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Abstract—Mobility is the trend right now. It is transforming the user expe-
rience from the confines of the desk to the convenience of anytime-anywhere. 
MyEG Services Berhad ("MYEG") is a concessionaire for Malaysian Electron-
ic-Government ("E-Government") MSC Flagship Application. MYEG builds, 
operates and owns the electronic channel that delivers services from various 
Government agencies to Malaysia citizens and businesses. To make their ser-
vices up-to-date and in trend, MyEG app was developed and can also be used to 
check summons, pay summons, renew road-tax and renew auto insurance. To 
make sure that this application is efficient, fulfilling the customer needs and sat-
isfaction, a usability evaluation was conducted. The evaluation was conducted 
in “Jabatan Teknologi Maklumat & Komunikasi, Politeknik Seberang Perai”, 
with 15 participants consisting of both lecturers and students. The think-aloud 
protocol was used while conducting the evaluation. The result of the evaluation 
revealed that overall the app is efficient, successful in fulfilling the users’ re-
quirement and needs and promotes users mobile experience. 

Keywords—Mobile experience; think-aloud protocol; usability evaluation. 

1 Introduction 

The mobile MyEG app has undergone a complete transformation and offers new 
features. The new enhancements provide customers with easier accessibility to per-
form a variety of e-government transaction. The user need to login unto the MyEG 
app to gain access for the following services: renewal of road tax, renewal of auto 
insurance, checking and payment of PDRM summonses, checking and payment JPJ 
summonses, and the checking of deli-very status for requested MyEG services. 
Through this updated mobile app, users can quickly complete their e-government 
trans-actions at any time and any place [1-10]. 
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2 Methods 

The MyEG app usability test involved the use of the think-aloud protocol with a 
post-test questionnaire administered to participants. A representative number of users 
were recruited to carry out some representative tasks on the application. A facilitator 
recorded all the user actions and comments during the test session. After the users 
finished their assigned tasks, the facilitator then gives them a set of questionnaire to 
fill. The questionnaire collect data related to user’s satisfaction about the user inter-
face and the presentation of the application [11-19]. 

The roles of the personnel involved in the usability test were as follows: Facilitator: 
the facilitator coordinates, manages and directs the test session and the entire usability 
evaluation. He also records the participants’ or testers’ actions and comments. The 
facilitator briefs participants or testers on the usability evaluation. He defines the 
usability and the purpose of usability testing and responds to participants’ requests for 
assistance while also observing them. He also conducts the debriefing sessions [20-
30]. Participants (Testers): The usability testing was run with 15 participants (or test-
ers). These participants were either academic staff or students of Politeknik Seberang 
Perai. They were selected on the basis of their prior experience or lack of prior expe-
rience on the use of the MyEG app. The participants’ ages ranged from 20 years old 
and above and included both genders. All participants were good in computer skills 
and these skills helped the participants a lot in the running of the test. 

Two places were used for the conduct of the usability test. The first location was 
JTMK Office which was used for the testing with academic staff. The second location 
was JTMK lab for testing with students. Before the commencement of the test ses-
sion, the facilitator briefed the participants on the purpose of the usability test for 
MyEg app. He explained the instructions to participants on what to do during the test 
and informed the participants that the object of evaluation was the application and not 
the participants themselves. After that, the facilitator introduced to participants how to 
use the MyEG application. He also gave a printed copy of the task description to the 
participants. There were task that require participants to read aloud the results that 
they got. Time-on-task began when the participants start their tasks. The facilitator 
then records the participants’ actions and comments. After the participants have fin-
ished all the tasks, they were made to complete a satisfaction questionnaire. There 
were five tasks tested [31-43]. They are inter alia: i) install the application; ii) login 
into the application; iii) customize user profile; iv) check PDRM summonses; v) make 
a payment for PDRM summonses. 

The task scenarios are as follows: 
Task 1 Scenario: Install the application. 
Instructions are as follows: Using android phone, try to install the MyEG mobile 

application. 
Description: This task requires a participant to install the MyEG app using an an-

droid phone. Users’ success rates in accomplishing this task will measure the effec-
tiveness of the app while the time they expended to achieve success in the installa-
tions process measures the efficiency of the app. 

The steps involved include: 
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• The participant should find the “Play Store” on the android phone and then type 
MyEG at the Google Play search engine. After that, the participant will select the 
install button for the installation process 

• If the installation process is successful, the participant will see the open button 
• The user should then login into the application. 

Task 2 Scenario: Login into the application. 
Instruction: 

• From the home page of the android phone, try to login into the MyEG apps using 
the given ID and password. ID: ayumiesz; and Password: sonicz. 

The steps involved include: 

• After installing the MyEG app, the participant should try to login into the applica-
tion using the information given, that is, he/she should key in his/her username and 
password and then click on the login button 

• See error message if any exits. 

Task 3 Scenario: Customize user profile. 
Instruction: In login status, try to update user profile for item address and item 

phone number based on the information below: 

• Phone number: 013 – 3425874 
• Postcode: 13800 
• City: Butterworth 
• State: Pulau Pinang 
• Address: No 234, Taman Saujana, Jalan Keramat. 

The step involved include: 

• In user profile, participant is required to click menu function and then choose edit 
profile 

• At the edit profile, participant is required to update information based on the task 
instructions and then save the changes. 

Task 4 Scenario: Check PDRM Summonses. 
Instruction: in login status, try to check PDRM summonses based on the ID; e.g. 

ID: 840512105386 
After the list of summonses is viewed at the android phone screen, the partici-

pant/tester must speak aloud on how many summonses he or she viewed. 
The steps involved include: 

• In login status, at the home page, participant is required to click check and pay 
PDRM Summons function and then insert the given ID Number 

• After inserting the ID Number, participant then clicks the button, Check Summons. 
If the ID Number have summons, then a list of summons will be viewed. 

Task 5 Scenario: Make a payment for PDRM Summonses. 
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Instruction: 

• In login status, select one PDRM summons and make payment for that summons 
using the information below to fill payment information. 
─ Card Type: Visa 
─ Card Expiry Date: MM = 12 and YYYY = 2019 
─ Card Number: 4786 7040 0008 0233 
─ Security Code: 011 
─ Card Holder Name: Norzila Ishak 
─ Card Issued By: Bank Islam Malaysia Berhad 

• Tick authorized and then submit the payment 

The steps involved are: 

• After inserting the ID Number; click the button, Check Summons. If the ID Num-
ber have summons, a list of summons will be viewed 

• Tick one summons and make payment. A click on the button pays 1 summons 
• After that, confirm details will be viewed. Participants are required to click proceed 

to payment button and then payment details will be viewed 
• Participants then make payment using credits card. To make payment, participants 

will click on credit cards (Master/Visa) button and then the credit card form details 
will be viewed 

• Participants need to fill the credit card information using the given information at 
task 5. Next, participants will click the authorized button and then submit the form 

• The MyEG app will process the information for the validation of card details. 

Success or failure in these 5 tasks measures the effectiveness of the apps interface 
while the amount of resources (time and effort) expended in achieving these goals 
measures the efficiency of the interface. 

Some equipment and materials used to support the usability evaluation are as fol-
lows: 

• Android mobile devices: Android mobile devices were used to test the MyEG app. 
Participants used these devices to carry out the usability test 

• Screencast Video Recorder application (Mobizen): The Mobizen app was used to 
record all of the user activities on the MyEG app. This app records the hand ges-
ture/movement of the user while using the MyEG app 

• Mobile-device camera: Mobile device camera was used by the facilitator to capture 
and understand the users’ interaction and to capture their facial expressions 

• Internet connection (Celcom First Gold Plus CBS): Internet was provided to make 
task 1 installation process successful 

• Scripted instructions: These instructions guide participants in performing the tasks 
given to them 

• Microsoft Office 2010 (Microsoft Excel and Microsoft Word): Microsoft Excel 
was used to calculate and analyse the data while Microsoft Word was used to write 
the report. 
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The ISO/IEC 9241-11 standard was used as a guide in measuring the usability of 
the MyEG app. The standard postulates that usability is “the extent to which a product 
can be used by specified users to achieve specified goals with effectiveness, efficien-
cy and satisfaction in a specified context of use”. Table 1 below explains the attributes 
of usability and the metrics that were used to capture them [44-53]. 

Table 1.  Usability Attributes and Associated Metrics Used 

Attributes Metrics 
Effectiveness: The accuracy and complete-
ness with which specified users achieve 
specified goals in particular environments 

-Number of errors that occur while carrying out task 

-Percentage of participants that completed their tasks 

Efficiency: The resources expended in 
relation to the accuracy and completeness 
with which users achieve goals 

-Time taken by the user to learn how to use the application 
-Time taken to install the apps 
-Time taken to accomplish given task 
-Data entry time, time the user takes to fill up their information 
-Response time of the apps 

Satisfaction: The comfort and acceptability 
of use. 

-Psychometric questionnaires to capture users’ perception 
about the MyEG application they used. 

3 Results and Discussion 

The result of the usability evaluation is as follows: Demographics: 

 
Fig. 1. Gender 
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Fig. 2. Age 

Figure 1 result shows that 60% i.e., 9 out of 15 of the respondents were females, 
while 40% were males. Also, Figure 2 shows that the highest number (8) (53%) of 
respondents were within the age range 20-30, six (40%) respondents were within the 
age range 30-40, while 1 (7%) respondent was in the age range 40-50. 

3.1 Performance 

 
Fig. 3. Question 1 
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Fig. 4. Question 2 

Figure 3 shows that of the 15 respondents, 14 (93%) perceived that the speed of in-
stallation was fast enough. The speed of installation was actually influenced by the 
mobile data connection. In Figure 4, twelve (12) (80%) respondents disagreed that the 
application responds too slowly to inputs. 

 
Fig. 5. Question 3 
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Fig. 6. Question 4 

 Figure 5 shows that 10 of 14 (71%) respondents believed that data entry errors 
were easy to correct. One respondent failed to provide answer to this question. This 
made the total respondents for this question to be fourteen instead of fifteen. In Figure 
6, 11 (73%) respondents feel that the application provides adequate feedback when an 
internal fault is detected. 

 
Fig. 7. Question 5 
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Fig. 8. Question 6 

Figure 7 indicates that 9 (93%) of the respondents believe that the application pro-
vides quick, positive feedback on the acceptance or rejection of data entry. Figure 8 
shows that 14 (93%) of respondents believe that they get the site information quickly. 

 
Fig. 9. Question 7 
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Fig. 10. Question 8 

In addition, Figure 7 indicated that 13 respondents (87%) perceived that they were 
able to complete their tasks and scenarios quickly. 

3.2 Learning 

Figure 10 indicates that 10 (67%) respondents disagreed that learning to operate 
the application initially was full of problems. 

 
Fig. 11. Question 9 
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Fig. 12. Question 10 

Figure 11shows that 9 (60%) of the respondents did not perceive that they would 
need the support of a technical person to be able to use the application. More so, 12 
(80%) of the study participants were of the opinion that it was easy to learn to use the 
application. 

3.3 Interface 

Figure 13 revealed that 12 (80%) of the respondents believe that the interface of 
the application was pleasant. In Figure 14, 11 (73%) participants felt that the applica-
tion has a very attractive presentation. 

 
Fig. 13. Question 11 
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Fig. 14. Question 12 

 
Fig. 15. Question 13 

iJIM ‒ Vol. 13, No. 11, 2019 15



Paper—A Study on the Perceived Mobile Experience of Myeg Users  

 
Fig. 16. Question 14 

Figure 15 shows that 14 (93%) of the respondents perceived that graphic symbols 
are appropriate for the information they represent. With regard to Figure 16, 14 (93%) 
respondents believe that the application is user friendly and easy to use. 

3.4 End-User Satisfaction 

 
Fig. 17. Question 15 
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Fig. 18. Question 16 

In Figure 17, 13 (87%) of study participants believe that the information in the app 
was effective in helping them complete the tasks and scenarios. Figure 18 indicates 
that all respondents (100%) believe that the application’s information presented was 
clear and understandable. Figure 19 shows that 13 (87%) of the respondents felt that 
tasks can be performed in a straightforward manner using the application. In Figure 
20, 14 (93%) of the study participants perceived that overall, they were satisfied with 
how easy it is to use the application. 

 
Fig. 19. Question 17 
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Fig. 20. Question 18 

3.5 Loyalty 

 
Fig. 21. Question 19 
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Fig. 22. Question 20 

Figure 21 revealed that 14 (93%) of the respondents indicated that they will likely 
to use the app in future. In Figure 22, 14 (93%) of the respondents also indicated that 
they will likely recommend the app to friends. 

4 Conclusion 

A usability evaluation was conducted to assess the mobile expe-rience of the 
MyEG application. The think-aloud protocol was used. Also, the usability attributes 
of effectiveness, efficiency, and satis-faction with suitable metrics were used in as-
sessing the app. The results showed that overall, the MyEG application promoted 
good and rich user experience. The study participants perceived that the app was usa-
ble and comfortable. 
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Abstract—This study is aimed to explore the dimensions for appropriate 
deaf people usability evaluation model for M-banking application in order to 
enhancetheir satisfaction. Through the systematic literature review (SLR) con-
ducted, four dimensions (efficiency, effectiveness, satisfaction and accessibil-
ity) have been identified to be appropriate to suit the need of m-banking appli-
cation usability evaluation especially for the deaf people. Furthermore, innova-
tion and technologies through digital economy are practical and aptly accessible 
to allows persons who are deaf to fully participate in society, education, and 
business while also providing prospects for personal and professional advance-
ment. Moreover, this study will be able to provide recommendation to the upper 
management of Malaysia Banks to concern on mobile services in order to en-
hance the deaf customers’ satisfaction. Financial and economy implications to-
gether with future research suggestions are also discussed in this study. 

Keywords—M-banking Usability, Financial Technology, Digital Economy, 
Deafness. 

