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Abstract

The origind Mean Opinion Scale (MOS) is a seven-item questionnaire commonly used to
evauate speech quaity. An earlier psychometric analyss indicated some opportunitiesto
improve its scale reliability and consstency of item dructure, prompting the development of a
revised MOS (MOS-R) with nineitems. The current analysis shows that the MOS-R appears
to have achieved its god of increasing scale rdiability, with the improvement especidly evident
for the Naturaness scale. Factor andysis with the MOS-R indicates that the Speaking Rate
item should be part of the Intdligibility scae.
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I ntroduction

MOS Scale Reliability

The Mean Opinion Scale (MOS) is the method for evauating text-to-speech (TTS) qudity
recommended by the Internationd Telecommunications Union (ITU). Theorigind MOSisa
Likert-style questionnaire, typicaly with seven 5-point scale items addressing the following TTS
characterigtics. (1) Globa Impression, (2) Listening Effort, (3) Comprehenson Problems, (4)
Speech Sound Articulation, (5) Pronunciation, (6) Spesking Rate, and (7) Voice Pleasantness.

A recent psychometric evauation (Lewis, 2001) indicated that the version of the MOS derived
from Saza et a. (1996) seems to have reasonably good psychometric properties (see
Appendix A for acopy of that verson of the MOS). Factor andyss of the data andyzed in
Lewis (2001) indicated a factor structure similar to that reported by Kraft and Portele (1995),
specificdly, two factors (Intdligibility and Naturalness) and an unrdlated item for Speeking Rate.
The reliabilities of the overdl MOS and the Inteligibility subscae were acceptable (a = .89 and
.88, respectively), but the reiability of the subscde for was dightly lower (a = .81).

Using principles from psychometrics (Nunnadly, 1978), it should be possible to improve the
reliability of the MOS through appropriate revison. Rather than using 5-point scaes with an
anchor at eech gep, overdl rdiability should dightly improve with a change to 7-point bipolar
scaes. Because the Naturdness factor had weeker reliability 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.

The MOS Speaking Rate Item

The MOS Spesking Rate item failed to fdl onto ether the Intdligibility or Naturaness factor in
both Lewis (2001) and Kraft and Portele (1995). This might have happened because Speaking
Rate istruly independent of ether of these congtructs, or might have been an artifact dueto the
unique labeling of the scale points for thisitem. The other MOS items have scales thet have a
clear ordind pattern, such as.

Excdlent
Good
Far
Poor
Bad

for the Globd Impresson item.



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 ordind relationship. If the item assessng Speaking
Rate had the same structure as the other itemsin the MOS, afactor andlysis could determine
less ambiguoudy whether Speeking Rate is independent of Intdligibility and Naturaness, or
whether it is actudly associated with one of these two subscaes of the MOS.

A Proposed Revision of the MOS -- the MOS-R
The following items form arevised MOS (MOS-R) designed to address the rdligbility problems
of the MOS by:

Increasing the number of scale steps for each item from five to seven,
Adding two items expected to associate with the Naturalness scale, and
Making the structure of the Speaking Rate item consstent with the rest of the items.

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

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

IMPOSSIBLE
EVENWITH NO EFFORT
MUCH EFFORT 1 2 3 4 5 6 7 REQUIRED

3. 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

4. Speech Sound Articulation: Were the speech sounds clearly distinguishable?
NOT AT ALL VERY
CLEAR 1 2 3 4 5 6 7 CLEAR
5. Pronunciation: Did you notice any problemsin the naturalness of sentence pronunciation?

