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ABSTRACT  13 
 14 
 
Aims: This article reports the development and the experimental results of the acceptability 
testing and comparison of speech and dual tone multi frequency (DTMF) for interacting with 
a speech application for carrying out banking transactions.  
Study design:   A within-subjects experiment where each of the participants tested both the 
DTMF only and speech only modalities was carried out. Each one filled a questionnaire after 
testing each modality  
Place and Duration of Study:  Department of Computer and Information Sciences, 
Covenant University, Ota, Nigeria, between May 2013 and June 2013. 
Methodology:  VoiceObjects 11 was used as the development platform. Voxeo Prophecy 9 
was used as the implementation platform while MySQL 5.5 was used as the database 
management system for storing each customer's account details. X-Lite soft phone 3.3 was 
used for testing the system. 50 undergraduates of Covenant University, Ota, Nigeria 
participated in the evaluation. Each one tested the system using DTMF and speech 
separately. After each round of the tests, each one filled a questionnaire for the modality 
tested in a bid to measure the acceptability and user satisfaction with the modality. 
. 
Results:  The entire system’s satisfaction ratings for DTMF were significantly higher 
(M=36.18) than for speech (M=34.76), t(49)= -1.46, tcrit =2.0, P=.05. For modality evaluation, 
speech was more satisfying (M=12.22) than DTMF (M=12.18), t(49)= 0.14, tcrit =2.0, P=.05. 
For modality entertainment, both speech and DTMF were rated equal (M=13.94), t(49)=0, tcrit 
=2.0, P=.05. For modality naturalness, speech was more natural (M=10.2) than DTMF 
(M=9.44), t(49)=-2.41, tcrit =2.0, P=.05. 52 % of the subjects chose DTMF modality, whereas 
48 % chose speech (p = .05). 
Conclusion:  Dialogue systems are a widely acceptable technology for carrying out banking 
transactions in Nigeria. It will provide a cost-effective and easily accessible means of 
carrying out banking transactions. 
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1. INTRODUCTION  19 
 20 
Speech technology incorporating Automated Speech Recognition (ASR) and Text-to-Speech 21 
(TTS) enables humans to interact with electronic devices through human language. It is the 22 
most human and benign of all technologies. ASR, also referred to as Speech Recognition, is 23 



 

a technology that enables computers, mobile phones and other software-enabled electronic 24 
devices to recognize and act upon spoken input in human (natural) language. TTS 25 
technology gives these devices the capacity to output their responses to human users in 26 
natural language [1]. Speech technology can be used to bridge the digital divide [1] and is 27 
also capable of providing widespread access to services by the people, by exploiting the 28 
ubiquitous and widespread availability of mobile phones. It also has the advantage of being 29 
usable by the non-literates in Africa and suitable for the visually impaired. Furthermore, the 30 
dual tone multi frequency (DTMF) part of the technology is useful for people with speech 31 
disorder since it gives them the option of responding to speech applications by pressing the 32 
keys on the telephone keypad instead of a spoken response.  It can be implemented in the 33 
various indigenous languages of Africa and can provide eyes-free interaction. It can also 34 
serve as a great aid for the physically challenged [2].  35 
 36 
Banking transactions in Nigeria have become electronic to the extent that customers do not 37 
have to enter the banking halls to make withdrawals, make deposits and check their 38 
accounts’ balances, since these can be done by making use of the Automatic Teller 39 
Machines (ATMs), computers (using the Internet)  and mobile phones (using short message 40 
service (SMS). However, there is no single solution for carrying out banking transactions that 41 
is speech technology-based in spite of the great benefits like cost effectiveness, widespread 42 
accessibility, narrowing of the digital divide for the illiterates and being usable to provide 43 
services in different languages in a country like Nigeria with diverse tongues. There is 44 
therefore a need to know the suitability of this technology for transacting with banks and its 45 
acceptability. This paper reports the development and experimental evaluation of a speech-46 
based system for carrying out basic banking transactions using both DTMF and speech 47 
modalities.  48 
 49 
2. RELATED WORK 50 
 51 
DTMF and speech was compared in [3] for interacting with health dialogue expert system for 52 
diagnosing diseases among participants in some selected places in Nigeria. The authors 53 
found that DTMF was more satisfying than speech for system satisfaction. Modality wise, 54 
speech was more satisfying than DTMF. Speech was also more natural than DTMF and the 55 
two modalities were equally entertaining. DTMF was preferred by the majority and was more 56 
effective and efficient than speech. For diseases diagnosis expert health dialogue systems in 57 
Nigeria, DTMF was recommended for effectiveness and efficiency. It was also 58 
recommended for satisfaction. Speech was recommended for modality satisfaction while 59 
both modalities were recommended for entertainment purpose. Speech was advocated for 60 
modality naturalness. They concluded, however, that a platform that incorporates the two 61 
modalities would provide the benefits of the two, and allow the users varieties of choices that 62 
best suit their needs [3].  63 
The acceptability and user satisfaction of using dialogue systems for detecting counterfeit 64 
drugs in Nigeria was developed and tested in [4]. The results showed that the users were 65 
satisfied with the system and the system was widely accepted as a means of fighting 66 
counterfeited drugs. 67 
Similarly, touchtone (DTMF) and speech input modalities in the context of low literacy users 68 
and a health information service for the provision of health information for caregivers of HIV 69 
positive children in Botswana, Southern Africa was compared in [5]. Their hypotheses were: 70 
a. DTMF is likely to be more acceptable in the developing world because general numeracy 71 
is less common; and b. DTMF-based systems are much easier to develop than natural 72 
language systems and are consequently more attainable in the resource-constrained 73 
environments that typically characterize the developing world. The experiment was a within-74 
subjects and a post-study questionnaire was administered verbally to each of the subjects. 75 
The results obtained showed that there were no significant differences between task 76 