1 Introduction 

Recently, banking relating to services begin via mobile appear on a large scale. 
Through this study, the researcher links banking service via mobile to effect on cus-
tomer E-satisfaction especially for deaf people on their own without the need for 
assistance by the bank employee. The Importance of the of mobile banking service 
and the importance of converging on the service provided by the banks adopted, this 
study subject field use seven dimensions proportion that are very important to provide 
this service and they are: efficiency, effectiveness, satisfaction and accessibility. Digi-
tal economy shows the production, services, lifelong learning and innovation that are 
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made possible by modern technology support in the context of market globalization 
and sustainable development. 

Hearing loss Earshot expiration or deaf is an invisible health condition with im-
portant implications stipulation with important significance on the individual's quality 
of life. Deafness often remains invisible, especially in contexts context of constrained 
resource and poverty. High level of disability may reduce national economic growth, 
decreases productivity and increases healthcare costs. It can exact a high cost for both 
developed and developing countries development because it has a significant impact 
on the lives of those affected, and the economic system of the countries in which they 
live. Approximately 5.3% of the world's population suffers from disabling hearing 
loss; listening red ink; majority of individuals with disabling hearing loss live either in 
low or middle income countries. Countries with the lowest gross national income per 
capita have the highest numbers of children who are deaf. Deaf people deserve ser-
vices because of their rights as people and because societies club ought to strive for 
humanistic values in attending to people’s needs. 

In general, the majority of the deaf depends on visual communication, that is, the 
Malaysian Sign Language (BahasaIsyarat Malaysia in Malay), and they have low 
proficiency in the Malay language, which is their second language (Ow, S.H. et al., 
2007). Thus, there is less opportunity for them in socio-economic development of the 
country and they also have less access to information due to the communication gap 
between them and the hearing community. Developing technologies are practical and 
aptly accessible to allows persons who are deaf to fully participate in society, educa-
tion, and business while also providing prospects for personal and professional ad-
vancement. There are only few studies have addressed the technology use of individu-
als someone who are deaf, none exist that focus on the needs, preferences, and acces-
sibility of current Internet and mobile based technologies. Today many people around 
the world obtain information related to education, business, news, intelligence, and 
events via the Internet Cyberspace through computers and various mobile-based tech-
nologies. The Internet users worldwide have more than doubled since 2007, reaching 
2.27 billion users worldwide in 2012. 

2 Literature Review 

2.1 M-banking usability evaluation 

M-banking usability evaluation has been overlooked despite the impact on the 
develper of mobile applications, usbaility practitioners and especially the deaf user 
and banking sector (Hussain, Abubakar, Hashim,2014). This leads towards various 
challenges towards usability issues of m-banking applications among deaf users. Lit-
eratures constantly focusing on general application evaluation rather forget the need 
of any application for disabled user as well such as the deaf user (Nathan et al., 2018; 
Yeratziotis & P. Zaphiris, 2017; Nathan, Hussain & Hashim, 2017). It is regrettable 
that issues concerning m-banking applications in terms of usable interface for deaf 
such as navigavtion, accesible features, trust, security, menu functions and presenta-
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tion are not adequately addressed. Studies such as Zhuo and Li (2010) mentioned on 
the dimenstions set that defined in evaluation of m-banking however, there is lesser 
descriptions on the usage of the usability dimensions in the evaluation process, thus 
making it quite difficult to apply the model for a specific application (Abubakar, 
Hashim & Hussain, 2016; Nathan et al., 2016). Besides that, the findings revealed that 
the majority of the banks lack details on m-banking introduction on their website, 
whereby customers can only acquire the process of m-banking after using the applica-
tion. Sangar and Rastari (2015) proposed a model for increasing the usability of m-
banking applications on smart phones with Android-based operating system focused 
on the development and implementation of m-banking applications using a set of 
usability dimensions. The usability dimensions presented in the study has no represen-
tation of metrics for each of the defined dimension. Therefore, the attempt to measure 
usability of m-banking applications with such model may be wasted and may not 
yield significant results. This indicates that the level of usability achievement is very 
limited and it depends on the experience of the evaluator or mobile application devel-
oper as metrics and guidelines for using the model were not provided. 

There are many usability evaluation models introduced in the literature but most of 
them did not provide overall descriptions on how to select criteria or metrics to each 
corresponding usability dimension (Coursaris & Kim, 2011; Baharuddin, et al., 2013). 
Besides that, importantly,none of the models have discussed usability from the per-
pective of deaf users. Moreover, most of the usability models are for general applica-
tion thus, it be difficult to apply for a single mobile financial application due to com-
plexity and clarification of the dimensions used for deaf users particularly. Besides, 
many of these models lack adequate descriptions for the selection of criteria and met-
rics that correspond to dimensions defined (Abubakar, 2016; Coursaris & Kim, 2011). 
Generally, most of the studies above did not use founded usability evaluation models. 
with relevancy to m-banking application and deaf users. 

3 Financial Technology 

Financial technology (fintech) is more of the digitization trend helping to reduce 
costs and it will be very much the branch costs. The numbers of banks that offer Mo-
bile banking application along with Web site access has keep increasing throughout 
the years. Common uses for mobile banking include retrieving account balances or 
recent transactions, transferring money between accounts, and receiving account-
related alerts. Total users in quarter three recorded 146%, more than 100% against the 
total population in Malaysia. The rapid growth, adoption of the digital technology, 
particularly in smartphone users and other handheld gadgets become the principal way 
for the great unwashed to start out online ( Murad et al., 2016). The Mobile revolu-
tion is currently changing many industries by improving networks of interaction and 
providing services to previously for sectors such as health care and banking. Recently, 
banks have radically converted from the traditional use of banking to branchless posi-
tions of banking. The latest adoption of using technology has helped banks applied 
science has helped depository financial institution to extend their customer client 
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base, while electronic banking has proved to be the main advancement. Mobile bank-
ing categorized as the latest development in electronic bank services, whereas cus-
tomer can do balance inquiry, credit transfer, and check chip account, SMS, Master of 
Science, payment transaction dealing and other businesses. From customers’ perspec-
tive, the benefits of mobile banking service are convenience to perform banking trans-
actions in anytime, anywhere and easy way. While in Malaysia, Central Bank has 
reported that there were 19.8 million internet banking subscribers and 7,279,000 mo-
bile banking subscribers in December 2015. These figures show that percentage of 
penetration of mobile banking to reach 63.7% of the total population (Low et al., 
2017). 

4 Digital Economy 

The banking industry in Malaysia is important because a strong banking industry 
support economic developments significantly through its efficient services. However, 
most of information through onlineapplications remains unreachable to individuals 
who are deaf (Harkins & Bakke, 2003; NAD, 2012), which could ultimately lead to 
economic and social disparity. Indications on the survey, including prominent use of 
smartphones and social media such as Facebook, may indicate that the deaf communi-
ty is more closely aligned to the general population. At the same time, the desire for 
captioning, and significant differences in results by demographics such as disability 
and household income, may indicate that there still exists a “digital divide.” Groups 
with no access or unequal access to information and technologies are said to be “dis-
advantaged in the global economy” (Sey et al., 2013, p. 27). Use of technology and 
Web affect their success and fail to connect the persons socially (Rowland, 
Burgsthaler, Smith, & Coombs, 2013). By solving the issues above, Malaysia will be 
overall transform from a production economy to a knowledge-based economy. 

Thus, the aim of this study is toidentifydetailed dimension and measurement from 
literature study conducted for appropriate deaf people usability evaluation model for 
m-banking application that effect m-banking services on enhancing deaf customers’ 
and provide recommendation to the upper management of Malaysia Banks to concern 
on mobile services in order to enhance the deaf customers’ satisfaction. This study 
will be able identify the development of technology in m-banking service that effect 
the deaf customer usability which had not previously addressed in the Malaysia Bank-
ing environment. Next section will discuss on the method used in identifying the di-
mensions and measurements followed with the discusion on the findings from the 
literature. 

5 Methodology 

In the development process of an appropriate model for usability evaluation, a sys-
tematic literature review (SLR) was used. SLR is an approach that mainly being used 
in repeating existing evidence on the treatment of any data which can be utilize in 
summarizing empirical evidence for further related studies (Kitchenham, 2004). This 

iJIM ‒ Vol. 13, No. 11, 2019 27



Paper—Mobile Banking Usability Evaluation among Deaf: A Review on Financial Technology and …  

method is used in identifying the usability dimensions from various related literatures 
of human and mobile computer interaction respectively. As such, this provide an idea 
in generating appropriate dimensions for identifying usability issues for deaf people in 
the mean of m-banking application usage. To achieve the objective of the paper, stud-
ies from different human and mobile computer interaction articles and proceedings 
have been selected and analyzed accordingly. Combination of both primary and spe-
cific dimensions is the expected result to be obtained. To achieve this, the study ap-
plies on identifying only on the usability study area, evaluation method or design as 
well as papers that provides usability design and dimensions guidelines. All the rele-
vant papers selected were carefully reviewed so as to gather quality information for 
creating the dimensions and measurements (Nathan et al., 2018; Abubakar et al., 
2016). Table1 illustrates the selected journals and conference proceedings. 

Table 1.  Selected journals and conference proceedings for SLR 

Journals / Conferences Publisher 
Software Quality Journal Springer Science 
International Journal of Human Computer Interaction 
(IJHCI) Taylor and Francis 

Journal of Usability Studies JUS 
International Journal of Computer Science Education 
(IJCSE) 

Association of Computer Machinery 
(ACM) 

International Journal of Mobile Human Computer 
Interaction (IJMHCI) IGI Global 

International Conference on Human Computer Interaction 
with Mobile Device and Services (CHCI) ACM 

International Journal of Computer Studies (IJCSI) Science Direct 
Journal of Deaf Studies Gallaudet Publisher 

 
Papers that are selected from the journals and proceedings will be categorized ac-

cording to research type and knowledge area (Kitchenham, 2004). Papers that are 
grouped together will then read carefully and thoroughly to search the relevant dimen-
sions that are based on the ISO 9241-11 (1994). Total of 431 journals and conference 
proceeding papers were downloaded and used for further reading to select the most 
relevant for the study shown in the Table 2 below. However, based on the quality and 
relevancy of the paper, only fifty two (52) papers were selected for review. Table 3 
below indicates the journal or conference in general and specific, year of publication 
and number of papers downloaded: 

Table 2.  Total downloaded papers for SLR 

Category ‘06 ‘07 ‘08 ‘09 ‘10 ‘11 ‘12 ‘13 ‘14 ‘15 ‘16 ‘17 
Usability in general 13 13 10 16 15 17 13 18 17 13 11 10 
HI Usability 14 15 17 21 16 18 15 19 16 15 18 8 
Other related (HCI) 3 5 4 4 8 6 7 7 8 9 8 4 
Total 30 33 31 41 39 41 35 44 41 37 37 22 
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Table 3.  Total selected paper 

Category ‘06 ‘07 ‘08 ‘09 ‘10 ‘11 ‘12 ‘13 ‘14 ‘15 ‘16 ‘17 
Usability in general 5 1 1 2 2 1 6 2 1 2 1 1 
HI Usability 2 1 2 1 4 3 3 4 1 2 3 2 
Total 7 2 3 3 6 4 9 6 2 4 4 2 

 
Objective of this paper is to provide usability dimensions for evaluating usability 

for deaf people m-banking application usage; therefore four dimensions have been 
identified. The model have identified the use of three dimension having mentioned in 
highest number of literature and has been used constantly. The dimension is derived 
from ISO 9241-11 (1998) which consist of effectiveness, efficiency and satisfaction. 
However, m-banking for deaf are hardly been recognized in evaluation usefulness of 
the application for them. As such, this study will introduce the least used but im-
portant dimension for the deaf application usability evaluation which is the accessibil-
ity. The following section introduces the m-banking usability model for deaf and 
describes in detail each of the attributes of usability mentioned below. 

6 Discussion 

Through the SLR conducted, four dimension has been identified to be appropriate 
to suit the need of m-banking application usability evaluation especially for the deaf 
people. As such, the chosen dimension and measurements for each dimension has 
been described as below. 

Efficiency: Ability of the user in completing their task with speed and accuracy 
(Abubakar, 2016). This attribute reflects the productivity of a user while using the 
application. Attributes under this dimension as such as: 

• Compatibility: Any extent to which user interface is compatible with different 
mobile devices and deaf people capability. 

• Loading time: This measure the time required for the application in loading in to 
mobile device. 

Therefore, integrating the two measurements will determined the efficiency of m-
banking application interface. 

Effectiveness: Effectiveness is the ability of a user in completing any task in a 
specified context (Harrison et al., 2013; ISO 9241-11, 1998). This is commonly 
measured by evaluating whether or not participants can complete a set of specified 
tasks. Attributes under this dimension as such as: 

• Accuracy: this measures performance of application in completing specified task 
and within a time. 

• Presentation: Refers to the logical presentation of the menu buttons (visibility of 
important option which can easily be understood by user), graphic, interface layout 
and the readability of the output. 
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Satisfaction: Identifies the attitude of user towards using an application since if an 
application is satisfying, users will have more interest in using the applications fre-
quently and continuously (Dubey et al., 2012; Martin &Oruklu, 2012). Attributes 
under this dimension as such as: 

• Content: Measures on the content addresses the user’s objectives and whether the 
content has value to the user. 

• Application guide: Measures the extent to which navigation is structured appropri-
ately for easy to reach especially for the deaf in finding contents. 

Therefore, there two measurements can be integrated to measure the user satisfac-
tion for m-banking application interface. Besides these three dimensions, accessibility 
has been identified to suit the need of m-banking usability evaluation for the deaf 
people as their need for any application differs from normal people. As such, accessi-
bility is described as below. 

