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Abstract
This paper investigates whether a speech recognizer is useful
for characteristic analysis of lecture speech or not. It is impor-
tant to pay attention to how we speak in order to effectively
convey the meaning of what we are trying to say to someone.
We have examined how various acoustic features included in
a lecture speech influence the understanding, and change the
impression, of the speech, which is determined by performing
tests involving trial subject. The research investigated the cor-
relation acoustic features in speech and the impression rating
of students who listened the classroom lecture speech. In this
paper, especially, we try to use a speech recognizer which trans-
lated speech into transcriptions with acoustic likelihoods. Rec-
ognizer’s outputs may have hidden potential for rating speech.
As an opening the research, we clear the relationship between
the recognition rate of the lecture speech and the impression of
students (or acoustic features of the speech).
Index Terms: speech analysis, lecture speech, speech evalua-
tion, acoustic features, speech recognizer

1. Introduction
Various factors affect the quality of lectures at classrooms and
meetings, such as content, the manner of speaking, speaking
skills, and the presentation of lectures. It is very important to
pay attention to how we speak in order to effectively convey the
meaning of what we are trying to say to someone. The manner
of speaking affects how well people understand our speech, as
well as influences our listeners’ overall impression of speech.
In university and academic lectures, not only the techniques of
presentation but also the manner of speaking are very important.

Our final goal is to develop a training system of speech that
can provide feedback and appropriate advice about weak points
in speech to a speaker by automatically evaluating the speak-
ers’ manner of speaking. To do that, it is necessary to deter-
mine the characteristics of speech. We have already analyzed
lecture-style speech by considering it as spontaneous speech
and reported the results of analysis of acoustic features in the
lecture speech. Several studies have already reported the as-
sessment and evaluation of lectures in high education[1]. In ad-
dition, Yamazumi et. al.[2] have studied impression ratings of
Japanese spontaneous speech from CSJ (The Corpus of Sponta-
neous Japanese)[3] using factor analysis. However, none of the
studies have reported on the relationship between acoustic fea-
tures of the lecture speech and results of questionnaires (student
ratings). The most similar paper in English has been published
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Figure 1: Outline of the study.

in [4], in which the effect of pitch and rate of speech on the
impression of speakers’ personality was investigated.

In our previous research, we focused on the following five
acoustic features: rate (speed) of speech, loudness, intonation,
vocal clarity, and short pauses. In addition, we discussed the
correlation between the features included in the lecture speech
and the impression of listeners based on results of question-
naires that were answered by students. Furthermore, we pro-
posed a method of representing lecturer’s voice characteristics
at a glance by using these acoustic features.

Figure 1 shows an outline of our study. First, listeners (stu-
dents) answered questionnaires on the acoustic characteristics
of the lecture speech. Next, various acoustic features, such as
rate of speech and pitch, were extracted from the lecture speech.
Then, the relationships between the acoustic characteristics and
student evaluations were determined by comparing the acous-
tic features with the result of the questionnaires. This process
could reveal the most relevant acoustic feature for each evalua-
tion item of the speech. Finally, these features represented the
lecturer’s voice characteristics by using Principal Component
Analysis (PCA).

Furthermore, we investigate whether recognizer’s outputs
such as speech recognition rate and word sequences with acous-
tical likelihood benefit an evaluation of the classroom lecture
speech. Recognizer’s outputs may have hidden potential for rat-
ing speech. For example, likelihood variable1 that was output

1This is usually calculated as output probability of HMM.
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Table 1: An example of items in the questionnaire.

No. Items of the questionnaire
1 Was the rate of speech suitable?
2 Was the voice loud enough?
3 Did the voice of the lecturer have good intonation?
4 Did the lecturer speak clearly?
5 Did the lecturer use short pauses appropriately?

from a recognizer has been used to evaluate pronunciation of
English words for non-native speaker [5]. In [5], the likelihood
value was very effective to evaluating pronunciations. So, rec-
ognizer’s outputs may be useful for rating the classroom lecture
speech. As an opening the research, in this paper, we investi-
gate the relationship between the speech recognition rate of the
lecture speech and acoustic features of the speech (or the im-
pression of students).

2. Recording Lectures
2.1. Classroom lecture speech

The study targeted classroom lecture speech at University of
Yamanashi. University lectures related to mathematics, physics,
computer science, etc. for two years have been recorded. The
collection of recordings includes 40 lectures. The number of
students and lecturers is 28 and 11, respectively.

