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Abstract 

 
With the increasing globalization and the evolving 
technology of voice-driven man-machine interfaces there 
is a growing demand for the provision of spoken 
language resources (SLRs) in a number of speaker 
populations. In this paper we describe the process of 
collecting Northern Sotho (Sepedi) telephone speech 
data from mother tongue speakers with the aim of 
creating a telephone speech database. The eventual goal 
is to use the speech database for speaker-independent 
training of automatic speech recognition systems based 
on hidden Markov models (HMMs) for the development 
of limited vocabulary voice-operated teleservices and 
speech interfaces.  The speech corpus content definition 
will be outlined first, followed by the appropriate 
demographic specifications. An outline of the speaker 
recruitment strategy used is given before explaining how 
the speech database will be validated. The collected 
speech samples will be transcribed and labelled before 
being used to train acoustic and language models for 
Sepedi using the Hidden Markov Toolkit (HTK) 
developed at Cambridge University. These models will 
then form the basis for building an HMM-based speech 
recognizer for a selected teleservice application, such as 
a database information retrieval system.  
 

1.  Introduction 
 
A wide variety of speech databases have been produced 
for a number of the world’s major languages, such as, 
American English, British English, etc. [3,11,12]. Most 
of the languages of Central and Eastern Europe, Latin 
America and Africa have, however, until recently 
received very littl e or no attention in international terms 
[2,6]. Speech databases are used primarily for the 
development of speech technology and linguistic 
research. They are essential for the successful 

development of teleservices applications that are driven 
by automatic speech recognizers (ASRs).  
 
 As the next big wave in human-computer interfaces 
(HCI), speech technology strives to bring the Internet to 
everyone, bridging the so-called Digital Divide by 
allowing Web access via a simple and ubiquitous 
telephone instead of requiring a computer [1,4,8].  
 
Satisfactory speech recognition performance can only be 
attained if realistic training speech data is available [2]. 
Therefore, adequate speech data should be collected 
from mother tongue speakers of the target language, 
ideally covering nearly all gender, age, dialect and 
environmental profiles representative of the conditions 
likely to be encountered in the support of selected 
teleservices applications [7].  
 
The development of African spoken languages resources 
will promote and facilit ate access to all kinds of 
information using various voice-enabled interfaces by 
everyone in the language of their choice [13]. In this 
paper we begin by describing the database item design. 
Demographic specifications are covered before outlining 
speaker recruitment strategies.  Speech database 
validation, speech data transcription and labelli ng and 
current status of the project details are discussed before 
we end with concluding remarks. 
  

2.  Database item design 
 
The design of speech prompts data sheets plays an 
important role in firmly anchoring the collection of a 
wide variety of telephone speech data in any natural 
language. When designing speech databases a number of 
decisions have to be made and various problems have to 
be solved: 
 



- depending on the purpose of the speech 
database, the list of items to be recorded has to 
be specified, 

- a recording platform has to be built , 
- the database structure has to be decided [2], 
-  speakers have to be recruited and 
- speech recordings have to be transcribed. 

 
The format used for this Northern Sotho-based project is 
based the one used in SpeechDat projects for 11 
languages of the European Union (EU) [11] and the 
derived specification for the African Speech Technology 
(AST) project [10]. The purpose of the data sheet is to 
guide the collection of various types of speech data, 
namely, numeric data, personal details data, time and 
date phrases, money amounts, yes/no questions, 
spelli ngs, application keywords/key phrases and 
phonetically rich sentences.  
 
A set of pre-recorded speech prompts is used to guide 
the collection of the above-named data items. Each 
recruited caller is issued with a speech prompts data 
sheet for completion before making a call to the database 
center. The callers are requested to respond to 40 speech 
prompts reflected on the speech prompts data sheet. 
Once the call has been successfully completed, the 
speech data sheet is returned to the researcher in a 
prepaid envelope for control purposes.  
 
By targeting at least 100 Northern Sotho mother tongue 
speakers a speech corpus of at least 4000 utterances will 
be available for further processing. These will be used 
for training of an HMM-based automatic speech 
recognizer (ASR) for Northern Sotho using the HTK 
toolkit [9]. The data sheet items are selected randomly 
from collected pools of phonetically rich words, phrases 
and sentences so that each data sheet should be unique, 
thus increasing the chances of complete language phone 
coverage.  
 
Despite the scarcity of literary material in Northern 
Sotho, a few sources of phonetically rich sentences, such 
as, novels, periodicals, the Bible and electronic text 
corpora were identified and used to provide a pool with a 
wide variety of words, phrases and sentences for 
enhancing the quality of speech data collected and 
phoneme coverage. 
 
While acknowledging the existence of several major 
dialects of Northern Sotho, among the mother tongue 
speakers, an attempt was made to recruit callers who 
speak standard Northern Sotho. Table 1 shows the types 
of utterances in the database. The speech prompts data 
sheet guides the collection of twenty personal data items 
such as the speaker’s name, surname, date of birth and 
place of abode and reading of twenty given data items. 
 

Table 1: Database Contents 
UTTERANCE TYPE # per call  
Isolated digit items 1 

Digit/number strings 2 
Natural numbers 2 
Money Amounts 2 

Answer to Yes/No questions 2 
Dates 1 
Times 1 

Application keywords/key phrases 2 
Spelli ngs 2 

Phonetically rich words 2 
Phonetically rich sentences 2 
Directory assistance names 1 

 
2.1. Technical Infrastructure. 
 
The speech recording is done via a telephone server 
connected to a primary rate ISDN line enabling a call to 
an allocated toll -free telephone number. A Dialogic 
telephone interface card is used. The recording software 
was developed by the AST team to run on a MS 
Windows platform [10]. 
 

