International Journal of Computer Trends and Technology
ISSN: 2231-2803 / https://doi.org/10.14445/22312803/IJCTT-V7119P104

Volume 71 Issue 9, 22-32, September 2023
© 2023 Seventh Sense Research Group®

Original Article

Assessing Mobile Money Transfer Systems Usability
based on Heuristics Evaluation

Myra Ohaga-Gitongal, Anselemo Ikoha Peters?, Ellyjoy Micheni?®

!Department of Compute Science, Daystar University, Nairobi, Kenya.
2Department of Information Technology, Kibabii University, Bungoma, Kenya.
3Department of Management, Science and Technology, Technical University of Kenya, Nairobi, Kenya.

1Corresponding Author : mohaga@daystar.ac.ke

Received: 13 July 2023 Revised: 25 August 2023 Accepted: 08 September 2023 Published: 27 September 2023

Abstract - Mobile money technology is an important financial inclusion for many unbanked in mainly developing countries.
The usability determines the ability of its consumers to perform tasks with confidence. General conventional heuristics principles
are used to assess the usability of systems. The specific objective of this study was to assess the current Mobile Money Transfer
Systems based on usability heuristics. The research adapted a mixed method design, including the Design Science Research
methodology and survey design. Data was obtained using questionnaires. The target population was mobile money transfer
consumers in Nairobi County, Kenya. A sample of 396 was used, with a response rate of 81.1%. The data collected was analysed
using descriptive and factor analysis. Ethical issues arising from the research, such as informed and voluntary consent,
confidentiality of information and data integrity, were considered. The study highlights the current situation of mobile money
transfer systems in Kenya in relation to traditional usability heuristics. The results indicate Mobile Money Transfer System
compliance with the following heuristics: visibility of the system status, match between the system and the real world, consistency
and standards, minimize user memory load, customization and shortcuts, efficiency of use and performance, aesthetic and
minimalist design, help and documentation, pleasant and respectful interaction with the user. On the other hand, control and
freedom, helping users recognize, diagnose and recover from errors, error prevention, and privacy principles are lacking and
therefore required to enhance Mobile Money Transfer Systems usability. These findings are key heuristics that guide mobile
money system developers, Human-Computer Interaction (HCI) practitioners and trainers all around the globe to enhance
usability mobile money usability.
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1. Introduction

Relay of information has developed from post office
boxes and landlines to mobile telephony and Internet.
Communication and information technology serve the basic
needs of man by being a channel for accessing food, shelter
and clothing. The truth of this is evident in the growth of the
computer and telecommunication industry.  Mobile
technology has found tremendous acceptance among many
users worldwide. Information Technology (IT) attempts to
keep up with users' craving for more applications that serve
their diverse needs. According to an assessment of the
Kenyan market, mobile phones have established a solid
position in consumer’s everyday lives and offer more
opportunities for consumers to maximize their usefulness[1].
The users’ demand for mobile services has increased over the
years.

The mobile service providers and the financial market
have tapped into this potential by offering mobile money

services to consumers. Mobile money can be simultaneously
referred to as mobile payment, mobile money service, or
mobile wallet, generally referring to payments operated under
financial regulations and performed from or via a mobile
device [2]. Mobile Money has the potential to address two
areas of financial inclusion: demand for financial services by
a population underserved by traditional banking and supply of
financial services at a low cost to a large clientele, mainly the
poor in remote areas. Mobile money services are a powerful
tool for economic growth[3]. Mobile money transfer systems
play a major role in the empowerment of the citizens both
socially and economically.

The User Interface (UI) serves as the consumer’s point of
contact with the mobile services system. There is an effort to
address the challenges of mobile interaction by consumers in
developing countries. Design and usability elements are listed
as factors that influence the delivery of mobile services in
developing nations[4]. The difficulties include user capability-
based usability and navigation hierarchy.

mThis is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)


http://www.internationaljournalssrg.org/
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:mohaga@daystar.ac.ke

Myra Ohaga-Gitongaet al. / IJCTT, 71(9), 22-32, 2023

Consumers' demand for quality systems is growing.
Quality relates to the usability of a system. Determining the
usability of a system can be captured by usability heuristics
assessment. Evaluating a usability heuristic analysis specific
to mobile money systems is valuable in contributing to
usability enhancement for consumers, thus serving their
economic, cultural and social needs.

Heuristics are key guidelines that are applied while
assessing the usability of any computer interface[5]. Usability
heuristics developed and tested over time have been applied in
evaluating user needs in a system. Though there is research on
the application of heuristics for mobile application user
interfaces, there is minimal information on heuristics specific
to mobile money transfer systems. There is, therefore, a need
to assess the usability of mobile money transfer systems using
conventional general heuristics to improve on the heuristics
required for their development. An improved interface will
ensure ease of use and continuity in the use of mobile money
systems.

Studies have noted that human-computer interaction
strategies should concentrate on constructing technologies
that address local settings rather than redeploying
technologies intended for industrialized countries and
underdeveloped countries[4].  Kenya is one of the first
countries to deploy mobile money systems. One of Kenya's
major telecommunications firms, Safaricom, introduced the
country's most well-known and popular mobile money
transfer system, MPESA, in 2007[6]. MPESA. M referring to
mobile and pesa being the word for money in Swabhili [6]. It is
the first mobile money system in Kenya. MPESA has had the
highest number of mobile money subscriber base, followed by
AIRTEL KENYA, in Kenya[12]. Therefore, Kenya’s
contribution to the usability of mobile money systems is key
to the industry.

Provision of empirical findings regarding mobile money
transfer systems usability is provided in this study. It
highlights the usability of Mobile Money Transfer Systems
(MMTYS) in Kenya concerning popular usability heuristics.
This knowledge is key to system developers, human-computer
Interaction (HCI) practitioners and trainers, both locally and
globally.

2. Literature Survey
2.1. Mobile Money

Mobile technology has found tremendous acceptance
among many users worldwide. In Sub-Saharan Africa, due to
its large proportion of people under the age of 18, subscriber
growth will continue to be strong for the foreseeable future as
young consumers become adults and can sign up for mobile
services[7]. One of the services that is recognized as a major
need to boost the socio and economic needs of a developing
nation such as Kenya is mobile money services. Various
studies have indicated the growth of mobile money as
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satisfying a need of consumers, especially with transferring
money to serve the consumer's family and daily needs[8].
Mobile money is an important financial innovation, especially
in relation to the inclusion of the unbanked. Mobile money
uses mobile phone networks to make financial transactions
using customers’ funds maintained by mobile network
operators[8]. It is, therefore, not the same as customers
accessing their bank accounts through the phone. Consumers
are not required to have bank accounts and use only their
Mobile Network Operator (MNO) to access their funds.
Overall, mobile money services enable a majority of the
working nation to access financial services, which they
otherwise would not have access to due to lack of some
technical formality or the other[9].

