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ABSTRACT
The contextual invariance of cate-
gorical and magnitude estimates of
speech quality could be improved by
introducing a reference system (natu-
ral speech) and by appropriately nor-
malizing the results with respect to it.

1. INTRODUCTION
A potential problem with subjective
scaling of speech quality occurs when
the rating of a certain system needs to
be generalized outside the set of sys-
tems used in the experiment. Namely,
the rating of a system may change
depending on the selection of other
systems evaluated at the same time
("context effect"). We evaluate here
whether the context effects could be
reduced by introducing a reference
system (natural undistorted speech)
common to all experiments, and by
normalizing the rating of any given
synthesizer in reference to the rating
of the natural speech. Two subjective
psychophysical techniques are evalu-
ated: magnitude estimations (MEs)
and categorical estimations (CEs).
The ratings of four systems labeled

"A" and four systems labeled "B" were
cvaluated in two different types of
context: "A and B" context and "A or
B" context. Systems A were of superi-
or quality to systems B. Both systems
A and systems B were evaluated sep-
arately within their groups (A or B
context), and together (A and B con-
text). The research question is wheth-
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er the ratings of the stimuli are invari
ant to these changes in context, both
in the absolute and in the relative
sense. These context effects were ev-
aluated both with and without the
reference condition. This particular
design was selected because past re-
search indicates that all scaling tech-

niques may be particularly sensitive to

it. It is hypothesized that subjects al-
ways use one restricted range of num-
bers regardless of the stimuli being
evaluated. If this were indeed the ca-
se, there would be a strong tendency
to use the same range of numbers for
systems A only, systems B only, and
systems A and B together. Given tha
systems A are superior in quality to
systems B, the ratings of B will, there-
fore, be better when these systems
are presented alone than together
with A. The opposite would be true
of systems A.

2. METHOD

The subjects were equally divided
into 12 experimental groups. Six ex:
perimental groups gave ME and the
other six CE judgments. The groups
are identified by letters that corres-
pond to the listening conditions they
were exposed to. These six labels art
ABR, AR, BR, AB, A, and B. Symbd
A signifies that the group judged cor
ditions A, symbol B that the group

~ judged conditions B, and symbol R

that the group judged the reference
condition. The non-normalized group

results for each condition were calcu-
lated as the means across subjects
and condition repetitions. The arith-
metic means were used for CEs, while
the geometric means were used for
MEs. Neither for the MEs nor for the
CEs was the reference condition ex-
plicitly defined to the subject as such.
Rather, it was treated as just another
experimental condition. The subjects
were required to judge how satisfied
they were with the particular commu-
nication situation. For CEs the scale
from 1 to 20 was used. Direct ME
procedure and the sentence test ma-
terial described in more detail in [1]
were used.

3. RESULTS

In the tasks which did not incorpo-
rate the reference stimulus, relatively
large AB context effects were seen
(Fig. 1 for CEs; Fig. 2 for MEs). They
seemed to be particularly severe in
the case of CEs, where the mean rat-
ing of systems A and B were almost
equal to each other in the "A or B"
context, but quite different in the "A
and B" context. When the reference
condition was present, a large dec-
rease in the AB context effect was
seen in the CE (Fig. 3), while no im-
provement was demonstrated in the
ME (Fig. 4). The introduction of the
reference condition did not seem to
have affected the relative ratings of

o
Y]

[t

[¥]

{CE RATING)20

(R

‘CONDITION
Fig. 1 CE ratings four groups AB

(squares), A (pluses), and B
(diamonds).
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Fig. 2 ME ratings four groups AB
(squares), A (pluses), and B
(diamonds).
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Fig. 3 CE ratings four groups ABR
(squares), AR (pluses), and BR
(diamonds).
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Fig. 4 ME ratings four groups ABR
(squares), AR (pluses), and BR
(diamonds).

the other systems neither for the MEs
(Fig. 5), nor for the CEs. This indi-
cates that some form of normalization
may prove beneficial with regards to
context effects.

4. NORMALIZATION

Two measures of the merits of nor-
malization were used. These are the
standard deviation (§), and the corre-



lation (r) between the ratings of the
eight experimental systems (A and B)
observed, on one hand, in the "A and
B" context, and on the other hand, in
the "A or B" context. Measure § ex-
presses the absolute proximity of the
measurements made in the two con-
texts. Measure [ is sensitive to how
well relative ratings of the systems
agree in various contexts. The smaller
the s and the larger the 1 the more
context-free the procedure is.