The lecture speech was recorded on a DAT(Digital Au-
dio Tape) or an IC recorder in the WAVE format by using a
wired lapel microphone. The speech was sampled at 16KHz
and 16bit. While recording the lecture speech, a video of the
class (particularly blackboard, movement of the lecturers, etc.)
was also recorded.

2.2. Questionnaire

While recording the lecture speech, listeners (university stu-
dents) answered a questionnaire on the lecture speech. The
questionnaire comprised 21 items related to acoustics and lin-
guistics. Table 1 shows an example of the items of the question-
naire. The item related to filled pauses is used in another study
[6]. This study includes the following items: loudness, rate of
speech, intonation, vocal clarity, short pause, zeal, skill in the
manner of speaking, understanding, level of difficulty, and de-
gree of satisfaction (10 items in total). The first five items are
used only for comparison with the acoustic features.

The listeners rated the lecture speech on a 5-point scale (1
being worst and 5 being best) for each item2. The number of
listeners was from 20 to 70; there were about 30 listeners on
average in a class.

3. Analyzing and Displaying Lecturer’s
Voice

3.1. Analysis of acoustic features

We focused on the following five items with respect to the
acoustic features in lecture speech: rate of speech (No.1), loud-
ness (No.2), intonation (No.3), vocal clarity (No.4), and short
pauses (No.5). The numbers within parenthesis correspond to
them in Table 1. We tried to associate each item of the acoustic
feature in the lecture speech with the result of the questionnaire
by using correlation analysis.

2Score is from 1 to 5.

In this result, we reveal the acoustic features that have high
correlation value to each evaluation item of the questionnaire as
follows:

• (No.1) rate of speech (syllables/sec.),

• (No.2) average power value of speech waveform,

• (No.3) standard deviation of pitch,

• (No.4) average pitch value,

• (No.5) the number of short pauses in an utterance.

3.2. Correlation matrix

Table 2 presents a correlation matrix for the items of the ques-
tionnaire shown in Table 1. The numbers within parenthesis
correspond to identical to the item numbers in Table1.

It is important to improve the listeners’ satisfaction of the
lecture, which is desired by most of the lecturers. Analyzing
Table 2, we can infer that there exists a strong relationship be-
tween satisfaction and the manner of speaking. In addition, the
manner of speaking is related to voice clarity and intonation 3.
This means that lecturers should pay attention to the manner of
speaking, particularly the voice clarity and intonation, for im-
proving listeners’ satisfaction.

Table 2 suggests that there exist some correlations between
the other items; investigation of various features needs to be
performed to determine these correlations.

3.3. Characteristics of lecturers by PCA

We propose a method of representing lecturers’ voice charac-
teristics at a glance. The lecturers’ voice characteristics for the
five items in the questionnaire discussed before are represented
by using principal component analysis (PCA).

First, we used the points awarded in the questionnaire for
40 lectures by 11 lecturers. Figure 2 shows the characteristics
of 11 lecturers determined PCA using of the points of the ques-
tionnaires The first principal component (x axis) is the quality
of voice such as loudness, vocal clarity, and intonation, while
the second principal components (y axis) is explained by the
rhythm of voice such as rate of speech and short pauses. As
shown in Figure 2, the same lecturer’s characteristics are plot-
ted closer to each other although it was for different classes (stu-
dents). The characteristics of lecturers are well represented.

Described in Section 3, it seems that there is a close rela-
tionship between the items of the questionnaire and the acoustic
features. Therefore, we represented the lecturers’ characteris-
tics determined from the acoustic features using PCA, as shown
in Figure 2. Figure 3 shows the characteristics of 11 lecturers 4

As shown in Figure 3, the same characteristics are also plotted
closer to each other. This enables us to automatically display the
lecturers’ characteristics at a glance by extracting the acoustic
features from the speech of the lecturers.

4. Relationship between Recognizer Output
and Characteristics of Speech

To use speech recognition may be useful for evaluating speech.
A speech recognizer always outputs transcriptions of speech
with acoustic likelihood value based on calculating output prob-
ability of HMMs. Previous research [5] has used likelihood val-
ues for evaluating a pronunciation of an English word.

3In the uncorrelated tests conducted for those coefficients, all null
hypothesis were rejected at 5% of significance level.