Noteworthy mobile money services deployment features
indicate the following areas: Access Channels, Security,
Registration and transaction limit, role of agent networks and
consumer awareness and support. Consumers access mobile
money through a technical interface from their mobile
handset, and their experience can have a significant impact on
usage[10]. Most mobile money services can be accessed via
various interfaces, including USSD  (Unstructured
Supplementary Service Data), which initiates a conversation
between the mobile phone and the server. The user is guided
through a series of steps to accomplish a task. SIM Toolkit
(STK) is an approach that helps break down the transaction
into a series of logical steps that can be followed to accomplish
the transaction; IVR (Interactive Voice Response)
technology allows a computer to interact with humans through
the use of voice; Applications. In a survey of mobile money
account interfaces, USSD access is the highest use in
percentage. [10].

Mobile money presents a number of areas to overcome.
There is e-commerce legislation, consumer protection,
privacy and data protection, telecommunication, financial
regulation, competition law, telecommunication and banking
regulations, and the dynamism of technologies and business
models. Other selected issues of concern are convergence of
different regulatory areas, user security issues, handling
deposits, and cross-border transfers. A study on consumer
acceptance of technology revealed the importance of
technology performance and effort expectancy, as well as
perceived risk and trust [13]. Consumer activities are one of
the transactional activities a mobile money platform needs for
successful transactions, making consumer support very
important.

2.2. Usability

System quality indicates how good the system is in terms
of its influence on intention to use and user satisfaction. One
of the constructs used for measuring mobile money service
user experience quality is usability[14]. Usability refers to
how well certain consumers may use a product to accomplish
specific goals in a specific context of use [15]. Usability
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fulfills  predetermined objectives with effectiveness,
efficiency, and satisfaction in a predetermined use context.
The term usability, its measurements and definitions have
been a long-standing debate with several arguments.
Therefore, it is a definition yet to be clear and agreed on [16].
According to [16], the absence of usability problems is the
presence of usability. A typical scope of usability
measurements is effectiveness, efficiency, satisfaction and
absence of usability problems.

2.3. Usability Heuristics

Application of heuristics, a set of broadly applicable
usability concepts, rules or principles in system evaluation
[17], guides usability assessment. Heuristic evaluation is a
“discount usability engineering” method for investigating user
interfaces for usability issues[18]. The basis of usability
heuristics is proposed by Nielsen's ten (10) heuristics, which
include the following: “visibility of system status”,; “match
between the system and the real world”; “user control and
freedom”; “consistency and standards”; “error prevention”;
“recognition rather than recall”; “flexibility and efficiency of
use”; “aesthetic and minimalist design”; “helping users
recognize, diagnose and recover from errors”; “help and
documentation”; which present a formal way of enhancing
usability in computerized systems. [19]

A study challenging the traditional usability engineering
concepts and evaluation methods and their suitability for
emerging technologies emphasizes the need for domain-
specific heuristics. [20]. Usability heuristics for mobile
applications have gained interest with the growing usage and
application of mobile systems. In the same regard, research
on heuristics for mobile applications has increased. A study
was done to analyze the most used set of usability heuristics
for usability evaluation for mobile devices by applying a
systematic mapping of the related literature.  The study
recognized that Nielsen's traditional set of heuristics [19] is
still widely used, though proposals for new heuristics for
mobile interfaces have grown substantially[21].  In a study
titled “Mobile Application Usability: Heuristic Evaluation and
Evaluation of Heuristics™, the researchers evaluated three (3)
sets of usability heuristics for mobile applications. It was their
concern that traditional usability evaluations are not mobile-
specific and may result in mobile application usability
issues[22]

A study modified Nielsen’s ten (10) heuristics and
developed a set of eleven (11) heuristics modified for
touchscreen-based mobile devices[23]. Another study with a
concern on the difficulties posed by the special traits and
features of mobile devices, such as their portability, small
screens, low resolution, finite amounts of processing power
and memory, and data entry techniques, proposed the
usability heuristics for touch screen based mobile devices[17].
These studies indicate the application of the popular general
usability heuristics with a few additional to fit mobile
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applications. A study applied heuristic evaluation on a mobile
money platform known as M-Paisa in Fiji. It recommended
that mobile money user interfaces must be simple to use and
aid users in quickly achieving their goals. The study applied
the applied the following heuristics: “Aesthetic and
Minimalist Design”, “Speak the Users Language,”;
“Consistency and Standards”, “Provide Feedback”, “User
control and Freedom”, “Ease of Input”, “screen readability” as
a step towards developing a set of guidelines for design of
mobile money applications[24]. Another study of Venmo, a
popular mobile payment, pay and request money feature, used
interviews and usability testing to detect the consumer’s pain
points. The study recommended enhancing existing structures
that users are familiar with rather than introducing entirely
new systems when assessing usability for specific systems
[25]. These studies guide the need and assessment of mobile
money transfer systems based on usability heuristics.

3. Problem Definition

The development of applications has evolved with the
introduction of mobile applications. Applications are now
available for use on mobile devices, creating a new
environment that changes as the user moves around and is
applied through a smaller screen than the conventional
systems. Various studies have indicated the growth of mobile
money services as satisfying a need of consumers, especially
about mobile money transfers. Consumers of mobile money
services demand for an efficient and effective environment is
growing as awareness of their system needs increases.

The usability of a system is key to consumer satisfaction.
It is noted that the traditional usability heuristics need to be
restructured to fit emerging technologies such as mobile
applications. A number of cases have attempted to apply
domain-specific heuristics to mobile applications, but a
minimal number have gone further to mobile money systems.
Though the heuristics developed by Jakob Nielsen still hold
today, user additional needs and device characteristics need to
be factored into consideration [26].

It noted that a number of studies have reviewed literature
that determine domain-specific heuristics for mobile
applications. It is almost clear that a good number of studies
refer to mobile applications and are not specific to mobile
money systems. Consumers’ assessment 0f mobile money
services based on usability heuristics is needed to scale up the
number of respondents and provide more knowledge.

A higher number of respondents than the conventional
method of a few evaluators provides enhanced statistical
significance, greater variability, increased confidence in
findings and deeper insights. System developers can apply this
knowledge, Human-Computer Interaction practitioners, and
trainers and can build on usability engineering required to
improve MMTS consumer satisfaction and productivity.
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The general objective of this study is to assess the
usability of MMTS based on heuristics within a quality
framework. It addressed the following questions:

e Whatis the level of usability of MMTS based on usability
heuristics?

e  What are the predominant usability challenges consumers
to encounter when utilizing mobile money transfer
systems to usability heuristics?

o How well do established usability heuristics apply to the
assessment of mobile money transfer systems?