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



6. Voice Pleasantness. Was the voice you heard pleasant to listen to?

VERY VERY
UNPLEASANT 1 2 3 4 5 6 7 PLEASANT

7. Voice Naturalness: Did the voice sound neturd ?

VERY VERY
UNNATURAL 1 2 3 4 5 6 7 NATURAL

8. Ease of Listening: Would it be easy to listen to this voice for long periods of time?

VERY VERY
DIFFICULT 1 2 3 4 5 6 7 EASY

9. Speaking Rate Was the speed of ddivery 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

Purpose of the Current Evaluation
The purpose of the current evaluation was to determine if the proposed changes to the MOS
worked as expected. Specificaly, the expected consequences of the revision were:

Therdiahility of the overdl MOS would improve dightly.

The revised MOS items 2-5 would continue to form an Intelligibility factor.

Items 1 and 6-8 would form a Naturaness factor with subgtantialy greater reliability
(possibly in excess of .90) than the current Naturalness factor.

The change in the structure of the Speaking Rate item would make it possible to determine
whether that item is truly independent of the other two factors.






Method

The data anayzed in this report came from three different studies of concatenative TTS voices,
each with 16 participants. For dl three sudies, the participant groups had full factorid crossing
of the following independent variables (enhancing the generdity of results):

Gender (hdf were mde, haf were female)
Age (haf under 40 years of age, haf over 40 years of age)
Employment (haf were employees of atemporary help agency, haf were IBM employees)

In dl three sudies, participants listened to four different TTS voices spesking text from four
different text samples and provided MOS-R ratings for each voice. | combined the data from
the three independent experiments and performed a separate andysis for each set of ratings
within participants across experiments for atota of four independent analyses (see Appendix B
for the raw data). Each of these analyses included 48 sets of ratings. Although, strictly
gpeaking, the data should be independent, | dso ran an andysis of the combined data from dl
four sets of ratings per participant per experiment to see how the combined analysis compared
with the four independent analyses.

The recommended sample size for afactor analysisis at leadt five participants per item, making
the target sample sze for evaduations of the MOS-R 45 participants. The anadlyses using the
data from the three TTS experiments have 48 participants (3 experiments by 16 participants per
experiment), S0 the andyses meet this requirement. These results are prdiminary, though,
because in some cases the same participant took part in two (but never al three) of the studies.






Results

Factor Analyses

Figure 1 shows the scree plots from the five analyses (labeled A-D plus Combined). The
patterns are very smilar. Table 1 contains the eigenvaues from each andlysis and the number of
factorsindicated by a parald andyss (Coovert & McNelis, 1988). Because the pardld
andyssfor Andyss A suggested three factors but the remaining anayses suggested two

factors, Table 2 shows both the two- and three-factor solutions after varimax rotation for each
andyss, with rdaively larger factor loadings shown in bold (bold itdics indicates rlatively large
factor loadings on more than one factor). Table 3 shows the percentage of variance explained

for each analysis for both two- and three-factor solutions.
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Figure 1. Scree Plotsfrom Factor Analyses

Table 1. Eigenvalues and Recommended Number of Factors

Eigenvalue A B C D |Combined
1 493 | 5.43 |5.85| 6.00 5.53
2 1.36 | 0.84 |0.80| 0.91 0.71
3 0.62 | 0.37 |0.32| 0.42 0.12
4 0.20 | 0.25 | 0.20| 0.15 0.07
5 0.14 | 0.14 | 0.10| 0.06 0.04
6 0.13 | 0.08 | 0.05| 0.05 0.02
7 0.02 | 0.03 |0.03| 0.01 -0.03
8 0.01 | 0.00 |0.01| 0.00 -0.09
9 0.00 | 0.00 |0.00| 0.00 -0.13
Number of Factors 3 2 2 2 2




