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INTRODUCTION

Speech audiometry is an important test battery for measuring hearing ability [1,2]. 

Speech audiometry tests can be used to identify the reliability with pure-tone average 

thresholds or evaluate speech understanding in real life. When the speech audiometry 

is conducted, there are two stimulus presentation modes: One is a recorded voice 

mode and the other is a monitored live-voice mode [3]. Although the monitored live-

voice mode is able to reflect better speech understanding in real life, a recorded voice 

mode is recommended in general because of the test reliability and consistency [4].

To test hearing aid (HA) outcomes for people with hearing loss, speech audiometry 

like hearing-in-noise test (HINT) is also one of important test battery [5]. The HINT is a 

test to measure speech understanding in noise conditions using reading context stim-

uli. Not only the HINT but also other standardized speech test materials like the Korean 

standard sentence lists for adults (KS-SL-A) have been tested by the recorded reading 

context stimuli [6]. The reading context refers to a speaking style like a person reads 

sentences. Thus, reading context is distinguished from spontaneous speech which re-

fers to a speaking style like a person talks with other person naturally in terms of the 

naturalness of the vocalization [7].

This study considered acoustic characteristics between reading context and sponta-
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neous speech. Most speech tests have used reading context 

stimuli [5,6]. Because the style of vocalization is different be-

tween reading context and spontaneous speech, however, we 

are unsure whether test results using reading context stimuli 

can reflect speech understanding in real life.

The long-term average speech spectrum (LTASS) is one of 

the important factors that determine the acoustic characteris-

tics of speech [8]. The LTASS represents speech energy across 

the frequency in decibel (dB). Picheny et al. [9] reported that 

intelligibility scores measured by clear speech which is a 

method to speak as clear as possible were higher than the 

scores measured by normal speech for people with hearing 

loss. According to the result of acoustical analysis, the charac-

teristics of the LTASS was different between two speaking 

styles [10]. Specifically, increased mid-frequency speech en-

ergy was apparent in the clear speech compared to the nor-

mal speech [10]. Thus, the LTASS can be an important factor 

to compare acoustic features between different speaking 

styles. 

The purpose of this study was to compare the LTASS be-

tween reading context and the spontaneous speech. If differ-

ent acoustic characteristics are found between the two speak-

ing styles, the differences should be considered when test re-

sults by the reading context are interpreted. If there is no dif-

ference between the two different styles, the reading context 

can be considered as a form that reflects the speech under-

standing in real life.

METHODS

Participants
Ten male and ten female native Korean speakers aged be-

tween twenty and twenty-eight years participated in this study 

(mean = 22.98 years). Pure-tone audiometry was conducted 

prior to the study, using a GSI 61 (Grason-Stadler, Eden Prai-

rie, MN, USA). All participants had normal hearing sensitivity 

and none had any speech problems such as articulation dis-

orders. Air-conduction thresholds and bone-conduction 

thresholds were within normal range ( < 20 dB) measured at 

0.25, 0.5, 1, 2, 4, 8 kHz. Also, tympanometry test results were 

within normal range showing ‘A’ type. All participants re-

corded their voices in a double-walled sound booth for qual-

ity of recording. All participants were given written informed 

consent to participate in the study and researchers provided a 

sufficient explanation such as the purpose and method of 

study. All participants were offered compensation for their 

participation (#HIRB-2016-006).

Test stimuli
To compare LTASS between reading context and spontaneous 

speech, a continuous discourse was used for reading context 

and a short interview was conducted for spontaneous speech. 

For reading context, all participants read a continuous dis-

course and their voices were recorded. A short story, ‘The 

wind and the sun’ (Borim, Kyeonggi-do, Paju), which is easy 

to read, was selected as the continuous discourse. For sponta-

neous speech, a short interview (15 questions) was conducted 

and participants’ answers were recorded. Questions from 

‘Seoul Corpus’ were chosen [11]. Questions such as ‘What do 

you usually do when you are with your friends?’, ‘What do you 

think about the merits of smartphones?’ and ‘Could you tell 

me about your family background?’ were included. Table 1 

shows 15 interview questions for spontaneous speech.

Procedure 
The recording was conducted using a computerized speech 

lab (CSL, KayPECTAXTM, Montvale, NJ, USA) in a sound 

booth. All participants’ voices were recorded at the same dis-

tance (10 cm) from the recording microphone (Sennheiser e-

835s, Wedemark, Germany). The recording files were digitized 

at a 44,100 Hz with 16 bit. When recording reading context, all 

participants were instructed that they should read comfort-

ably at normal speed. When an error occurred during record-

Table 1. Interview questions for spontaneous speech. Questions from ‘Seoul 
Corpus’ were chosen (Yun et al., 2015)

  1 Could you tell me about your family background?

  2 How do you spend time with your family when you are at home?

  3 What do you do when your family gets together at a holiday?

  4 Do you help out with chores around the house?

  5 Who do you talk to more, your mother or father?

  6 Who is your best friend?

  7 What do you usually do when you are with your friends?

  8 What are your interests when you meet your friends these days?

  9 What is your hobby?

10 What are you studying now?

11 Have you ever thought about your future career?

12 Which season do you like best?

13 Tell me about your recent trip

14 What is your favorite drama or movie?

15 What do you think about the merits of smartphones?
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ing such as mispronunciation or hesitation of speaking, those 

sentences were rerecorded. Before recording spontaneous 

speech, participants received an instruction that they should 

answer the questions as usual. After the researcher asked 

each question, the participants answered freely for 40 sec-

onds. If participant went over their allotted time, the record-

ing files were cut to 40 seconds.

