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Abstract 

 
By listening to the voice, people can approximate the speaker’s age, sex, and emotional states, as well as the message 

being conveyed. Listeners also perceive a variety of information from one’s speech. The specific acoustic markers of 

voice that guide people’s perception of speech have not yet been fully investigated. The present investigation was 

designed to establish acoustic markers that influence the listener’s perception of speech produced by various 

individuals. The goal of the present perceptual study was to identify key acoustic markers of speech signals that were 

perceived as (1) sex-appropriate, (2) age-appropriate, (3) pleasantness, and (4) smartness. A growing body of research 

has investigated the features of sex difference and age difference in the field of speech-language pathology. These 

data serve the needs of particular client populations such as transgender and aging individuals. The general 

characteristics of pitch, rate of speech, and breathiness of these speakers are reported without specific measurements. 

Speech samples of five males and five females ranging in age from 21 to 62 years were recorded and used as stimuli. 

Thirty young college students completed rating the stimuli utilizing a 10-step Likert scale. The perceptual rating scores 

were contrasted with the acoustic measurements of fundamental frequency, intensity, and duration. They are perceived 

as pitch, loudness, and length of speech, respectively. Also, the spectral elements were measured and contrasted with 

the perceptual ratings. As expected, listeners were able to determine sex-appropriateness based on the individual’s 

pitch lower than 150 Hz as males, and higher than 168 Hz for females. Age appropriateness was expected to be related 

to the rate of speech. However, the results did not show any relationship between the two aspects. The results showed 

a significant correlation between the perception of the pleasantness and smartness. 
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1. Introduction 

 
According to Kent,10 verbal communication carries multiple types of information, including personal, phonetic, 

emotional, and transmittal information. By listening to the voice of the speaker, people can approximate the speaker’s 

age and sex (personal information). A listener can understand the speaker’s message by focusing on the contents 

(phonetic information). The overall characteristics of one’s voice represent his/her emotional state (emotional 

information), and the surrounding noises let us know the environment in which the verbal message is produced 

(transmittal information). Voices contribute to the first impression of others, including approximate age, gender, 

competence, and relationships.6 According to McAleer, Todorov, and Belin,9 perceived voice characteristics could 

influence job selection, friend selection, and other social interactions. Klofstad2 conducted a research project to see 

how voice perception affects the choice of a candidate for leadership positions and found that voters prefer lower-

pitched voices due to the fact that they are perceived as stronger and being more competent. 
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   A growing body of research has explored different patterns of speech perception by various attributes. It is important 

for the students studying communication science and disorders to understand the relationship between acoustic 

markers and speech perception. With this knowledge, therapists can guide clients with communication disorders or 

differences to work on the restoration of functional verbal communication in the clients’ respective communities. 

Therefore, voice improvement is the goal of various disciplines, such as singers, transgender voice modification, voice 

over, politicians, and public speakers. Two of the critical evaluation methods of speech/voice are acoustical analyses 

and perceptual judgment. First, acoustical analyses are important to Speech-Language Pathologists (SLPs) working 

on voice because they provide objective information about the pre- and post-therapy changes. Second, perceptual 

studies are critical to validate the effects of the information identified by the acoustical analyses.7 

   The goal of the present perceptual study was to identify key acoustic markers of speech signals that are perceived 

as (1) sex-appropriate, (2) age-appropriate, (3) pleasantness, and (4) smartness. The author predicted that the speakers’ 

pitch would be the main cue to indicate sex. The speaker’s rate of speech measured by the number of words per minute 

would indicate age. Finally, it was expected that the speaker’s perceived pleasantness and smartness would hinge on 

the intensity of the speaker’s voice.  

 

 

2. Method 

 

2.1. Participants 
 

2.1.1. participant speakers 

 
   Ten adult residents of Texas (Mage = 40.5 years; SD = 19.1; range = 21-68 years) served as participant speakers 

for the current study: five were males and five were females. They are monolingual speakers of General American 

English who do not have any major health problems. Their vision and hearing are within normal limits with or 

without corrections as self-reported by participants. All of them do not have history of speech or language disorders.  
 

2.1.2. participant listeners 

 
   Thirty students (3 males and 27 females) of Texas Woman’s University participated in the present study. The age 

range was 21 to 39, and the detailed information about the specific age was not collected. The hearing acuity of the 

participants was within normal limits, as reported by the participants.  Because this study focused on the perception 

of the individuals who carry on functional communication in college, the information on history and background of 

speech and language disorders or differences were not collected.  

