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Abstract

The Mean Opinion Scae (MOS) is a seven-item questionnaire used to eva uate Speech quality.
Andysis of exiging datareveded (1) two MOS factors (Inteligibility and Naturaness, plusa
sngle independent Rate item), (2) good reliability for Overal MOS and marginaly acceptable
reliability for the Intdligibility and Naturaness factors, (3) gppropriate sendtivity of MOS
factors, (4) vaidity of MOS factors related to paired comparisons, and (5) vaidity of MOS
Intdligibility related to inteligibility scores. The current MOS has acceptable psychometric
properties, but adding items to the naturalness scale and increasing the number of scale steps
should improve itsrdiability.
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Executive Summary

The Mean Opinion Scale (MOS) is the method for evauating text-to-speech (TTS) qudity
recommended by the Internationd Telecommunications Union (ITU). The MOSisaLikert-
syle questionnaire with seven 5-point scale items addressing the following TTS characteridtics
(2) Globa Impression, (2) Ligtening Effort, (3) Comprehension Problems, (4) Speech Sound
Articulation, (5) Pronunciation, (6) Speaking Rate, and (7) V oice Pleasantness.

The factor structure of the MOS s currently in question. Kraft and Portele (1995), using an
eight-item version of the MOS, reported two factors— one interpreted as intdligibility and one
as naturalness (with speaking rate remaining as a Single item not strongly associated with ether
factor). More recently, Sonntag et d. (1999), using the same version (but with 6-point rather
than 5-point scales), reported only a single factor. The MOS has had some recent vaidation by
severa independent laboratories (Johnston, 1996; Salza, Foti, Nebbia, & Oreglia, 1996;

Y abuoka, Nakayama, Kitabayashi, and Asakawa, 2000). The godls of the current research
were to evauate the factor structure of the 7-item version of the MOS (using 5-point scales), to
estimate the reliability of the overdl MOS score and any reveded factors, and to extend the
work on sengtivity and vdidity of the MOS,

Andysis of datafrom 73 participants gathered over the last two years from sx IBM internd
evaduationsof TTS sysemsreveded (1) two MOS factors (Inteligibility with 4 items and
Naturalness with 2 items plus Speaking Rate as an independent item not strongly associated
with ether factor), (2) good religbility for Overdl MOS (a=.89) and for the Intdligibility and
Naturaness factors (.88 and .81, respectively), (3) gppropriate sengtivity of MOS factors to
manipulation of TTS system, (4) vaidity of MOS factors related to paired comparisons
(replicating Salza et d., 1996), and (5) vdidity of the MOS Intelligibility factor related to
intelligibility scores (from Wang & Lewis, 2001). The dataindicate that the current MOS has
acceptable psychometric properties, but also suggest that adding items to the naturaness scale
and increasing the number of scae stleps should improve its relighility.






I ntroduction

The Mean Opinion Scade (MOS) is the method for evauating text-to-speech (TTS) quality
recommended by the International Telecommunications Union (ITU). TheMOSisaLikert-
dyle questionnaire, typicdly with seven 5-point scde items addressing the following TTS
characterigtics: (1) Globa Impression, (2) Listening Effort, (3) Comprehension Problems, (4)
Speech Sound Articulation, (5) Pronunciation, (6) Speaking Rate, and (7) V oice Pleasantness.

It might seem that articulation tests that assess intdlligibility (such as rhyme tests) would be more
auitable for evaluating artificid speech than a subjective tool such asthe MOS. Most modern
text-to-speech systems, dthough more demanding on the listener than natura speech (Paris,
Thomeas, Gilson, & Kincaid, 2000), are quite intelligible (Johnston, 1996). "Once a gpeech
sgnd has breached the 'intdligibility threshold, articulation tests lose their ability to discriminate.
... itisprecisaly because peopl€'s opinions are o sendtive, not just to the sgnd being heard,
but aso to norms and expectations, that opinion tests form the basis of al modern speech
quality assessment methods." (Johnston, 1996, pp. 102, 103)

Deveopers of products that use artificia speech output need reliable and vaid tools for
evaduating the qudity of TTS systems. When thetool is aquestionnaire that collects subjective
ratings (like the MQOS), it isimportant to understand its psychometric properties. The god of
psychometricsisto establish the qudity of psychologica measures (Nunnaly, 1978). Some of
the metrics of psychometric qudity are reiability (consstent measurement), vadidity
(measurement of the intended attribute), and sengitivity (responds to specific experimenta
manipulations).

