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ABSTRACT

Xhosa is an African tone language spoken in South Africa. The
relationship between the prosodic features duration, pitch and
loudness of Xhosa commands was determined through acoustic
analysis and perceptual experimentation. Combining the results
of the acoustic analysis and the perceptual experiment proved to
be an appropriate method of parameter extraction with which to
formulate a prosodic model for the generation of perceptually
acceptable imperatives in a practical Xhosa TTS system.

1. INTRODUCTION

This Paper reflects on the first author’s masters dissertation
(Swart: 2000), with particular reference to the procedures
followed to obtain a set of prosodic parameters with which to
synthesize perceptually acceptable commands in a Xhosa text-
to-speech (TTS) system. Xhosa is an African tone language of
the Nguni sub-group of languages and is spoken as a mother
tongue by 17.5 percent of the South African population of 37.9
million people (Roux 1998:351). Xhosa is also one of the
country’s eleven official languages.

The perception of prosody is manifested in suprasegmental
features such as fundamental frequency (pitch), intensity
(loudness) and duration (length). Very little experimental
research has been done on the prosodic features of grammatical
structures (moods and tenses) in Xhosa, and consequently it has
not yet been determined how and to what degree the different
prosodic features are combined and utilized in the production
and perception of Xhosa speech. One such grammatical
structure, for which no explicit descriptive phonetic information
exists, is the imperative mood expressing commands.
Information on imperatives is primarily confined to
morphological descriptions (cf. Riordan, 1969; Wentzel et al.,
1972). Riordan (1969) implicitly supplies information on tone
patterns by the presentation of a number of tone marked
examples whilst Davey (1973:29-32) formulates some
phonological rules concerning the tonal structure of imperatives.
However, these works are not substantiated by any explicit
phonetic information related to pitch, loudness and duration. To
obtain substantial and reliable prosodic information on
imperatives, an experimental phonetic approach was required
focusing on both the production and perception processes.

This paper demonstrates how the relationship between duration,
pitch and loudness, as manifested in the production and
perception of Xhosa imperatives could be determined through
acoustic analysis and perceptual experimentation. In Section 2
the acoustic analysis is discussed. Section 3 describes the
perceptual experiment with reference to stimuli generation,

calculation of prosodic parameters, the testing method and
presentation of stimuli. Section 4 reports on the results of the
perception test and in Section 5 the generalization of the
acoustic results are discussed.

2. ACOUSTIC ANALYSIS

An extensive acoustic analysis was conducted to acquire
prosodic information on the production of imperatives by Xhosa
mother tongue speakers. Six verbs representing the alleged tonal
variations in the infinitive mood, as well as in the imperative
mood in four different contexts (depicted in Table 1) were
digitally recorded using the Computerized Speech Lab 4300B
system of Kay Elemetrics. Eight mother-tongue speakers of
Xhosa participated in this process. The recorded data were
manually tagged and annotated with the Multi-Speech Signal
Analysis Workstation in order to calculate the duration and
loudness of each phoneme as well as the pitch on voiced
segments of the data set. Both the spectrogram and the speech
signal were used as visual aids in the tagging process.

The six verbs were grouped according to the different moods
and contexts based on the fact that the tonal patterns seem to
change as a function of the grammatical mood. These groupings
were referred to as A, B, C, D and E respectively.

Note that all verbs have a /C + ala/ or /C + alani/ structure (cf.
Swart, 2000:55) and that (  ¼ ) is used to mark a syllable with a
high tone; (  » ) is used to mark a syllable with a low tone and (  ¿ )
marks a syllable with a falling tone. These tone marks do not
carry any additional meaning such as duration or loudness.
Table 2 provides some detail on the morpho-syntactic grounds
for these groupings.

The acoustic analysis comprised, inter alia, a comparison of the
respective duration, loudness and pitch properties of each
phoneme for the verbs in different moods and contexts. The
intra-contextual comparisons were as follows: The infinitive A
was compared to the imperatives B, C, D and E. The singular
imperative B was compared to C and D. The singular imperative
C was compared to E and the plural imperative D was compared
to E. The relevant features were extracted from the acoustic
signal and ranked in order of significance. Thus, for every
phoneme of every word, three features were computed and the
verbs in different contexts were compared in pairs in terms of
these three features. Various statistical parameters such as the
Wilcoxon signed rank test (Solomon, 1996), the mean and the
standard deviation were calculated on the raw acoustic data (i)
to establish patterns of significance, and (ii) to represent the
large amount of numeric data generated, in a compact manner.
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Infinitive (A) Imperative (B) Imperative (C)
Ukubha¿la»
‘To write’

Bha¿la» !
‘Write !’