Accessibility: This dimension addresses the needs of the deaf directly. This 
measures the accessible level of an application by this community with minimal effort 
and in accordance with the requirements fulfilled (Nathan et al., 2018). Attributes 
under this dimension as such as: 

• Operable: Understanding the application flow easily and able to complete task in 
lesser time. This will also measure the level of presentation as structured in the ap-
plication and allow users to move around easily in the application. 

• Assistive: Assistance provided to the deaf user in completing a task. Animation, 
multimedia and more content values should be included in the application for the 
hearing-impaired to ensure the application is able to be used easily. 

Therefore, there two measurements can be integrated to measure the level of acces-
sibility for the deaf user in using m-banking application interface. As such, these four 
main dimensions will be used in measuring the usability of the m-banking application 
among the deaf. 

7 Implications and Conclusion 

The emergence of M-banking usability evaluation has implications more broad ar-
rangement of digital economy in developing countries. Every exchange is impacted 
by the basic position of individuals in more extensive educational systems. The most 
recent instance of M-keeping money frameworks is an update that a comprehension of 
the job of the portable in creating social orders must incorporate its job in intervening 
both social and monetary exchanges, some of the time all the while. In light of the fact 
that technologies as utilized by people who are deaf are additionally utilized by the 
all-inclusive community, there are more open doors for people who are deaf to make 
associations with a more extensive assortment of individuals.Informal communication 
locales, for example, Facebook, Twitter and Instagram could enable separate to social 
hindrances that regularly exist between people who are deaf and people who are hear-
ing, maybe additionally bringing a common comprehension of one another's require-
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ments and societies. In addition, there are instructive ramifications for the hard of 
hearing network in these outcomes. Innovation can possibly improve and strengthen 
training among deaf. 

Unequal access to data, technology and innovations are said to be impeded in the 
worldwide economy. Utilization of innovation and full access to programming pro-
jects and Web destinations emphatically influences academic success, advances pro-
fessional careers, and connects persons socially. In future, we encourage legal, educa-
tional, and humanitarian professionals in deaf communities to work to make full and 
equivalent access to innovation and technology so that deaf people can take part com-
pletely and effectively in worldwide and overall contribute to economy growth as 
well. Finally, banking sector should keep pace with innovation that enables the deaf 
community to maintain equal opportunityand overall achieve the sustainable devel-
opment. 
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Abstract—Empirical research methods were used to study the Thailand 
Talent Mobility Programme and critical factors effecting participation in the 
project; from the perspectives of academic researchers in Science, Technology, 
and Innovation, in order to strengthen the competitiveness of technological in-
novation in Thailand. On the basis of questionnaire surveys of 58 universities 
and 17 research institutes, 613 academic researchers across the country re-
sponded the survey. All responses were analyzed through factor analysis and 
regression analysis methods. We conducted a thorough study of the impact of 
all factors to successful programme participation. This research study also iden-
tifies recommendations and solutions for successful personnel sharing models 
in Thailand. A mobile web for innovative university assessment system is also 
introduced as a supporting tool. 

Keywords—University-Industry Linkage (UIL); Knowledge Management 
(KM); University-Industry Collaboration (UIC); Talent Mobility (TM); Nation-
al Research University (NRU); Personnel Sharing Model, University Assess-
ment System, Mobile Web 

1 Introduction 

University-Industry Linkage (UIL) has become crucial in the research arena for 
economic competitiveness [1]. Knowledge Management allows organization to ex-
ploit its human intellectual asset to improve competitive advantage [2]. Researchers in 
Science, Technology, and Innovation are therefore increasingly in high demand and 
personnel sharing mechanism has also been emerged as a strategic national policy in 
the establishment of national innovation system globally. Among the different types 
of personnel sharing models, University-Industry Collaboration (UIC) happens to be 
an important mechanism in many countries. Talent Mobility (TM) is a growing prac-
tice at many universities/institutions and this model works well in the US and Europe. 
It has become a subject of great interest to academics, industry leaders and policy-
makers, as it is now acknowledged that this model is valuable for innovation and very 
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important for researchers, especially when the area of knowledge has an applied com-
ponent; science, technology, innovation [3]. 

Our objective is to shed some light on the factors or criteria of participation in a 
university-industry collaboration carried out through projects organised as TM. 

To achieve our purpose, we accomplished an empirical study based on the analysis 
of questionnaire surveys of 58 universities (9 NRUs and 49 non-NRUs) and 17 re-
search institutes which 613 academic researchers across the country responded the 
survey sharing their collaboration perspectives on Thailand Talent Mobility Pro-
gramme of The National Science Technology and Innovation Policy Office (STI). 

In this point, there are some considerations that should be made to clarify the ap-
proach of this contribution. First, the study gave insights into the scholars’ point of 
view on factors affecting their decision making to participate in the TM project, gath-
ered by selected nationwide academic researchers in Science, Technology, and Inno-
vation. Second, it has been to identify personnel sharing models practiced in Thailand. 
Finally, the chosen sample of academic researchers provided us with their require-
ments on tool or application for innovative university assessment system in sharing 
experts in science, technology and innovation between universities and industries. 

2 Literature Review and Theoretical Framework 

2.1 Literature review 

Knowledge transfer challenges in the emerging country context: Knowledge 
transfer enhances growth opportunities for emerging markets [4] [5] [6]. Large-scale 
knowledge transfer collaborations are often sponsored by the state as they require a 
high level of funding, significant resources and have a strategic economic importance 
to develop indigenous innovation capabilities [7]. A strategic role of such projects 
creates a high interest from potential stakeholders; government, university, and indus-
try; and a long term economic growth can be achieved if the knowledge obtained is 
fully utilized and developed [8]. 

For developing countries and middle-income countries, therefore, it is essential to 
learn and apply practices and guidelines as developed countries around the world; 
such as the creation of a science park, Technopolis or technology city, Innopolis, 
which is a driving force for technological innovation; including the creation and pro-
motion of manpower and researchers in the field of expertise from the government to 
work in the industry (Talent Mobility). This is considered to create the infrastructure 
needed for long-term competitive economic growth of the country [9]. 

University and Industry Linkage (UIL): Key factors in the innovation process 
involve interaction and collaboration among three players [10]: university, industry, 
and government [11]. Successful university–industry linkage (UIL) can be measured 
by efficiency, continuous marketing sales growth, understanding between university 
and corporate cultures, understanding of industrial problems, continuity of technology 
transfer to industry, and communication [1]. 
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For Thailand, the Thai government has initiated the National Research University 
(NRU) project in 2009 under the direction of the Office of the Higher Education 
Commission (OHEC). The goal is to develop academic capacity to promote research 
activities in the country and to build links between universities and industries for 
Thailand's competitiveness [12]. Nine outstanding research universities were selected. 

In general, there are six official forms of personnel sharing between universities 
and industries in Thailand: Consultancy and Reach-Out; Licensing; Contract Re-
search; Collaborative Research; Talent Mobility; and Academic Entrepreneurship 
[13]. 

Models of Talent Mobility: World Economic Forum (WEF) defines Talent Mo-
bility as "the physical mobility of talent within or across organizations and industries 
as well as the professional movement of workers across occupations or skill sets" 
[14]. TM is not a goal in itself but is often linked with sustainable economic growth 
objectives and can promote research and innovation as well as increase researchers’ 
employability and career development. 

The Talent Mobility Programme in Thailand by The National Science Technology 
and Innovation Policy Office (STI) has been officially launched since 2013 dividing 
into four phases. It currently conducts cooperation with 21 universities, 7 government 
agencies, 1 foundation, and 344 enterprises; with a total of 484 collaborative projects 
and 4 clearing house centers nationwide. At present, the programme consists of 766 
professors/researchers, and 703 assistant researchers of which 87 Doctoral Degree, 
170 Master’s Degree, and 446 Bachelor’s Degree. (Source: STI Report, 1 March 
2019) 

A Mobile Web for Innovative University Assessment System, therefore, is intro-
duced to facilitate the programme participation for the university. It was developed on 
the basis of personnel sharing models derived from three major effecting factors; as 
described in the following theoretical framework displayed in Figure 1. To further 
accelerate processes in knowledge management, the use of mobile technologies can 
also be integrated within the framework [2]. 

2.2 Theoretical framework 

The theoretical framework comprises of three major parts; effecting factors influ-
encing academic researchers’ decision making in the Talent Mobility Programme 
participation, personnel sharing models, and a mobile web for innovative university 
assessment system, as displayed in the above theoretical framework as Figure 1. 
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Fig. 1.  Theoretical Framework 

3 Methodology 

3.1 Sampling and data collection 

The survey followed a data collection technique and was performed from July to 
October 2018; both online and offline. Questionnaires were distributed to 21,526 
scholars via direct email and were collected from 656 participants of researcher de-
velopment courses organized nationwide by The National Research Council of Thai-
land. This study yielded 613 professors/researchers; expertise in the fields of Science, 
Technology, and Innovation, from National Research Universities, non-NRUs, and 
other governmental institutions; respectively. 

3.2 Questionnaire 

A questionnaire was used as the data collection instrument. It comprised six sec-
tions as demographic information, three major parts of factors effecting programme 
participation, models of personnel sharing, and acquisition of a mobile web for the 
university assessment system. All questionnaire items were adopted from existing 
studies. The questionnaire topics and questions had all undergone consultations with 
experts in the related fields to ensure clarity and suitability of the content and format. 
A five-point Likert scale was used to capture the responses; ranging from 1 Strongly 
Disagree, 2 Disagree, 3 Neutral, 4 Agree, and 5 Strongly Agree. All questions in the 
questionnaire were written in Thai language as this was the mother tongue of the 
participants. Pertinent demographic questions were also included in the survey. 
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3.3 Data analysis 

Data were analyzed using the Statistical Package for the Social Sciences (SPSS) 
version 22. Factors effecting Talent Mobility Programme participation were deter-
mined and a regression analysis then was used to ascertain the extent to which all 
factors contributed to the personnel sharing models. Participants’ requirement to use a 
mobile web for the university assessment system was also determined. 

4 Results 

They were found that industry factors have an overall significant effect on academ-
ic researchers’ participation decision on the Talent Mobility Programme; followed by 
university factors. The government, therefore, must strengthen guiding support for 
industries and policy support for universities/research institutes [15]. 

Summarising, 613 academic researchers provided us with a description that the 
sample group had the most expertise in science; 241 people, accounting for 39.4 per-
cent and highest interested in food industry; 205 people, or 33.7 percent. The majority 
of respondents also decided to join the project; 415 people, representing 67.7 percent. 
Technology Transfer was considered the most significant model followed by Collabo-
rative Research and Contract Research. For requirements on tool or application for 
university assessment system in personnel sharing mechanisms, most of the samples; 
552 people, or 90.0 percent needed a supporting tool. 

4.1 Demographic information 

The sample consisted of 613 participants; males (56.8%) and females (43.2%). 
Most of them were aged between 40 and 49 years (38.7%), followed by those aged 
between 30 and 39 years (38.3%). In terms of education level, most respondents 
(63.8%) were Doctoral Degree followed by Master’s Degree (26.9%). The majority of 
participants (37.5%) were lecturers, followed by assistant professors (25.3%). For 
year of service, most respondents have more than 16 years (32.0%), followed by those 
worked between 6 and 10 years (26.8%). Most researchers (76.0%), were from Na-
tional Research Universities while the rest (24.0%) were non-NRUs’/other institu-
tions’ experts. The majority of participants (39.4%) were expertise in science, fol-
lowed by engineering and industry (13.7%). In terms of type of interested industry, 
most respondents (33.7%) were interested in food industry followed by medicine and 
dietary supplements (27.3%) as summarized in Table 1. 

Table 1.  Demographic Information (n = 613) 

Construct Number Percent 

Gender 
Male 348 56.80% 
Female 265 43.20% 

Age 
40-49 237 38.70% 
30-39 235 38.30% 

Education Level Doctoral Degree 391 63.80% 
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Master’s Degree 165 26.90% 

Academic Position 
Lecturer 230 37.50% 
Assistant Professor 155 25.30% 

Year of Service 
Over 16 196 32.00% 
06-Oct 164 26.80% 

Type of University 
National Research University (NRU) 466 76.00% 
Non-NRU/Other Institutions 147 24.00% 

Field of Expertise 
Science 241 39.40% 
Engineering and Industry 84 13.70% 

Type of Interested Industry 
Food 205 33.70% 
Medicine and Dietary Supplements 166 27.30% 

4.2 Factors effecting researcher’s decision making in the talent mobility 
programme participation 

Descriptive analysis was conducted to study factors effecting respondent’s decision 
making in the Talent Mobility Programme participation. Results of the analysis are 
shown in Table 2. Factor R-2 (Opportunity perception in bringing research into the 
market) was considered the most significant with the highest mean (mean=4.17), 
followed by Factor U-2 (Working process of the university), Factor I-1 (Organiza-
tional factors and Organization management of the industry), and Factor U-3 (Internal 
factors of the university) as the respondents described very important (mean=4.06) as 
revealed in Table 2. 

Table 2.  Factors Effecting Researcher’s Decision Making in the TM Programme Participation 
 Items Mean SD 

1 University Factor 1 (U-1): Organizational factors and Organization management of the 
university 3.76 1.106 

2 University Factor 2 (U-2): Working process of the university 4.06 1.015 
3 University Factor 3 (U-3): Internal factors of the university 4.06 0.992 
4 University Factor 4 (U-4): Human resource factors of the university 3.81 1.037 

5 Industry Factor 1 (I-1): Organizational factors and Organization management of the 
industry 4.06 0.999 

6 Industry Factor 2 (I-2): Working process of the industry 3.98 0.977 
7 Industry Factor 3 (I-3): Internal factors of the industry 4.1 0.942 
8 Industry Factor 4 (I-4): Human resource factors of the industry 3.98 0.923 
9 Researcher Factor 1 (R-1): Motivation of the researcher 3.95 0.994 

10 Researcher Factor 2 (R-2): Opportunity perception in bringing research into the market 4.17 0.897 
11 Researcher Factor 3 (R-3): Technology transfer process 3.98 0.941 
12 Researcher Factor 4 (R-4): Support from government and external agencies 3.76 1.115 

4.3 Researchers’ decision on programme participation 

The result showed the number and percentage of the sample group regarding their 
decision making to participate in the Talent Mobility Programme. Most of the sample 
group decided to join the project; 415 people, accounting for 67.7 percent, followed 
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by decided not to participate the programme; 198 people, representing 32.3 percent as 
indicated in Table 3. 