Brief Review of Psychometric Practice

Reliability. The most common measurement of a sca€e srdiability is coefficient dpha
(Nunndly, 1978). Coefficient dpha can range from O (completdy unrdiable) to 1 (perfectly
reliable). For purposes of research or evauation in which the final score will be the average of
ratings from more than one questionnaire, the minimally acceptable rdiability is.70 (Landauer,
1988).

Validity. Researchers commonly use the correlation coefficient to assess criterion-rel ated
vaidity (the relationship between the measure of interest and a different concurrent or predictive
measure). The magnitude of the correlation does not need to be large to provide evidence of
vaidity, but the corrdation should be satidticaly sgnificant.

Sensitivity. A measurement is sengtive if it regponds to experimental manipulaion. For a
measurement to be sengtive enough to result in setigticaly sgnificant differencesin an
experiment, it must be both reliable and vdid.

Number of scale steps. All other things being equa, a greater number of scae steps will
enhance scde rdiability, but with rapidly diminishing returns. As the number of scde steps
increases from two to twenty, there is an initidly rgpid increase in reigbility that tendsto leve off
at about seven steps (Nunndly, 1978). After deven depsthereisvery little gain in reiability
from increasing the number of steps. Lewis (1993) found that mean differences between



experimenta groups measured with questionnaire items having seven steps correlated more
strongly with the observed sgnificance leve of satistica tests than did Smilar measurements
using itemsthat had only five scae seps.

Factor analysis. Factor analyssisadatistica procedure that examines the correlaions among
variablesto discover groups of related variables (Nunnally, 1978). Because summeated (Likert)
scaes are more reliable than single item scores and it is easer to interpret and present asmaller
number of scores, it is common to conduct afactor andyssto determineif thereis adatistica
bass for the formation of measurement scales based on factors. Generdly, afactor andysis
requires five participants per item to ensure stable factor estimates (Nunnaly, 1978). There are
anumber of methods for estimating the number of factorsin a set of scores, including
discontinuity and pardld andyss (Coovert & McNelis, 1988).

Previous Research in MOS Psychometrics
Reliability. A literature review turned up no previous work reporting the reliability of the MOS
inany form.

Validity. Sdzaet d. (1996) measured the overdl qudity of three Itdian TTS synthess systems
with a common prosodic control but different diphones and synthesizers using both paired
comparisons and the MOS. Their results showed good agreement between the two
measurement methods, providing some evidence for the validity of the MOS.

Johngton (1996) had listeners judge the quality of natural speech degraded with time frequency
warping. He found asgnificant relationship in the expected direction for judgements using the
MOS Ligtening Effort item (greater degradation led to poorer ratings).

Sensitivity. Johnston (1996) found that the MOS Ligtening Effort item showed Setidticaly
ggnificant differences among the ratings of three TTS systems, and that thisitem was more
sengitive than amore generd item asking listeners to rate the overdl qudity of the system. He
aso found that using sentences as stimuli yielded results that were just as sengitive as those using

longer paragraphs.

Y abuoka et d. (2000) investigated the relationship between five ditortion scaes (differentia
spectrum, phase, waveform, cepstrum distance, and amplitude) and MOS ratings. They were
ableto caculate atigticaly sgnificant regression formulas for predicting MOS ratings from
manipulations of the distortion scdes. Unfortunately, they did not report the exact type of MOS
that they used in the experiment.

Factor structure. Thefactor Sructure of the MOS is currently in question. Kraft and Portele
(1995), usng an eight-item version of the MOS (with an additiona 'Naturalness item), reported
two factors — one interpreted as intelligibility (segmentd attributes) and one as naturaness
(suprasegmentd, or prosodic attributes). The Spesking Rate (Speed) item did not fall in either
of the two factors. More recently, Sonntag et d. (1999), using the same version of the MOS
(but with 6-point rather than 5-point scales), reported only a single factor.



