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1  Introduction 
 
As part of the Local Languages Speech Technologies Initiative (LLSTI), the CSIR South Africa 
has developed an isiZulu text-to-speech (TTS) system, based on the open-source toolkit 
Festival. An initial version of the system was completed in July 2004, and a pilot evaluation 
was designed in order to determine its usability.  
 
This report describes the goals of the pilot evaluation, the methods employed and results 
obtained.  Further details, including the full set of results, are included in the appendices. 
 
 
2  Evaluation 
 
2.1   Goal 
 
A pilot evaluation was designed in order to determine the usability of the current version of the 
isiZulu TTS system. In particular, the LLSTI initiative is aimed at providing information to users 
from all walks of life, and we wanted to determine whether the TTS would be understandable 
to users with limited literacy and limited exposure to such technology. 
 
The current version of the system suffers from a number of limitations: synthesis is based on a 
corpus of only 153 recorded sentences (the majority of which were drawn from the weather 
domain); tone and rhythm are handled in a precursory fashion. Loan words – which are quite 
common in isiZulu – are not treated distinctly from normal isiZulu words, except for the use of 
a distinct pronunciation dictionary for such words. We therefore also wanted to understand 
how much these limitations harm the naturalness of the TTS system. 
 
2.2   Methods 
 
Since the primary aim of LLSTI is to provide telephone-based services, one part of the pilot 
evaluation was designed to assess the utility of our TTS system for over-the-telephone use. 
Information on three subjects (a weather forecast, the disease malaria, and unemployment 
insurance) was scripted in English, translated into isiZulu, and synthesized with our TTS. This 
information was embedded in an IVR application, which provided initial instructions, and then 
prompted the evaluators to listen to each of the information clips. All prompts are in isiZulu; 
whereas the synthesized voice is male, a female voice was recorded for the rest of the IVR 
application. English and isiZulu versions of the IVR script are provided in Appendix A. 
 
A questionnaire was prepared to (a) obtain biographic information of the evaluators (e.g. their 
age, home language, level of education); (b) test the evaluators’ understanding of the matter 
presented in this way; and (c) query the evaluators’ subjective experience of the synthesized 
speech. Evaluators were asked to provide their biographic information before interacting with 
the IVR application; understanding was tested after each information clip had been presented, 
and the questions on their subjective experiences were completed after termination of the IVR 
application. All responses were recorded on paper – where the evaluators were not sufficiently 
literate to perform this task, an experimenter asked them the questions verbally, and filled out 
the questionnaire on their behalf. Appendix B contains the questionnaire used. 
 
Finally, a Web-based evaluation was also developed in order to gain access to a wider group 
of evaluators (although this evaluation would then be limited to literate, technologically 
sophisticated users). The same basic protocol was followed as for the telephone-based 
evaluation, but users now recorded their responses directly in the Web application, and their 
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responses were logged on the Web server. A screenshot of the Web application is presented 
in Appendix C. 
 
Evaluators were canvassed in various ways, ranging from personal contacts to a company-
wide e-mail solicitation. Evaluators completed the process without assistance where possible, 
but in cases where their level of literacy did not allow them to read the instructions and 
complete the questionnaire, an experimenter assisted them by reading from the questionnaire 
and entering their answers on the paper form. Results from the telephone-based and Web-
based trials were entered into a spreadsheet, and processed to assess the performance of the 
TTS system. 
 
2.3   Results 
 
The telephony system was evaluated by a test user group consisting of twenty-three people. 
40% of the test group (E1: evaluators E101 – E109) had a low literacy level. These evaluators 
either indicated that they could not read or write, or had significant difficulty reading the 
evaluation form. For this user group, typically occupations included domestic worker, gardener 
and laundry-worker. The remaining 60% of the test group (E0: evaluators E001 to E014) were 
literate, and in certain cases well educated. Occupations for this second group ranged from 
domestic worker and security guard to software developer and human resources practitioner.  
Sixteen of the telephony evaluators indicated that they spoke isiZulu as a “home language” – 
the remainder of the test group consisted of fluent isiZulu speakers with home languages that 
included Setswana, isiNdebele, SiSwati, Xitsonga and isiXhosa. A third test group (E2) 
evaluated the system via the Internet application. 
 