3. Demographic and Environmental     
    Specifications  

 
For adequate balancing of speaker coverage, specific 
requirements with respect to gender, age, dialect and 
environment must be adhered to. For gender coverage 
the 50% - 50% basis with a 5% tolerance is required. 
Table 2 stipulates the age requirements for our speech 
database. 
 
Table 2: Age groups coverage 
Age Group Min % in DB 
 0  – 15 None 
16 – 30 20 
31 – 45 20 
46  - 60  15 
> 60 Optional 
 
Getting the required number of speakers in all major 
dialects of Northern Sotho is not viable in the current 
project. Most of the dialects do not have standard 
orthography; viz., Selobedu and Setlokwa but their 
speakers use standard orthography for reading and 
writing.  Considering environments that may have a high 
concentration of Northern Sotho dialects becomes an 
obvious criterion for dialect coverage in future.  
Historically Black Tertiary Institutions appear to be ideal 
centers for encountering and capturing major dialect 
speakers of standard Northern Sotho and its minor 
dialects.  
 



The telephone speech database is built out of recordings 
made from different environments: From a quiet room, 
a busy street, a moving car and/or a public place. All 
kinds of background noise can be expected in such 
recordings. The background noise is important both for 
training and testing of ASR systems [7].  Using two 
common types of telephone handsets, namely fixed 
telephone networks and mobile telephone networks on a 
50% - 50% basis the database will include calls from all 
these environments. 
 

4.  Speaker recruitment 
 

An important phase of telephone speech database 
collection is the recruitment of target language speakers. 
In general, five methods are used to recruit speakers: (1) 
the hierarchical method, (2) the direct mail or contact, 
(3) the snowball method, (4) newspapers and magazines 
and (5) local radio [5]. With the first two methods 
potential speakers receive prompts data sheets directly 
from recruiters while the last three methods involve 
users requesting for prompts data sheets which are then 
sent to them without delay. 
 
In the hierarchical recruitment, a mediator, e.g. a head 
of department, distributes prompt data sheets among 
colleagues, employees, students, etc. In direct mail or 
contact addresses selected from a telephone directory 
are used to send letters explaining the project together 
with the prompts data sheets or contacts are made via 
telephone calls to selected persons.  
 
In the snowball recruitment, an already recorded 
speaker is asked to name further potential speakers, e.g. 
friends or relatives who might be willing to participate. 
Prompts data sheets are then sent to the addresses 
provided by the recruiter, together with a letter 
explaining by whom their address was provided. An 
extra incentive, such as, lotto tickets, airtime or phone 
cards, is offered to the recruiter.  
 
Using the general newspaper or magazine 
advertisement motivate readers to request prompt data 
sheets either by phone, fax, letter or via the internet. This 
method makes no attempts to control the demographics 
of the callers. Using local radio or newspaper with a 
regional distribution, calls are made for participation 
after the project is presented with an address and 
telephone number for requesting prompts data sheets. In 
this project we intend to use the snowball and the local 
newspaper and radio strategies as these two methods 
have greater chances of drawing positive responses from 
recruits and can reach a larger speaker population. For 
more natural and relaxed speech, the recruited 
speakers have to be briefed before participating in the 
project. 
 

5.  Database validation 
  

A coordinating center with speech processing expertise 
must carry out the task of checking whether all speech 
data recorded conforms to the database specifications 
and generates a validation report. The process of 
validation entails among other things the checking of file 
formats, internal consistency, missing files, transcription 
symbols used, speaker and environmental balances [2]. 
The validation process may be preceded by a pre-
validation of a small speech database of say 10-15 
speakers just to ensure the absence of any serious speech 
database design errors before the start of actual 
recordings.  
 

6.  Speech data transcription   
and labeling 

 
The speech data collection phase is followed by the 
orthographic transcription of recorded speech utterances 
in preparation for using the speech corpus to train an 
automatic Northern Sotho speech recognizer. The 
segmentation and labeling of acoustic speech signals 
uses a set of standard or conventional symbols 
corresponding to the Northern Sotho orthography. As the 
transcription and labeling of spontaneous speech is 
traditionally done manually, a number of speech 
utterance transcribers and labelers will be selected and 
trained for both orthographic transcription and phonetic 
labeling as this procedure can be quite time-consuming 
and tedious.  
  

7.  Current status of project 
 

After completion of setting-up the speech data collection 
prompts on the telephone server, the actual process of 
collecting speech data has to continue until the 
predefined minimum number of recruited speakers have 
successfully provided the speech data and returned the 
completed prompt sheets to the researcher. The African 
Speech Technology (AST) team has given consent to 
make use of the technical infrastructure for database 
recording that was developed as part of the AST project. 
The prompts data sheets have been completed together 
with recording of prompts. Using the snowball strategy 
primarily, the recruitment of mother tongue speakers 
continues until the required number of speakers is 
reached.      
 

8.  Concluding remarks 
 

In this paper we described the centrality of designing 
appropriate speech data sheets for collecting Northern 
Sotho telephone speech. The required demographic 
specifications for the project were outlined before 
describing speaker recruitment methods useful for 



soliciting the participation of mother tongue speakers of 
the language. In most cases, no single method is 
adequate for speaker recruitment, but a suitable 
combination of these methods usually enhances the 
recruitment strategy. Checking the database for validity 
ensures that further speech processing, such as training 
of acoustic models, is based on realistic speech data.  
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