 

2.2. Materials 

 
Speech stimuli included recordings of participant speakers reading the first half of the reading of the “North Wind 

and The Sun” passage from the Aesop’s fables. Following the Handbook of the International Phonetic Association4, 

this passage was used in the present study.  

 

 

 

 

 

 

 

 

 

 

 



267 
 

 
Table 1: Stimuli 

 

Sex Age Voice Identifier 

    Female 26 Voice 1 

 27 Voice 2 

 28 Voice 3 

 61 Voice 4 

 68 Voice 5 

     Male 21 Voice 6 

 23 Voice 7 

 31 Voice 8 

 58 Voice 9 

 62 Voice 10 

 

2.3. Procedures 

 
The data collection was carried out in a quiet room on the TWU Denton campus. A response sheet was distributed to 

each participant. Participants were requested to rate the recorded voices in 10-point Likert scale. There were four 

rating categories, including the sex indicator, age-indicator, pleasantness, and smartness. No specific definition of 

“pleasantness” or “smartness” was provided to the listeners.  This is because the researcher planned to conduct acoustic 

analyses later to figure out the contributing elements to the listener’s perception of these four aspects. Before rating 

the experimental stimuli, participants practiced with two recorded voice materials that were not included in the 

experimental stimuli. After familiarizing with the rating procedures through the practice, the participant listeners rated 

the experimental stimuli one at a time. The order of presentation of the ten recorded voices was randomized for each 

session to prevent systematic bias.6 Each stimulus was played two times.  

 

2.4. Data Analyses 

 
Participant’s responses were organized in an Excel file for each of the four rating categories (i.e., sex, age, 

pleasantness, and smartness). Each category included 300 ratings (30 listeners x 10 perceptual ratings). The rating 

scores out of 2-standard deviation were identified as outliers. These outliers were excluded from the data analyses. 

Twenty-one ratings (7.0%) were eliminated from the sex rating category, 10 ratings (3.3%) were eliminated from each 

of the age and pleasantness ratings, and nine ratings (3.0%) were eliminated from the smartness rating category.  
   After eliminating the outliers, data analyses were carried out with IBM SPSS Statistics 24 (v.24.0.0.0). The 

significance level was set at p < .05. First, the correlations between the perceptual categories were analyzed with all 

possible combinations to examine the relationship between the perceptual categories of sex, age, pleasantness, and 

smartness. Second, the rating in each category was contrasted with acoustic characteristics of the stimuli (i.e., the pre-

recorded voices from 10 speakers) to identify the relationship between speech perception and production. Pearson’s 

correlation analyses were used in both analyses. PRAAT (v.6.0.08)8 was used for all acoustic analyses. 

 

 

3. Results 

 

3.1. Relationship Between Four Perceptual Ratings 

 
Before performing statistical analyses, the relationship between four perceptual measures was visually inspected as a 

graph (see Figure 1). On the response form, the age figures indicated 20 years old (represented as “0”) to 70 years or 

older (represented as “10”) to fit the 10-step Likert scale. The obtained ratings of age were converted to the scale of 

10 to contrast with three other 10-scale rating categories. The normality of data was examined using the Shapiro-Wilks 
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test, which showed the “sex” rating data were not normally distributed. The transformation of data was determined 

not to be applicable because the sex data show a binary distribution (i.e., male or female). Therefore, Pearson 

correlation coefficients were used to examine the relationships between three perceptual rating categories, including 

age, pleasantness, and smartness.  

 
 

Figure 1. Relationship between four perceptual ratings 

 

3.1.1. “age” vs. “pleasantness” ratings 

 
The Pearson correlation coefficient analysis identified a moderate positive correlation between the ratings of age and 

pleasantness, r = .484, p = .156, ns. The coefficient of determination (r2) was computed to explore the proportion of 

variance in one variable that is explained by the other variable. The r2 was .234. Thus, the perception of age can 

explain 23.4% of the variability in the perception ratings of the pleasantness.  

 

3.1.2. “age” vs. “smartness” ratings 

 
The Pearson correlation coefficient analysis showed a medium to moderate positive correlation between the ratings 

of age and smartness, r = .543, p =.104, ns. The coefficient of determination (r2) was .295, suggesting that the 

perception of age explained 29.5% of the variability in the perception ratings of the smartness. 