Table 3.  Researchers’ Decision on Programme Participation 

Decision Number Percent 
Decided to Participate 415 67.7 
Decided not to Participate 198 32.3 
Overall 613 100 

4.4 University-Industry personnel sharing models 

Analysis result of the personnel sharing models between university and industry is 
shown in Table 4. The sample group agreed that it was overall very important 
(mean=4.07). Technology Transfer was considered the most significant with the high-
est mean (mean=4.24), followed by Collaborative Research and Contract Research as 
the respondents described very important (mean=4.20). Talent Mobility, however, 
was rated very important as the fifth rank (mean=4.06) and Other Models were ranked 
with the lowest mean (mean=3.73) as presented in Table 4. 

Table 4.  University-Industry Personnel Sharing Models 
 Items Mean SD 

1 Technology Transfer 4.24 0.826 
2 Collaborative Research and Contract Research 4.2 0.826 
3 Consultancy and Reach-Out 4.13 0.823 
4 Licensing 4.1 0.878 
5 Talent Mobility 4.06 0.999 
6 Academic Entrepreneurship 4.04 0.87 
7 Other Models 3.73 1.164 

Overall 4.07 0.894 

4.5 Attitudes towards a supporting tool for innovative university assessment 
system 

The result showed the number and percentage of the opinion from the sample 
group towards having a supporting tool, such as a mobile web, for innovative univer-
sity assessment system: Talent Mobility Programme. It was found that most of the 
samples; 570 people, accounting for 93.0 percent agreed that it was useful, followed 
by not useful 43 people, representing 7.0 percent as explained in Table 5. 

Table 5.  Usefulness of A Supporting Tool for Innovative University Assessment System 

Usefulness of A Supporting Tool (A Mobile Web) Number Percent 
Useful 570 93 
Not Useful 43 7 
Overall 613 100 
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The result showed the number and percentage of the samples’ need of a supporting 
tool, such as a mobile web, for innovative university assessment system: Talent Mo-
bility Programme. It was found that most of the samples; 552 people, accounting for 
90.0 percent needed a supporting tool, followed by not needed 61 people, representing 
10.0 percent as shown in Table 6. 

Table 6.  Need of A Supporting Tool for Innovative University Assessment System 

Need of A Supporting Tool (A Mobile Web) Number Percent 
Need 552 90 
Not Need 61 10 
Overall 613 100 

 
In terms of a mobile web’s context of use, it will be utilized in a specific setting at 

the point a system or a product is created. The accomplishment of a software devel-
opment program can build upon how well this process is completed [16]. User re-
quirements will include summary descriptions of the tasks that the system will sup-
port, and functions will be provided to support them. 

Our mobile web for Innovative University Assessment System, therefore, should 
be proved by the technology acceptance theory. The most widely used model in de-
termining user acceptance of new technology usage is Technology Acceptance Model 
(TAM) [17] [18]. Conducted studies related to mobile technology that utilized numer-
ous theories, including TAM, in understanding the rationale of people in using mobile 
devices (i.e., smartphones) at work [19]. 

5 Developing A Mobile Web for Innovative University 
Assessment System 

From the data analysis to confirm the theoretical framework of factors influencing 
academic researchers' decision to participate in the Talent Mobility Programme, and 
the analysis of models and relationships of factors related to university-industry per-
sonnel exchange have led to the product innovation by developing an Innovative Uni-
versity Assessment System for Personnel Sharing to Industry on mobile web for Thai-
land Talent Mobility Programme of The National Science Technology and Innovation 
Policy Office (STI). 

This product innovation development started from research concepts to innovative 
product development. Our research results have been developed to be a model of 
university readiness assessment for personnel sharing, which gives an importance to 
the commercial use of research community in Thailand. The Innovative University 
Assessment System for Personnel Sharing to Industry consists of 3 assessment crite-
ria, 4 components, and 48 questions. 

The objective of this mobile web is to evaluate the university readiness in various 
categories as summarized in Table 7. 
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Table 7.  Categories and Number of questions in the Innovative University Assessment System 

Categories Number of Questions 
Organizational Factors and Organization Management 20 
Working Process Factors 6 
Internal Factors 7 
Human Resource Factors 15 
Total 48 

 
The product called Innovative University Assessment System for Personnel Shar-

ing to Industry is a form of program with a purpose of assessing university readiness 
in order to support management and administrators to identify strengths, weaknesses, 
potentials and overall operational effectiveness of the university; which is useful for 
personnel sharing between universities and industries, specifically for being part of 
the Thailand Talent Mobility Programme. 

5.1 A mobile web design and usage 

Administrator must generate the right to assess for each university and be the crea-
tor of all assessment forms by setting scores for each question and each part in order 
to support the result calculation as demonstrated in Figure 2 and Figure 3. 

 
Fig. 2.  Context Diagram of A Mobile Web 
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Fig. 3.  Use Case Diagram of A Mobile Web 

User must have an account for the assessment by applying through the system and 
be able to understand the result report of each part and the total score summary in 
order to identify strengths, weaknesses, and potentials of the university as illustrated 
in Figure 2 and Figure 3. 

5.2 Characteristics and functionality of a mobile web 

Innovative University Assessment System for Personnel Sharing to Industry was 
developed as a Web Application installed on the Microsoft Azure Cloud Platform 
system using Microsoft Visual Studio 2017 application with ASP.Net C#, HTML, and 
JavaScript under .NET Framework 4.6.1. The data was stored in the relational data-
base with Microsoft SQL Server 2008 R2 as the Database Management System. Re-
ports of the system were designed and developed with Chart.js. Platform Architecture 
of A Mobile Web as demonstrated in Figure 4. 
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Fig. 4.  Platform Architecture of A Mobile Web 

Innovative University Assessment System for Personnel Sharing to Industry com-
prises of two following subsystems as follows: 

• User and Security System was developed to manage user’s role and permission. 
User can edit profile and change password of his/her account. Administrator has 
the right to add new users and edit the information of existing users. 

• Assessment System was developed to manage the assessment function. User can 
do self-assessment for his/her organization. The assessment results are displayed 
with charts and descriptive information. Administrator can retrieve user’s assess-
ment information and export as flat files for further statistical research. 

5.3 Details of a mobile web 

The mobile web consists of three major sections consisting of the University Self-
Assessment Form, Assessment Result, and Technology Acceptance of the Innovative 
University Assessment System as displayed in the following Figure 5, Figure 6, and 
Figure 7. 
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Section 1: University self-assessment form 

     

      
Fig. 5. University Self-Assessment Form 
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Section 2: Assessment result 

     
Fig. 6. Assessment Result 

Section 3: Technology acceptance of the innovative university assessment system 

 
Fig. 7.  Technology Acceptance of the Innovative University Assessment System 
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5.4 Usage testing and adoption of a mobile web 

After successfully developing a mobile web called Innovative University Assess-
ment System for Personnel Sharing to Industry, it was brought to have usage and 
acceptance testing with 30 researchers; responded from 136 academics via direct 
email distribution, by examining the program usage in order to demonstrate its steps 
and system as well as the accuracy result calculation of the program. The target group 
then answered the technology acceptance survey in order to identify the program 
features to be efficiently improved and suitable for the target group who apply the 
program. 

A survey tool for technology adoption was developed by applying the theory of 
"Technology Acceptance Model - TAM" [20] which is a popular theory. It was used 
to describe important factors in technology acceptance and to describe or predict be-
havior in accepting newly developed information systems [21]. TAM is shown in 
Figure 8. 

 
Fig. 8.  Technology Acceptance Model - TAM 

Technology Acceptance Model (TAM) is a theory describing user’s perception of 
benefits from information technology. There are factors determining the perception of 
each person that information technology contributes to improving efficiency and fac-
tors directly affecting the intention to use. Technology Acceptance Model consists of 
Perceived Usefulness, Perceived Ease of Use, Attitude towards Use, and Behavioral 
Intention to Use. 

Perceived Usefulness is a factor that determines the perception of benefits from in-
formation technology. Perceived Ease of Use is a factor determining the amount or 
success that meet the needs or expectations which is a factor that affects the percep-
tion of the benefits derived from information technology [20]. Attitude towards Use is 
influenced by perception of benefits from information technology and recognition that 
the system is easy to use. Behavioral Intention to Use is influenced by the attitude 
towards use and awareness of the benefits derived from information technology which 
ultimately resulting in the acceptance of actual use. 

6 Conclusions and Recommendations 

University-industry linkage is increasingly playing a significant role in developing 
innovation supply chains and knowledge transfer ecosystems [8]. It is critical to un-
derstand the nature of university-industry partnership, its effectiveness and potential 
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barriers to ensure effective knowledge transfer, competitiveness and developing 
knowledge-based economies [22]. 

Industry factors play a key role in affecting academic researchers’ participation de-
cision on the Talent Mobility Programme. These included internal factors, and organ-
izational factors and organization management of the industry. University factors also 
have an overall significant influence on mentioned experts’ decision making. They 
were the university’s internal factors and working process of the university. 

As this study has presented the critical factors that influence the participation deci-
sion on the Talent Mobility Programme, and this knowledge is crucial in managing 
such collaboration model. This effort, therefore, will also help to observe the signifi-
cant personnel sharing models between university and industry. 

As our findings highlighted key factors and significant models, this study was fi-
nally designed to determine the acquisition of academic researchers towards a mobile 
web for Innovative University Assessment System. The proposed framework can be 
successfully utilized as a decision-making tool for university assessment of its charac-
teristics, and potential research collaboration models with industry will be recom-
mended. Results indicated that academic researchers were optimistic regarding its 
value and expressed their intention to adopt this tool called Innovative University 
Assessment System for Personnel Sharing to Industry. 

This research study, however, only discussed on factors effecting participation de-
cision on Thailand Talent Mobility Programme from the perspectives of academic 
researchers in Science, Technology, and Innovation. Future research, therefore, 
should explore in other models of personnel sharing and from the perspectives of 
industry in order to compare university-industry collaborations that would reveal 
different results. Other supporting tools such as mobile application, moreover, to 
assess industry readiness for personnel sharing should be further developed and intro-
duced. 
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Abstract—Research indicates that mobile learning (ML), has the potential 
to transform teaching and learning. Despite its benefits, mobile learning adop-
tion is a challenging process which requires support to facilitate its integration. 
The focus of this article is to investigate the factors that could affect ML ac-
ceptance. The quantitative and qualitative data collected from the surveys re-
vealed additional information regarding the pedagogical benefits of and obsta-
cles to mobile learning integration. Even though participants in this study re-
ported to be late adopters of technology, they maintained that ML is useful for 
learning, specifically ubiquitous learning. Teachers also noted that mobile 
learning integration is more successful when aligned with local cultural norms. 
Mobile learning tools that might be culturally appropriate in one context may 
not always be accepted in another. Findings of this study provide several impli-
cations and recommendations for future research on mobile learning implemen-
tation. Further research could explore the development and utilization of a ru-
bric with specific criteria for evaluating mobile learning applictations. 

Keywords—Mobile Learning, Higher Education, m-adoption, iPad initiative 

1 Introduction 

Mobile technologies possess educational potential for today’s generation much like 
television did 45 years ago. They can encourage ubiquitous learning allowing students 
to access and process information regardless of time or place. Mobile technologies 
also have the ability to support collaboration and communication and individualized 
learning based on personal needs (Bradley & Holley, 2011; Ranieri & Pachler, 2014). 

Even though ML has signifant potential when used as an educational tool, the liter-
ature on Mobile Learning (ML) is dynamic and at times chaotic. Due to the ambigu-
ous nature of mobile learning research, an exact definition of ML has been difficult to 
develop.Mobile learning has the potential to be private, informal, spontaneous and 
mobile in a way that e-learning is not (Traxler, 2009). In addition, mobile learning 
enables users to “access, and experiment with, multimedia and other electronic con-
tent for subject-matter instruction, both in and outside the traditional classroom set-
ting” (Wagner et al., 2014, p. 120). Traxler (2009) states that mobile devices include 
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the following, “handheld computers, personal digital assistants, camera phones, 
smartphones, graphing calculators, personal response systems, games consoles and 
personal media players” (p. 2) and can be “ubiquitous in most parts of the world” (p. 
2). The ubiquity of these devices possibly supports students’ access to learning mate-
rials anytime and anywhere leading to an increase in contact with both formal and 
informal learning. Our definition of ML includes the use of mobile devices, both 
smartphones and tablets, as a vehicle for the use of educational apps that can be ac-
cessed anywhere at anytime given the correct infrastructure. 

Research into mobile learning is still developing. Results are promising but often 
lack reliability; therefore, it is still too early to determine how mobile learning will 
affect education (Wagner et al., 2014). To date, research includes topics such as using 
mobile devices as tools for student learning (Ally, 2013; Bradley & Holley, 2011), for 
adult learning and for differentiated learning in both developed and developing con-
texts (Ranieri & Pachler, 2014; Wagner et al., 2014). Other research includes the 
benefits of ML towards teachers’ education and professional development; (Baran, 
2014) and the importance of teachers’ adoption of mobile learning and the factors that 
impact this adoption (i.e., MacCallum, Jeffrey, & Kinshuk, 2014).  