Table 2. Two and Three-Factor Varimax-Rotated Solutions

Analysis A
Item Facl |Fac2 Facl Fac2 Fac3
1 0.46 | 0.37 0.18 0.26 0.71
2 0.76 | 0.32 0.51 0.21 0.74
3 0.81 | 0.09 0.83 0.10 0.21
4 0.86 | 0.19 0.87 0.20 0.24
5 0.68 | 0.43 0.50 0.37 0.52
6 0.19 | 0.93 0.10 0.88 0.30
7 0.33 | 0.83 0.30 0.85 0.19
8 0.25 | 0.87 0.22 0.87 0.19
9 0.59 | 0.26 0.56 0.26 0.21
Analysis B
Item Facl |Fac2 Facl Fac?2 Fac3
1 0.48 | 0.57 0.49 0.48 0.31
2 0.39 | 0.76 0.38 0.55 0.50
3 0.23 | 0.77 0.20 0.89 0.27
4 0.37 | 0.75 0.33 0.47 0.61
5 0.35 | 0.66 0.27 0.33 0.70
6 0.86 | 0.36 0.84 0.21 0.36
7 0.84 | 0.39 0.84 0.32 0.26
8 0.89 | 0.34 0.87 0.23 0.30
9 0.36 | 0.30 0.33 0.10 0.37
Analysis C
Item Facl |Fac2 Facl Fac2 Fac3
1 0.68 | 0.45 0.44 0.66 0.25
2 091 | 031 0.29 0.76 0.49
3 0.85 | 0.33 0.30 0.86 0.27
4 0.44 | 0.60 0.61 0.46 0.11
5 0.53 | 0.54 0.51 0.44 0.33
6 0.32 | 0.82 0.80 0.22 0.32
7 0.50 | 0.75 0.72 0.38 0.41
8 0.29 | 0.87 0.88 0.28 0.14
9 0.60 | 0.35 0.27 0.38 0.68
Analysis D
Item Facl |Fac2 Facl Fac2 Fac3
1 0.64 | 0.49 0.59 0.44 0.31
2 0.32 | 0.84 0.32 0.88 0.12
3 0.35 | 0.83 0.25 0.76 0.44
4 0.57 | 0.54 0.37 0.43 0.73
5 0.75 | 0.30 0.62 0.19 0.56
6 0.81 | 0.36 0.83 0.34 0.19
7 0.95 | 0.24 0.87 0.21 0.37
8 0.77 | 0.48 0.79 0.47 0.19
9 0.28 | 0.74 0.27 0.71 0.22




Table 2. Two and Three-Factor Varimax-Rotated Solutions (Cont.)

Combined
Item Facl |Fac2 Facl Fac?2 Fac3
1 0.56 | 0.51 0.50 0.43 0.37
2 0.78 | 0.36 0.32 0.89 0.34
3 0.85 | 0.23 0.23 0.54 0.61
4 0.70 | 0.39 0.34 0.29 0.78
5 0.57 | 0.48 0.46 0.31 0.52
6 0.32 | 0.88 0.87 0.25 0.23
7 0.40 | 0.83 0.83 0.24 0.35
8 0.38 | 0.83 0.82 0.27 0.29
9 0.53 | 0.32 0.31 0.38 0.37

Table 3. Percentage Explained Variance for Two and Three-Factor Solutions

Analysis | 2-Factor | 3-Factor | Difference
A 67.1 74.2 7.1
B 67.2 71.7 4.5
C 71.8 75.6 3.8
D 74.8 80.2 5.4
Mean 70.2 75.4 5.2
Combined 69.4 73.6 4.6

Pardld anadysisindicated athree-factor solution for only one of the andyses (Andyss A), with
two-factor solutions indicated for the other andyses. Thisis congstent with the analysis of the
percentage explained variance for two- and three-factor solutions for each analysis shown in
Table 3. Any time you increase the dimensondity of a solution by adding afactor, the
percentage of explained variance will increase (Cliff, 1987). The question is whether adding the
new factor increases the percentage of explained variance enough to justify the acceptance of
the additiond factor. Due to the nature of factor analyss, there is no way to addressthis
question with atest of gatistical sgnificance (Cliff, 1987). The combination of the high
percentage of pardld anayses indicating two-factor solutions and the rdlatively small percentage
of additiond variance explained by the three-factor solutions indicate that the MOS-R most
likely hastwo factors. Examination of the two-factor varimax-rotated solutions suggests that the
most gppropriate association of items with factorsis Items 1-5 and 9 with the Intdlligibility factor
and Items 6-8 with the Naturalness factor.