 

3.1.3. “pleasantness” vs. “smartness” ratings 

 
The Pearson correlation coefficient analysis revealed a strong positive correlation between the ratings of pleasantness 

and smartness, r = .881, p<.01. The correlation of these two perceptual ratings is statistically significant (p<.01). The 

coefficient of determination (r2) was .776. Thus, the perception of pleasantness explained 77.6% of the variability in 

the perception ratings of the smartness. 

 

3.2. Relationship Between Perceptual Ratings And Acoustic Measurements 

 
Each perceptual rating was contrasted with three acoustic measurements, including fundamental frequency (F0), 

intensity, and duration. The acoustic measurement of F0 represents the rate at which vocal folds vibrate every second. 

Approximately, the mean F0 of adult males can range from 100 to 150 Hertz (Hz), and for adult females it can range 

from 180 to 250 Hz.3 The perceptual correlate to the F0 is pitch. As such, a higher pitch tends to sound more ‘female’ 

(or, feminine), and a lower pitch tends to sound more ‘male’ (or, masculine). The intensity of speech refers to the 



269 
 

power carried by sound waves, and it is related to the amplitude of the vibration. Its perceptual correlate is loudness. 

The duration refers to the rate of speech, and its perceptual correlate is length. The normality of the acoustic 

measurements was examined prior to the statistical analyses. A series of Shapiro-Wilks tests confirmed that all of the 

acoustic measurements were normally distributed (p>.05). 

 

Table 2: Acoustic features of the voice recordings 

 

Voice ID Age Speaker’s Sex F0 (Hz) Intensity (dB SPL) Duration (ms) 

V1 26 F 202.79 69.45 788.27 

V2 27 F 168.14 66.76 830.00 

V3 28 F 206.76 69.89 1450.00 

V4 61 F 216.83 73.88 750.00 

V5 68 F 179.69 71.77 870.00 

V6 21 M 110.34 73.39 760.00 

V7 23 M 94.02 70.14 930.00 

V8 31 M 128.30 69.61 720.00 

V9 58 M 131.20 67.23 650.00 

V10 62 M 113.16 65.62 870.00 

 

3.2.1. sex rating and acoustic measurements 

 
The sex rating data show different perceptions of male and female voices within the given F0 ranges. Specifically, the 

perceptual rating data identified voices lower than 150 Hz as ‘male’ and voices higher than 168 Hz as ‘female’. This 

is closer to the reported F0 ranges of males and female by Roseberry-McKibbin and Hedge.3 The ratings showed a 

non-linear relationship between the sex indicator of voice without ambiguity. Therefore, a Spearman’s rank-order 

correlation test was conducted to assess the relationship between the perception of sex ratings and the mean F0. The 

result of the test revealed a statistically significant positive correlation between the perception of sex ratings and F0 

average (rs(8) = .774, p = .01). 

   The sex perception data as well as the intensity and duration of speech measurement show noticeable overlaps 

between males and females, suggesting no systematic relationship between these data sets. Therefore, the statistical 

analyses were not performed with these combinations.  

 

3.2.2. age rating and acoustic measurements 

 
Published data explain that the female F0 tends to decrease with age due to hormonal changes and swelling of the 

vocal folds, whereas the male F0 tends to increase with age due to the vocal folds thinning.5 Thus, the differences of 

F0 become smaller as males and females age. Before performing further analyses, the age related differences between 

males and females were inspected. With respect to the F0 changing patterns over age between males and females, no 

distinct difference was identified with the present data. Therefore, the male and female data were analyzed together. 

   The Pearson correlation coefficient revealed a small positive correlation between age and F0 data, r = .273, p = .445, 

ns. The coefficient of determination (r2) was 0.074. A similar result was obtained with the correlation of the age 

perception and vocal intensity, r = .184, p = .612, ns. The coefficients of determination (r2) was 0.034.  Taken together, 

the analyses suggest that the perception of age explained 7.4% of the variability in the F0 and 3.4% of the variability 

in the vocal intensity. There were noticeable overlaps between the age perception and duration of speech data. 

Therefore, correlation analyses were not rendered in this combination. 

 

3.2.3. pleasantness rating and acoustic measurements 

 
The pleasantness rating data and acoustic measurements of F0 and intensity were sparse, suggesting no systematic 

relationship between these two data sets. Therefore, the statistical analyses were not performed. The correlation 

between the pleasantness and duration of speech was analyzed. The Pearson correlation coefficient showed a medium 

to moderate negative correlation between the ratings of pleasantness and duration, r = -.366, p =.333, ns. The 

pleasantness rating was higher for slower speakers, however, the relationship was not significant. The coefficient of 
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determination (r2 = .134) suggests that the perception of pleasantness explained 13.4% of the variability in the rate of 

speech.  

