ical variables, differences between groups were compared using χ2 tests. Item discrimination used the 

point bi-serial correlation coefficient for the pretest sample. Kuder and Richardson Formula 20 (KR20) 

was used to evaluate internal consistency, which was more suitable for dichotomous items than Cronbach’s 
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α. Test-retest reliability was computed using Pearson’s r as the correlation coefficient in the healthy group. 

Utility paired-samples t-tests with Cohen’s d and intraclass correlation coefficient (ICC) were assessed to 

evaluate longitudinal stability in the healthy group. Correlations between VER-42 and functional out-

comes/symptoms were computed using Pearson’s r as the correlation coefficient for each group. Bonfer-

roni correction was conducted for multiple correlations between VER-42 scores with MCCB seven do-

mains scores. Independent-samples t-test with Cohen’s d was used to examine group differences in the 

total score. The vocal emotion recognition score or emotion intensity (only when the emotion type was 

correct) was assessed for each emotion using repeated-measures analysis of variance (ANOVA), with 

emotion as the within-subject factor and diagnostic group as a between-subject factor, and years of edu-

cation was considered as covariate. A p-value < .05 was considered statistically significant. Statistical 

analyses were performed in the IBM SPSS Statistics 20.0 program and the plot was prepared with the R 

3.5.3 “ggplot2 3.1.0” package (https://www.r-project.org/). 

 

 

RESULTS 

 

Reliability and Longitudinal Stability of the VER-42 

 

The mean item difficulty and discrimination for each emotion in the healthy group ranged from .52 to 

.96 and from .24 to .37, respectively (Table 3). The internal consistency of the VER-42 was .77, while that of 

the seven subscales varied between .60 and .74. The split-half coefficient of the VER-42 was .83, while that of 

the seven subscales ranged from .48 to .62. The test-retest reliability was .69, and the ICC was .80 (Table 4).  

 

TABLE 3  

Item difficulty and discrimination on each emotion in the healthy group 

 

Emotion Item Difficulty Discrimination 

Neutral 1 1.00 ‒ 

 2 .99 .43 

 3 .99 .29 

 4 .94 .25 

 5 .93 .25 

 6 .90 .23 

 Mean .96 .24 

Sadness 1 .90 .37 

 2 .89 .27 

 3 .88 .13 

 4 .78 .32 

 5 .74 .50 

 6 .43 .21 

 Mean .77 .30 

(table 3 continues) 
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Table 3 (continued) 

Emotion Item Difficulty Discrimination 

Surprise 1 .78 .35 

 2 .72 .22 

 3 .65 .47 

 4 .54 .44  

5 .52 .43  

6 .52 .31  

Mean .62 .37 

Disgust 1 .63 .41  

2 .63 .37  

3 .54 .33  

4 .51 .37  

5 .45 .22 

 6 .33 .28 

 Mean .52 .33 

Anger 1 .96 .38 

 2 .95 .40 

 3 .91 .09 

 4 .87 .40 

 5 .74 .28 

 6 .60 .33 

 Mean .84 .31 

Fear 1 .78 .20 

 2 .71 .44 

 3 .67 .35 

 4 .65 .36 

 5 .60 .27 

 6 .54 .22 

 Mean .66 .31 

Sarcasm 1 .56 .32 

 2 .55 .47 

 3 .54 .34 

 4 .51 .20 

 5 .50 .30 

 6 .44 .28 

 Mean .52 .32 

Total Mean .70 .31 
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TABLE 4  
Test-retest coefficients of voice emotion recognition test in the healthy group 

 