2 Statement of Problem 

Even though early research into ML indicates several possible benefits, it is best 
utilized when there is a clear understanding of how it will benefit the overall learning 
environment and clearly connect to learning objectives (Kerrigan, et al., 2014). While 
investigating the successulful implementation of ML, numerous variables such as age, 
learning theory, subject, learning style, culture and infrastructure were considered 
vital for determining its success (Cheon et al., 2012). Despite the importance of these 
factors in determining ML effectiveness, more studies are needed internationally to 
better understand how it is being used and perceived by all stakeholders. Hence, the 
goal of this research is to explore the perceptions of mobile learning adoption by fac-
ulty members as a first step to better understand ML in the current context. 

3 Context 

Zayed University (ZU), founded in 1998, is one of the three government funded 
colleges in the United Arab Emirates (UAE). Zayed University has two campuses - 
one in Dubai and one in Abu Dhabi – that offers scholarships to local students . The 
University invites both male and female students in independent locations as UAE 
customs suggest (http://www.zu.ac.ae). 

In the undergraduate programs, the students are generally UAE nationals, who are 
enrolled in general education if they have an EMSAT English Score of 1250, or a 
scholastic IELTS score of 5.5, or a TOEFL iBT 71+ score. If students do not meet 
these requirements, they are admitted into the Academic Bridge Program (ABP), 
which is the English language foundations program, for 2 semesters until they are 
qualified to join the majors (http://www.zu.ac.ae). It is worth mentioning that literacy 

52 http://www.i-jim.org



Paper—Using Mobile Learning Tools in Higher Education: A UAE Case 

levels in the United Arab Emirates have greatly increased since the unification of the 
7 Emirates in 1971. There is also a significant interest in female instruction as there is 
a genuine sense that teaching Emirati females will be an enormous advantage to the 
country due to the high need of Emiratization (Hojeij & Hurley, 2017; MFNCA, 
2009). 

The current study focuses on faculty in the ABP and their experience with the iPad 
Initiative. The ABP started the iPad initiative in 2012. All students have personal 
devices and most of the content material is digital. They study 20 hours of English per 
week, from Sunday till Thursday, as weekend in UAE is Friday and Saturday. The 
university uses Blackboard as its learning management system, where all course con-
tent is stored, and assessments are distributed and marked. The university provides a 
strong WiFi connection for all students and faculty members to access with any de-
vices they may have. Moreover, the university offer technical support to both faculty 
and students (Hojeij & Baroudi, 2018). Faculty in the current study had not undertak-
en any previous formalized training in using the iPad as a teaching and learning tool 
prior to the ABP iPad initiative. 

4 Guiding Questions 

This study aims to look closely at mobile learning adoption specifically in public 
higher education in the context of the UAE through the collection and analysis of 
primary data to answer three main guiding questions. Answering these questions will 
determine the factors influencing faculty adoption and perceptions of using mobile 
learning tools in one public university in the UAE. To this end, this study will en-
deavor to answer the following research questions: 

• To what extent is technology adopted by the teachers participants of this study?  
• What do teachers perceive as the pedagogical benefits of mobile learning? 
• What are the influencing factors that teachers identify for a succefful mobile learn-

ing 
• Implementation? 

5 Significance of this Research 

The current study investigates and highlights the experience of 36 faculty members 
in the Academic Bridge Program, an English language foundation department, at a 
Zayed University in the UAE. Examining the challenges and benefits affiliated with 
the adoption of mobile learning technologies in this context will be of a great signifi-
cance to better understand and deal with the factors affecting the public higher educa-
tion section in the UAE. Therefore, this research aims to inform about the impact of 
mobile learning tools implementation as well as to investigate the faculty perceptions 
regarding such initiatives. Finally, while there is a large variety of apps being used in 
ABP, the research is not app-specific but is rather concerned with the process of how 
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mobile learning technology is being used to benefit the teaching and learning experi-
ence for all involved. 

6 Literature Review 

Several frameworks have emerged which focus on mobile learning, such as the 
SAMR (Substitution, Augmentation, Modification and Redefinition) Model, the 
TPACK (Technological Pedagogical Content Knowledge) model, the Frame model 
and the affordances model. Despite the existence of these frameworks, there is still a 
need for thorough research and solid frameworks which support mobile learning 
(Park, 2011). However, for the purpose of integrating mobile learning into a curricu-
lum based on the program and to best fit students’ and/ or teachers’ needs, this study 
will adapt aspects of the FRAME model that could best support the research goals. 

6.1 The FRAME model 

According to Koole (2009), the different parts of the FRAME model can be divid-
ed into subsections that focus on the mechanics, learner involvement and the social 
aspects of mobile learning and how they overlap. The parts of the FRAME model are 
described in Table 1 below: 

Table 1.  Frame Model Characteristics 

The device aspect Physical characteristics, input capabilities, output capabilities, 
file storage and retrieval, processor speed and error rates 

The device usability intersection Portability, information availability, psychological comfort and 
satisfaction 

The learner aspect Prior knowledge, memory, context and transfer, discovery learning, 
emotions and motivations 

The social aspect Conversation and cooperation and social interaction. 
The social technology intersection Device networking, system connectivity, collaboration tools. 
The interaction learning intersection Interaction, situated cognition and learning communities 

The Mobile Learning Process Includes mediation, information access and selection, and knowledge 
navigation 

 
These descriptors are identified as both individual and interrelated features that 

could better describe the status of mobile learning and the possible characteristics that 
lead to a successful mobile environment (Koole, 2009). 

In addition to the FRAME Model, several affordances were highlighted by Cope 
and Kalantzis (2013) to include ubiquitous learning, feedback between stakeholders, 
production and creativity, learner autonomy, collaboration, reflection and differentiat-
ed instruction/learning. This study also drew on these affordances throughout this 
exploration. 
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6.2 Mobile learning integration 

Before integrating mobile learning, it is wise for educators to choose educational 
mobile applications that are suitable for the content and context. As such, Vincent 
(2012) explains that educators should consider customization and flexibility of the 
tools. For example, these applications should have features that provide feedback to 
students on their progress. In alignment with 21st century skills, these applications 
should be designed to enhance students’ higher order thinking skills through provid-
ing them with opportunities to create, evaluate and analyze. Moreover, he highlights 
that the most successful applications are the ones that engage the students and allow 
them to share either their specific performance summary or their product with the 
teacher or with their peers. 

In a follow-up study to Vincent’s (2012) work, research was conducted at a federal 
university in the United Arab Emirates in 2013, which reviewed these characteristics 
and adapted them based on teacher feedback (Eppard, Nasser & Reddy, 2016). After 
collecting qualitative data through journals and focus groups, data was analysed based 
on Vincent’s study and augmented using feedback from participating teachers to in-
clude the following benefits for mobile learning adoption: sharing, engaging, thinking 
skills, feedback, customization, relevance, culture, cost, ease-of-use and collaboration. 
As such, culture, cost, ease-of-use, and collaboration were specifically important 
characteristics to consider when choosing mobile learning tools in the current setting. 

With that being said, there are several beneficial characteristics of mobile learning. 
These features can be divided into two key areas: pedagogy and resources. Pedagogi-
cally mobile learning lends itself to: ubiquitous learning, collaborative learning (Ham-
shire, O’Connor & Crumbleholme, 2014), interactivity (Mehdipour & Zerehkafi, 
2013); differentiated learning (Park, 2011) including cultural relevancy (Ally, 2013). 
Ubiquitous learning is an important aspect of mobile learning (Mehdipour & Zere-
hkafi, 2013). It is the notion that learning can take place at any time and at any place 
(Bradley & Holley, 2011). There are several benefits to ubiquitous learning such as 
increasing autonomous learning. Ubiquitous learning engages learners in an environ-
ment where “Mobile devices and wireless Internet technology enable learners to learn 
using a variety of digital resources from anywhere in the world at anytime. This new 
way of learning is commonly known as ubiquitous learning or u-learning” (Hseieh, 
Jang, Hwang & Chen, 2011, p. 1194). 

Student performance is another advantage of mobile learning (Walker, 2013). For 
example, using mobile learning, an instructor and/or students can receive aggregate 
analytics (formative or summative) about their performances. Understanding student 
performance could contribute to an understanding of the success of mobile learning 
based on outcomes (Wagner et al., 2014). Many of these advantages are also true of e-
learning (desktop computers). However, given that mobile learning tools can be trans-
ported easily, these pedagogical affordances support the use of mobile learning for 
multiple scenarios. Finally, the agreement among researchers is that mobile learning 
tools have extensive pedagogical benefits in student-centered classrooms such as the 
above mentioned. Findings offer insights about the extent and impact of these benefits 
to both learners and teachers. Nevertheless, considering that a full literature review of 
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the advantages is beyond the scope of the current study, additional domains have been 
mentioned in the literature as possible advantages for mobile learning in a student-
centered communicative classroom. These can be found in Table 2 below. 

Table 2.  Additional benefits of ML 

Reference Benefits of ML Summary 
Hwang & Chang, 2011; Koole, 2009; 
Mehdipour & Zerehkafi, 2013 
 
Damyanov, Tsankov, 2018 

Interactivity - Fun and engaging to students 
- Can provide students with ways to pro-
cess and apply new information 
- Immersive experience. 

Shih & Mills, 2007; Ranieri & Pachler, 
2014 

Addressing learning 
differences 

ML activities can be in different formats 
(videos, infographics, eBooks, apps, etc.) 
and different academic levels that are 
easily accessible to all learners on various 
mobile devices as a way to address learner 
differences. 

Liu, Li & Carlson, 2010 Collaborative Learning Students can work together and help each 
other using ML tools. They can engage in 
peer feedback, collaborative work, discus-
sion boards, and so on. 

Shadle, Perkins, Lincoln, Humphrey & 
Landrum, 2013; Mehdipour & Zere-
hkafi, 2013; Backhouse, Wilson, & 
Mackley, 2014 

Student Engagement When learners are fully engaged, they are 
involved in a more meaningful learning 
experience.  

Liu, Li & Carlson, 2010; Zafar & 
Hasan 2014; Walker, 2013; Mehdipour 
& Zerehkafi, 2013 

Student Motivation Learners are motivated because the experi-
ence of using ML tools is enjoyable.  

Traxler, 2009; Naismith, Lonsdale, 
Vavoula & Sharples, 2004 

Situated Learning Receiving help and timely feedback helps 
students to take full advantage of their 
learning experience 

Bradley & Holley, 2011 Access to course 
materials 

ML provides students with access to 
chunks of knowledge depending on the 
tools used. Larger platforms can provide 
students with larger pieces of information. 
ML tools can reach a large number of 
learners in real time or offline allowing 
them to engage in ubiquitous learning. 

Backhouse, Wilson, & Mackley, 2014 Reflective Processing Students are forced to reflect while engag-
ing in problem-solving. They can rely on 
their prior knowledge and combine it with 
the new information to reach a solution. 

Hwang, Wu, Zhuang & Huang, 2013; 
Shih, Chuang, & Hwang, 2013 

Inquiry-based Learn-
ing 

ML can include simulated experiences 
which build confidence and sharpen prob-
lem-solving skills of learners. 

Kim, Mim & Holmes, 2006 Sharing feedback 
between teachers and 
students 

ML allows teachers to provide real-time 
feedback as well as digital feedback to the 
learners in a variety of types (visual, audio, 
video, etc.) 

Chuchu, Ndoro, 2019 Flexible and instant 
access 

ML allows for students to access materials 
ubiquitiiously and outside of the classes 

 
 

56 http://www.i-jim.org



Paper—Using Mobile Learning Tools in Higher Education: A UAE Case 

As for the role of resources within Mobile Learning, it was discussed that mobile 
devices may be cheaper than other forms of technology (Park, 2011). While the de-
vice itself might be cheaper, the infrastructure needs to be in place (Shadle et al., 
2013) giving both teachers and students ubiquitous access. Liu, Li & Carlson (2010) 
state that one of the most important factors when considering mobile learning is its 
“long-term usefulness.” Materials created for one tool on a specific device should be 
transferrable/ or able to be adapted to other devices/ tools accordingly without hidden 
or unexpected costs. Finally, another aspect of mobile learning that should be well 
thought out is content development (Liu, Li & Carlson, 2010). Necessary materials 
should be easily accessible (Oliver, 2007) or content needs to be bought or prepared 
which could be costly and/or time consuming. 

Despite the various advantages that mobile learning adoption offers to students and 
educators alike, it is worth noting that there are also several limitations. A great num-
ber of educators consider mobile devices as distractions in an educational context. 
Students can easily access games, messages or other apps which interrupt the class-
room flow. In addition, teachers struggle to keep up with the latest technological ad-
vances which can adversely affect teachers’ classroom management, teaching practic-
es (Catapano, 2015; Costabile et al., 2008), and continuity (Oliver, 2007). Further-
more, adopting mobile learning without a clear pedagogical objective can be an im-
pediment to learning/teaching in the classroom (Catapano, 2015). It was also argued 
that traditional assessments cannot always be applied using mobile technologies 
(Vavoula & Sharples, 2008). Lastly, within the context of this study, Eppard, Nasser 
and Reddy (2016) found that mobile adoption could be limited due to poor design and 
expense in terms of both cost and time. 

7 Methodology 

In an effort to shed light on the benefits of mobile learning and the factors that in-
fluence the success of mobile learning implementation in the classroom, this study 
uses a concurrent mixed methods design. The ultimate aim of the current study was to 
use the information gathered from the literature review to develop a questionnaire to 
distribute to faculty. The survey gathered both quantitative (Likert-scale questions) 
and qualitative (open-ended questions) data. 