4Note that we used only four features: intonation, rate of speech,
voice clarity, and short pauses; loudness was excluded.
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Table 2: Correlation matrix between the items of the questionnaire.

loudness intonation rate of vocal short zeal manner of under- level of
speech clarity pause speaking standing difficulty

(No.2) intonation 0.55
(No.3) rate 0.20 0.03
(No.4) vocal clarity 0.42 0.74 0.33
(No.5) pause 0.29 0.19 0.75 0.40
(No.6) zeal 0.70 0.81 -0.23 0.70 0.00
(No.7) manner of speaking 0.59 0.60 0.40 0.88 0.56 0.52
(No.8) understanding 0.17 0.00 0.34 0.46 0.44 0.19 0.71
(No.9) difficulty -0.47 -0.69 0.43 -0.33 0.10 -0.57 -0.09 0.50
(No.10) satisfaction 0.51 0.45 0.11 0.65 0.28 0.45 0.91 0.67 -0.02

First principal component (quality of voice)
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Figure 2: Characteristics of lecturers determined from the
points of the questionnaires.
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Figure 3: Characteristics of the lecturers determined from the
acoustic features extracted from the lecture speech.

In our research framework, to use recognizer’s outputs for
rating the speech is also natural evolution. For example, a
clearer speech that is easy to listen for listeners may have better
speech recognition performance. And, speech in which pitch
frequency drastically changes may be hard to recognize. The
correlation between a speech recognition rate of a transcription
by a speech recognizer and the likelihood value attached the
transcription is very high. As an opening the research, there-
fore, we investigate the relationship between the speech recog-
nition rate of the lecture speech and the acoustic features of the
speech (or the impression of students).

4.1. Speech recognition for lecture speech

When speech is recognized by a recognizer, various factors,
such as language model and OOV rate, influence the speech
recognition performance. In this research, we utilize a syllable
recognizer, which does not use any language model and dictio-
nary, for circumventing the effect of language model (vocabu-
lary set).

Our syllable recognizer uses only acoustic models (HMMs)
which were tri-phone based model, and were trained from about
600 hours lecture speeches in CSJ. Feature vectors consist of
38 dimensions: 12 dimensional Mel-frequency cepstrum coeffi-
cients (MFCCs), delta MFCCs, delta delta MFCCs, delta power,
and delta delta power.

We used syllable correct rate (Corr.), syllable accuracy rate
(Acc.)5, substitution error rate (Sub.), deletion error rate (Del.),
and insertion error rate (Ins.) as evaluation measures of speech
recognition.

4.2. Relation with rate of speech

This section investigates the relationship between speech recog-
nition rate and the rate of speech.

Table 3 shows the relationship between speech recognition
rate and the rate of speech. We recognized the 10 lecturer’s
voice(A-J). In Table 3, the rate of speech is the number of syl-
lables in a second, ”Co” means the correlation value between
the rate of speech and the speech recognition rate. The lecturers
”A-D” gave the classes using a blackboard. On the other hand,
the lecturers ”E-J” used the their laptop PC with PowerPoint
slides.

The lecturer E, who had the fastest rate of speech, has the
most deletion errors, but the least insertion errors. Meanwhile,
the lecturer B, who had the slowest rate of speech, has the most
insertion errors, and it damages the accuracy rate. As shown
in Table 3, there is a very strong correlation between the rate
of speech and the speech recognition measures. In particular,
the correlation between the rate of speech and the syllable ac-
curacy is 0.90, furthermore, the substitution error is negatively
correlated with the rate of speech at −0.92. The faster rate of
speech becomes, therefore, the better recognition performance
becomes.

4.3. Relation with vocal clarity

This section investigates the relationship between speech recog-
nition rate and the vocal clarity.

Figure 4 shows the relationship between the measures of
speech recognition and the rating points on vocal clarity. The

5Corr. = 100 − Sub. − Del.[%], Acc. = Corr. − Ins.[%]
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Table 3: Relations between speech recognition rate[%] and rate
of speech[syllables/sec].

lecturer Corr. Acc. Sub. Del. Ins. rate of
speech

A 59.4 35.9 34.1 6.4 23.5 8.00
B 47.6 2.2 42.0 10.4 45.4 7.08
C 52.1 23.6 40.1 7.8 28.5 7.18
D 51.6 19.2 41.7 6.7 32.4 7.55
E 56.1 44.0 31.5 12.4 12.1 8.80
F 57.5 38.0 34.0 8.6 19.4 8.18
G 58.9 25.6 35.0 6.0 33.3 7.80
H 57.9 28.4 40.1 7.8 28.5 7.96
I 58.0 41.3 33.3 8.7 16.6 8.06
J 63.3 47.5 27.7 9.1 15.7 8.70

Co 0.77 0.90 −0.92 0.35 −0.87

Figure 4: Relationship between measures of speech recognition
and rating points on vocal clarity.

correlation values for each measure are as follows: 0.60 (Corr.),
0.62 (Acc.), −0.72 (Sub.), −0.28 (Del.), and −0.56 (Ins.). Al-
though these values are lower than the correlation of the rate
of speech shown in Table 3, the correlation value between Acc.
and the vocal clarity is relatively strong correlation. Based on
these results, more clarity voice may be easy to recognize.