2.3.1 E0 Evaluation 
 
The following was noted during the E0 evaluation (literate evaluators): 

 
• 57% of evaluators indicated that they found the synthesised voice “fairly easy” to “very 

easy” to understand. While the remainder of the test group found it “fairly hard” to “very 
hard”, no one indicated that the system was “impossible” to understand.  

 
• Surprisingly, 50% of the evaluators found the synthesized voice “as natural as” or only 

“slightly less” natural than the recorded prompts used to provide the instructions.  The 
remainder felt that the voice was either “a fair amount” or “a lot” more unnatural with 
only one evaluator indicating that the synthesised voice does not  “sound human at 
all”. 

 
• A strong correlation was observed between people’s ability to answer the test 

questions correctly, and the “intelligibility score” they gave the system, as shown in 
Table 1. 

 
Table 1: Perception of intelligibility according to number of questions  

answered correctly for E0 evaluators 
 

Number of correct answers 
(of 3) 

Own intelligibility score 
(of 5) 

3 4.4 
2 3.3 
1 2.7 

 
• Five of the 13 evaluators (36%) answered all five questions correctly. The average 

number of correct answers over all evaluators was 2.1 (of 3). 
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• Home language isiZulu-speakers tended to answer the evaluation questions more 

accurately than other isiZulu-speakers  (with an average of 2.3 correct answers 
compared to 1.8)  

 
2.3.2 E1 Evaluation 
 
The E1 evaluation (illiterate evaluators) produced results that differed from the above in 
interesting ways. During observation and through after-evaluation discussions, it became clear 
that the test procedure was not sufficient in two ways: 
 

• Evaluators found it difficult to differentiate between information obtained from the 
system, and information they knew beforehand. For example, the weather question 
provided a fictional weather report and on account of the information provided, asked 
what the weather is “expected to be today”.  A number of the evaluators provided the 
actual information, not the fictional information1.   

 
• Evaluators found it difficult to choose a negative answer – even where they knew the 

negative answer to be correct. For example, evaluator E106 answered the malaria 
question incorrectly, as he understood contact with human blood to be the way in 
which the mosquito contracted malaria – and as that is “bad”, chose the other answer. 
In the same vein, the employment related question asked whether “only an employer” 
should contribute to the Unemployment Insurance Fund. Even evaluators, who in 
subsequent questioning indicated that they understood that both the employer and 
employee should pay, still chose “yes” because the employer should contribute, rather 
than “no” (the correct answer) since the double negative required to answer the 
question correctly was unnatural to them.  

 
This demonstrates the complexity involved when using a comprehension test with low literacy 
evaluators: an area in which we realise significant further research is required.  
 
The subjective opinions of E1 evaluators were similar to those of E0 evaluators with regard to 
intelligibility (3.8 average compared to 3.6) and slightly lower with regard to naturalness (2.8 
average compared to 3.2).  While the objective evaluation (which does not compensate for the 
issues mentioned above) indicates a low level of intelligibility (1.4 average), the results of the 
subjective evaluation are very encouraging.  
 
2.3.3 E2 Evaluation 
 
The Internet evaluators (E2) produced similar trends as observed during the E0 evaluation. 
The Internet evaluation process has not drawn many responses, and the evaluation is being 
continued.  
 
Detailed results of all three evaluations are included in Appendix D. 
 

                                                
1 The fact that 8 of the 9 E1 evaluators chose “sunny” rather than “cloudy” (the correct answer) testifies 
of South Africa’s prevalent weather conditions. 



