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Abstract

Recently, electronic wallets have emerged as a primary catalyst in driving the growth of cashless and electronic payment systems.
Electronic wallets contribute to financial inclusion by providing banking services to unbanked populations and enabling easier
access to financial tools without the need for physical bank branches, thereby enhancing the global shift toward cashless societies.
This work designed, implemented, and evaluated a Unstructured Supplementary Service Data (USSD) based electronic wallet
system aimed at promoting financial inclusion in Nigeria. The system was designed using Unified Modeling Language (UML)
tools and implemented with Python, Django, PostgreSQL, and Africa’s talking. A user-centered approach was adopted,
emphasizing simplicity, easy navigation, and language accessibility, with support for English and Yoruba to ensure inclusivity.
Key usability testing metrics, including task completion rates, error rates, and user satisfaction, were employed to evaluate the
system's effectiveness. Results indicated an 80% task completion rate, a 20% error rate, and a high user satisfaction score of 4.7
out of 5. These findings highlight the system’s capability to bridge the digital divide by providing essential financial services
with no or less internet access. The USSD-based electronic wallet facilitates account creation, fund transfers, receiving payments,
multilingual support and airtime purchases, making it accessible via feature phones. This study underscores the potential of
USSD technology to support underserved populations, advancing financial inclusion for individuals who may lack access to
smartphones or stable internet connectivity. The implementation of such a system represents a crucial step towards achieving
seamless, secure financial transactions in Nigeria, ultimately fostering greater economic empowerment among marginalized
communities.
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1. Introduction

The rise of mobile wallets, facilitated by increased This exclusion is exacerbated by limited internet access,
smartphone adoption and internet connectivity, has the poten- low digital literacy, and the necessity of pre-existing bank ac-
tial to advance cashless transactions and promote financial in- counts for many electronic wallet services [2]. The majority
clusion. However, a significant portion of Nigeria's population,  of these financially excluded populations are rural dwellers.
particularly in rural areas, remains financially excluded, with ~ As such, financial inclusion has been seen as key to reducing
approximately 40.1 million individuals lacking access to basic ~ poverty: bank accounts have an important role to play in es-
financial services [1].
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tablishing and expanding businesses while making transac-
tions more efficient, secure, and transparent and managing
savings [3].

To address these barriers, the proposed USSD-based elec-
tronic wallet system aims to provide accessible financial ser-
vices without the need for internet connectivity, leveraging
Unstructured Supplementary Service Data (USSD) technol-
ogy. USSD technology provides a simple and accessible plat-
form that allows users to perform financial transactions
through text-based menus on both smartphones and basic fea-
ture phones [4]. This capability makes USSD particularly val-
uable in developing countries where smartphone ownership
and internet connectivity remain limited. The USSD-based e-
wallet system enables users to perform essential financial ser-
vices such as money transfers, bill payments, airtime pur-
chases, and balance inquiries, thereby improving financial ac-
cess for underserved populations while maintaining adequate
security mechanisms [5, 6]. In the post-pandemic era, the
adoption of digital payment technologies has increased signif-
icantly across different demographic groups, including Gen-
eration X. Studies also indicate that digital innovativeness
plays a key role in shaping user behavior and willingness to
adopt mobile wallet technologies, particularly among travel-
ers and tourists who rely heavily on convenient digital pay-
ment solutions [5, 6]. These developments highlight the grow-
ing expansion of mobile wallet usage across emerging markets,
driven by increasing user acceptance, improved technological
infrastructure, and the need for inclusive financial systems.

The implementation of a bilingual interface supporting both
English and Yoruba languages is critical for enhancing acces-
sibility and usability among users with limited proficiency in
English. This initiative aligns with the Central Bank of Nige-
ria’s (CBN) goal of achieving 95% financial inclusion by
2024 and represents a transformative approach to bridging the
digital divide for rural dwellers [7]. Ultimately, this study con-
tributes to advancing financial inclusion, fostering socioeco-
nomic development, and providing scalable solutions for sim-
ilar challenges faced in other regions [8].