4.4. Relation with the other factor

In this paper, we have already shown the relationship between
the speech recognition performance and the rate of speech and
vocal clarity. The other factor which has the high correlation
with the speech recognition rate is age of lecturers. The corre-
lation coefficient between age of lecturers and Corr. is −0.70.

This may be caused by damaging vocal clarity, which is
related with that high-frequency part of spectrum of voice at-
tenuates as taking ages. That is, the younger speaker’s voice
may make the better recognition rate.

4.5. Discussion

In this paper, the most related factor to speech recognition per-
formance is the rate of speech. This is unexpected result, be-
cause previous research has reported that it is hard to recognize
too fast or too late speech [7]. As described before, the HMMs
used for recognizing the lecture speech were trained from CSJ.
Investigating the rate of speech of training data included in CSJ,
the data has comparatively fast rate of speech rather than the rate
of lecture speeches.

We also revealed that there is a correlation between the vo-
cal clarity and the speech recognition measures. However, we

did not analyze enough lecture speech data. Furthermore, the
another acoustic features must be surveyed whether there is a
correlation between them and the recognition performance.

This time, we investigated the relationship between speech
recognition rate and the characteristics of the lecture speech.
For automatically rating the lecture speech, to use speech recog-
nition rate is distant. So, we are going to try to analyze relation
between the acoustical likelihood output by the recognizer and
the characteristics of the speech.

5. Conclusions
This study examined the influence of various acoustic features
included in classroom lecture speech on the impression of lis-
teners. In addition, a speech recognizer’s output, in particular
speech recognition rates based on its transcription were inves-
tigated whether they are useful for evaluating the manner of
speaking on classroom lecture. To do this, we focused on the
five acoustic features and the measures of recognition perfor-
mance, and discussed the correlation between these features and
the rating points answered by the listeners. Using the analyzing
results, we proposed the representing method of lecturer’s voice
characteristics at a glance. Furthermore, we inferred that there
is direct or indirect link between the measures of recognition
performance, the rating points and the acoustic features.

In the future, we are going to analyze more kinds of acous-
tic features, including likelihood output by a recognizer, from a
lot of lecture speeches and investigate the relationship between
them and the impression of listeners. In addition, we will de-
velop a system that can automatically evaluate the manner of
speaking.

6. References
[1] E.H Thomas and N. Galambos, “What satisfies students?

mining student-opinion data with regression and decision
tree analysis,” Research in Higher Education, vol. 45, no.
3, pp. 251–269, 2004.

[2] Yamazumi Kenji, Kagomiya Takayuki, Maki Yohichi, and
Kikuo Maekawa, “Psychological scale for the impression
rating of monologue,” The Acoustical Society of Japan, vol.
61, no. 6, pp. 303–311, 2005, in Japanese.

[3] Kikuo Maekawa, “Corpus of Spontaneous Japanese: Its
design and evaluation,” in Proc. of the ISCA & IEEE Work-
shop on Spontaneous Speech Processing and Recognition
(SSPR2003), pp. 7–12, 2003.

[4] Teruhisa Uchida, “The effects of fundamental frequency
and speech-rate conversion upon impressions of talkers’
personality,” in Proc. of the Eighth Western Pacific Acous-
tics Conference: WESPAC VIII, Speech–TB23, 2003.

[5] S.Nakagawa, K.Mori, N.Nakamura, “A Statistical Method
of Evaluating Pronunciation Proficiency for English Words
Spoken by Japanese,” in Proc. of EuroSpeech 2003, 2003.

[6] M.Somiya, K.Kobayashi, H.Nishizaki, and Y.Sekiguchi,
“The effect of filled pauses in a lecture speech on impres-
sive evaluation of listeners,” in Proc. of InterSpeech 2007,
2007.

[7] E.Fosler-Lussier, N.Morgan, “Effects of speaking rate
and word frequency on pronunciations in conversational
speech,” in Speech Communication 1999, vol. 29, pp. 137-
158, 1999.

1344