 
LOCAL LANGUAGE SPEECH TECHNOLOGY INITIATIVE 

5/17 
/ 

 

3  Conclusion 
 
Initial experiments with the LLSTI isiZulu test system have produced encouraging results. The 
voice was found to be quite understandable by the majority of evaluators – both those with 
high levels of literacy and those with limited or no literacy. Since much of the information was 
outside the weather domain, which was the focus of this development, it is safe to consider 
this as a domain-independent result. (In fact, comprehension was best in the non-weather 
domains, for reasons described above.) 
 
Clear room for improvement remains, both in terms of the characteristics of the TTS system, 
and in our evaluation thereof. The design of comprehension tests for users of limited literacy 
will require particular attention. Interestingly, the lack of attention to prosodic information did 
not attract any specific comments from the evaluators, suggesting that this may not be as 
important for understandable isiZulu TTS as had been believed. 
 
The lessons learnt will be applied in refining our experimental approach, and in the continued 
development of the isiZulu TTS system. 
 
 
 



 
LOCAL LANGUAGE SPEECH TECHNOLOGY INITIATIVE 

6/17 
/ 

 

Appendix A:  Telephony evaluation dialogue 
 
 
isiZulu version of IVR dialogue 
 �������������

	�
��������
������� ��
 ������������
 ��!#" 
#" $%
#&��" $'
)(+*�,-	." �#�/�#!���0��1��!2 ���3��4�!�2�"�� $5
6�/��7#� �8$%


�&#�/�#"9�#0:$%
#&�� ;<=
/>3?A@B?B�#@C��DE

���!)�F71�-?C
#0HG

�I�3�J8
K���#� ����&�7E
L"��#"���!#" 
" �;��M� ��
�" 2K�#�/��?N!��#�#" 2�" 
O" 
K� J3��&E�2O4E2�
J/���3��" 
PJ/��!�" �#�Q�

J3��" 2�&/��
#" 237��1R

,C����0:�K�F
J3��"S�1;O
JQ
#0�D��S" �K�Q2#&�7/
T&���UV�M!$52#" 
�&��F
 $%2�4�2�" 2�!#" 
#�Q
#" $%

�90 ���N
�4�
�&�J/�WG

*�� ��
#" 2L�#" 2�&/��
#" 
L� J���&#�Q��0 42L��0X2L����!
3?�!26� ����!�" �#����G

Y�0%�E2T�����3��" 2�" 
O" 2K� ��� !�" ���8�T&�Z�2���S&/7�
1;=��JQ����
�" $%26���/�3?8!����D#!
&�O��" 

��0 4���JQ��[H��� ��
�" 2K��Z���$%2�"����8
L�S0 D
#&E����" �\7E2��3!E�L
#D�!�
�D�!
#&#�/��"���&#���Q
J�� $%
�G

Y�0%�E2T�����3��" 2�" 
O" 2)J���&�?]23?�!��L� J/��!#" �#�Q�;=�#&Z�2�4�
��826D�!E2�&������3�9&3Z��1;=4�
��N

�Z#��$52#"�� �F2K��D!
��!2#&2L" �#�/�3��� �#��&�7E2L"��#"���!�" 
" ��G

�I!�" 
�" �6"���7/2�" 2�&/��
#" 2^G
 ,C����0:�K�F
J3��"S��_

 

*17�&3?N!
1��� JF
�L�E�O� ��
 Y`a2���?]
#&EZb� J/�"S�L"�� JQ�#42L"9��!#" 
;=�8���$%2T�Q$%
�J3��&�7E
K� J��9&���2/$%�T���J��#42#&��2
�/�#" 2#" 
L� c�!$%2L&�Z�2��F
#�/��c�2#" 
#&��P�Q����������G
d+Z����3��!2#0�42L�M�#��������;e�/�#"9��&/��
#" 
#��
K�#�/�3?�!��"S� ?�!#�/Z#c�$'2�@]ZPc�$52L&Z#2�0f2��g�

J3��&E��2�$%
�&��
�J/�S&/Z�2�8
6U%D���0X2�" 2�&/Z#2�G
d�?B2�0�4E2O0f2�;+�3��"S��&��
#" 
��8
6��0)���/!�
�0X
JQ
O" �H
�`a��"��#&E2�0f2OD�!
3?8!�
�" ��G

	�
��������
������� ��
 Uh2�&�i]
H�F
��� �Q
�" 26��D�!�
�&/�+�P" 
L��0 4���JQ����0:2P7/
�" 2�&�2K&�
�����0:�H�F
#J���"��

�D#!
D�!�
�&�#" 2���!�;=4E
��-
K��3�9&���
EJ�
#" 26&E��0f26� 7���D�!#��� &�����&���4�!��)�#�3�9&�Z�$5
#&#�
" $%2#�/!��K�#0:2T����#"9�#&�Z�
�" 
6���3�/c+!��4�
��8
�" 26D�!2#0 4�� "��jG

kIl 2#� ?+�]���m�8
7LD#�n
��8�1o

YJ8
�0�D��S" ��_

*17�&3?N!
1��� JF
�L�E�O� ��
 ,NU'2�" 2��C� 26� �#2�" $%2)2O0f2Z���� $%2#&�
)2�!#" 2��F
�" 2L� Z�2PJ/�" �O0)�#&�?���G��aUm7/2�&�
K�3?8!E�O" 2
" 
#"�� Z#�/� $%2�&�
K" 
OUh2#" 2#�]� 2L&�Z��O�/���+" 2K� Z#2J��" ��0���&�?N� ��&�2�" 
Z#��� $52O&E
�GO�IUm7�2�&E

��7/2�7�
K���"���"����N
�" 
K" 
#"�� Z#��� $%2�&�
K" 
OUh2#" 2#�]� 2L�3��0���&/?N�K&/Z#2#0:2�?N!E
�2�$f��;
&Z#
����9��!23?8!#���#0f?N� &�7/
�" 2K��JQ2O0f2K�������" 2K� Z#2J��#" 2���!
�G



 
LOCAL LANGUAGE SPEECH TECHNOLOGY INITIATIVE 

7/17 
/ 

	�
��������
������� ��
 Uh2�&�i]
H��� ��
#" 2K�#D#!
&����" 
6��0�4���JQ�6&EZ#
J�
#UfD���" �)
�D#!
D�!�
�&�#" 2#�/!�;+4
�F

��3� �#
JQ
#" 26&��0X2K&�Z�2O4E
L� 7�9D#!��� &��/��&���4#!�)������&Z#$5
O&��#" $%2#�/!�6��0f2
������"��#&/Z�
#" 
L�����c�!��P4
���
�" 2KD#!�2�0)4�S" �9G

kIl 2#� ?+�]���m�8
7LD#�n
��8�1o

�IU5��!$%2#" 
�&1�F
)$%2#42#" 2#!#" 
��8
�" $%
K�#0p�F
�4�
�&EJ3�W_

*17�&3?N!
1��� JF
�L�E�O� ��
 qm4E2#&3?���2�423c�2��!
L� J�� �F
#4
�&J��EJ�2�8
���!237�2r4�2�D#!��c�
�" 
#�3��" 
K������4�2
42#�/!����/!�
K��0X2#"9�37E��U5��!�$52O" 
�&1�F
)$s���/�#" 2#!�" 
��8
�" $%26��0 �8
#4
#&J/�9G6�a0fc�21��!��
2��82�D#!��c�
#" 
#�/��" 
L���/�#�/!�����!2L" ��U5��!E$%2�" 
�&�F
K�#0:2K�#0)�8
#4
#&J���
�8
�4�
�&�JQ2
&Z#2�D#!2&��M����$52#0X2�!#�#�n2)2O&EZ�2#0:2��!���0��/2�0X2�4���" �#&E2�&�
L&�Z�
�&�7�2#&Z�2�G
t��#42#4���" ���#0p�F
#4
�&J3���2�&�7/
6&��0:c#2���!��#�����]2�&
#" 
L42��3!�#�/!�
H�O�/�#�M�P��$%2