 

completion rates even though speech performed a bit better that DTMF. 59% of the users 77 
preferred DTMF while 19% preferred speech. This contrasted the studies carried out in the 78 
developed world where users preferred speech. However, the results correlate with the fact 79 
that simple DTMF is generally not viewed as favourable. The participants that preferred 80 
speech did not comment as in the studies in the developed world that speech is more 81 
entertaining or enjoyable, rather, they commented on the utility of speech as being more 82 
accessible for older people or faster” [5]. 83 
Kwan and Jennifer reported “an experiment that critically tested user’s preference for an 84 
input modality (speech vs. DTMF) in a phone-based message retrieval system using a fully 85 
functioning natural language system. The experiment was a within-subjects design. Sixteen 86 
subjects (8 women and 8 men) from the IBM T. J.Watson Research Center in New York 87 
tested the system.  Their results indicated that “(a) DTMF was more effective and efficient for 88 
linear tasks, whereas speech was better for nonlinear tasks; (b) speech was preferred to 89 
DTMF by a majority of users; (c) speech was judged as being more satisfying, more 90 
entertaining and easier to use than DTMF; and (d) user preference for a particular modality 91 
was better predicted by user performance in nonlinear tasks rather than linear ones” [6].  92 
Patel et al. compared speech and DTMF for farmers in Gujarat, India in a non-within 93 
subjects experiment. They “designed Avaaj Otalo (“voice-based community forum”), a 94 
Gujarati language application allowing farmers to access agricultural information over the 95 
phone.  45 participants, mainly farmers, recruited from ten districts in rural parts of Gujarat 96 
tested the system. “Input modality (speech vs. DTMF) was randomly assigned to each user, 97 
but was anonymously corrected to maintain balance across age, education and gender. A 98 
post-test questionnaire with Likert scales was administered to measure user satisfaction, 99 
ease of use and learnability”[4]. The results showed that “task completion rate with DTMF 100 
was significantly higher than with speech. No significant difference in user satisfaction. Over 101 
80% of users reported that they found it easy to access information from the system in both 102 
groups. Over 75% also of both groups reported that they would “definitely” use such an 103 
application if it was made available. Across all tasks, the percentage of responses that rated 104 
the difficulty level of a particular task as either “difficult” or “very difficult” on a five-point Likert 105 
scale was 49% for speech and 30% for DTMF. For difficulty faced when providing input to 106 
the system, 81% of DTMF users answered “no” or “definitely no”, compared to 38% for 107 
speech users (P < 0.01)” [7].  108 
 109 
3. METHODOLOGY 110 
 111 
The prototype system was developed using VoiceObjects Desktop for Eclipse 11 as the 112 
development platform. Voxeo Prophecy 9 was used as the implementation platform and 113 
MySQL 5.5 was used as the relational database management system for storing each 114 
customer's account details. X-Lite soft phone 3.3 was used to call the system for testing.  115 
 116 
50 participants, mainly undergraduates of Covenant University, Ota, Nigeria participated in 117 
the within-subjects study. The participants are from different ethnic groups in Nigeria. Each 118 
one tested the system using DTMF and speech separately. After each round of test, each 119 
one was given a questionnaire to fill for the modality tested in a bid to measure the 120 
acceptability and user satisfaction with the modality. The questionnaire contained questions 121 
on modality evaluation and the system evaluation. They were extracted from similar studies 122 
by Kwan and Jennifer, and Marilyn et al. [6, 8, 9, 10]. “The measures used in the 123 
questionnaire have both face and content validities. In terms of face validity, all the 124 
measures were constructed by experts with over 10 years of experience in usability tests of 125 
mobile and speech user interface (SUI) applications. In terms of content validity, the 126 
measures cover all dimensions of usability in telephony applications as defined by European 127 
Telecommunications Standard Institute (ETSI)”[6]. The questionnaire was based on Likert 128 
scales of 1 (strongly disagree) to 5 (strongly agree). The system was tested on a laptop PC 129 