This study provides empirical findings regarding the
usability of MMTS. It analyses the current situation of MMTS
in Kenya in relation to usability heuristics evaluation. This
study also provides empirical findings on the level to which
usability heuristics applied in the assessment enhance mobile
money transfer systems. This creates a background for
creating a framework for usability heuristics for mobile money
systems for improved development.

4. Methodology

This study adopted the critical realism philosophy that
focuses on “explaining what we see and experience in terms
of the underlying structures of reality that shape the
observable events”[27]. A number of authors have identified
critical realism as a good fit for the Design Science Research
(DSR) approach. [28]. The study applied a mixed-method
approach by applying a survey design for data collection and
a DSR approach for the structure of the study.

The target population for this study was the consumers of
mobile money services in Kenya in Nairobi County, Langata
sub-county.  The study used purposive sampling to select a
county most likely to include different levels of income
respondents using mobile money for various reasons. The
sample size was statistically computed from the selected
population using Taro Yamane's (1967) formula, which is a
simplified formula for proportion[29]. The study employed a
confidence level of 95% and an error margin of 0.05 using a
target population of 35156. Using the above formula, a
sample of 396 was applied.

The main instruments for data collection were consumer
questionnaires divided into three parts: Background
information used to identify the demographic information of
the respondents, Consumer information in relation to the
usage of Mobile Money Transfer systems, and Mobile money
transfer system usability evaluation.

The validity and reliability of research instruments were
adhered to for quality control. The face validity involved
preparing a face validity form, selecting a panel of experts,
reviewing response forms and compiling the responses in that
order.[30]. The percentage agreement was 96%, meaning the
face validity was valid[30]. The content validity ratio method
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was applied according to Lawshe(1975), and the Lawshe
validity table was applied. Software developers, HCI trainers
and frequent MMTS users assessed the questionnaire for
content validity in this case.

The results were a Content Validity Ratio (CVR) value of
0.952, which means the content is valid according to the
Lawashe table. For the reliability of the research instrument,
the study focused on internal consistency reliability. A
reliability test of the questionnaire items indicated a
Cronbach’s Alpha of .870 for 74 items.

Descriptive statistics was applied in assessing the mobile
money transfer system's consumer demographics and data
usage. Factor analysis was applied in the study, enabling the
correlation of observed indicators to be modelled into a
smaller number of components referred to as usability
heuristics. Since the heuristics are not directly observed, they
are inferenced from the indicators. This enabled the mapping
of the indicators to their specific heuristics.

For ethical considerations, the respondents were,
therefore, asked to make their decisions to participate in the
study based on adequate knowledge of the study. All the
participants in the research were asked to remain anonymous.
The researcher also provided the respondent with information
on the purpose of the study, the participants' expected duration
and the procedures to be followed. All documents required by
the authorities to approve the study were acquired.

5. Results and Discussion

This study used a set of usability heuristics to directly
assess the current MMTS usability. According to the sample
size required, 396 questionnaires were administered to
respondents. From the 396 administered questionnaires, 361
guestionnaires were administered to the respondents and
physically received back duly filled according to the
respondents' competence and inclination.

From this, 91.16% of questionnaires were filled and
returned. And 8.84% of respondents did not return the
questionnaires. From the 361 questionnaires returned, 11.1%
had missing values and were therefore not considered for data
analysis. The completed questionnaires were 81.1% and were
considered and analyzed, implying a good response rate.

5.1. Demographic Information

Demographic information that includes respondents’
gender, age, language used, type of job as per description,
respondents owning phones, level of education, and
ownership of smartphones are all described in the following
section.

Findings on the respondents’ gender are seen in Table 1-
Gender of Respondents.
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Table 1. Gender of respondents
Gender | Frequency | Percent
Male 167 52.0
Female 154 48.0
Total 321 100.0

Males are more than females by a difference of 4%,
indicating a balance in the gender responding to the questions.
This means a bias in gender is not an issue in the study's
findings.

The study collected data on the respondent's age. It sought
to find the distribution of the different age ranges among the
respondents. The frequency and percent of the findings are
presented in Table 2- Age of the respondents.

Table 2. Age of the respondents
Age Ranges Frequency Percent
25 and below 40 125
26 and below 36 83 25.9
36 and below 46 111 34.6
46 and below 60 75 23.4
60 and Above 12 3.7
Total 321 100.0

The highest number of respondents were between the
ages of 36 years and 46 years of age. The lowest number of
respondents were from the range of 60 years and above.

The study aimed to gather data on the language the
correspondents use, and findings on the language are in Table
3- Language Used.

Table 3. Language used

Language | Frequency | Percent
English 290 90.3
Swahili 31 9.7

Total 321 100.0

Based on 3- Language Used, 90.3% said English is the
language they prefer to use and speak best. For Swabhili, 9.7%
said Swahili is the language they prefer to use. This suggests
that a majority of the respondents prefer to use English
language other than Swahili.

The study gathered data on the career field or job
categories relevant to the work respondents participate in
regularly. The findings according to job areas were as
follows:  Agriculture, Livestock, Fisheries 8.1%, Art,
Fashion, Recreation and Tourism, 8.4%; Business,
Commerce, Sales and Marketing,10.3%, Communication,
Media, Telecommunication and Transport, 5.6%; Computing
and Information Technology, 5.6%; Education, Research and
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Academic Services, 5.0%; Engineering, Construction,
Manufacturing,  9.0%; Government and  Public
Administration,7.8%; Health, Social and Community

Services, 5,6%; Home and Family Services, 5.3%; Hotel and
Food Industry, 7.8%; Legal Services, 6.5%; Management,
Administration and Human Resource, 4.0%; Religious
Services, 1.6%; other types of jobs, 9.3%. Business,
Commerce, Sales and Marketing are job and career activities
where the majority of the respondents work, with 33%.

The study area is cosmopolitan and well-known for
business activities ranging from small businesses such as
roadside kiosks selling groceries to garages and various
companies.  Given that business commerce, sales and
marketing involves purchases, making payments and
receiving payment, mobile money transfer systems are very
useful.

Therefore, 33% indicates that the Business, Commerce,
Sales and Marketing industries are the main users of Mobile
Money Transfer Systems, as they can make payments for
purchases and receive payments from buyers through MMTS.

The study purposed to determine whether the respondents
owned phones. The findings indicate 100% phone ownership.
This is in order because the respondents needed phones to use
the mobile money services.

This means they can interact with mobile money services
as Mobile Money Transfer Systems (MMTS) platforms
offered by mobile network operators (MNO) for use in
transacting with money.

5.2. Normality Test
Table 4. Normality test

Kolmogorov-

Smi a Shapiro-Wilk
mirnov

Statistic | df | Sig | Statistic | df | Sig
MMTS | 164|320 |.003| 992 |321|.000
usability
a. Lilliefors Significance Correction

The constructs pass the Kolmogorov-Smirnov and
Shapiro-Wilk tests with a significant value of less than 0.05 in
reference to Table 4: Normality Test. The constructs are
significant, and this is according to the P-values for the
normality test.