2. Literature Review

This section discusses previous research on electronic wal-
lets and USSD-based electronic wallets. Anuobi emphasized
the importance of extending financial services to underserved
populations who have limited or no internet access [9]. The
study recommended leveraging USSD technology, as it func-
tions without requiring an internet connection or a
smartphone—resources that may be inaccessible to individu-
als in these communities. The work of Haoyang et al. devel-
oped a blockchain-based digital wallet application using the
HoneyBadger-BFT consensus algorithm, demonstrating inno-
vative approaches to enhancing security and reliability in dig-
ital wallet systems [10]. The application was developed using
Python and Google Remote Procedure Call (gRPC). The re-
sult indicated that the application did not scale well with an

increase in transactions and batch sizes, with batch sizes of 40,
60, 80, 100, 300, 500, 700 used and 4 nodes. The result also
showed that as the batch size remained constant and the node
count increased, the time it took to run a transaction decreased.
The limitation of this work was how unconventional and com-
plex it was to use an electronic wallet to bridge the financial
inclusion gap. The work of Bongani et al. addressed these lim-
itations by conducting a study involving 22 Eswatini students
in India to evaluate their perceptions of USSD-based mobile
money services [11]. Questionnaire administering aided data
collection on the functionality, usage, and potential adoption
of USSD code-based services. Google Forms was used to
gather responses from the respondents, and Statistical Package
for the Social Sciences 27.0 (SPSS) was used for data analysis
and interpretation. The mobile application was built using
Java and Android Studio. Findings revealed that the majority
of respondents believed that integrating a mobile application
to execute USSD commands could enhance both the speed
and user experience of financial transactions. Specifically,
95.5% of participants agreed that using a mobile application
to process USSD transactions significantly improved transac-
tion speed, while 95% believed that it enhanced the overall
user experience. The study equally highlighted a key limita-
tion that is the reliance on smartphones and internet connec-
tivity for the mobile application. This dependence on
smartphones restricts the solution’s ability to address the fi-
nancial inclusion needs of rural populations, who often lack
access to smartphones or reliable internet connections. Conse-
quently, while integrating mobile app may enhance the user
experience for some, it fails to fully address the broader issue
of financial exclusion in underserved areas. The work of Pat-
rick addressed the limitation of the of Bongani & Venkata by
developing a USSD-based service-oriented wallet application
aimed at helping rural dwellers in Congo to receive money
more easily [11, 12]. This work aimed at providing simple and
cost-effective means of facilitating money transfers to and
from rural areas in Congo without the need for an internet con-
nection. The application was built using HTML, JavaScript,
and PHP, it allowed users to access its features by dialing a
USSD code, enabling them to send and receive money without
internet access. The findings showed that the application
helped users save up to 10% on transaction costs compared to
other traditional methods of sending money. However, the
system had notable limitations. First, users were unable to
send money to customers of commercial banks in Congo, re-
stricting its overall functionality. Additionally, the lack of
multiple language support was a significant drawback, partic-
ularly given the application's rural target audience, where lin-
guistic diversity is common.

The research of Ogbonlaiye et al focused on the relation-
ship between financial inclusion and economic growth in Ni-
geria [13]. Using the Autoregressive Distributed Lag (ARDL)
model, the work analyzed time series data from the Central
Bank of Nigeria (CBN) Statistical Bulletin and the World
Bank reports. The results indicated that the estimated ARDL
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model had an R-squared value of 92%, demonstrating that the
model was a strong fit for evaluating the impact of financial
inclusion on economic growth. However, a key limitation of
this study was the lack of practical implementation. While the
results highlighted the potential to bridge the financial inclu-
sion gap, no actionable steps were taken to apply the findings
towards improving financial inclusion in Nigeria.

The reviewed literature highlighted several gaps, one of
which was the absence of multi-language support to improve
accessibility. This study addresses this gap by developing an
inclusive, USSD-based wallet system that supports both Yo-
ruba and English, specifically designed for rural areas in Ni-
geria. Additionally, the system is accessible on both feature
phones and smartphones, ensuring it reaches populations
without access to smartphones or internet connectivity. This
practical implementation moves beyond theoretical discus-
sions and isolated improvements to deliver a solution that
meets the fundamental requirements for financial inclusion:
simplicity, broad compatibility, and cultural adaptability. By
addressing these gaps, this work advanced the field by offer-

ing a comprehensive, practical application that facilitates fi-
nancial transactions without the need of a bank account or in-
ternet access. This contribution not only validates the theoret-
ical underpinnings highlighted by Adewusi et al. [2] and oth-
ers but also applies them in a tangible, impactful way that fos-
ters economic empowerment in underserved communities.

3. Materials and Methods

This section involved the steps such as identifying the target
rural location with no internet connection, which was Sekona,
Ede-South local government, Osun State. The data collection
phase involved the physical administration of a survey to 52
participants at the aforementioned location as shown in Table
1. The preprocessing phase carried out data cleaning and ad-
dressed missing values. The data analysis phase involved us-
ing Google spreadsheets to generate graphs based on the pre-
processed data. The system design phase of the USSD-based
electronic wallet system focuses on transforming the gathered
requirements and data into a functional software solution.