Reliability

Given the preceding assgnment of items to factors, Table 4 shows the estimates of rdiability
(coefficient apha) for the overdl MOS-R and each of its factors (subscaes). Thetabledso
shows the rdliability estimates from Lewis (2001) for the origind MOS and the percentage of
improvement relative to the means from Analyses A-D.

Table 4. MOS-R Reliability Estimates

Analysis |Overall |Intelligibility [Naturalness
A 0.90 0.88 0.94
B 0.92 0.86 0.95
C 0.94 0.91 0.92
D 0.94 0.90 0.95
Mean 0.92 0.89 0.94
Combined 0.93 0.89 0.95
Original 0.89 0.88 0.81
Improved 4% 1% 16%

10



Discussion

As mentioned in the Introduction, the expected results for the MOS-R were;

The rdiability of the overdl MOS would improve.

Therevised MOS Items 2-5 would continue to form an Intelligibility factor.

Items 1 and 6-8 would form a Naturaness factor with substantialy greeter reliability
(possibly in excess of .90) than the current Naturalness factor.

The change in the structure of the Speaking Rate item would make it possible to determine
whether that item is truly independent of the other two factors.

I mprovement to Overall Reliability
As expected, the overdl reiability of the MOS-R is dightly better (4%) than the origind MOS,
with the estimated rdiagbility of the MOS-R being .92 relative to .89 for the origind MOS.

I mprovement to Reliability of Inteligibility

The Intdligibility factor for the MOS-R included, as expected, Items 2-5. An unexpected result
was the gpparent association of Item 1 with the Inteligibility factor rather than the Naturaness
factor (see the two-factor solutions for Analyses A-C and Combined). In dl the andyses
(especialy the Combined andysis), Item 1 loaded strongly on both factors, which is consstent
with its content (* Global Impression: Please rate the sound qudity of the voice you heard.”)
Overdl, it seemed to load most strongly on the Inteligibility factor. Including Item 1in the
Intdligibility factor resulted in an estimated subscae rdiability of .89, a 1% improvement over
the esimate for the Intdligibility subscae of the origind MOS.

I mprovement to the Reliability of Naturalness

The Naturalness factor included, as expected, Items 6-8 (but did not include Item 1). The
resulting estimate of reiability was .94, a 16% improvement over the rdiability measured for the
Naturaness subscae of the origind MOS (.81). This change to the MOS improved the
religbility of the Naturalness subscale to a great enough extent that there is no need to add any
additiond items.

Association of Speaking Rate with Intligibility

The revised format for the Spesking Rate item led it to generdly dign with the Intdligibility
factor. Had it continued to remain independent of both of the other factors (asin Lewis, 2001),
then it would be necessary to add more items to the MOS-R for the purpose of enhancing the
measurement of an gpparent third factor. Because the Speaking Rate item does not appear to
be independent of Intelligibility, there is no need to design additiona itemsfor this purpose.

Conclusions

Keeping in mind that these results are preliminary, the findings are generdly consistent with
expectation. It isreasonable to continue usng the 9-item MOS-R rather than the origind MOS
for future sudies that evauate listener ratings of artificia voices

11
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Appendix A. TheMOS (Original Version)
The seven items (from Salza et d., 1996) of the origind MOS are:

1. Global Impression: Y our answer must indicate how you rate the sound quality of the voice
you have heard.

[ ] Excdlent
[] Good
[] Far

[ ] Poor
[]Bad

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

[ ] No effort required

[ ] Slight effort required

[ ] Effort required

[ ] Mgor effort required

[ ] Message not understood with any feasible effort

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

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

15



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

16



Appendix B. Preliminary MOS-R Database
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