The P-values for the Kolmogorov-Smirnov and Shapiro-
Wilk tests are 0.003 and 0.000, less than 0.05. According to
the normality test, the data are not normally distributed; thus,
the study utilized the non-parametric data analysis procedures.

The study collected data on the education level of the
respondents. Table 5-Education Level Distribution, presents
a summary of the findings.
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Table 5. Education level distribution

Education Level Frequency Percent
High school and below 99 30.8
Middle-level college 33 10.3
University Graduate 86 26.8
Students in

undergraduate/training 63 19.6
Other 40 12.5

Total 321 100.0

The distribution of respondents' educational levels, as
shown in Table 5:Education Level Distribution, depicts that
the highest number of respondents, 30.8% of the total, were in
high school or below, and the lowest humber, 10.3%, were in
middle-level college.

The study aimed to identify whether respondents have
smart or basic feature phones. The type of phone owned by
the respondent indicates the user interface they interact with
in making payments and receiving money using the mobile
money transfer systems. The mobile money service is
uploaded on the interface, meaning the phone type determines
the look and feel of the MMTS as the consumer transacts.

Regarding smartphone ownership, 85% of the
respondents claimed that they own smartphones, while 15%
of the respondents claimed that they don’t own smartphones
(see Figure 1). This indicates that the Mobile Money Transfer
system interface is determined by smartphone features that
determine the application, such as the resolution, screen size,
memory, and input method.

This implies that the majority of the respondents can
interact with MMTS using smartphones while a minority can
interact with MMTS based on a basic feature phone screen
size, resolution and input method.

mYes mNo

Fig. 1 Smartphone ownership
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The study purposed to ascertain that respondents use the
Mobile Money Transfer System. The findings indicate 100%
system use by respondents. This indicates that all the
respondents used MMTS to send and receive money. This
implies that the respondents have experience using MMTS.

The study purposed to identify the name of the platforms
of Mobile Money Transfer System services the respondents
subscribed to (see Figure 2).

The analysis of Figure 2: Mobile Money Transfer System
Subscription depicts that 90% of the respondents are using M-
PESA MMTS while 10% of the respondents subscribed to
AIRTEL MONEY MMTS. This implies that a majority of the
respondents used M-PESA services other than any other
MMTS.

This may be due to the fact the MPESA was the first
mobile money transfer system in Kenya offered by Safaricom,
the first mobile network operator in Kenya. Safaricom, being
Kenya's first mobile network operator, has enjoyed a high
subscription base. The success of MPESA may be ascribed to
the simplicity of money transfers made possible by the
widespread M-PESA agents[31]. A study on how to predict
the adoption of mobile money use in developing countries
indicates that mobile phone usage, the existence of M-Pesa
users in a customer's ego network, and mobility are the most
predictive characteristics[32].

From that study, there is an indication that MPESA is
likely to continue dominating mobile money services in
Kenya because of its high customer base. This study affirms
MPESA's dominance in MMTS by its very high percentage in
terms of subscriptions. Airtel Money is a 10% subscription,
and in addition to MPESA, the two MMTS cover the
subscription that participated in this study.

DA

oney [ Mpesa

10%

90%

Fig. 2 Mobile money transfer system subscription

The study collected data on the Mobile Money Transfer
System frequency. The results are highlighted in Table 6-
MMTS frequency of use.
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Table 6. MMTS frequency of use

Period | Frequency | Percent
Daily 161 50.2

Weekly 61 19.0

Monthly 52 16.2
Rarely 47 14.6
Total 321 100.0

The data summarized in Table 6- MMTS frequency of use
depicts that 50.2% half the respondents use MMTS daily. This
implies that most of the respondents are frequent users.

The study collected data on the average amount of money
transferred using MMT Systems. The respondents were told
to rate the amount they transferred from below 3000ksh to
above 100000ksh. The findings are summarized in Table 7-
Average Amount transferred using MMT Systems.

Table 7. Average amount transferred using MMTS

Average Frequency | Percent
Ksh. 3000 and below 146 45.5
Ksh 4000 to 10000 59 18.4
Ksh. 10001 to 50000 56 174
Ksh. 50001 to 100000 37 115
Above Ksh.100000 23 7.2
Total 321 100.0

The analysis in Table 7 shows that 45.5% of the
respondents claimed that they transfer 3000 Ksh and below;
this implies that the majority (45.5%) of the respondents
transfer an average of 3000Ksh using MMTS, while very few,
7.2% of the respondents can transfer above 100000Ksh by
using MMT Systems. This might be due to the income they
receive and the type of business they do.

The study sought to determine the respondents perceived
benefits from MMTS (see Figure 3). Based on Figure 3, 31%
of the respondents claimed that they use the Mobile Money
Transfer system because it saves cost, 30% of the respondents
pointed out that MMTS saves time, 25% of the respondents
claimed that they used MMTS because it was 24 hours
accessible while 14% of the respondents claimed that they use
MMTS because of physical security. This implies that the
majority of the respondents use MMTS because of cost-saving
and time-saving. However, the analysis shows that 14% of the
respondents feel physically secure using MMTS, as depicted
in the distribution.

5.3. Mobile Money Transfer Systems Usability Heuristic
The study purposed to assess the usability of the MMTS
systems. The study was guided by learnability, efficiency,
satisfaction, error management and memorability quality
components for a user-friendly mobile application
environment context. Within this framework, Nielsen’s ten
(10) usability heuristics plus an additional three (3) regarded
as suitable for mobile interfaces([33] guided the assessment.
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These heuristics included: “Visibility of System Status”,
“Match Between System and the Real World”, “User Control
and Freedom”, “Consistency and Standards”, ”Error
prevention”, “Minimize user memory load”, “Customization
and shortcuts”, “Efficiency of use and performance”,
“Aesthetic and minimalist design”, “Helping users recognize,
diagnose and recover from errors, Help and documentation”,
“Pleasant and respectful interaction with the user” and
“Privacy”[35] The indicators or variables for the heuristics
were adopted from a general heuristic evaluation checklist that
has been applied frequently for assessing usability factors and
covers all the listed usability heuristic guiding the study[36]
The findings are presented in this section.