Goals of the Current Research
The gods of the current research were to:

evauate the factor structure of the 7-item 5-point-scale version of the MOS (the verson
reported by Salza et d., 1996, adapted for use in our lab)

estimate the reliability of the overall MOS score and any reveaded factors
investigate the sengtivity of the MOS scores.
extend the work on vdidity of the MOS.






Method

Factor Analysisand Reliability Evaluation

Over thelast two years we have conducted a number of experiments in which participants have
completed the MOS. In some of these experiments we have aso collected paired-comparison
data and, in the most recent (Wang & Lewis, 2001), we aso collected intdlligibility scores.
Participants in these experiments have included in gpproximately equa numbers, maes and
females, persons older and younger than 40 years old, and IBM and non-IBM employees.
Drawing from six of these experiments | assembled a database of 73 independent completions
of the verson of the MOS that we have been using (taken from Sdza et d, 1996, shown in
Appendix A). (Note: Using the guideline that the number of completed questionnaires required
for factor andysisisfive times the number of itemsin the questionnaire (Nunndly, 1978), the
minimum required number of MOS questionnairesis 35, well below the 73 questionnairesin the
database.) The database appears in Appendix B, and was the source for afactor analyss,
reliability assessment (both of the overdl MOS and the factors identified in the factor andys's)
and sengitivity investigation using analysis of variance on the independent variable of System.

Validity Evaluations

Relationship to paired comparisons. Datafrom aclassified IBM report provided an
opportunity to replicate the finding of Sdza et d. (1996) that MOS ratings corrdate Sgnificantly
with paired comparisons. In the experiment described in the report, listeners provided paired
comparisons after listening to samples from each of two TTS voices, then provided MOS
ratings for each voice after hearing al the samples of a given voice for a second time.

Relationship to intelligibility scores. Datafrom Wang and Lewis (2001) provided an
opportunity to investigate the correlation between MOS ratings and intelligibility scores. In that
experiment, listeners heard a variety of types of short phrases produced by four TTS voices,
with the task to write down what the voice was saying. After finishing thet inteligibility task,
listeners heard the samples for each voice a second time and provided MOS ratings after
reviewing esch voice.






Results

Factor Analysis

Figure 1 shows the scree plot from afactor analysis of the MOS database. The results of a
parald anayss (Coovert & McNelis, 1988) indicated a three-factor solution accounting for
about 71% of the variance. Table 1 shows the results of the three-factor varimax-rotated
solution, with bolded text to highlight the factor on which each item had the highest load. Note
that the third factor only containsasingle item. In normd use of the term, afactor has more
than one contributing item, so in this report the conclusion is that the MOS has two factors with
one item (Spesking Rate) not associated with ether factor. Labding factorsis dwaysa
subjective exercise, but the factors do appear to be congstent with the factors reported by
Kraft and Portde (1995), with items 2-5 (Listening Effort, Comprehension Problems, Speech
Sound Articulation, Pronunciaion) forming an Intdligibility factor and items 1 and 7 (Globa
Impression, Voice Pleasantness) forming a Naturaness factor.

Figure 1. ScreePlot from Factor Analysis
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Table 1. Three-Factor Varimax-Rotated Solution

FAC1 FAC2 FAC3
MOS1 0.327 0.900 0.194
MOS2 0.629 0.370 0.427
MOS3 0.693 0.104 0.358
MOS4 0.672 0.433 0.294
MOS5 0.746 0.437 0.139
MOS6 0.322 0.204 0.754
MOS7 0.182 0.665 0.139




Reliability
Table 2 shows coefficient aphafor the overall MOS and for each of the factors. (It isnt
possible to compute coefficient dphafor asngleitem.)

The reliabilities of the overdl MOS and subscaes based on the Intdlligibility and Naturalness
subscales are acceptable (greater than .70).