Bhala unobumba !
‘Write a letter !’

Ukudla¿la»
‘To play’

Dla¿la» !
‘Play !’

Dlala apha !
‘Play here !’

Ukula¼la»
‘To sleep’

La¼la»!
‘Sleep !’

Lala apha !
‘Sleep here !’

Ukuhla»la»
‘To sit’

‘Hla¼la» !
‘Sit !’

Hlala phantsi !
‘Sit down !’

Ukuba»la»
‘To count’

Ba»la» !
‘Count !’

Bala izinto!
‘Count the things !’

Ukutsa»la»
‘To pull’

Tsa»la» !
‘Pull !’

Tsala apha !
‘Pull here !’

Imperative (D) Imperative (E)
Bha»la¼ni» !
‘Write ye!’

Bhalani unobumba !
‘Write ye a letter !’

Dla»la¼ni » !
‘Play ye!’

Dlalani apha !
‘Play ye here !’

La»la¼ni» !
‘Sleep ye!’

Lalani apha !
‘Sleep ye here !’

Hla»la¼ni » !
‘Sit ye!’

Hlalani phantsi !
‘Sit ye down !’

Ba»la¼ni» !
‘Count ye!’

Balani izinto!
‘Count ye the things !’

Tsa»la¼ni » !
‘Pull ye!’

Tsalani apha !
‘Pull ye here !’

Table 1: Recorded data.

Mood Context
Infinitive  A
Imperative Singular, not followed by object/ adverb      B
Imperative Singular, followed by object/ adverb            C
Imperative Plural, not followed by object/ adverb          D
Imperative Plural, followed by object/ adverb                E

Table 2: Grouping of verbs.

The mean values for these parameters were then used to
formulate rules for the production of imperatives in the
particular contexts. The rules, as depicted for pitch in Table 3
and for duration in Table 4, were defined in terms of percentage
changes to be applied to the mean values of the infinitive in
order to render the prosodic values for the imperatives B, C, D
and E.

Falling-Low High-Low
∆pa1 ∆pl ∆pa2 ∆pa1 ∆pl ∆pa2

A¤¤B 29% 24% 0 0 43% 37%
A¤¤C 0 55% 46% 0 46% 51%
A¤¤D 0 46% 70% 0 27% 58%
A¤¤E 0 42% 72% 0 26% 56%

Low-Low
A¤¤B 0 47% 94%
A¤¤C 0 53% 78%
A¤¤D 0 55% 97%
A¤¤E 0 67% 111%

Table 3: Pitch changes from infinitive to imperative.

∆da1 ∆dl ∆da2

A→B 11% 11% 11%
A→C -44% -25% 0
A→D -54% -8% 31%
A→E -59% -15% 39%

Table 4: Duration changes from infinitive to imperative.

3. PERCEPTUAL EXPERIMENT

Following the acoustic analysis, a perceptual experiment was
conducted to investigate the perception of imperatives. The aim
of the experiment was to devise through perceptual testing,
guidelines on the generation of natural prosodics for imperatives
in a Xhosa TTS system. The experiment was also performed to
determine the relevance and aplicability of the prosodic
parameter extraction from the acoustic data and to determine
whether the parameters extracted from a subset of a particular
structure could be used to synthesize prosodics for other words
with the same structure.

3.1. Method of Stimuli Generation

The stimuli for the perceptual experiment represented different
versions of commands. The stimuli were generated by (i)
recording monotonous verbs and (ii) manipulating the pitch and
duration of each syllable based on the mean duration and pitch
values for eight speakers as derived from the statistical analysis
of the acoustic data.

The pitch and duration manipulations were done implementing
the TD-PSOLA (Moulines & Charpentier, 1990) technique. A
major benefit was that the implemented programs required
minimal manual intervention, making the approach suitable for
automatic manipulation by computer. No significant patterns
were observed in the acoustic analysis from which to extract
loudness parameters, therefore no manipulation of loudness was
done.

The same verbs used in the acoustic analysis were recorded, as
well as three extra verbs that had not been acoustically analyzed
previously. The speaker was also asked to utter natural
command sentences. This was done in order to have a small
database of naturally produced objects and adjectives to
concatenate to the synthesized verbs. Each monotonous verb as
well as the naturally pronounced objects and adverbs were
annotated, using the same method as for the acoustic analysis.
Pitch and duration was calculated for each word. For each
stimulus, the pitch manipulation was done first, followed by a
correctional step to obtain the desired duration. The pitch and
the duration values could be varied independently of one
another.