Table 1. Survey Data.

Age Gender Occupation Owns Smart Owns Feature Used Will Use lam more likely
Phone Phone E-wallet USSD-based E-wallet to switch

15-30 Female Trader No Yes No Yes Strongly Agree
15-30 Female Entrepreneur No Yes No Yes Agree

31-45 Male Farmer Yes No No Yes Strongly Agree
31-45 Male Farmer No Yes No Yes Strongly Agree
45-60 Female Trader No Yes No Yes Strongly Agree
45-60 Male Artisan No Yes No Yes Agree

Prefer Not To Say  Female Others No Yes No Yes Agree

45-60 Female Trader No Yes No Yes Strongly Agree
15-30 Male Artisan No Yes No Yes Agree

31-45 Female Farmer No Yes No Yes Agree

45-60 Female Farmer No Yes No Yes Strongly Agree
15-30 Male Farmer No Yes No Yes Agree

45-60 Male Artisan No Yes No Yes Agree

45-60 Male Trader No Yes No Yes Strongly Agree
31-45 Male Avrtisan No Yes No Yes Agree

31-45 Female Entrepreneur No Yes No Yes Agree

45-60 Female Trader No Yes No Yes Strongly Agree
45-60 Female Farmer No Yes No Yes Agree

15-30 Male Farmer No Yes No Yes Agree

15-30 Female Farmer Yes Yes No Yes Strongly Agree
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Age Gender Occupation Owns Smart Owns Feature Used Will Use I am more likely
Phone Phone E-wallet USSD-based E-wallet to switch

15-30 Male Artisan No Yes No Yes Agree

31-45 Female Others No Yes No Yes Agree

15-30 Male Trader No Yes No Yes Agree

31-45 Female Trader No Yes No Yes Strongly Agree
15-30 Male Farmer No Yes No Yes Agree

31-45 Female Others No Yes No Yes Agree

31-45 Male Trader No Yes No Yes Agree

31-45 Female Entrepreneur ~ No Yes No No Agree

15-30 Female Farmer No Yes No Yes Strongly Agree
15-30 Female Trader No Yes No Yes Strongly Agree
15-30 Male Artisan No Yes No Yes Strongly Agree
15-30 Female Farmer No Yes No Yes Agree

45-60 Male Trader Yes Yes No No Agree

15-30 Female Farmer No Yes No Yes Agree

Greater than 60 Female Farmer No Yes No Yes Agree

15-30 Male Artisan No Yes No Yes Agree

31-45 Female Others No Yes No No Agree

45-60 Male Farmer No Yes No Yes Agree

31-45 Female Others No Yes No Yes Agree

15-30 Male Artisan No Yes No Yes Agree

15-30 Male Farmer No Yes No Yes Agree

31-45 Female Others No Yes No Yes Agree

45-60 Male Farmer No Yes No No Agree

31-45 Female Others No Yes No Yes Agree

45-60 Male Artisan No Yes No Yes Agree

45-60 Male Farmer No Yes No Yes Agree

31-45 Female Farmer No Yes No Yes Agree

45-60 Male Farmer No Yes No Yes Agree

31-45 Female Others No Yes No Yes Agree

15-30 Male Artisan No Yes No Yes Agree

15-30 Male Trader No Yes No Yes Agree

Figure 1 shows the USSD-based electronic wallet. The us-
ers initiate the process by dialing a USSD code, which the tel-
ecommunication provider forwards to the USSD gateway pro-
vider. The gateway then sends the USSD request to the appli-
cation. In response, the application displays the main menu or
a sub-menu both of which are part of the main menu interface.

11

The user selects an option based on the action they wish to
perform, and their selection is sent back to the USSD gateway
provider through the telecommunication provider. The gate-
way forwards the request to the application, which processes
the user's input and returns a response. This process continues
in a loop until the user completes the desired action.
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Figure 1. Proposed Model.