���!��#" $X��&�#" ��0)!���" ��$5
#&P7/2�&EZ�2;=&�iB2O" �K&�Z�
�&�7/2O&EZ�2#G

	�
��������
������� ��
 Uh2�&�i]
H��� ��
#" 2K�#D#!
&����" 
6��0�4���JQ�6&EZ#
J��#UV��!E$%2�" 
O&1�F
)$%2#42#" 2#!�" 
O�8
�" $%

��0:�F
�4E
O&EJ3�/
�D#!
#D�!�
#&��#" 2��/!���;e�Q2#&�7E
6&E��0)4#�EJ��)$s�����EZ���� &E2�G

*�� 7E2#4�#&Z#2K&/Z����� JQ�T" $%2���!��G+���F2#" 
K��2�!#" 
�G

 
 
 



 
LOCAL LANGUAGE SPEECH TECHNOLOGY INITIATIVE 

8/17 
/ 

 
English translation of IVR dialogue 
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Appendix B:  Telephony evaluation questionnaire 
 
isiZulu version of evaluation questionnaire 
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English translation of evaluation questionnaire 
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Appendix C:  Web-based evaluation 
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Appendix D:  Detailed results 
 
 
 
Key 
 

Table 2: Literacy Level 
Description Score 
Cannot read or write 0 
Literate, but significant difficulty reading 1 
Literate 2 
Further qualification 3 

 
 
 

Table 3: “How hard to understand?” 
Option selected Description Score 

a Impossible 1 
b Very hard 2 
c Fairly hard 3 
d Fairly easy 4 
e No problem 5 

 
 
 

Table 4: “Does the voice sound more unnatural?” 
Option selected Description Score 

a No 5 
b Only a little 4 
c A fair amount 3 
d A lot 2 
e Not human at all 1 
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E0 Evaluation 
 

Evaluator Age Home 
language Gender Place of origin Past five years Occupation Literacy 

level Q1 Q2 Q3 Q4 Q5 
              

E001 31 isiZulu owesilisa Male Maphumalo 
(kzn NorthCoast) 

Durban Secunda (3); 
Pretoria (5) 

Software 
developer 3 b a b d d 

E002 24 isiZulu owesifazane Female eThekwini eSikoleni  2+ b a b a e 
E003 39 isiZulu sifazane Female Kwa-Thema Kwa-Thema  2+ b a b c d 
E004 27 isiZulu Male Male ePitoli ePitoli Software tester 2 b a b d e 

E005 29 isiZulu Male Male Gembokspruit, 
Empumalanga Witbank Security guard 2 b a b b d 

E006 23 isiZulu Male Male eQuthu eQuthu Security guard 2 b a a b c 
E007 28 Tswana Male Male Meadowlands Diepkloof Security guard 2 a a b b d 

E008 27 isiZulu Silisa Male eDennilton 
eMpumalanga 

lapha eGauteng 
ngicale eGoli ngeza 
efitoli 

Software 
developer 3 a a b c c 

E009 29 isiZulu Male Male Mpumalanga Johannesburg HR Practitioner 3 b b b d b 
E010 58 Tsonga Male Male Lady Selborne E Pitori Atteridgeville E Pitori  2+ a a b d d 
E011 25 isNdebele Female Female ePretoria eSoshanguve  2+ a a b b d 

E012 37 isiZulu isilisa Male eMzumbe, South 
Coast, KZN eGoli  2+ a a a b c 

E013 24 isiZulu ngowesifazana Female Mamelodi, Pitoli Mamelodi, Pitoli  2+ a a a a b 
E014 41 Ndebele Umama Female Belfast Pretoria Domestic worker 2 b b a e c 
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