40%
. 30%
N I
e 20% .
0
& L0% 31% 30% 25% -
I l 14%
0% -
Cost Time 24h Physical
saving  saving  access  security

Fig. 3 Mobile money transfer system benefits

5.3.1. Assessment of Suitability of the Data for Factor Analysis

Factor analysis is especially helpful for identifying the
factors that underlie variables by grouping related variables
into one component[37]. In this study, the main focus is
reducing the number of usability indicators into usability
heuristic components. The Kaiser-Meyer-Olkin sampling
adequacy measure and Bartlett's test of sphericity were used
to determine whether the sampled data was appropriate for
factor analysis. Table 8: KMO and Bartlett’s Test presents the

results.
Table 8. KMO and bartlett’s test

KMO and Bartlett's Test
Kaiser-Meyer-Olkin Measure 780
of Sampling Adequacy. ’
. Approx.
B‘?;Ite;tf s Chi-Square 1846.831
Sphericity D_f 55
Sig .000

The value of the Kaiser-Meyer-Olkin Measure of
Sampling Adequacy, as shown in Table 8 - KMO and
Bartlett's Test, is 0.780. This suggests that 78.0% of the data
are acceptable for factor analysis. However, the significant (p)
result of Bartlett's test of sphericity is 0.000, which is less than
0.05. Data are sufficiently diverse, scalable, and capable of
being submitted to factor analysis if they have a KMO value
of more than 0.6 and a significant Bartlett's test of sphericity
value. As per the results, there is enough information in the
study's data to conduct a factor analysis.
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5.3.2. Factor Extraction

Finding the fewest number of factors necessary to
accurately capture the relationships between the collection of
variables is referred to as factor extraction. There are several
methods for identifying the underlying factors[36]. Principal
Component Analysis was used in this study. Large datasets are
more prevalent than ever and are frequently challenging to
interpret. A method for lowering the dimensionality of such
datasets, boosting interpretability while also limiting
information loss, is Principal Component Analysis (PCA)[38].

For this study, the respondents were given a usability
checklist with 74 items or seventy-four (74) different
indicators to rate on a scale of Strongly agree (1) to Strongly
disagree (5). These indicators are in the context of usability
heuristics applied in systems' heuristic evaluation. To
determine the principal components and their supporting

indicators the responses were organized and classified using
factor analysis to determine the principal components and
their supporting indicators.

The main result of principal components analysis is the
rotated component matrix, often known as the loadings.
Estimates of the correlations between every variable and the
estimated components are included. Principal Component
Analysis was used. The output is summarized in Table
9:Indicators Mapping onto Components.

Table 9-Indicator Mapping onto Components provides
the number of indicators that converged to each component
and their respective factor loading. The components were
named according to the descriptions of their indicators. The
names can be seen in Table 10: Components names.

Table 9. Indicator mapping on components
No of Indicators The Respective Factor Loadings for the Indicators
.801, .731, .900, .743, .689, .694, .630,.900
563, .729, .754, .791, .976, .976, .909.
909, .976, .975, .975, .942, .942.
.882, .866, .860, .851, .851, .809
.928, .928, .873, .873, .792
.862, .862, .901, .901, .910, .910.
.938, .938, .928, .928.
.801, .752, .863, .877, .844
.961, .961, .895, .895, .961.
.955, .955, .886, .886, .861
.793, .845, .802, .802, .826, .744.
.827,.728, .839, .875, .858, .759.
.894, .585, .650, .549, .900

Component No
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Table 10. Component names
Component name (Heuristics)

Component No | No of Indicators

“visibility of the system status”.

‘Match Between System and the Real World’.
‘User Control and Freedom’.
‘Consistency and Standards’

‘Error Prevention’.

‘Minimize User Memory Load’
‘Customization and Shortcuts’
‘Efficiency of Use and Performance’.
‘Aesthetic and minimal design’.
‘Helping Users Recognize, Diagnose and Recover from Errors’.
‘Help and Documentation’

‘Pleasant and respectful interaction with the user’.
‘Privacy’.

gooojgjg|hiOOI|oO|O|N| ©

Based on a scale of Strongly agree (1) to Strongly disagree (5), the respondents rated the different indicator statements under
the components. The analysis is as indicated in Table 11- Rating of Indicators.
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Table 11. Rating of indicators

PERCENTAGES
Component name
ot Strongly . Strongly | Percent | Total Total
{rEUITEEE) Agree pgree | Newrel | sl Disagree | Total | Agreed | Disagreed
visibility of the system 439 | 468 | 93 100 90.7 0
status’.
‘Match Between System
and the Real World’. 45.8 43.9 10.3 100 89.7 0
User Control and 0.9 47 | 168 | 486 29 100 5.6 77.6
Freedom’.
‘Consistency and Standards’ 29.3 47.7 17 4.4 1.6 100 77 6
‘Error Prevention’. 15.9 48.9 35.2 100 0 84.1
Minimize User Memory 433 | 461 | 106 100 8.4 0
Load
Customization and 336 | 564 | 10 100 90 0
Shortcuts
Efficiency of Use and 42 | 508 5 100 95 0
Performance’.
Aesthetic and minimal 452 | 489 5.9 100 94.1 0
design’.
‘Helping Users Recognize,
Diagnose and Recover from 16.8 42.7 40.5 100 0 83.2
Errors’.
‘Help and Documentation’ 34.9 51.1 10.3 3.7 100 86 3.7
_Pleasant and respectful 377 | 421 | 143 5.9 100 | 798 5.9
interaction with the user’.
‘Privacy’. 115 30.6 57.9 100 0 88.5

Based on the analysis of the level of agreement, the
MMTS keeps the user informed about all processes and state
changes through comments and within a reasonable time
frame. This is because 90.7% of the respondents agreed on
the ‘visibility” heuristic. 89.7% of the respondents agreed on
the ‘Match between the system and real world’ heuristic,,
which implies that the MMT System speaks the users'
languages and does not use technical terms of the system.
Moreover, 77% of the respondents agreed on the ‘consistency
and standards’ heuristic. This implies that the MMTS allows
the users to do thingsin a familiar, standardized and consistent
way.

The MMTS provides actions and options to prevent users
from memorizing information when using the system since
89.4% of the respondents agreed on the ‘minimize user
memory load’ heuristic. Also, it’s evident that the MMT
System provide basic and advanced settings for setting and
customizing shortcuts for frequent actions since 90% of the
respondents agreed on the ‘customization and shortcuts’
heuristic. Furthermore, 95% of the respondents agreed on the
efficiency of use and performance; this implies that the
system can load and display information in a reasonable
amount of time and minimize the steps required to perform a
task. The MMTS avoids displaying unwanted information by
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overloading the screen since 94% of the respondents agreed
on the ‘aesthetic and minimalist design’ heuristic. 86% of the
respondents agreed on the ‘help and documentation” heuristic,
and this implies that the MMTS provides documentation that
is easy to find and help, focusing on the user’s current task and
indicating concrete steps to follow. On the ‘pleasant and
respectful interaction with the user’ heuristic, 79.8% agreed
on it. This implies that the MMTS provide a pleasant iteration
with the user so that the user does not feel uncomfortable
using the system.