The support for Yoruba and English languages will enhance
accessibility. Also, non-existent reliance on smartphone and
internet means more people can have access to digital finan-
cial services, thereby bridging the financial gap in rural areas.
The system architecture consists of three main components: a
USSD gateway, a backend server, and a database. Africa’s
talking was selected as the USSD gateway for its reliability in
handling USSD requests across multiple mobile networks,
making it an ideal choice for rural settings where internet ac-
cess is limited or nonexistent. Africa’s Talking provides a re-
liable USSD and mobile payment platform, enabling financial
services to reach users in areas with limited internet connec-
tivity, thereby supporting financial inclusion across Africa
[14]. The USSD gateway acts as the communication bridge
between users and the backend server, processing requests in
real-time and enabling a seamless interaction with the system.
The backend server, developed using Python and Django, han-
dles the application logic and processes user requests effi-
ciently. Django was chosen due to its scalability, security fea-
tures, and rapid development framework, which makes it well-
suited for building complex financial applications. Python’s
versatility also allows for easy integration with other system
components, making it ideal for developing a robust financial
service platform. PostgreSQL was employed as the database
engine, primarily due to its robust data security and integrity
features. PostgreSQL is an open-source, enterprise-grade da-
tabase known for its ability to handle complex queries, and
large datasets, and ensure data integrity, making it an excellent
choice for financial applications where transaction data must
be stored securely. It is also the recommended database engine
for building wallets and financial applications, as it supports
ACID (Atomicity, Consistency, Isolation, Durability) proper-
ties essential for transaction management. This ensures that

12

every transaction is properly recorded, providing a secure and
reliable system for users. In this architecture, the combination
of a USSD gateway, Python-Django backend, and Post-
greSQL ensures that the system is highly efficient, secure, and
scalable, providing rural users with a reliable platform for ac-
cessing digital financial services without the need for
smartphones or internet access.

Figure 2 represents the class diagram for the proposed
model. A class diagram was used to visually represent the
structure of a system by showing its classes, their attributes,
methods, and the relationships among them. The class dia-
gram below represents a modular USSD-based electronic wal-
let system designed to provide services like multiple language
support, balance inquiries, money transfers, and airtime pur-
chases. Here's a summary:

Registration: Handles user onboarding by selecting a pre-
ferred language, and then providing information like name,
DOB, and PIN after which a wallet is created that they can
send and receive money from.

Wallet: Represents the user’s financial account with attrib-
utes such as account number, account name, and bank name.
Users can view wallet details via the viewWallet method.

Menu Options: Acts as the central hub, linking to features
such as balance inquiry option, account details option, account
details option, airtime purchase option, transfer money option,
and settings option.

Relationships: Registration has a one-to-one link with Wal-
let and a one-to-many link with Menu Options. The Menu Op-
tions connects to other feature-specific classes, making the
system scalable and organized.

The system's modular design ensures flexibility, ease of
maintenance, and user-focused functionality.
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Figure 2. Class Diagram.

4. Results and Discussion

Africas Talking

The section discusses the system's usability and perfor-
mance. The multilingual support, registration, transaction ver-
ification, and main menu functionalities are clearly explained
with supporting figures.

Language support menu: The USSD-based electronic wal-
let system is initiated by dialing the USSD code, and a lan-
guage support menu is displayed, where users are asked to se-
lect their preferred language (English or Yoruba) during reg-
istration. This step ensures that the subsequent menus are dis-
played in the user's chosen language. Figure 3a shows the pro-
cess of dialing the USSD code, Figure 3b shows the language
selection menu. This menu shows up if you are a first time
user and you do not have an account already. You are required
to choose a language which will then be used to display all the
registration questions that needs to be answered before an ac-
count is created.

Choose preferred language.
Jowo mu ede tii o n'ifesi.

1. English

2. Yoruba

*384*13152#

CANCEL SEND

Figure 3. Dial USSD Code and Language Support Menu.
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Main menu: Once registered, users must dial the USSD
code again to access the application's features. Upon dial-
ing the code, the application prompts users to enter their
transaction PIN, as illustrated in Figure 4a. This security
measure is essential to prevent unauthorized access, ensur-
ing that if someone else gains possession of the user’s

1.Check A/C Balance
2.Receive Money
3.Transfer To Another Mobile

Please enter your 4 digit
transaction pin.

Number

4 Transfer to Bank

5.Buy Airtime
6.Settings

CANCEL SEND

phone, they cannot send money or perform transactions.
Figure 4b depicts the main menu, which lists all available
features of the application. Users can access any feature by
entering the corresponding number. Figure 4c showcases the
main menu displayed in Yoruba, demonstrating the system’s
multilingual support.

1Wo owo asunwon re

2.Gba Owo

3.F'owo ranse s'ero ibanisoro
elomiran

4.F'owo ranse s'asunwon
elomiran

5.Ra owo ipe

6.Paaro eto

CANCEL SEND

CANCEL SEND

Figure 4. Transaction Verification and Main Menu in both English and Yoruba.