The application of measure § pre-
sumes that all results are on the same
scale. This is indeed the case for all
normalized values. This is also the
case for the non-normalized CEs that
are divided by the maximum scale
value. However, in the case of the
non-normalized MEs the scales are
arbitrary and cannot be transformed
to a 0 to 1 range. In the latter case,
instead of s, the measure labeled §’
was used. It is defined as s divided by
the mean rating of the stimuli in the
"A and B" context.
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Fig. 5 ME ratings four groups AB
(squares) and ABR (pluses).

‘ The CE procedure typically results
in an interval-type scale. Therefore, it
is invariant to multiplication by a con-
stant, or to addition of a constant.
Thus, the results could be normalized
by either of these operations. In addi-
tion, normalization could be per-
formed on the group results, or on
the results of individual subjects. In
the case of normalization by multipli-
cation, the rating of a stimulus is mul-
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tiplied by the reciprocal of the Tating

of the reference stimulus, Thig opera.

tion applied to the mean group re.

sults is labeled "CE_MG," where M

stands for "multiplication," and G fo

“group.” Normalization by multiplica.

tion applied to the results of individy.

al subjects is labeled "CE_MI," where
I stands for "individual." In normaliz-
ing results by adding a constant, first
the complement to 20 (maximum sc.
le value) of the reference stimulys
rating is added to the non-normalizeq
value of the stimulus. Subsequently,
these numbers are divided by 20. Thi
procedure leads to the same results
regardless of whether it is applied to
the group or to the individual results,
It will be labeled "CE_C," where C
stands for "complement."

The measures of context effect g
and r for CEs are given in Table 1.
All normalization procedures substan-
tially reduced context effects with re-
spect to the non-normalized results of
the groups that did not judge the ref-
erence system. For example, in the
case of method CE_MG correlation-
type measure 1 increased from 0.48
(for the non-normalized results) to
0.98 (for the normalized results), whi
le s decreased from 0.13 (for the nor-
normalized results) to 0.05 (for the
normalized results). However, with
respect to the non-normalized results
obtained by the groups that judged
the reference condition, the context
effect was made somewhat worse with
normalization.

The ME procedure results in a ra-
tio-type scale, and is invariant to muk
tiplication by a constant. Consequent-
ly the normalized results are obtained
if the ratings of stimuli are multiplied
by the reciprocal of the rating of the
reference system. As was the case
with CEs, this operation could be per-
formed either on the group results, of
on the individual subjects’ results. In
addition, the ME results could be cal

culated as "absolute” or "relative” [1]. .
The normalization procedures on the
absolute group results is labeled
"ME_AG" (symbols A and G repre-
sent "absolute" and "group," respec-
tively), while the normalization proce-
dure on the absolute individual results
is labeled "ME_AI" (symbol I stands
for "individual"). The normalization
procedures either on the group or
individual relative ratings yield the
same values which are labeled
"ME_R" (R stands for relative).

The measures of context effect [, §
(if meaningful), and §’ are given in
Table II for these three normalization
procedures, as well as for non-norma-
lized results. Fig. 6 gives normalized
ME:s for the best of these procedures,
ie. ME_AL All normalization proce-
dures substantially reduce the context
effects with respect to the non-norma-
lized results of the groups that judged
the reference system. However, the
real benefit of normalization should
be assessed against the non-normal-
ized results obtained without the ref-
erence system. There, only the proce-
dure ME_AI appears to reduce the
context effects.
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Fig. 6 Normalized ME ratings, meth-
od ME_AI groups ABR, AR, BR

In the § value the best ME proce-
dure (ME_AI) is practically equal (3
= 0.6) to the best normalized CE pr-
ocedures (CE_MG, CE_MI), but infe-
rior to the non-normalized CE proce-
dure when the reference stimulus is
used (s = 0.2). In the [ values the
procedure is worse (1 = 0.89) than
both, better normalized CE pro-
cedures (r = 0.95 to 0.98), or the
non-normalized CE procedure when
the reference stimulus was presented
(r = 0.99).
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