On the other hand, 77.6% of the respondents disagreed
with the ‘control and freedom” heuristic. This implies that the
MMTS does not allow users to undo and redo their actions
and provide ‘emergency exits’ clearly pointed out, of leaving
un-wanted states. Also, the MMTS does not display error
messages in a familiar language to the user, accurately
indicating the problem and suggesting a constructive solution.
This is because 83.2% of the respondents disagreed with the
‘helping users recognize, diagnose and recover from errors’
heuristic. 84.1% of the respondents disagreed with the ‘error
prevention’ heuristic. This implies that the MMTS does not
hide or disable unavailable features. The MMTS does not
protect the user’s confidential data. This is because 88.5% of
the respondents disagreed with the ‘privacy’ heuristic.
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The analysis process of the data collected from
consumers provided the findings of the study based on the
objectives of assessing and enhancing MMTS. First, the
factor loadings to different components identified and named
the heuristics as per the indicators’ relation to MMTS.
Secondly, the ratings of each indicator in the component
determined the usability heuristics required to enhance
MMTS. They identified them as user control and freedom,
helping users recognize, diagnose and recover from errors,
error prevention and privacy. These heuristics are, therefore,
very necessary when assessing the usability of mobile money
transfer systems during development.

6. Conclusion

achieved by collecting consumer data on the demographics
and evaluating MMTS based on a usability checklist. This
study has assessed the gender, age, level of education, job area
and the language used as the demographic background of the
respondents. In addition, an assessment of the type of phone
used and the benefits of using MMTS is recorded.
Respondents rated usability indicators enabling an analysis of
heuristics that provided quality usage to consumers and noted
the heuristics required to enhance usage. Due to the growing
popularity of mobile money, additional knowledge on
usability is key to developing quality systems. This
knowledge benefits system developers, HCI professors and
researchers for effective heuristics evaluation of mobile
money systems and for reducing development costs. These

demographic data and usability heuristics. This objective was

provide an assessment of the usability of MMTS that can be
used to develop a usability heuristic framework for mobile
money platforms and for further study.

The study investigated the current MMTS based on

References

(1

[2]

B3]

(4

[
[6]
[7]
8]
[9]
[10]
(1]
[12]
[13]

[14]

[15]
[16]

[17]

(18]

Mbugua John Njuguna, and Gachanja Paul Mwangi, “An Analysis of Household Choice of Mobile Money Transfer Services in Nairobi
County, Kenya,” International Journal of Economics, Commerce and Management, vol. 6, no. 10, pp. 27-42, 2018. [Google Scholar]
[Publisher Link]

Kumangkem Kennedy Kubuga, and J. Kok Konjaang, “Mobile Money-A Potential Threat to Banks?,” International Journal of Computer
Applications, vol. 147, no. 4, pp. 30-36, 2016. [CrossRef] [Google Scholar] [Publisher Link]

Sanja Michael Mutong Wa, Steve Wasilwa Khaemba, and Esau Mneria Mengich, “A Comparative Study of Critical Success Factors
(CSFS) in Implementation of Mobile Money Transfer Services in Kenya,” European Journal of Engineering and Technology, vol. 2, no.
2, pp. 8-31, 2014. [Google Scholar] [Publisher Link]

Elefelious G. Belay, D. Scott McCrickard, and Solomon A. Besufekad, Mobile User Interaction Development for Low-Literacy Trends
and Recurrent Design Problems: A Perspective from Designers in Developing Country, International Conference on Cross-Cultural
Design, Lecture Notes in Computer Science, vol. 9741, pp. 409-417, 2016. [CrossRef] [Google Scholar] [Publisher Link]

Hale H. Turhangil Erenlergil Erenler, “Heuristic Evaluation of E-Learning,” International Journal of Organizational Leadership, vol. 7,
no. 2, pp. 195-210, 2018. [CrossRef] [Google Scholar] [Publisher Link]

Tavneet Suri, “Mobile Money,” Annual Review of Economics, vol. 9, pp. 497-520, 2017. [CrossRef] [Google Scholar] [Publisher Link]
Definitive Data and Analysis for the Mobile Industry, GSMA Intelligence, 2022. [Online]. Available: https://www.gsmaintelligence.com/
Ahmad Hassan Ahmad, Christopher Green, and Fei Jiang, “Mobile Money, Financial Inclusion and Development: A Review with
Reference to African Experience,” Journal of Economic Surveys, vol. 34, no. 4, 2020. [CrossRef] [Google Scholar] [Publisher Link]
Aijaz A. Shaikh et al., “Mobile Money as a Driver of Digital Financial Inclusion,” Technological Forecasting and Social Change, vol.
186, pp. 1-14, 2023. [CrossRef] [Google Scholar] [Publisher Link]

C. Scharwatt, A. Katakam, J. Frydrych, A. Murphy, and N. Naghavi, “2014 State of the Industry: Mobile Financial Services for the
Unbanked,” GSMA Mobile for Development, pp. 1-78, 2014. [Google Scholar] [Publisher Link]

Adasa Nkrumabh et al., “Mobile Money Transfer: The Process Model Perspective, ICEME 2018: Proceedings of the 2018 9" International
Conference on E-business, Management and Economics, pp. 28-35, 2018. [CrossRef] [Google Scholar] [Publisher Link]

Second Quarter Sector Statistics Report for the Financial Year 2022/2023, Communication Authority of Kenya, 2022. [Online]. Available:
https://ca.go.ke/sites/default/files/2023-06/Sector%20Statistics%20Report%20Q2%202022-2023.pdf

Emmanuel Kofi Penney et al., “Understanding Factors that Influence Consumer Intention to Use Mobile Money Services: An Application
of UTAUT2 with Perceived Risk and Trust,” Sage Open, vol. 11, no. 3, 2021. [CrossRef] [Google Scholar] [Publisher Link]

Fatuma Namisango, Maria Miiro Kafuko, and Gorretti Byomire, “Understanding User Experience of Mobile Money Services in Emerging
Markets,” 2017 1ST-Africa Week Conference (IST-Africa), pp. 1-11, 2017. [CrossRef] [Google Scholar] [Publisher Link]

I. Standard, “Iso 9241-11,” vol. 1998, 1998.

James R. Lewis, “Usability: Lessons Learned ... and Yet to Be Learned,” International Journal of Human-Computer Interaction, vol. 30,
no. 9, pp. 663-684, 2014. [CrossRef] [Google Scholar] [Publisher Link]

Kritpapon Thitichaimongkhol, and Twittie Senivongse, “Enhancing Usability Heuristics for Android Applications on Mobile Devices,”
Proceedings of the World Congress on Engineering and Computer Science, vol. 1, pp. 1-6, 2016. [Google Scholar] [Publisher Link]
Jakob Nielsen, “Enhancing the Explanatory Power of Usability Heuristics,” CHI "94: Proceedings of the SIGCHI Conference on Human
Factors in Computing Systems, pp. 152-158, 1994. [CrossRef] [Google Scholar] [Publisher Link]