Table 2. MOSRedliability Estimates

Factor Alpha

Overall 0.89

Intelligibility 0.88

Naturalness 0.81

Sengitivity

Overall MOSrating. Figure 2 shows the overdl mean rating for eech TTS sysem in the
database. An associated between-subjects one-way analysis of variance was statistically
sgnificant (F(4, 68) = 7.6, p = .00004). As expected, the recorded human voice (Wave)
received the best rating, followed by the concatenative and formant-synthesized voices
respectively.

Figure 2. Overall Mean Ratings for Database TTS Systems
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Analysis by factor. Table 3 and Figure 3 show the relationship among the TTS systemsin the
database and the MOS factors (including Speaking Rate). A mixed-factors analyss of variance
indicated a 9gnificant main effect of System (F(4, 68) = 9.6, p = .000003), a 9gnificant main
effect of MOS Factor (F(2, 136) = 14.7, p = .000002), and a significant System by Factor
interaction (F(8, 136) = 3.1, p = .003).
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Table 3. TTS System by MOS Factor Interaction

System Intelligibility | Naturalness [ Speaking Rate

Wave 4.6 4.4 4.3

Concatl 4.1 4.0 4.8

Concat2 4.1 3.6 4.8

Formantl 3.8 3.0 4.3

Formant2 3.3 2.8 3.0

Figure 3. Interaction of TTS System and MOS Factor
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Analysis by item. Table 4 and Figure 4 show the interaction between TTS System and MOS
Item. An andyss of variance on thisleve of the data a Sgnificant main effect of System (F(4,
68) = 7.6, p = .00004), a 9gnificant main effect of MOS Factor (F(6, 408) = 4.9, p =
.00007), and a significant System by Factor interaction (F(24, 408) = 1.8, p = .01).

Table 4. TTS System by MOS Item Interaction

System Global | Effort | Comp | Articulate | Pronounce | Rate [ Pleasant
Wave 4.5 4.5 4.7 4.5 4.7 4.3 4.3
Concatl 3.9 4.5 4.3 3.9 3.6 4.8 4.2
Concat2 3.7 4.3 4.3 3.8 4.1 4.8 3.6
Formantl 3.1 3.9 4.0 3.5 3.6 4.3 2.9
Formant2 2.8 3.4 3.6 3.0 3.0 3.0 2.9

11




Figure4. Interaction of TTS System and MOS Item
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Validity

Correlation with paired comparisons. Table 5 shows the correlations among the fina
preference votes (paired comparisons) of 16 listeners exposed to two digtinctly different TTS
systems and the mean difference scores for MOS ratings for both systems, organized by overal
MOS rating, the Inteligibility factor, the Naturalness factor, and the Spesking Rate item. The
validity coefficients for overal MOS, Naturaness and Intelligibility were sgnificant (p < .10).
The correlation between paired comparisons and Speaking Rate was not significant (p = .172).

Table 5. Validity Coefficients for MOS Measurements and Paired Comparisons

MOS | Naturalness | Intelligibility | Speaking Rate

Correlation 0.55 0.49 0.46 0.36

Probability | 0.028 0.054 0.073 0.172




Correlation with intelligibility scores. Table 6 shows the corrdations among the intelligibility
scores from Wang and Lewis (2001). The only significant vaidity coefficient was that for
Intdligibility (p=.10), which indicates evidence for both convergent and divergent vaidity. The
evidence for convergent vaidity (having a sgnificant reationship where expected) is the
correlation between the MOS Intelligibility factor and the overal intdligibility score from Wang
and Lewis. The evidence for divergent vaidity (falling to correlate Sgnificantly with scores
hypothesized to tap into different constructs) is the non-significant correlations between the
overdl intdligibility score and the other MOS measurements.