Transfer menu: The transfer menu allows users to send
money to other users of the wallet or to Nigerian banks by
verifying the recipient's account number through Pooler’s API.
Figure 5a shows the account name of the beneficiary being
displayed after their account number has been verified, this
step is called Name Enquiry and it is very important as it en-
sures that money is not being sent to the wrong account. Fig-
ure 5b shows the success response page after transfer has been
made successfully.

Account name is OPEOLUWA
OLAMIDUN KOLAPO

Transfer completed
Please enter amount

successfully

CANCEL SEND

Figure 5. Transfer Menu.

The system was tested using key usability metrics such as
task completion rates, error rates, and user satisfaction, which
is a strong point of the paper. The 80% task completion rate
suggests that the majority of users found the system accessible,
while the 20% error rate highlights areas for improvement.
The high user satisfaction score (4.7 out of 5) reflects positive
feedback from participants, further validating the system’s ef-
fectiveness in its target context.

The breakdown of various usability metrics, including lan-
guage comprehension, system response time, and error recov-
ery rate, adds depth to the evaluation. The discussion on user
language preference retention and time efficiency (longest
task completion time of 1.55 minutes) provides valuable in-
sights into the system's performance. The first metric that was
measured was the time efficiency of the system, which is how
long does it takes users to complete a task. From the usability
testing, the longest time it took a user to complete a task was
1.55 minutes. The language preference option ensured that 85%
of the users that registered on the wallet system come back to
use it again, this would have been lower if support for multiple
language had not been provided. The recovery rate of error
was measured to be 100%, and what this means is that proper
error messages are returned to users in an event where they
encounter an error, and they can then dial the USSD code
again to perform their actions. The user satisfaction rate was
also measured to be an average of 4.7 out of 5. This means
that out of 5 users using the system, almost all 5 are very sat-
isfied with the performance of the system, and the features
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available. System response time is the number of seconds it
takes for the system to respond to user input from when they
dialed the USSD code to when they completed the action, this
was measured to be an average of 20 seconds. Error rate was
measured to be about 20%, meaning errors only happen on the
system 20% of the time it is being used by users. Task com-
pletion and language switching and accessibility rates were

measured to be 80% and 85% respectively. The language
comprehension metric was also measured, with an average of
4 out of 5. This means that an out of 5 users, 4 users were able
to comprehend the information and responses returned by the
system in both Yoruba and English languages. Figure 6 shows
the graph of the usability metrics.

Usability Evaluation Metrics for USSD-based Electronic Wallet

Time Efficiency (mins) f

Language Preference Retention (%)

Error Recovery Rate (%) |

User Satisfaction (Avg)

System Response Time (secs) |

Language Comprehension (Avg) |

Error Rate (%) |

Task Completion Rate (%) |

Language Accessibility and Switching |

60 80 100

Metrics Value

40

Figure 6. Usability Metrics From Evaluation Test.

This study was able to develop an electronic wallet system
that can be accessed without internet connection. It can also
be used by feature phone users as well as smartphone users.
To further enhance accessibility, the electronic wallet system
developed in this study provided support for English and Yo-
ruba languages. The implication of this is that users were able
to seamlessly perform financial transactions such as receiving
money, transferring funds to other banks in Nigeria, and pur-
chasing airtime through an intuitive digital wallet. The wallet
supports both Yoruba and English languages, reducing barri-
ers to financial access and enabling users to transact conven-
iently from the comfort of their homes using their phones
without the need for internet.

5. Conclusions

The development of the USSD-based electronic wallet
demonstrates the power of basic mobile technology in promot-
ing financial inclusion, particularly in areas with limited inter-
net access and smartphone usage. The USSD-based electronic
wallet addressed key limitations identified in previous works,
such as lack of support for both English and Yoruba and reli-
ance on internet connections and smartphones. This improved
accessibility and allowed users to interact in their preferred
language and without the need for the internet. The study’s
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user-centered design approach was crucial, as feedback from
52 respondents showed high satisfaction levels due to the sim-
plicity of the USSD interface and its multilingual support, en-
abling users of varying tech literacy to navigate easily.

Security features like user authentication helped build trust,
while the offline capability to perform transactions without in-
ternet access made the wallet especially appealing in rural ar-
eas such as Sekona, Ede-South in Osun State, Nigeria. Itera-
tive improvements based on user feedback, such as refining
menu structures and enhancing error recovery, further boosted
the user experience and reduced mistakes.

Overall, the USSD-based wallet has proven to be a simple,
secure, and accessible tool that meets the needs of a diverse
user base. However, continued enhancements, particularly in
language support and security measures, will be necessary to
ensure its relevance and effectiveness as the financial land-
scape evolves.
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