31


https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=an+Analysis+of+Household+Choice+of+Mobile+Money+Transfer+Services+in+Nairobi+County&btnG=
https://ijecm.co.uk/wp-content/uploads/2018/10/6103.pdf
https://doi.org/10.5120/ijca2016911020
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Mobile+Money+%E2%80%93+A+Potential+Threat+to+Banks%3F&btnG=
https://www.ijcaonline.org/archives/volume147/number4/kubuga-2016-ijca-911020.pdf
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=A+comparative+study+of+critical+success+factors+%28csfs%29+in+implementation+of+mobile+money+transfer+services+in+kenya&btnG=
https://www.idpublications.org/wp-content/uploads/2014/08/A-COMPARATIVE-STUDY-OF-CRITICAL-SUCCESS-FACTORS-CSFS-IN-IMPLEMENTATION-OF-MOBILE-MONEY-TRANSFER-SERVICES-IN-KENYA.pdf
https://doi.org/10.1007/978-3-319-40093-8_41
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Mobile+user+interaction+development+for+low-literacy+trends+and+recurrent+design+problems%3A+A+perspective+from+designers+in+developing+country&btnG=
https://link.springer.com/chapter/10.1007/978-3-319-40093-8_41#citeas
https://doi.org/10.33844/ijol.2018.60235
https://scholar.google.com/scholar?q=Heuristic+Evaluation+of+E-Learning&hl=en&as_sdt=0,5
https://ijol.cikd.ca/article_60235.html
https://doi.org/10.1146/annurev-economics-063016-103638
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Mobile+money&btnG=
https://www.annualreviews.org/doi/abs/10.1146/annurev-economics-063016-103638
https://doi.org/10.1111/joes.12372
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Mobile+Money%2C+Financial+Inclusion+And+Development%3A+A+Review+With+Reference+To+African+Experience&btnG=
https://onlinelibrary.wiley.com/doi/full/10.1111/joes.12372
https://doi.org/10.1016/j.techfore.2022.122158
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Mobile+money+as+a+driver+of+digital+financial+inclusion&btnG=
https://www.sciencedirect.com/science/article/pii/S0040162522006795
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=2014+State+of+the+Industry%3A+Mobile+Financial+Services+for+the+Unbanked&btnG=
https://www.gsma.com/mobilefordevelopment/programme/mobile-money/new-2014-state-of-the-industry-report-on-mobile-financial-services-for-the-unbanked/
https://doi.org/10.1145/3271972.3271986
https://scholar.google.com/scholar?hl=en&as_sdt=2005&sciodt=0%2C5&cites=15301225370140922171&scipsc=&q=Mobile+Money+Transfer%3A+The+Process+Model+Perspective&btnG=
https://dl.acm.org/doi/abs/10.1145/3271972.3271986
https://doi.org/10.1177/21582440211023188
https://scholar.google.com/scholar?q=Understanding+Factors+That+Influence+Consumer+Intention+to+Use+Mobile+Money+Services:+An+Application+of+UTAUT2+With+Perceived+Risk+and+Trust&hl=en&as_sdt=0,5
https://journals.sagepub.com/doi/full/10.1177/21582440211023188
https://doi.org/10.23919/ISTAFRICA.2017.8102305
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Understanding+user+experience+of+mobile+money+services+in+emerging+markets&btnG=
https://ieeexplore.ieee.org/abstract/document/8102305
https://doi.org/10.1080/10447318.2014.930311
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Usability%3A+Lessons+Learned+%E2%80%A6+and+Yet+to+Be+Learned&btnG=
https://www.tandfonline.com/doi/abs/10.1080/10447318.2014.930311
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Enhancing+Usability+Heuristics+for+Android+Applications+on+Mobile+Devices&btnG=
https://www.iaeng.org/publication/WCECS2016/WCECS2016_pp224-229.pdf
https://doi.org/10.1145/191666.191729
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Enhancing+the+explanatory+power+of+usability+heuristics&btnG=
https://dl.acm.org/doi/10.1145/191666.191729

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[39]

[36]
[37]

[38]

Myra Ohaga-Gitongaet al. / IJCTT, 71(9), 22-32, 2023

Jakob Nielsen, 10 Heuristics for User Interface Design, Nielsen Norman Group, 2020. [Online]. Available:
https://www.nngroup.com/articles/ten-usability-heuristics/

Cristian Rusu et al., “A Methodology to Establish Usability Heuristics,” ACHI 2011: The Fourth International Conference on Advances
in Computer-Human Interactions, pp. 59-62, 2011. [Google Scholar] [Publisher Link]

André de Lima Salgado, and André Pimenta Freire, Heuristic Evaluation of Mobile Usability: A Mapping Study, Human-Computer
Interaction, Applications and Services, HCI 2014, Lecture Notes in Computer Science, vol. 8512, pp. 178-188, 2014. [CrossRef] [Google
Scholar] [Publisher Link]

Ger Joyce et al., Mobile Application Usability: Heuristic Evaluation and Evaluation of Heuristics, Advances in Human Factors, Software,
and Systems Engineering, vol. 492. pp. 77-86, 2016. [CrossRef] [Google Scholar] [Publisher Link]

Rodolfo Inostroza et al., “Usability Heuristics for Touchscreen-Based Mobile Devices,” 2012 Ninth International Conference on
Information Technology - New Generations, pp. 662-667, 2012. [CrossRef] [Google Scholar] [Publisher Link]

Bimal Aklesh Kumar, and Shamina Hussein, “Heuristic Based User Interface Evaluation of Mobile Money Application,” International
Journal of Handheld Computing Research, vol. 5, no. 2, pp. 75-86, 2014. [CrossRef] [Google Scholar] [Publisher Link]

Mac Le, Improving the Way Mobile Money Transfers Work - a UX Case Study, UX Collective, 2019. [Online]. Available:
https://uxdesign.cc/ux-case-study-venmos-pay-request-money-feature-n3499952e41e

Samar |. Swaid, and Taima Z. Suid, Usability Heuristics for M-Commerce Apps, Advances in Usability, User Experience and Assistive
Technology, vol. 794, pp. 79-88, 2018. [CrossRef] [Google Scholar] [Publisher Link]

Mark NK Saunders et al., “Understanding Research Philosophy and Approaches to Theory Development,” Open Research Online, pp.
122-161, 2015. [Google Scholar] [Publisher Link]

Jan vom Brocke, Alan Hevner, and Alexander Maedche, Introduction to Design Science Research, Design Science Research Cases, pp.
1-13, 2020. [CrossRef] [Google Scholar] [Publisher Link]

Anokye M. Adam, “Sample Size Determination in Survey Research,” Journal of Scientific Research and Reports, vol. 26, no. 5, pp. 90-
97, 2020. [CrossRef] [Google Scholar] [Publisher Link]