Table 6. Validity Coefficients for MOS Measurements and Intelligibility

MOS | Naturalness | Intelligibility | Speaking Rate

Correlation -0.38 -0.19 -0.43 -0.26

Probability 0.15 0.48 0.10 0.33

13



14



Discussion

Summary

The version of the MOS derived from Salza et d. (1996) seems to have reasonably good
psychometric properties. The factor andyss of the current data resulted in afactor structure
gmilar to that of Kraft and Portele (1995), specificaly two factors (Inteligibility and
Naturalness) and an unrelated item for Speeking Rate. The rdiabilities of the overdl MOS and
its Intelligibility and Naturaness subscaes are acceptable (greater than the minimal standard of
.70). Consgent with thisfinding, the evidence for gppropriate sengtivity was strong.
Furthermore, the data replicated the vdidity result of Sdza et d. by showing a sgnificant
correlation between paired comparison data and MOS data (Overdl MOS, Naturaness, and
Intelligibility). The datadso indicated appropriate convergent and divergent vdidity for the
intdligibility scores from Wang and Lewis (2001). Note that this result is Smilar to that
reported by Johnston (1996), who found that the Listening Effort item (which is part of the
Intdligibility factor) was more sendtive to degradation of speech intdligibility than the Globa
Effort item (which is part of the Naturalness factor).

I mproving the Reliability of the MOS

Naturalness. Usng principles from psychometrics (Nunndly, 1978), it should be possbleto
improve the riability of the MOS. Rather than usng 5-point scales with an anchor at each
sep, overdl rdiability should improve dightly with a change to 7-point bipolar scales. Because
the Naturaness factor had somewhat wesker rdiability than the Intdligibility factor, it would be
reasonable to add at least two more items to the MOS that are likely to tap into the construct of
Naturalness.

Speaking rate. The MOS Spesking Rate item failed to fal onto ether the Intligibility or
Naturalness factor in both the current sudy and in Kraft and Portde (1995). This might have
happened because Speaking Rate is truly independent of either of these congtructs, or might
have been an artifact due to the unique labeling of the scde pointsfor thisitem. The other items
have scales that have a clear ordind pattern, such as:

Excdlent
Good
Far
Poor
Bad

for the Globd Impression item.

15



The labels for the Speaking Rate item are, in contrast:

Yes

Y es, but dower than preferred
Yes, but faster than preferred
No, too sow

No, too fast

which do not have a clear top-to-bottom ordina relationship. If the item(s) assessing Speaking
Rate had the same structure as the other items in the MOS, a future factor analyss could
determine less ambiguoudy whether Spesking Rate is independent of Intdligibility and
Naturaness, or whether it is actudly associated with one of these two subscales of the MOS.

A Proposed New Version of the MOS

This section contains proposed modifications of the MOS to improveits rdiability and, by
extenson, its other psychometric properties because reliability congtrains the magnitude of
vdidity coefficients (Nunndly, 1978) and o limits a scal€s sengitivity.

1.

Global Impression: Please rate the sound quality of the voice you heard.
VERY BAD 1 2 3 4 5 6 7 EXCELLENT

Listening Effort: Please rate the degree of effort you had to make to understand the
message.
IMPOSSIBLE

EVEN WITH NO EFFORT
MUCH EFFORT 1 2 3 4 5 6 7 REQUIRED

Comprehension Problems. Were single words hard to understand?

ALL WORDS ALL WORDS
HARD TO EASY
TO

UNDERSTAND 1 2 3 4 5 6 7
UNDERSTAND

Soeech Sound Articulation: Were the speech sounds clearly digtinguishable?

NOT AT ALL VERY
CLEAR 1 2 3 4 5 6 7 CLEAR

Pronunciation: Did you notice any problems in the naturainess of sentence pronunciation?

VERY MANY DIDN'T
PROBLEMS 1 2 3 4 5 6 7 NOTICE ANY

Voice Pleasantness: Was the voice you heard pleasant to listen to?

16



7.

VERY VERY
UNPLEASANT 1 2 3 4 5 6 7 PLEASANT
Voice Naturalness: Did the voice sound natura?

VERY VERY
UNNATURAL 1 2 3 4 5 6 7 NATURAL
Ease of Listening: Would it be easy to ligen to this voice for long periods of time?

VERY VERY
DIFFICULT 1 2 3 4 5 6 7 EASY

Soeaking Rate: Was the speed of delivery of the message appropriate?