 

running Windows operating system as the application could not be hosted since companies 130 
that host this kind of application are non-existent in Nigeria. However, the tools used for 131 
development allow for testing locally. 132 
 133 
3.1  Functionalities Provided by the Prototype Syst em 134 
The prototype system provides the functionalities below for users: 135 

i. Logging in using account number and a PIN that serves as a password. 136 
ii. Checking of the balance in an account. 137 
iii. Transferring of fund from one account to another. 138 
iv. Creating of a new PIN. 139 
v. Changing of PIN. 140 

vi. Speaking to an agent. 141 
  142 
3.2 Snapshots of the Prototype System  143 
Figure 1 below shows the dialogue flow for a user to log in, using his account number and a 144 
PIN. Once the user has been authenticated, the menu options are presented for him to 145 
choose which transaction to be carried out. 146 
 147 

 148 
Fig. 1. Dialogue Flow for Logging in Into the Syste m 149 

 150 
Figure 2 below shows the dialogue flow for checking the account balance. Once a customer 151 
has been authenticated to use the system and chooses to check the balance in his account 152 
from the menu options, the system goes into the database and retrieves the balance in the 153 
account and relays it to the customer. 154 
 155 



 

 156 
Fig. 2. Dialogue Flow for Checking an Account Balan ce 157 

 158 
Figure 3 shows the dialogue flow for the customer to listen to the current promotion in the 159 
bank. Once a customer picks this option, the current promotion information is relayed to him. 160 
 161 

 162 
Fig. 3. Dialogue Flow for Current Promotion  163 

 164 
Figure 4 shows the dialogue flow for fund transfer menu option. The customer is expected to 165 
supply the account number to which fund is to be transferred. Once this is done, the system 166 
checks the database to confirm the number. If the number is valid, the user is prompted to 167 
supply the amount to be transferred. If the account has enough funds, the transfer is carried 168 
out. 169 
 170 



 

 171 
 172 

Fig. 4. Fund Transfer Dialogue Flow  173 
 174 
Figure 5 shows the dialogue flow for changing the PIN. The system will request the customer 175 
to enter a new PIN. Once this has been successfully confirmed, the PIN entered is played 176 
back to the customer. The new PIN entered may also be denied.  177 
 178 

 179 
Fig. 5. Dialogue Flow for Changing PIN  180 

 181 
Figure 6 shows the dialogue flow that transfers call to a customer care representative. Once 182 
a caller chooses this option, the system checks to see if the representative is available or 183 
not. If available, call is transferred to him. However, because the system was tested as a 184 
standalone application, this option was not tested.  185 
 186 



 

 187 
Fig. 6. Dialogue Flow for Call Transfer  188 

 189 
Figure 7 shows how the system was called with X-Lite soft phone for testing. 190 
 191 

 192 
Fig. 7. Testing the Application with X-Lite 193 

 194 
4. RESULTS AND DISCUSSION 195 
 196 
4.1 System Evaluation   197 
 198 
The null hypothesis is that the mean difference between DTMF and speech user satisfaction 199 
is zero. The alternative hypothesis is that there is a mean difference between the two input 200 
modalities. 201 
H0: µd =0 202 
H1: µd ≠0 203 
Satisfaction ratings for DTMF were significantly higher (M=36.18) than for speech (M=34.76) 204 
as indicated by a significant t-test, t(49)= -1.46, tcrit =2.0, P = .05. The null hypothesis is thus 205 
rejected, and the finding indicates that DTMF was more satisfying than speech. This is in 206 
tandem with the results obtained in [3]. The implication of this is that among the user 207 
population - Nigerians, DTMF seems to always produce a better user satisfaction than 208 
speech. This could be as a result of inaccurate recognition of different accents with which 209 
the people speak by the implementation platform - Prophecy. 210 
 211 



 