3.2. Calculation of Prosodic Parameters of
Stimuli

A total of fifteen command versions were synthesized through
various degrees of manipulation. The fifteen versions were
divided into four groups:

Five basic command versions, namely version A
~ , B

~ , C
~ , D

~



and E
~ , were synthesized. The references allocated to these

synthesized command versions are assigned a tilde (e.g. A
~ ) so

as not to be confused with the originally recorded and
acoustically analyzed commands A, B, C, D and E. Since the
mean duration and pitch values taken from the statistical
analysis were applied, each of these five versions was
considered to represent the verb with the ‘best’ prosodics for the
specific context. In other words, where the prosodics were
concerned, these synthesized versions would represent the best
approximation of the naturally produced commands. For the
sake of clarification these versions were referred to as ‘best’
versions.

Two variations based on version B were generated, the one
focusing on duration (D) and the other focusing on pitch (P).
Version BD was generated using the mean pitch values of the
verb in the infinitive mood and the mean duration values of the
singular imperative without object/adverb. This word would
then have ‘neutral’ pitch values and ‘best’ duration values.
Version BP was generated using mean pitch values of the
singular imperative without object/adverb and the mean
duration values of the verb in the infinitive mood. This word
would then have ‘best’ pitch values and ‘neutral’ duration
values.

Imperative versions with object/adverb of version B and D
were also generated. Two versions namely BT and DT were
rendered, using the prosodic values (duration and pitch) of the B
and D versions and concatenating a suitable object/adverb.
These stimuli were created in such a way that the BT version
had the syntactic structure of a singular imperative with
object/adverb and the DT version had the structure of a plural
imperative with object/adverb, however the duration/tempo (T)
of the verbs remained that of verbs not followed by objects or
adverbs.

Three more variations of version B and D each were
generated by reducing or raising the ‘best’ pitch and duration
values simultaneously in steps. The stimuli produced,
represented command versions with a specified range of
prosodic parameters.

Version BM1 (B-more-1-step) was generated by raising the
‘best’ values for pitch and duration with 33.3 percent. Version
BM2 (B-more-2-steps) was generated by raising the ‘best’
values for pitch and duration with 100 percent. Version BL1 (B-
less-1-step) was generated by lowering the ‘best’ pitch and
duration values with 33.3 percent. Lowering these values in a
second step proved to distort the quality of synthesis, therefore
it was decided not to generate a BL2 (B-less-2-steps) version. In
the same way three more versions of version D were also
generated altering the pitch and duration values simultaneously
in steps yielding versions DM1, DM2 and DL1.

3.3. Testing Method and Presentation of
Stimuli

The perceptual experiment were conducted in the form of
preference tests on pairs of stimuli. The different versions of
commands were presented to the participants in pairs and
participants were asked to choose the utterance that sounded the
most like a command. Through these preferences one could

infer which combination of prosodic values the subjects
considered to be the most acceptable for a specific command. In
the perceptual experiment 90 stimuli were presented to 37
subjects. This amounted to 3330 individual responses. The large
scale of the experiment required the automation of testing
procedures, hence perception test software was developed (i) to
present the stimuli to subjects on multimedia computers and, (ii)
to collect their responses automatically. Additional advantages
to this approach were that the subjects’ response times could be
measured and that a maximum limit could be imposed on the
time available to respond.

The perception tests were administered on multimedia
computers in a laboratory accommodating twenty subjects at a
time. An introductory lecture on the subject of imperatives was
conducted. When it was established that the subjects had a good
understanding of the kind of imperatives dealt with in this study,
several interactive practice runs were conducted. The purpose of
these practise runs was to familiarise subjects with the manner
of presentation of the data and to practise interacting with the
computer, using a mouse. The subjects in the perceptual
experiment were 17 to 20 year old Xhosa mother-tongue
speakers. Subjects interacted with the perception test program
using only the mouse. The subjects started the test by clicking
on a ‘Start’ button displayed on the screen. The program played
two stimuli in succession over headphones while the text on the
screen instructed the subject to listen. While the subjects were
listening, the cursor appeared as an hourglass and the subjects
were prevented from responding. After both stimuli were
played, subjects were expected to select the more natural
stimulus as being the first or the second utterance by clicking on
the appropriate button on the screen. If no button was clicked
within four seconds the response to the particular stimulus was
taken as Undecided and the test continued. The cycle was
repeated until all stimuli had been presented.