Emotion N 

First time (T1) Second time (T2) 
Difference 

（T2-T1） 
t p r ICC 

Mean SD Mean SD 

Neutral 81 5.75  0.64  5.46  1.04  ‒.30  ‒3.22  .002  .60  .70  

Anger 81 5.02  1.12  4.84  1.24  ‒.19  ‒1.46  .148  .54  .69  

Sadness 81 4.60  1.28  4.43  1.51  ‒.17  ‒1.25  .214  .61  .75  

Fear 81 3.95  1.67  3.77  1.98  ‒.19  ‒.99  .325  .59  .73  

Surprise 81 3.72  1.64  3.91  1.86  .20  1.00  .318  .49  .66  

Sarcasm 81 3.09  1.74  3.43  1.70  .35  2.21  .030  .67  .80  

Disgust 81 3.09  1.70  2.94  1.86  ‒.15  ‒.73  .467  .48  .64  

Total 81 29.22  5.48  28.78  6.97  ‒.44  ‒.78  .435  .69  .80  

Note. ICC = intraclass correlation coefficient. 

 

 

Relationship to Functional Outcome and Symptoms 

 

In the healthy group, correlations of VER-42 scores with social (MSEIT) and neurocognitive tasks 

(MCCB total score) were significant — r(44) = .39, p < .05 and r(44) = .41, p < .01, respectively —, and the 

VER-42 score was mainly related to reasoning and problem solving, visual learning, and the speed of pro-

cessing in MCCB cognitive domains — r(46) = .31-.33, p < .05. Note that all these correlations would survive 

Bonferroni corrections for multiple (seven) correlations. Correlations with TEPS and TAS-20 were signifi-

cant — r(81) = .24, p < .05 and r(82) = ‒.40, p < .01, respectively; correlations with FERT was significant 

— r(77) = .55, p < .01. In patients, correlations of VER-42 scores with social (MSEIT) and neurocognitive 

tasks (MCCB total score) were significant — r(155) = .27, p < .01 and r(154) = .49, p < .01, respectively — 

and the VER-42 score was mainly related to reasoning and problem solving, visual learning, verbal learning, 

attention/vigilance, working memory and the speed of processing in MCCB cognitive domains — r(156) = 

.31~.47, p < .01. Note that all these correlations would survive Bonferroni corrections for multiple (seven) 

correlations. Correlations with TEPS and TAS-20 were significant — r(134) = .11, p > .05 and r(132) = ‒

.33, p < .01, respectively; correlation with FERT was significant — r(161) = .70, p < .01. Negative correla-

tions with PANSS negative score was significant — r(129) = ‒.20, p < .05 —, and was still significant — 

r(121) = ‒.19, p < .05 — after controlling for MCCB total score. All others were not significant (p > .05). 

 

 

Group Differences 

 

Patients were less accurate in identifying emotion type than the healthy group, as determined by the 

VER-42 total score — 22.81 ± 7.80 vs. 29.27 ± 5.46; t(218) = 7.49, p < .001, effect size = .91 —, and the 

significance remains unchanged, F(1, 211) = 43.22, p < .001, after controlling for years of education. The 

repeated-measures ANOVA across emotions showed a significant group × emotion interaction, F(6, 1446) 

= 3.21, p = .005, for accuracy, suggesting statistically different deficits across emotions (Figure 1), and the 

significance remains unchanged, F(5, 1159) = 3.38, p = .004, after controlling for years of education. A 
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further simple-effects test showed patients were less accurate than healthy individuals across all emotions (p 

< .05), and the maximal/minimal differences were obtained with sadness and sarcasm, respectively. In terms 

of the intensity of emotion (excluding neutral intensity), the group × emotion interaction, F(5,745) = 4.34, p 

= .001, was significant, and the significance remains unchanged, F(5, 617) = 5.44, p < .001, after controlling 

for years of education. Further simple-effects tests indicated that patients showed significant deficits in the 

recognition of the intensity of anger (p < .001) and sadness (p = .047), with trends also for impairments in 

the recognition of the intensity of disgust (p = .090). 

 

 

FIGURE 1 

Group differences in identifying emotion type and the intensity of emotion 

Note. HC = healthy control; SCH = schizophrenia. Left = accuracy in identifying emotion type; Right = recognition of intensity. The 

horizontal axis represents seven different emotions. 