8 Participants 

The participants included instructors from the Academic Bridge Program, which is 
the pre-sessional English department at a federal university in the UAE. 53% were 
instructors from the Dubai campus and 47% of the participants were teaching at the 
Abu Dhabi campus. The sample size existed of 56% female teachers and 44% male 
teachers. The participants in the sample of the current study had many years of teach-
ing experience: 8% of the teachers had 5-10 years of teaching experience, 58% had 
10-15 years of teaching experience while 33% of the participants had been teaching 
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for more than 25 years. The faculty and their students have been using mobile learn-
ing in their classrooms for the past three years. 

The faculty in this department was selected for this study as it has been officially 
using mobile learning as an instructional tool longer than any other department in the 
university. The iPad is integrated into the curriculum of each course. Therefore, it is 
assumed that these teachers are able to give a good estimation of the impact of mobile 
learning. The online survey link was distributed to 60 faculty members via email. 36 
surveys were returned which makes the response rate 60%. 

9 Data Collection 

Based on the literature review, a survey was developed by the researchers and sent 
electronically to the above described teachers of the English foundation program. 
Validity of the survey was tested through piloting and reliability was ascertained 
through repeated testing. The purpose of the pilot test was not to collect data but to 
determine if the questions made sense. The results achieved reliability through multi-
ple stages of developing, checking and cross-checking categories, themes and re-
sponses. 

Subjects agreed to participate in the study by accepting an online statement. Data 
from the subjects did not include information that could be tracked to the responder. 
The data were stored in an online survey platform that was protected by a username 
and password. The survey asked participants to provide feedback on the benefits and 
drawbacks of mobile learning. The survey was divided into the following sections: 
evidence, technology, teaching, resources, culture, and limitations. The survey At the 
end of each question, an open-ended section was added for subjects to explain their 
answers. This was used to gather the qualitative data. 

10 Data Analysis 

The data collected was processed and statistically analyzed through the Statistical 
Package for the Social Sciences (SPSS) Version 24. The three research questions for 
this study were explored by using descriptive statistics for the quantitative data. Addi-
tionally, qualitative thematic analysis was used to extract themes from the open-ended 
question in order to further elaborate on and create an in-depth understanding of the 
results from the quantitative analysis. 

Results of the current study were derived from both quantitative and qualitative da-
ta. Quantitatively, the results relied on both descriptive statistics. Qualitatively, 
themes were extracted and analyzed from the open-ended questions. The results are 
presented below in relation to the guiding questions of the study. 
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11 Quantitative Analysis 

11.1 To what extent is technology adopted by the teachers of this study?  

Considering the adoption of technology as a personal tool and a learning tool, only 
8% of the participants reflected themselves very late adopters of technology as a per-
sonal tool, while 42% reported that they were late adopters. The remaining respond-
ents were early adopters and innovators with a percentage of 28 and 22, respectively. 
None of the participants considered themselves skeptic towards the use of technology 
as a personal or teaching/learning tool. As for adopting technology as a teaching and 
learning tool, the numbers did not vary much. Only 6% considered themselves very 
late adopters of technology as a personal tool, while 50% reported that they were late 
adopters. The remaining respondents were early adopters and innovators at 22% each. 
The results can be seen in Table 3 below. 

Table 3.  Adoption of Technology as a personal and teaching/learning tool 

 Skeptic Very late 
adopter 

Late 
adopter 

Early 
adopter 

Innovator N 

As a personal tool 0% 8% 42% 28% 22% 36 
As a technology/learning tool 0% 6% 50% 22% 22% 36 

 
As for technology integration into teaching practice, the results varied from 39% of 

respondents using technology frequently in teaching to 11% who rarely use it. As 
expected, very late adopters for personal use showed the highest percentage of ‘rarely 
use’ (50%). Late adopters for personal use showed the highest percentage of ‘occa-
sional use’. Early adopters had the highest percentage of ‘frequent use’ (38%) and 
innovators |(49%) scored ‘almost always’ on technology adoption for personal use. 

The same pattern was shown in the results for technology adoption for teaching 
and learning. very late adopters for personal use showed the highest percentage of 
‘rarely use’ (50%). Late adopters for personal use showed the highest percentage of 
‘occasional use’ (80%). Early adopters had the highest percentage of ‘frequent use’ 
(38%) and innovators mostly scored ‘almost always’ (63%) on technology adoption 
for personal use. It can be concluded that the earlier teachers have adopted technology 
as a personal or teaching/learning tool, the more they eventually tend use it in their 
teaching practices. 

11.2 What do teachers perceive as the pedagogical benefits of mobile learning? 

The majority of informants replied that mobile learning had a positive impact on 
the teaching and learning process. The categories that indicate the highest positive 
impact were Ubiquitous Learning at 63.89%, Interactivity at 61.11%, and Teach-
er/Student Feedback at 55.56%. The lowest positive impact was in the Situated Learn-
ing at 33.33%. The results arwe presented in Table 4 below. 
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Table 4.  Mobile Learning impact 

 Yes No Maybe N/A N 
Student Engagement 50% 16.67% 30.56% 2.78% 36 
Interactivity 61.11% 2.78% 33.33% 2.78% 36 
Formative and/or Summative Assessments 44.44% 8.33% 41.67% 5.56% 36 
Students with Learning Differences 41.67% 11.11% 38.89% 8.33% 36 
Teacher/Student Feedback 55.56% 5.56% 30.56% 8.33% 36 
Ubiquitous Feedback 63.89% 5.56% 25% 5.56% 36 
Situated Learning 33.33% 25% 36.11% 5.56% 36 
Inquiry-Based Learning 41.67% 22.22% 33.33% 2.78% 36 

11.3 What are the influencing factors that teachers identify for mobile learning 
implementation? 

The questionnaire inquired about factors that teachers consider and prior to select-
ing an app for use as a learning tool in the classroom. The two considerations that 
were explored are the evidence of app effectiveness and cultural influences and ap-
propriateness. 44% of teachers indicated that it is not important for them to select an 
app for which conclusive evidence showed a significant positive effect on student 
learning outcomes. 33% of the participants answered ‘Maybe’ and 17% replied that 
evidence is important for them. In contrast to this, a relatively high percentage of 
participants (75%) specified that they consider cultural influences and appropriateness 
before choosing an app to use in their learning contexts, specifically if it suits their 
students and their learning environment. In contrast, only 6% said that cultural appro-
priateness is not an important factor for them to consider. The results of both factors 
can be seen in Figures 1 and 2 below. 

 
Fig. 1. Importance of evidence before adoption 
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Fig. 2. Consideration of cultural influences before adoption 

Additional considerations can be seen in Table 5 below. Participants indicated that 
before choosing a new app to use in class, they consider 6 additional factors. The most 
important consideration is Content Delivery at 69.44%, followed by Cost and Content 
Sharing at 58.33% each, then Use across Devices at 52.78%, Maintenance at 47.22% 
and Training as the least important at 44.44%. 

Table 5.  Considerations before applications choice 

 Yes Maybe No N/A N 

Training 44.44% 27.78% 19.44% 8.33% 36 

Cost 58.33% 16.67% 5.56% 19.44% 36 

Maintenance 47.22% 25% 13.89% 13.89% 36 

Use across devices 52.78% 25% 13.89% 8.33% 36 

Content Sharing 58.33% 30.56% 2.78% 8.33% 36 

Content Delivery 69.44% 16.67% 2.78% 11.11% 36 

12 Qualitative Analysis 

Providing context for the quantitative answers, participants expanded on their re-
sponses through open-ended qualitative comments in the provided sections of the 
survey. Five themes emerged from the qualitative portion of the data: training, cost, 
appropriateness (cultural and language level), classroom management, and student 
engagement.  
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12.1 Training 

Some teachers mentioned that training in the use of apps and technological tools 
could be another factor that might influence the success of mobile learning implemen-
tation in the classroom. One respondent emphasized the need for comprehensive train-
ing and indicated that training could be problematic because “Training (is) rarely 
sufficient to self-evaluate to learn by oneself and then train other users.” 

12.2 Cost 

Secondly, cost should also be considered as an important factor in technology 
adoption. One subject stated “if apps are free then we use them, if they are not then 
we don’t”. When the students are obliged to pay for an app, the teachers are inhibited 
to use this app in their teaching practices. Sharing information is also a major consid-
eration and believed to be important for successful implementation. One respondent 
stated that: “Being able to upload and share information is a major factor of whether 
the app is usable. I prefer to work within a closed environment where the multi-
platform use of the device is less of a consideration.” 

12.3 Appropriateness 

In responding to the question of appropriateness, faculty had to consider two sub-
categories: 1) The second language level of learners, and 2) the culture of the learners. 
The results showed that 75% of respondents indicated the importance of appropriate-
ness when choosing an app for the classroom. This suitability takes into consideration 
the students as well as the environment. One faculty member stated, “Many apps are 
designed for English language speakers that are far above my students’ level so they 
need to be carefully examined before use in the classroom.” This is a clear implication 
of the relationship between the English language level of the learners and how much 
benefit they gain from an app in class. Moreover, when looking at the importance of 
the local culture when choosing an app, one participant indicated that, “The students 
are the priority, not the apps. It’s the students who have to learn in their own envi-
ronment. Of course, appropriateness and culture are always considered before using 
materials in class”. Given the local conservative culture in the UAE, it is essential that 
any app chosen adhere to the norms and values of the learners and their society. 

12.4 Classroom Management 

Many of the respondents were concerned about classroom management. They 
seemed to be worried that users would be distracted during lessons by using apps 
when they should be focusing on their lesson. One comment highlighted this possible 
belief, “Let them have their phones out and they are off on Instagram. (It is) impossi-
ble to keep many students on task, but I think it gets better as they move up in their 
university careers”. This comment alludes to the possible change in student behavior 
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as they move through the university system or if they are placed out of the pre-
sessional program. This is an idea that will be explored in subsequent studies. 

12.5 Student Engagement 

The fifth emerging theme based on the respondents’ comments was student en-
gagement, which was found to be beneficial in the quantitative section as well. This 
was supported in the following comment, “If students enjoy it and it engages them, it 
helps them with the task at hand, and then it’s useful.” In addition, two possible limi-
tations were highlighted: 1) difficulties with writing on the iPad and 2) lack of student 
responsibility. One subject stated “generally ALL apps have limitations of inputting 
text or by writing on the screen.” Another comment indicated, “Students sometimes 
forget to charge or bring their device”. 

Moreover, there were mixed responses about choosing apps based on research. The 
following comments were more varied with respondents stating that research is more 
important and others saying that it is not that crucial. However, the overall majority 
indicated that research and conclusive evidence are not important. Subjects who sup-
ported possibly choosing apps based on conclusive evidence stated, “Depends on how 
they are used, better if teachers know the evidence so they do not lose time experi-
menting.” Another said, “Evidence needs to be sound if apps are mandated”. One 
more comment stated, “It is an expensive and time consuming tool to implement and 
should be validated before it is used in the classroom”. Other comments showed that 
research could be important but that everything should be viewed based on the con-
text: “the context is more important than evidence from other contexts.” Arguing 
further that research is not always needed, one opinion in a comment stated, “If we 
always wait for evidence, we will be very backward technology wise. Also, some 
positive outcomes are hard to quantify in terms of evidence because they are motiva-
tion related.” 

13 Discussion 

Based on a review of the literature, there are several factors that need to be consid-
ered before mobile learning is put into effect. For example, in order for stakeholders 
to experience the maximum benefits of ML, there should be both input and output 
capacities, the ability to file and retrieve information, the processor should be quick, 
and the device should be portable. In addition, items created on one device should be 
easily transferred to another device. Previous research also states that teacher training 
is important, as are design and sustainability. Culture is another area that needs to be 
addressed as well. To this end, the scope of the current research was to further inves-
tigate how higher education teachers in the UAE perceive the usefulness of Mobile 
Learning technologies. Data was analyzed using both quantitative and qualitative 
techniques in order to answer the research guiding questions. 
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13.1 To what extent is technology adopted by the teachers of this study?  

Based on the data collected in this study, it was found out that most of the teachers 
reported being late adopters of technology both as a learning tool and for personal use. 
However, these teachers conveyed that they maintained ML a useful device as a learn-
ing tool. Hence, it could be concluded that these teachers value the usefulness of tech-
nology integration into their classrooms. As such, teachers beliefs and perceived value 
of technology integration are not regarded as a barrier in this context as it was found 
in the early literature on Mobile learning (Ertmer, 1999). 

13.2 What do teachers perceive as the pedagogical benefits of mobile learning? 

The current study explored the perceptions of teachers on the benefits of mobile 
learning. Therefore, teachers were asked to evaluate the effectiveness on different 
aspects of teaching and learning: student engagement, interactivity, formative and/or 
summative assessments, students with learning differences, teacher/student feedback 
ubiquitous learning, situated learning and inquiry-based learning. Teachers reported 
that mobile devices could support student learning in all areas indicated. Similar to 
other contexts, participants of this study rated Ubiquitous learning beneficial towards 
teaching and learning process in comparaison with situated learning.This is aligned 
with previous studies that have already shown how ubiquitous learning is considered 
to be an important aspect of mobile learning (Mehdipour & Zerehkafi, 2013). 

Furthermore, it is important for teachers to be convinced of the positive contribu-
tion of technology towards teaching and learning context as a catalyst for its success-
ful implementation (Bitner & Bitner, 2002). Of all areas, participants in this study had 
the least confidence in the benefits of mobile learning on situated learning. This is due 
to that situated learning takes places in the context of realistic settings, in which tech-
nology might play a less important role than it does in areas which focus on interac-
tive learning for instance (Traxler, 2009). 

13.3 What are the influencing factors that teachers identify for successful 
mobile learning implementation? 

Based on the responses of both quantitative and qualitative items, the participants 
perceived cultural considerations as highly important. Teachers discussed the neces-
sacity of considering students context (i.e, language) as well as the environment for a 
successful technology integration. The UAE in general places importance on cultural 
appropriateness (Palmer, 2013). With that being said and given the local conservative 
culture in the UAE, it is essential that any app chosen adheres to the norms and values 
of the learners and their society. 