To analyze the LTASS, each participant’s recording file was 

concatenated without silence using Adobe Audition (adobe 

systems, version 3.0). Then, the recording files were normal-

ized to a root-mean–square (RMS) level of 65 dB SPL using 

Praat v6.0.19 [12]. The LTASS of reading context and spontane-

ous speech were analyzed using the CSL. The results of LTASS 

ranging from 100 Hz to 10,000 Hz were used for analysis. 

Statistical Analysis
A univariate analysis of variance (ANOVA) was used to iden-

tify whether there are significant differences in across-speak-

ing style. The statistical analysis was conducted using SPSS-22 

(IBM SPSS Inc., Armonk, NY, USA).

RESULTS

Results of LTASS for comparison of spontaneous speech and 

reading context in each gender are shown in Figure 1. The 

LTASS of spontaneous speech were marked with solid lines 

and the LTASS of reading context were marked with dotted 

lines. In both male and female speakers, there were no statis-

tical differences between spontaneous speech and reading 

context in all frequency areas (p > 0.05). For male speakers, 

Figure 1. Averaged LTASS for spontaneous speech (solid line) and reading context (dotted line): (A) male and (B) female participants.
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Figure 2. Averaged LTASS for male (solid line) and female (dotted line) participants: (A) spontaneous speech and (B) reading context.
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the difference of the LTASS below 8,000 Hz was less than 1.6 

dB and the difference of the LTASS above 8,000 Hz was less 

than 2.1 dB between the two styles. For female speakers, the 

difference of the LTASS was less than 2.9 dB between the two 

styles.

As a secondary comparison, results of LTASS for gender dif-

ference between spontaneous speech and reading context are 

shown in Figure 2. In both speaking styles, there were no sta-

tistical differences (p > 0.05) except for two frequency areas. In 

spontaneous speech for male and female speakers, there were 

significant differences in ranges between 4,200 Hz to 5,400 Hz 

and between 7,200 Hz to 8,100 Hz, respectively. Mean differ-

ence values of LTASS were 7.2 dB and 5.6 dB in male and fe-

male speakers, respectively (p < 0.05). In reading context for 

male and female speakers, there were significant differences 

in ranges between 4,500 Hz and 5,200 Hz and between 7,200 

Hz and 8,000 Hz, respectively (p < 0.05). The mean differences 

were 6 dB and 6.2 dB in male and female speakers, respec-

tively. 

DISCUSSION

The current study compared the LTASS between spontaneous 

speech and reading context. As a result, there were no statisti-

cal differences between the two different styles in both male 

and female participants. Differences between the two styles 

were less than 2.1 dB in male participants and less than 2.9 dB 

in female participants across all frequency areas. 

In the current study, different LTASS were found in several 

frequency areas between male and female participants. The 

result of the current study correlated to results from other 

studies that reported the LTASS. For example, Byrne et al. [8] 

reported that there were gender differences of the LTASS in 

few frequency areas above 4,000 Hz in several languages. In 

the study from Noh and Lee [13], different LTASS were also 

found between Korean male and female speakers in several 

frequency areas above 4,000 Hz. Because the importance of 

frequency to speech intelligibility accounts for over 80% in 

frequency areas below 4,000 Hz [14], however, we cannot con-

clude that results of the gender difference of the LTASS above 

4,000 Hz may lead different performances for the speech un-

derstanding. Thus, further studies may require to identify the 

impact of gender differences of the LTASS in frequency areas 

above 4,000 Hz on the speech understanding.

There are a few limitations for the current study. Although 

LTASS were similar between the two styles, other factors like 

formant characteristics may affect speech [10]. For example, 

Godoy et al. [10] compared formant characteristics in English 

vowels for different speaking styles such as clear speech and 

conversational speech. As a result, different formant charac-

teristics (f1 and f2) were found between different speaking 

styles. Because the intelligibility performance of clear speech 

was different from the performance of conversational speech, 

they concluded that formant characteristics caused by differ-

ent speaking styles may affect speech understanding perfor-

mance [10]. The result of the current study provide evidence 

that the acoustic characteristics for the two styles are similar. 

However, impact of other factors that may affect the speech 

understanding may be considered for further study.

In the current study, LTASS for spontaneous speech and 

reading context were similar in male and female speakers. Al-

though there is a possibility that other factors that affect the 

speech understanding may be different between the two 

styles, results of this study indicate that reading context can be 

considered as a form to reflect the speech understanding in 

real life like spontaneous speech in terms of the LTASS.
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