POOR RATE PERFECT RATE
OF SPEECH 1 2 3 4 5 6 7 OF SPEECH

IF UNSATISFACTORY, PLEASE CIRCLE ONE: TOO SLOW or TOO FAST

If the proposed changes work as expected, the revised MOS items 2-5 will continue to form an
Inteligibility factor and, with the shift from five to seven scale seps, should achieve rdiability in
excess of .90. Items 1 and 6-8 should form a Naturaness factor with substantially greater
reliability (possibly in excess of .90) than the current Naturaness factor due to the addition of
two items and the shift from five to seven scale seps. The change in the structure of item 9
(formerly item 6) should make it possible to determine whether that item istruly independent of
the other two factors without losing the ability to determine if alistener is stisfied with the
gpeaking rate or finds it too dow or fast.

17
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Appendix A. The MOS

The MOS uses 5-point scaes. For this anays's, a higher number indicates a better rating. The
seven MOS items (from Sdlza et d., 1996) are:

1. Global Impression: Your answer must indicate how you rate the sound qudlity of the voice
you have heard.

[] Excdlent
[] Good
[ ] Far

[ ] Poor
[]Bad

2. Listening Effort: Y our answer must indicate the degree of effort you had to make to
understand the message.

[ ] No effort required

[ ] Sight effort required

[ ] Effort required

[ ] Mgor effort required

[ ] Message not understood with any feasible effort

3. Comprehension Problems: Y our answer mugt indicate if you found single words hard to
understand.

[ ] None
[]Few
[ ] Some
[ 1 Many
[ ] Every word
4. Speech Sound Articulation: Your answer must indicate if the speech sounds are clearly
digtinguishable.
[] Yes very clearly
[ ] Yes, clearly enough
[ ] Fairly clear
[ ] No, not very clear
[ 1 No, not at al

21



5. Pronunciation: Your ansver must indicate if you noticed any anomdiesin the naturalness of
sentence pronunciation.

[]1 No
[ ] Yes, but not annoying
[] Yes dightly annoying
[ ] Yes annoying
[ ] Yes very annoying
6. Joeaking Rate: Your answer must indicate if you found the speed of ddlivery of the message
appropriate.
[]Yes
[ ] Yes, but dower than preferred
[ ] Yes, but faster than preferred
[ ] No, too dow
[ ] No, too fast

7. Voice Pleasantness: Y our answer must indicate if you found the voice you have heard
pleasant.

[ ] Very pleasant

[ ] Pleasant
[]Far

[ ] Unplessant

[ ] Very unpleasant



Appendix B. Database of 73 Independent MOS Questionnaires

PART STUDY | SYSTEM |MOS1|MOS2|MOS3| MOS4| MOS5 | MOS6 | MOS7
1 TTS99 FORM1 3 5 5 4 5 5 2
2 TTS99 FORM1 4 5 5 4 5 5 3
3 TTS99 FORM1 2 4 5 3 3 5 3
4 TTS99 FORM1 1 3 3 3 1 4 1
5 TTS99 FORM1 2 4 4 3 3 5 2
6 TTS99 FORM1 4 5 5 4 5 4 4
7 TTS99 FORM1 3 4 4 4 4 5 2
8 TTS99 FORM1 5 5 5 5 5 5 4
9 TTS99 FORM1 3 4 4 3 3 4 3
10 TTS99 FORM1 3 4 4 4 3 5 3
11 TTS99 FORM1 4 5 5 4 4 5 3
12 TTS99 FORM1 3 5 5 5 5 5 3
13 TTS99 FORM1 4 5 5 5 5 4 4
14 TTS99 FORM1 4 5 5 4 5 5 4
15 TTS99 FORM1 2 4 5 3 5 5 2
16 SHORT FORM2 4 4 5 4 5 5 4
17 SHORT FORM2 2 4 5 3 3 3 2
18 SHORT FORM2 2 2 5 3 2 1 2
19 SHORT FORM2 3 3 2 2 3 1 3
20 SHORT FORM2 3 4 4 4 4 3 3
21 SHORT FORM2 2 2 3 2 2 1 2
22 SHORT FORM2 3 5 1 3 3 3 3
23 SHORT FORM2 1 3 2 2 2 1 2
24 SHORT FORM2 1 3 3 2 1 5 1
25 SHORT FORM2 3 3 3 3 3 5 3
26 SHORT FORM2 4 5 5 5 5 4 4
27 SHORT FORM2 3 3 5 3 2 3 4
28 SHORT FORM2 3 4 4 4 4 3 3
29 SHORT FORM2 2 2 3 2 2 2 3
30 SHORT FORM2 5 4 3 3 3 3 2
31 SHORT FORM2 4 4 4 3 4 5 5
32 CON1 | CONCAT1 4 5 5 4 5 5 4
33 CON1 | CONCAT1 3 4 5 3 5 3 3
34 CON1 | CONCAT1 3 4 5 4 3 5 2
35 CON1 | CONCAT1 4 4 3 3 3 5 3
36 CON1 | CONCAT1 3 4 4 3 3 4 3