Furthermore, almost all participants considered teacher training, cost and mainte-
nance of the apps, as additional factors that will facilitate the selection process of 
mobile apps. Participants reported that for these mobile apps to be aligned with the 
learning objectives, they should be usable across devices and expedite content sharing 
and delivery. Interestingly, participants revealed classroom management as an addi-
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tional influential factor that could affect mobile learning integration. That is why, 
training these teachers on how to integrate technology inside the classroom would 
help alievate this issue while keeping them up-to-date on best practices (Catapano, 
2015; Oliver, 2007). 

Despite that the majority of participants indicated that ML is a useful teaching tool, 
they also stated that mobile devices can lead to distractions in the classrooms. This 
finding aligns with Catapano (2015) and Costabile et al. (2008) who argued that mo-
bile technologies could cause students to lose focus. Additional disadvantages were 
idendified as 

• Frequent updates and changes which create a continuous knowledge gap and diffi-
culties with staying current 

• Network coverage can sometimes be problematic 
• A lack of purpose with using mobile technologies in the classroom. Ertmer (1999) 

discussed several strategies that the school could follow to overcome these barriers 

As such, articulating an overall vision for classroom technology use is fundemantal 
for its effectivness and sustainability. 

14 Conclusion 

Widely adopting a new technology into an educational environment can sometimes 
seem confusing and may therefore receive pushback and eventual abandonment from 
instructors. Thus, it is vital that administrators follow the adoption of the technology 
and the way that supports classroom instruction. Studies show that when tablet devic-
es are used correctly, they bring about numerous benefits such as mastery of learning, 
collaboration, and critical thinking (Kumi-Yeboah & Campbell, 2015). This paper 
demonstrates how teachers can provide essential feedback that can be used to make 
decisions to insure that ML implementation is applied correctly. 

15 Limitations 

The limitations of this paper include, but are not limited to the following: 

• First, the project is limited to only one department in the university. This does not 
allow for comparison between departments and so the results cannot be general-
ized. 

• The second limitation is the sample population size. Although the initial data col-
lected was from over 60 faculty members, only 36 responses were complete and 
could be included in the study. The small number of participants can impose limita-
tions on the generalizations of results.  

• The third limitation is the consistency of apps used by faculty. As there are no 
guidelines of required apps to be used by instructors, there is a very wide range of 
apps used for various purposes. 
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• The final limitation is classroom management in relation to the gender of the stu-
dents. As there are two separate programs for females and males, respondents from 
each program have different classroom management issues in relations to using 
apps in their classes. As such, their views are based on their personal experiences 
in teaching either males or females and not mixed classes. 

16 Recommendations for Future Studies 

The current study aims to offer a comprehensive view of mobile learning in higher 
education in the UAE. To provide a deeper analysis of this topic, further research 
could investigate students’ academic achievement in relation to mobile learning to 
determine its impact. Moreover, more than one department or college should be in-
volved in the data collection to increase the reliability of the study. More research is 
also recommended to explore the cultural norms of local contexts and how ML apps 
are integrated in different environments. In addition, research could include data about 
students’ personal devices for learning purposes. Finally, further studies could include 
the development of a rubric with specific criteria for app evaluation, which could 
support faculty in choosing apps as teaching/learning tools. 

This study focuses primarily on the use of mobile devices, specifically the iPad, for 
educational purposes as a starting point for this context. More research needs to be 
conducted on the implementation of flipped learning and blended learning in the same 
environment. 

17 References 

[1] Ally, M. (2013). Mobile learning: from research to practice to Impact Education. Learning 
and Teaching in Higher Education: Gulf Perspectives, 10(2), 46-63. 

[2] Backhouse, A., Wilson, I., & Mackley, D. (2014). Enhancing the formative assessment 
[3] environment through the use of mobile technologies. Good Practice Guide - Mobile Learn-

ing: How Mobile Technologies can Enhance the Learning Experience, 24. 
[4] Baran, E. (2014). A Review of Research on Mobile Learning in Teacher Education. Educa-

tional Technology & Society, 17(4), 17. 
[5] Bitner, N., & Bitner, J. O. E. (2002). Integrating technology into the classroom: Eight keys 

to success. Journal of Technology and Teacher Education, 10(1), 95-100 
[6] Bradley, C., & Holley, D. (2011). Empirical research into students' mobile phones 
[7] and their use for learning. International Journal of Mobile and Blended Learning (IJMBL), 

3(4), 38-53. DOI:10.4018/jmbl.2011100103. 
[8] Catapano, J. (2015). Advantages/Disadvantages of the iPad Classroom. Retrieved 
[9] from http://www.teachhub.com/advantagesdisadvantages-ipad-classroom on April 10, 

2015. 
[10] Cheon, J., Lee, S., Crooks, S. M., & Song, J. (2012). An investigation of mobile learning 

readiness in higher education based on the theory of planned behavior. Computers & Edu-
cation, 59(3), 1054-1064. https://doi.org/10.1016/j.compedu.2012.04.015 

66 http://www.i-jim.org

http://www.teachhub.com/advantagesdisadvantages-ipad-classroom on April 10
http://www.teachhub.com/advantagesdisadvantages-ipad-classroom on April 10
http://www.teachhub.com/advantagesdisadvantages-ipad-classroom on April 10
https://doi.org/10.1016/j.compedu.2012.04.015


Paper—Using Mobile Learning Tools in Higher Education: A UAE Case 

[11] Chuchu, D., & Ndoro, T. (2019). An examination of the determinants of the adoption of 
mobile application as learning tools for higher education students. International Journal of 
Interactive Mobile Technologies. 13(3), 53-67. https://doi.org/10.3991/ijim.v13i03.10195  

[12] Cornforth, D. (2012). Frameworks for mobile learning. Retrieved from 
[13] https://mobilelearninginfokit.pbworks.com/w/page/41753215/Frameworks%20for%20mob

ile%20learning?mode=embedded on April 5, 2017 
[14] Cope, B., & Kalantzis, M. (2013). Towards a new learning: The scholar social knowledge 

workspace, in theory and practice. E-Learning and Digital Media, 10(4), 332-357. 
https://doi.org/10.2304/elea.2013.10.4.332. 

[15] Costabile, M. F., De Angeli, A., Lanzilotti, R., Ardito, C., Buono, P., & Pederson, T. 
(2008, April). Explore! possibilities and challenges of mobile learning. In Proceedings of 
the SIGCHI Conference on Human Factors in Computing Systems(pp. 145-154). ACM. 
https://doi.org/10.1145/1357054.1357080 

[16] Damyanov, I., & Tsankov, N. (2018). Mobile apps in daily learning activities. International 
Journal of Interactive Mobile Technologies. 12(6), 133-140. https://doi.org/10.3991/ijim.v 
12i6.9659 

[17] Eppard, J., Nasser, O., & Reddy, P. (2016). The Next Generation of Technology: Mobile 
Apps in the English Language Classroom. International Journal of Emerging Technologies 
in Learning, 11(4). https://doi.org/10.3991/ijet.v11i04.5293 

[18] Ertmer, P.A. (1999). Addressing first-and second-order barriers to change:strategies for 
technology imntegration. Educational Technology Research and Development, 47(4), 47- 
61. https://doi.org/10.1007/bf02299597 

[19] Hamshire, C., O’Connor, D., & Crumbleholme, H. (2014) Padding around–using iPads to 
promote collaborative learning. Good Practice Guide Mobile Learning: How Mobile Tech-
nologies can Enhance the Learning Experience, 6. 

[20] Hojeij, Z., & Baroudi, S. (2018). Student perceptions on peer feedback training using a 
blended method: A UAE case. Issues in Educational Research, 28(3), 655. 

[21] Hojeij, Z. & Hurley, Z. (2017). The Triple Flip: Using Technology for Peer and Self-
Editing of Writing. International Journal for the Scholarship of Teaching and Learning: 
11(1), Article 4. https://doi.org/10.20429/ijsotl.2017.110104 

[22] Hsieh, S., Jang, Y., Hwang, G., Chen, N. (2011). Effects of teaching and learning styles on 
students’ reflection levels for ubiquitous learning. Computers & Education, 57(1), 1194–
1201. https://doi.org/10.1016/j.compedu.2011.01.004 

[23] Hwang, G., & Chang, H. (2011). A formative assessment-based mobile learning approach 
to improving the learning attitudes and achievements of students. Computers & Education, 
56(4), 1023-1031. https://doi.org/10.1016/j.compedu.2010.12.002. 

[24] Hwang, G. J., Wu, P. H., Zhuang, Y. Y., & Huang, Y. M. (2013). Effects of the inquiry-
based mobile learning model on the cognitive load and learning achievement of students. 
Interactive Learning Environments, 21(4), 338-354. https://doi.org/10.1080/10494820.201 
1.575789. 

[25] Kerrigan, M., Blackburn, R., Force, S., Amin, Z., James, K., Yorke, J., Walter, S.; Snow-
den, M. & Scott- Jones, E. (2014). The student experience of using iPads to enhance un-
dergraduate laboratory teaching. UCISA (2014) Good Practice Guide. Mobile Learning: 
How Mobile Technologies can Enhance the Learning Experience, 31-38.  

[26] Kim, S. H., Mim, C., & Holmes, K. P. (2006). An introduction to current trends and bene-
fits of mobile wireless technology use in higher education. AACE Journal, 14(1), 77-100. 

[27] Koole, M. (2009). A model for framing mobile learning. In M. Ally (Ed.), Mobile learning: 
Transforming the delivery of education and training (pp. 46-70). Edmonton: Athabasca 
University Press.  

iJIM ‒ Vol. 13, No. 11, 2019 67

https://doi.org/10.1016/j.compedu.2012.04.015
https://doi.org/10.3991/ijim.v13i03.10195
https://doi.org/10.3991/ijim.v13i03.10195
https://mobilelearninginfokit.pbworks.com/w/page/41753215/Frameworks for mobile learning?mode=embedded
https://mobilelearninginfokit.pbworks.com/w/page/41753215/Frameworks for mobile learning?mode=embedded
https://mobilelearninginfokit.pbworks.com/w/page/41753215/Frameworks for mobile learning?mode=embedded
https://doi.org/10.2304/elea.2013.10.4.332
https://doi.org/10.2304/elea.2013.10.4.332
https://doi.org/10.1145/1357054.1357080
https://doi.org/10.1145/1357054.1357080
https://doi.org/10.3991/ijim.v12i6.9659
https://doi.org/10.3991/ijim.v12i6.9659
https://doi.org/10.3991/ijet.v11i04.5293
https://doi.org/10.3991/ijet.v11i04.5293
https://doi.org/10.1007/bf02299597
https://doi.org/10.1007/bf02299597
https://doi.org/10.20429/ijsotl.2017.110104
https://doi.org/10.20429/ijsotl.2017.110104
https://doi.org/10.1016/j.compedu.2011.01.004
https://doi.org/10.1016/j.compedu.2011.01.004
https://doi.org/10.1016/j.compedu.2010.12.002
https://doi.org/10.1016/j.compedu.2010.12.002
https://doi.org/10.1080/10494820.2011.575789
https://doi.org/10.1080/10494820.2011.575789


Paper—Using Mobile Learning Tools in Higher Education: A UAE Case 

[28] Kumi-Yeboah, A., & Campbell, K. S. (2015). Emerging use of tablets in K-12 environ-
ments: issues and implications in K-12 schools. In Tablets in K-12 education: Integrated 
experiences and implications (pp. 46-63). IGI Global. https://doi.org/10.4018/97 
8-1-4666-6300-8.ch004 

[29] Liu, Y., Li, H., & Carlson, C. (2010). Factors driving the adoption of m-learning: An em-
pirical study. Computers & Education, 55(3), 1211-1219. https://doi.org/10.1016/j.co 
mpedu.2010.05.018. 

[30] MacCallum, K., Jeffrey, L., & Kinshuk, K. (2014). Factors impacting teachers’ adoption of 
mobile learning. Journal of Information Technology Education, 13,141-162. 

[31] Mehdipour, Y., & Zerehkafi, H. (2013). Mobile learning for education: Benefits and chal-
lenges. International Journal of Computational Engineering Research, 3(6), 93-101. 

[32] Naismith, L., Lonsdale, P., Vavoula, G., Sharples, M., & Series, N. F. (2004). Literature 
review in mobile technologies and learning. Citeseer. A NESTA Futurelab Series - report 
11. 

[33] Oliver, R. (2007). Using mobile technologies to support learning in large on campus uni-
versity classes. Proceedings Ascilite Singapore, Singapore, 788-798. 

[34] Palmer, B. M. (2013). Culture in the EFL Classroom: Western Instructors and Arab Stu-
dents in the UAE (Doctoral dissertation, American University of Sharjah). 

[35] Park, Y. (2011). A pedagogical framework for mobile learning: Categorizing educational 
applications of mobile technologies into four types. The International Review of Research 
in Open and Distance Learning, 12(2). Available online at: 
http://www.irrodl.org/index.php/irrodl/article/view/791/1699 https://doi.org/10.19173/irro 
dl.v12i2.791 

[36] Ranieri, M., & Pachler, N. (2014). Inventing and reinventing identity: exploring the poten-
tial of mobile learning in adult education. Prospects, 44, 61-79. https://doi.org/10.10 
07/s11125-014-9294-1. 

[37] Shuler, P., Hutchins, G., & LaShell, B. (2010). Student perceptions of tablet computers in a 
cooperative learning environment. NACTA Journal, 54(2), 11-17. 

[38] Shadle, S., Perkins, R., Lincoln, D., Humphrey, M., & Landrum, E. (2013, June). A multi-
faceted, organic approach to a campus-wide mobile learning initiative: The case of Boise 
State University. In EdMedia: World Conference on Educational Media and Technolo-
gy (pp. 665-672). Association for the Advancement of Computing in Education (AACE). 