Sharad Desai, and Nilesh Patel, “ABC of Face Validity for Questionnaire,” International Journal of Pharmaceutical Sciences Review and
Research, vol. 65, no. 1, pp. 164-168, 2020. [CrossRef] [Google Scholar] [Publisher Link]

Gunnar Camner, Emil Sjoblom, and Caroline Pulver, “Mobile Money for the Unbanked What Makes a Successful Mobile Money
Implementation ? Learnings from M-PESA in Kenya and Tanzania,” GSMA, vol. 44, pp. 1-12, 2010. [Google Scholar] [Publisher Link]
Simone Centellegher et al., “Mobile Money: Understanding and Predicting its Adoption and Use in a Developing Economy,” arXiv
Preprint, pp. 1-18, 2018, [CrossRef] [Google Scholar] [Publisher Link]

Marcos Antonio Durdes Dourado, and Edna Dias Canedo, “Usability Heuristics for Mobile Applications: A Systematic Review,”
Proceedings of the 20" International Conference on Enterprise Information Systems, vol. 2, pp. 483-494, 2018. [CrossRef] [Google
Scholar] [Publisher Link]

Parul Singh, and Kriti Thapliyal, “Study of Existing State and Growth Prospects of Mobile Payment Platforms in India,” SSRG
International Journal of Economics and Management Studies, vol. 6, no. 10, pp. 124-135, 2019. [CrossRef] [Publisher Link]

Ruyther Parente Da Costa et al., “Set of Usability Heuristics for Quality Assessment of Mobile Applications on Smartphones,” IEEE
Access, vol. 7, pp. 116145-116161, 2019. [CrossRef] [Google Scholar] [Publisher Link]

Deniese Pierotti, “Heuristic Evaluation - A System Checklist, Xerox Corporation, pp. 1-12, 2014. [Google Scholar] [Publisher Link]
Noora Shrestha, “Factor Analysis as a Tool for Survey Analysis,” American Journal of Applied Mathematics and Statistics, vol. 9, no. 1,
pp. 4-11, 2021. [CrossRef] [Google Scholar] [Publisher Link]

Ian T. Jolliffe, and Jorge Cadima, “Principal Component Analysis: A Review and Recent Developments,” Philosophical Transactions of
the Royal Society A: Mathematical, Physical and Engineering Sciences, vol. 374, pp. 1-16, 2016. [CrossRef] [Google Scholar] [Publisher
Link]

32


https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=A+Methodology+to+Establish+Usability+Heuristics&btnG=
https://citeseerx.ist.psu.edu/viewdoc/download;jsessionid=141EDA5F4B5E5F4E70ABEA39141ACA7A?doi=10.1.1.684.7653&rep=rep1&type=pd
https://doi.org/10.1007/978-3-319-07227-2_18
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Heuristic+Evaluation+of+Mobile+Usability%3A+A+Mapping+Study&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Heuristic+Evaluation+of+Mobile+Usability%3A+A+Mapping+Study&btnG=
https://link.springer.com/chapter/10.1007/978-3-319-07227-2_18
https://doi.org/10.1007/978-3-319-41935-0_8
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Mobile+Application+Usability%3A+Heuristic+Evaluation+and+Evaluation+of+Heuristics&btnG=
https://link.springer.com/chapter/10.1007/978-3-319-41935-0_8
https://doi.org/10.1109/ITNG.2012.134
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Usability+Heuristics+for+Touchscreen-based+Mobile+Devices&btnG=
https://ieeexplore.ieee.org/document/6209242
https://doi.org/10.4018/ijhcr.2014040105
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Heuristic+Based+User+Interface+Evaluation+of+Mobile+Money+Application&btnG=
https://www.igi-global.com/article/heuristic-based-user-interface-evaluation-of-mobile-money-application/124961
https://doi.org/10.1007/978-3-319-94947-5_8
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Usability+Heuristics+for+M-Commerce+Apps&btnG=
https://link.springer.com/chapter/10.1007/978-3-319-94947-5_8
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Understanding+research+philosophy+and+approaches+to+theory+development&btnG=
https://oro.open.ac.uk/53393/
https://doi.org/10.1007/978-3-030-46781-4_1
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Introduction+to+Design+Science+Research&btnG=
https://link.springer.com/chapter/10.1007/978-3-030-46781-4_1
https://doi.org/10.9734/jsrr/2020/v26i530263
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Sample+Size+Determination+in+Survey+Research&btnG=
https://journaljsrr.com/index.php/JSRR/article/view/1154
https://doi.org/10.47583/ijpsrr.2020.v65i01.025
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=ABC+of+Face+Validity+for+Questionnaire&btnG=
https://globalresearchonline.net/journalcontents/v65-1/25.pdf
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Mobile+Money+for+the+Unbanked+What+Makes+a+Successful+Mobile+Money+Implementation%E2%80%AF%3F+Learnings+from+M-PESA+in+Kenya+and+Tanzania&btnG=
https://www.gsma.com/mobilefordevelopment/wp-content/uploads/2012/03/What-makes-a-successful-mobile-money-implementation.pdf
https://doi.org/10.48550/arXiv.1812.03289
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Mobile+Money%3A+Understanding+and+Predicting+its+Adoption+and+Use+in+a+Developing+Economy&btnG=
https://arxiv.org/abs/1812.03289
https://doi.org/10.5220/0006781404830494
https://scholar.google.com/scholar?q=Usability+heuristics+for+mobile+applications:+A+systematic+review&hl=en&as_sdt=0,5
https://scholar.google.com/scholar?q=Usability+heuristics+for+mobile+applications:+A+systematic+review&hl=en&as_sdt=0,5
https://www.scitepress.org/Link.aspx?doi=10.5220/0006781404830494
https://doi.org/10.14445/23939125/IJEMS-V6I10P117
https://www.internationaljournalssrg.org/IJEMS/paper-details?Id=448
https://doi.org/10.1109/ACCESS.2019.2910778
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Set+of+Usability+Heuristics+for+Quality+Assessment+of+Mobile+Applications+on+Smartphones&btnG=
https://ieeexplore.ieee.org/abstract/document/8688402
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Heuristic+Evaluation+-+A+System+Checklist+Heuristic+Evaluation+%2C+A+System+Checklist&btnG=
https://rahmatfauzi.staff.telkomuniversity.ac.id/files/2018/01/Heuristic_Evaluation_Checklist_stcsig_org.pdf
https://doi.org/10.12691/ajams-9-1-2
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Factor+Analysis+as+a+Tool+for+Survey+Analysis&btnG=
http://pubs.sciepub.com/ajams/9/1/2/index.html
https://doi.org/10.1098/rsta.2015.0202
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Principal+component+analysis%3A+A+review+and+recent+developments&btnG=
https://royalsocietypublishing.org/doi/10.1098/rsta.2015.0202
https://royalsocietypublishing.org/doi/10.1098/rsta.2015.0202