 

 

DISCUSSION 

 

In this study, we developed a new instrument for the assessment of vocal emotion recognition 

ability and evaluated its validity in a group of individuals suffering from schizophrenia or schizoaffective 

disorder. The internal reliability, test-retest reliability, and validity of the VER-42 were acceptable. It 

has appropriate difficulty and good discrimination to optimize the distinction of the vocal emotion recog-

nition ability. The VER-42 total score correlated with scores on the MCCB, especially for speed of pro-

cessing, reasoning, and memory. These results were in general accord with the concept that vocal affect 

recognition is correlated with cognitive functions, such as speed of processing (Gold et al., 2012). It 

seemed that an interference of cognitive deficits in patients’ early emotional scene processing (Trotti et 

al., 2021), which further affected vocal emotional recognition. It also correlated with scores on the 

MSEIT, TEPS, and TAS, some proxy measures for social cognition or function, which agreed with the 

findings of some previous studies on social function or functional capacity (Giannitelli et al., 2015; Irani 
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et al., 2012; Pinkham et al., 2018). The VER-42 total score was moderately related to facial emotion 

recognition. It has shown that VER-42 was similar to but different from facial emotion recognition, and 

the same as previous results (Kerr & Neale, 1993). Moreover, the VER-42 total score was associated 

with negative symptoms of patients suffering from schizophrenia. There might be some connection be-

tween emotion recognition deficits and negative symptoms in schizophrenia (Jung et al., 2021). More 

diverse cross-linguistic datasets could be required to confirm because these associations might vary 

across languages (Parola et al., 2023). 

The vocal emotion recognition deficit in patients suffering from schizophrenia was strongly con-

firmed, as previous studies had indicated, and revealed a large effect size (Barkl et al., 2014; Gong et al., 

2021; Savla et al., 2013). It showed sensitivity to group differences, and can thus be used clinically. More-

over, this impairment of nonverbal perception could further lead to a loss of social expression (Parola et 

al., 2023). Patients were less accurate than the healthy controls in recognizing all emotions, and the deficits 

ranged pattern was similar to that described by Bonfils et al. (2019), Giannitelli et al. (2015), Gong et al. 

(2021), and was slightly different from that described in other previous studies, which found only deficits 

in the vocal emotion recognition of sadness, fear, disgust, and neutral (Gold et al., 2012), and in facial 

emotion recognition of fear, disgust (Barkl et al., 2014; Kohler et al., 2003). This suggests that different 

modal stimuli could have different mechanisms (Bonfils et al., 2019; Giannitelli et al., 2015; Schirmer, 

2018; Young et al., 2020). It presented the smallest difference in sarcasm, which is less effective than 

previous literature reports (Kantrowitz et al., 2014), possibly because of a lack of context, such as addi-

tional information about the speaker’s true beliefs or intentions. Furthermore, this impairment in individ-

uals suffering from schizophrenia existed not only in identifying emotional types but also in identifying 

emotional intensity. Patients showed more deficits in vocal perception of intensity of anger and sadness 

than other emotions in vocal stimuli. This suggests that patients suffering from schizophrenia might have 

more difficulty in identifying anger and sadness. Patients suffering from schizophrenia could experience 

a reduced intensity of anger expression compared to healthy controls, and this might cause differences in 

behavioral response (Navalón et al., 2022). 

 

 

Limitations 

 

Firstly, the sample size of the study might not be large enough. Secondly, there was a methodolog-

ical drawback as happy expressions were the only positive universal emotion, but this seemed to be limited 

by vocally neutral content. The length of stimulus presentation, for example, the number of replays, and the 

reaction time could also be considered limitations. Also, more general measures of social function could be 

implemented to address the validity of the VER-42. Fourth, the stability of the VER-42 in clinical patients, 

especially during an acute episode, needs to be verified. Moreover, other variables might also influence the 

VER-42 score, such as duration of illness, drugs used and their dosage, and some sociodemographic factors. 

Further studies are desirable. 

 

 

NOTE 

 

1. Hongzhen Fan and Ronghuan Jiang contributed equally to this work. 
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