4.2 Modality Evaluation  212 
For modality satisfaction, the null hypothesis is that the mean difference between DTMF and 213 
speech modalities satisfaction is zero. The alternative hypothesis is that there is a mean 214 
difference between the two input modalities. 215 
H0: µd =0 216 
H1: µd ≠0 217 
The subjects evaluated their interaction with speech as more satisfying (M=12.22) than 218 
DTMF (M=12.18) as indicated by a t-test, t(49)= 0.14, tcrit =2.0, P = .05, though the two 219 
systems did not differ significantly. The alternative hypothesis is rejected, thus, the two 220 
modalities are equally satisfying. This correlates with the results obtained in [3]. 221 
 222 
For modality entertainment, the null hypothesis is that the mean difference between DTMF 223 
and speech modalities entertainment is zero. The alternative hypothesis is that there is a 224 
mean difference between the two input modalities. 225 
H0: µd =0 226 
H1: µd ≠0 227 
For modality entertainment, the results were interesting; both speech and DTMF were rated 228 
equal (M=13.94) as indicated by a t-test, t(49)=0, tcrit =2.0, P = .05. The alternative 229 
hypothesis is thus rejected. Hence, the results show that both speech and DTMF are equally 230 
entertaining. Thus there is a correlation with the results obtained in [3]. The implication of the 231 
result is that any of the two modalities could be used by the user population to command the 232 
best entertaining result for dialogue systems meant for carrying out banking transactions.  233 
 234 
Finally, for modality naturalness, the null hypothesis is that the mean difference between 235 
DTMF and speech modalities naturalness is zero. The alternative hypothesis is that there is 236 
a mean difference between the two input modalities. 237 
H0: µd =0 238 
H1: µd ≠0 239 
The subjects evaluated their interaction with speech as more natural (M=10.2) than DTMF 240 
(M=9.44) as indicated by a t-test, t(49)=-2.41, tcrit =2.0, P = .05.  The null hypothesis is 241 
therefore rejected. Thus, speech is more natural than DTMF. This correlates with the results 242 
obtained in [3]. Also, this implies that the user population believes that speech is more 243 
natural for them to interact with dialogue systems. This therefore means that implementation 244 
platforms that specifically take into consideration, accents of the user population will be of 245 
tremendous benefits in Nigeria. It also means that the users may probably prefer to interact 246 
with dialogue systems via speech if recognition of their accents is high. 247 
 248 
4.3 Modality Preference  249 
 250 
In response to the question which of speech and DTMF do you prefer to interact with 251 
the system?  52 % of the subjects chose DTMF modality, whereas 48 % chose speech (P = 252 
.05). Thus, there is a correlation with the results obtained in [3]. This generally implies that 253 
majority of the user population in Nigeria will prefer DTMF to speech as a means of 254 
interacting with dialogue systems.  255 
 256 
Experiences with Mobile and Computing Devices  257 
0% of the subjects rated themselves as novice  in the use of computer software. 12% rated 258 
themselves as expert . 68% rated their skill as being good , while 20% rated their skill as 259 
being average . These results show that those who are already familiar with the use of 260 
software will find the system usable. In the use of devices for enhancing work, 0% replied 261 
that they do not use technology to enhance their work, 2% use Desktop PC, 2% use Tablet 262 
PC, 48% use laptop/notebook to enhance their work, while 48% use personal digital 263 
assistant (PDA)/cell phone. These statistics show that since the majority of the respondents 264 



 

make use of laptops/notebooks and PDAs/cell phones, these categories of people will also 265 
find it easy to adopt dialogue systems for carrying out banking transactions and that those 266 
who are already using electronic devices to enhance their work will generally not have 267 
difficulty in adopting dialogue systems for their banking transactions. All the participants 268 
reported that they owned a mobile phone or a PDA. 56% have owned a mobile phone/a PDA 269 
for more than 2 years and 44% for 2 years. In response to the number of times they make or 270 
receive calls a week, 0% does not make and receive calls. 0% makes or receives calls 1-2 271 
times a week, 38% 3-4 times a week, 54% 5-6 times a week and 6% more than 7 times a 272 
week. 2% did not specify the number of times they make or receive calls. Lastly, 100% 273 
support the use of mobile devices for banking. These results also imply that  274 
 275 
 276 
5. CONCLUSION 277 
 278 
This article has reported the development of a speech-based system for carrying out 279 
banking transactions and a comparative study of interacting with the system using both 280 
DTMF and speech. The results indicate that the system will be found useful when deployed 281 
in real life in the country (Nigeria). Prospective users of systems of this nature who already 282 
have been using electronic devices to enhance their work, and who are familiar with the use 283 
of software will have less difficulty in adopting this technology. For modality satisfaction, any 284 
of DTMF and speech could be used to achieve the best result. The same applies to 285 
entertainment purpose, but speech modality is recommended for the best result for 286 
naturalness. For systems of this nature, DTMF is recommended for best overall user 287 
satisfaction. The technology could be exploited to provide widespread, cost-effective, 288 
anywhere and anytime access to banking transactions in Nigeria. The cost of using this 289 
system is comparable with the cost of making calls or sending an SMS which is always 290 
affordable by the general populace. It can also be implemented in the various indigenous 291 
languages to mitigate the effects of illiteracy on technology usage. Because banking 292 
transactions are targets for hackers, the use of voice biometrics and authentication via 293 
password are recommended for systems of this nature for security purpose. 294 
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