 

3.2.4. smartness rating and acoustic measurements 

 
The intensity of speech measurement did not yield any relationship with the perception of smartness by inspecting the 

data visually. Therefore, the smartness ratings were analyzed with respect to the relationship between F0 and duration 

of speech, respectively. The Pearson correlation coefficient showed a medium to moderate correlation between the 

smartness perception and F0, r = .439, p = .204, ns, suggesting that higher pitch voices are perceived as ‘smarter’ than 

those with a lower pitch. However, the degree of correlation was not statistically significant. The coefficient of 

determination (r2= .193) implies that the perception of smartness statistically explained only 19.3% of the variability 

in the F0. The correlation analysis revealed a small negative correlation between the ratings of smartness and duration, 

r = -.253, p =.512, ns, suggesting that the smartness rating was higher for the faster speakers than the slower ones. 

The correlationship is not statistically significant. The coefficient of determination was .064, which implies that the 

perception of smartness statistically explained 6.4% of the variability in the rate of speech.  

 

 

4. Discussion 

 
 The goal of the study was to identify what acoustical features impact a listener’s perception of recorded voice.  The 

most intriguing finding of the study was the relationship between the perceptions of pleasantness and smartness. The 

smarter a voice sounded, the more pleasant it was rated. These findings are consistent with McAleer’s research.9 The 

perceptions of pleasantness and smartness do not have a statistically significant relationship with any of the other 

factors, such as the perception of age, sex, or any acoustical marker. This relationship may suggest that a listener 

judges pleasantness and smartness in conjunction with, but separate from, other characteristics of the voice. However, 

Pearson’s correlation analyses tend to yield statistical significance with relatively moderate correlation, with large 

sample sizes (n =100+), while they do not reach significant levels with small sample sizes.12 Thus, the present study 

needs to be replicated with a greater number of participants. Future research must seek to identify characteristics, such 

as confidence levels or attractiveness, that potentially impact the observed relationship.  

   As predicted, the F0 was the main cue for sex identification. The other factors did not contribute to the identification 

of sex. It is intuitive, however, that higher F0 requires a faster rate of vocal folds vibration as well as vocal fold 

lengthening. Thus, a higher level of tension is required to increase F0. Transgender individuals who transition from 

male to female often seek speech-language pathology services to develop their desired voices. If one focuses only on 

the increase of F0, it could produce excessive tension on the vocal folds, resulting the development of Muscle Tension 

Dysphonia (MTD). To prevent such functional voice disorders, further analyses are necessary to identify other reliable 

indicators of male and female voices, such as resonance, pragmatics, and various suprasegmental features. 

   The present findings suggest that duration of speech does not statistically impact the listener’s age perception, which 

is not consistent with Duchin and Mysak’s research.11 They found that the rate of speech computed from the duration 

is affected by the perception of age. In the present study, the ages of the Voice 1 (26 years of age) and Voice 7 (23 

years of age) were most accurately identified. The rates of speech of these participants were .79 and .93 words per 

second, respectively. It suggests that the rate of speech alone is not an important cue for age. With the growing number 

of aging population and increasing number of undesirable scams by telemarketers targeting older individuals, it is 

helpful if the voice is manipulated to mask the advanced age. Future studies with a greater number of participants 

should be conducted to further identify the cues of aging voice. 

 

 

5. Conclusions and future directions 
 

Future research will seek to replicate the present study with a more diverse group of individuals (i.e., young vs. old 

raters and male vs. female raters). A more diverse group of individuals would be useful to see if different sexes or 

ages perceive voices differently. Other research by Dilley5 has suggested that children and adults perceive voices 

differently. Therefore, research should be conducted to examine whether raters aged 20-30 and raters aged 50-60 

groups show different ratings. Further investigation should be completed to evaluate whether perceived “pleasantness” 

and “smartness” are correlated equally by the listeners of all ages. 
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   The data procured from the present study contributes to the growing body of research in voice perception analysis. 

These data have applications in other fields beyond speech and language pathology, such as teaching, politics, and 

business. The understanding of how one’s voice may be perceived by others can impact voice therapy, speeches, and 

advertisements.   
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