4. PERCEPTION TEST RESULTS

The perception test results are summarized below and
numerically represented in Tables 5, 6 and 7 respectively.
Percentages shown in bold italics are significant according to
the chi square test.

4.1. Singular Commands

It was established that, on average, the subjects preferred the
singular command versions where the ‘best’ values for both
pitch and duration were used. It was thus concluded that the
results of the acoustic analysis could indeed be applied
successfully to generate singular commands with perceptually
acceptable prosodics. It was found that both pitch and duration
play a role in the perception of singular imperatives, with pitch
being the more significant factor of the two. The best synthesis
results will, however, be obtained when both pitch and duration
are modelled.

Observation Percentage of stimuli

Subjects prefer  over A
~ 74.7%

Subjects prefer BP over A
~ 72.4%

Subjects prefer BD over A
~ 50.5%

Table 5: Results for singular commands.



4.2. Singular and Plural Commands with
Objects or Adverbs

Subjects’ preference for the ‘best’ singular and plural imperative
with object/adverb, C and E, compared to D and E, showed a
statistically insignificant majority score, and the conclusion was
drawn that the subjects were not able to convincingly
distinguish between the two versions. In general, subjects did
accept the ‘best’ versions as commands followed by an object or
adverb and therefore the following proposal could be made for
synthesis purposes. Preferably the mean prosodic values, as
derived from the acoustic analysis, may be used, but if that level
of complexity poses problems in a practical design, the values
of the word in isolation may be used without a significant
degradation in perceptual quality. In other words, sub-optimal,
but intelligible speech can be synthesized from an acoustic
analysis of isolated words instead of sentences.

Observation Percentage of stimuli

Subjects prefer C
~

 over BT 50.5%

Subjects prefer E
~

 over DT 51.1%

Table 6: Results for singular commands with object/adverb.

4.3. Pitch and Duration Range

Subjects preferred the command versions where mean values
rather than longer (M1/M2) or shorter (L1) values were
appllied, although there does seem to be room for slight
deviation. Short response times for the M2 steps were observed
and it is assumed that this is a result of subjects’ strong and
immediate rejection of these prosodic properties. Due to the
scope of this experiment, no strong recommendations could be
made for synthesis purposes other than that deviations from the
mean values as obtained through the acoustic analysis should
not exceed 33.3 percent. In a dedicated experiment with a
greater variety of stimuli, more accurate results considering
perceptual thresholds could be obtained.

Observation Percentage of stimuli
Subjects prefer B

~  over BL1 60.9%
Subjects prefer B

~  over BM1 66.7%
Subjects prefer B

~  over BM2 80.5%
Subjects prefer D

~  over DL1 73.4%
Subjects prefer D

~  over DM1 70.7%
Subjects prefer D

~  over DM2 96.7%
Table 7: Results for pitch and duration range.

Meaningful and positive results were obtained from the
perceptual experiment proving firstly, that an appropriate
method of analysis was utilised and secondly, that the acoustic
results were applied successfully to generate commands in
different contexts.

5. GENERALIZATION OF ACOUSTIC
RESULTS

The same method of stimuli generation was used for verbs that
were acoustically analysed previously, as for the three verbs that

were not previously analysed. Up to this point, the perceptual
results were calculated without distinguishing between these
two sets of stimuli. To determine how subjects responded to the
words that were excluded from the analyses, compared to those
that were analysed, the results were separated for these two sets.
It was found that on average the results obtained for the words
not included in the analysis set differed by only 9 percent from
that of the words included in the analysis set. Similar trends
occurred for the two sets of stimuli. For this limited data set, this
proves that the synthesis parameters are generalized to other
imperatives with the /C + ala/ and /C + alani/ structures.
Moreover, acoustic and synthesis parameters may be extracted
from a relatively small set of a particular structure and may then
be generalized to other variations of that structure.

6. CONCLUSION

Combining the results of the acoustic analysis and the
perceptual experiment proved to be an appropriate method of
parameter extraction with which to formulate a prosodic model
for the generation of perceptually acceptable imperatives in a
practical Xhosa TTS system. An advantage of this method is
that the analysis of a subset of a particular structure will be
sufficient, since these parameters will be applicable for the
synthesis of variations of that structure. The prosodic model
formulated in this study may not only have implications for TTS
synthesis; it may also be useful for the development of
automatic speech recognition systems. For instance, the
synthesis and recognition of commands may be applied in
speech based information retrieval systems.
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