Note: The STUDY column contains codes for the six experiments used as sources for the database. The

SY STEM column contains codes for the selected voice that listeners rated with the MOS. FORM indicates a
formant-synthesized voice, CONCAT indicates a concatenative voice, and WAV E indicates arecorded
human voice.
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PART STUDY | SYSTEM |MOS1|MOS2|MOS3| MOS4| MOS5 | MOS6 | MOS7
37 CON1 | CONCAT1 4 4 5 4 4 5 5
38 CON1 | CONCAT1 3 3 3 4 3 4 4
39 CON1 | CONCAT1 4 5 5 4 4 5 3
40 CON1 | CONCAT1 4 5 5 4 5 5 4
41 CON1 | CONCAT1 4 5 4 4 4 5 5
42 CON1 | CONCAT1 3 4 4 4 5 5 3
43 CON1 | CONCAT1 3 4 4 3 4 5 3
44 CON1 | CONCAT1 4 4 4 4 4 5 4
45 CON1 | CONCAT1 4 4 4 4 4 5 4
46 CON1 | CONCAT1 4 5 5 4 4 5 3
47 CON1 | CONCAT1 5 5 4 5 5 5 4
48 CON2 | CONCAT2 4 4 4 4 3 5 4
49 CON2 | CONCAT2 4 3 4 4 5 5 5
50 CON2 | CONCAT2 4 4 4 4 3 5 5
51 CON2 | CONCAT2 4 5 4 4 4 5 4
52 CON2 | CONCAT2 5 5 4 5 5 5 4
53 CON2 | CONCAT2 3 4 4 3 2 5 4
54 CON2 | CONCAT2 4 5 5 5 4 4 4
55 CON2 | CONCAT2 5 5 4 4 3 5 5
56 CON2 | CONCAT2 3 5 4 2 3 5 5
57 CON2 | CONCAT2 2 4 4 4 3 4 3
58 CON2 | CONCAT2 4 5 4 4 4 5 4
59 CON2 | CONCAT2 4 5 4 3 3 5 4
60 CON2 | CONCAT2 3 3 4 4 2 4 2
61 CON2 | CONCAT2 4 5 5 4 4 5 4
62 CON2 | CONCAT2 4 5 5 5 5 5 5
63 CON2 | CONCAT2 5 5 5 4 5 5 4
64 CONCUR | WAVE1 3 3 4 3 3 4 4
65 CONCUR | WAVE1 5 5 5 5 5 5 4
66 CONCUR | WAVE1 4 5 5 4 5 5 4
67 CONCUR | WAVE1 5 4 4 5 5 5 4
68 CONCUR | WAVE1 5 5 5 5 5 3 5
69 CONCUR | WAVE1 5 5 5 5 5 4 5
70 WEB1 FORM1 3 2 2 2 2 1 3
71 WEB1 FORM1 3 2 1 2 2 2 3
72 WEB1 FORM1 2 2 1 2 3 2 4
73 WEB1 FORM1 3 2 3 3 1 5 3

Note: The STUDY column contains codes for the six experiments used as sources for the database. The

SY STEM column contains codes for the selected voice that listeners rated with the MOS. FORM indicates a
formant-synthesized voice, CONCAT indicates a concatenative voice, and WAVE indicates arecorded
human voice.
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