[39] Shih, Y. E., & Mills, D. (2007). Setting the New Standard with Mobile Computing in 
Online Learning. The International Review of Research in Open and Distributed Learning, 
8(2). https://doi.org/10.19173/irrodl.v8i2.361 

[40] Shih, J., Chuang, C., & Hwang, G. (2010). An inquiry-based mobile learning approach to 
enhancing social science learning effectiveness. Educational Technology & Society, 13(4), 
50-62. 

[41] Traxler, J. (2009). Learning in a mobile age. International Journal of Mobile and Blended 
Learning (IJMBL), 1(1), 1-12. DOI:10.1111/jcal.12036. 

[42] Vavoula, G.N., Sharples, M. (2008). Challenges in Evaluating Mobile Learning’ in 
Traxler, J., Riordan, B., Dennett, C. (Eds) Proceedings of the mLearn 2008 Conference. 
School of Computing and Information Technology, University of Wolverhampton, pp. 
296-303. 

[43] Vincent, T. (2012, March 4). Ways to Evaluate Educational Apps. [Web log comment] Re-
trieved from http://learninginhand.com/blog/ways-to-evaluate-educational-apps.html 

[44] Wagner, D. A., Castillo, N. M., Murphy, K. M., Crofton, M., & Zahra, F. T. (2014). Mo-
biles for literacy in developing countries: An effectiveness framework. Prospects, 44(1), 
119-132. https://doi.org/10.1007/s11125-014-9298-x. 

68 http://www.i-jim.org

https://doi.org/10.4018/978-1-4666-6300-8.ch004
https://doi.org/10.4018/978-1-4666-6300-8.ch004
https://doi.org/10.1016/j.compedu.2010.05.018
https://doi.org/10.1016/j.compedu.2010.05.018
http://www.irrodl.org/index.php/irrodl/article/view/791/1699
http://www.irrodl.org/index.php/irrodl/article/view/791/1699
http://www.irrodl.org/index.php/irrodl/article/view/791/1699
https://doi.org/10.19173/irrodl.v12i2.791
https://doi.org/10.19173/irrodl.v12i2.791
https://doi.org/10.1007/s11125-014-9294-1
https://doi.org/10.1007/s11125-014-9294-1
https://doi.org/10.19173/irrodl.v8i2.361
https://doi.org/10.19173/irrodl.v8i2.361
http://learninginhand.com/blog/ways-to-evaluate-educational-apps.html
http://learninginhand.com/blog/ways-to-evaluate-educational-apps.html
https://doi.org/10.1007/s11125-014-9298-x


Paper—Using Mobile Learning Tools in Higher Education: A UAE Case 

[45] Walker, H. (2013). Establishing content validity of an evaluation rubric for mobile tech-
nology applications utilizing the Delphi model (Doctor of Education). Retrieved from 
https://jscholarship.library.jhu.edu/bitstream/handle/1774.2/36935/WALKER-DISSERTA 
TION-2013.pdf 

[46] Zafar, A., & Hamid Hasan, S. (2014). Towards contextual mobile learning. International 
Journal of Modern Education and Computer Science, 6(12), 20-25. https://doi.org/10.5815/ 
ijmecs.2014.12.03 

12 Authors 

Jenny Eppard has a PhD in Instructional Technology from the University of Vir-
ginia in USA and a Master's degree in International Education from George Washing-
ton University. Her research interests include flipped learning, XMOOCs in UAE, 
online collaborative tools for content reading, vocabulary centered Apps, e-portfolios, 
interactive documentaries and online learning. 

Zeina Hojeij holds an EdD in Educational Leadership and Administration from 
Saint Louis University, MI, USA. She is a Fellow of the Higher Education Academy. 
Additionally, she is a Certified Online Instructor, CELTA & CELTYL certified. Her 
research interests include mobile learning technology, educational leadership, applied 
linguistics and teaching & learning. 

Pinar Ozdemir Ayber holds a BA in English Language and Literature from 
Hacettepe University, Turkey and a masters in TESOL from Aston University. She is 
a certified NLP practitioner and an IELTS examiner. She is also a Fellow of the High-
er Education Academy. Her research interests include teacher feedback, development 
and evaluation of language teaching materials, and Mobile Learning. 

Marlieke Rodjan-Helder is a research assistant based at Zayed University in Du-
bai. She holds a Master’s Degree in Behavioural and Educational Sciences from the 
VU University Amsterdam, the Netherlands. She is involved with research projects in 
the areas of educational technology, teaching and learning methodologies, inclusive 
education and special needs. 

Sandra Baroudi is a PhD candidate in Educational Leadership and Management at 
the British University in Dubai, UAE. She also holds a master’s degree in Educational 
Leadership and Management from Zayed University, UAE. Her research interests 
include educational leadership, educational policy and management, technology in 
education, and teaching and learning. 

Article submitted 2019-05-08. Resubmitted 2019-07-08. Final acceptance 2019-07-10. Final version 
published as submitted by the authors. 

iJIM ‒ Vol. 13, No. 11, 2019 69

https://doi.org/10.1007/s11125-014-9298-x
https://jscholarship.library.jhu.edu/bitstream/handle/1774.2/36935/WALKER-DISSERTATION-2013.pdf
https://jscholarship.library.jhu.edu/bitstream/handle/1774.2/36935/WALKER-DISSERTATION-2013.pdf
https://jscholarship.library.jhu.edu/bitstream/handle/1774.2/36935/WALKER-DISSERTATION-2013.pdf
https://doi.org/10.5815/ijmecs.2014.12.03
https://doi.org/10.5815/ijmecs.2014.12.03
https://doi.org/10.5815/ijmecs.2014.12.03


Paper—Online User Reviews as a Design Strategy for Global Communities: 

Online User Reviews as a Design Strategy 
for Global Communities: 

Contributions of the Open Device Labs Case 

https://doi.org/10.3991/ijim.v13i11.11042 

Raquel Paiva-Godinho 
Federal Institute of Education, Science & Technology (IFSul), Pelotus, Brazil 

Ruth S. Contreras-Espinosa (*) 
University of Vic-Central University of Catalonia (UVic-UCC), Barcelona, Spain 

ruth.contreras@uvic.cat 

Abstract—Grass-roots community movements related to design practices 
and open spaces have emerged to address different issues. This study is part of a 
comprehensive research, which aims to explain the Open Device Labs (ODLs) 
ecosystem. The ODLs are a grass-roots community movement that aims to de-
mocratize cross-platform tests and evaluation on real devices. As a global 
community with 152 laboratories located in 35 countries, online user reviews 
play an essential role in helping the long-term prospects of the movement. From 
the Design perspective, this paper aims to answer the question: what can be 
learned about the ODL ecosystem from online user reviews? To answer this re-
search question, we conducted a qualitative inductive analysis of n=217 user re-
views posted on the community website, from 65 labs located in 12 countries. 
The results and categories presented here are a key contribution to understand-
ing the ODL ecosystem, and ultimately to other global service communities. 

Keywords—global grass-roots community movement, Open Device Labs, 
online user review, service user experience evaluation 

1 Introduction 

The Web, since near its beginning was intended to be universally accessible. Web-
based interactive content based on specific design standards has become and remains 
possible because of global collaboration. The World Wide Web Consortium (W3C) 
founded in 1994 aims to develop protocols and guidelines for an open and accessible 
Web for everyone. All the aspects of the Web 2.0 paradigm, from its foundation 
through its evolution, the openness, the global reach, the architecture of participation, 
the harnessing of collective intelligence, led to a breadth of new interface design pos-
sibilities and challenges. 

Fragmentation issues and concerns about it have been running side by side with the 
evolution of the Internet and the Web. The diversity of hardware and software makes 
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people experience and visualize content differently. The development of smart mobile 
devices, and the mobile software industry, extended the challenges to the software 
development life-cycle. All these issues are addressed by different actors and commu-
nities working together in one way or another across the globe. 

Our professional interest in the evaluation of mobile user interaction led us to ex-
plore gaps in this topic, related to the practices of Design community. Lab-based 
versus field-based evaluation is an issue already addressed by the Human-computer 
Interaction (HCI) research community. On the other hand, other topics such as the 
emergence of open lab grass-roots communities are recent and underexplored. These 
communities act locally and connect globally, presenting challenges from multiple 
approaches. Identifying and gathering data about these complex and multifaceted 
phenomena is as important as it is difficult. 

In 2011, the demand for a way of facing browser fragmentation challenges led to 
the emergence of the Open Device Labs (ODLs). The ODLs are a movement to pro-
mote free access to physical labs equipped with a pool of mobile devices connected to 
the internet to Web, app, and game testing. This idea arose from Web developers 
contact at international Web conferences. After the opening of a few physical open 
labs in different countries, their online presence began to be established, and connec-
tions were made between them. Firstly, a list of ODLs was made. After that a Google 
Groups was set up, and then a community website was established, and this was the 
beginning of the online global network. 

We have been conducting case study research on the Open Device Lab global 
community movement since 2015 [1]. The comprehensive study aims to explore, 
describe and explain the ODLs ecosystem. The first phase of analysis was conducted 
on the online documents that were available, the second on interviews with ODL 
managers and collaborators and the third phase on user reviews. 

The previous phases of our research collected data on the ODL hosts perspective. 
This paper presents the first results of the ODLs guests perspective through online 
user reviews a key design strategy for helping in the running of the Open Device Lab 
community movement, and aims to explore what can be learned from the ODLs eco-
system. 

2 Literature Review 

The digitalisation of communications has gone through two phases a) the spread of 
the World Wide Web in the 1990s and b) the transformation of the Web itself passing 
from web 1.0 to web 2.0 in the 2000s; and the big bang of new mobile devices, from 
smartphones to tablets [2]. The gradual introduction of mobile phones in the 80's, its 
evolution and the Web 2.0 principles converge to create the mobile Web 2.0 phenom-
enon [3]. 
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2.1 The web (2.0) 

The change in the perspective of understanding the Web as a service platform was 
the key aspect of the Web 2. The term Web 2.0 was coined by Darcy DiNucci [4], and 
Tim O’Reilly published the first initiative to define it and understand its implications 
for future generations of software summarising the core competencies of Web 2.0 
companies as follows [5]: 

• Services, not packaged software, with cost-effective scalability, 
• Control over unique, hard-to-recreate data sources that get richer as more people 

use them, 
• Trusting users as co-developers, 
• Harnessing collective intelligence, 
• Leveraging the long tail through customer self-service, 
• Software above the level of a single device, 
• Lightweight user interfaces, development models, AND business models. 

The Web 2.0 architecture of participation is a term coined by Tim O’Reilly to de-
scribe the nature of systems that are designed to encourage user contribution [6]. In 
this context, collective intelligence refers to Web-based software which help people 
share, collaborate and interact [7]. Systems designed to find out what people think 
about a product or service led to the increase of user-generated content phenomenon 
[8]. 

Many different disciplines comprise user engagement, recommender systems and 
related terms. Recommendation systems have been studied in diverse areas such as 
social-based recommender systems [9], user expertise through online reviews [10], 
expert opinion [11], customer reviews and automated recommendation systems [12], 
which are also deployed in industry for product and service recommendation [9]. 

Online customer reviews is defined by Ref. [12] as “peer-generated product evalua-
tions posted on company or third-party websites” and the authors explain how retail 
websites use it to offer consumers the opportunity to post product reviews in the form 
of numerical star ratings (usually ranging from 1 to 5 stars) and open-ended customer-
authored comments. Therefore, referring to future work, the study recommended an 
analysis of text reviews compared to the start rating to determine how the stars match 
the review content. We considered the authors recommendations and applied it to our 
research, which analyses service reviews, from current design perspectives. Moreover, 
this study presents the global community running challenges using user experience 
and service design concepts. 

2.2 Service Design and User Experience 

Interaction Design is the umbrella term for concepts like user interface design, us-
er-centred design, and experience design, which designs experiences to support peo-
ple communication and interaction in their everyday and working life [13]. 

User experience (UX) has different meanings and definitions and, in this study, 
we adopted the term as a measurement concept. UX goals are divided by Ref. [13] in 

72 http://www.i-jim.org



Paper—Online User Reviews as a Design Strategy for Global Communities: 

desirable and undesirable aspects according to user feelings. UX is concerned about 
the user feeling, pleasure and satisfaction when interacting with a product or using a 
service related to the overall impression [13]. According to Ref. [14] “In user experi-
ence design multiple components must be designed: visuals, features and commands, 
copywriting, information architecture, and more. Not only should each component 
must be designed correctly, but they also be integrated to create a total user experi-
ence. Service design follows the same basic idea”. In the context of online reviews, 
experience “is some quality that users gain over time, as they consume, rate, and re-
view additional products” [10]. 

Service Design is concerned with making services better suit the user and customer 
needs examining all activities, infrastructure, communication, people, and material 
components, to improve the quality of service and the interactions between the pro-
vider of the service and its customers. It aims to suit the customer need while seeking 
to be sustainable for the service provider, and ideally being user-friendly and competi-
tive within their market [15]. 

Service Design components According to Ref. [14] there are three main compo-
nents of service design: 

Props – physical or digital artefacts, including products, used to perform the ser-
vice successfully. It considers: 

• Physical space (storefront, teller window, conference room), 
• Digital environment through which the service is delivered (webpages, blogs, so-

cial media) 
• Objects and collateral (digital files and physical products) 

People – anyone who creates, uses, or is indirectly affected by the service (em-
ployees, customers, fellow customers encountered throughout the service, and part-
ners). 

Processes – workflows, procedures, or rules needed to perform the service success-
fully. 

These components are divided into frontstage (channels, products, touchpoints, in-
terfaces) and backstage (policies, technology, infrastructure, systems) depending on 
the customer perspective. Service Design is concerned to “meet the customer’s needs 
in the most relevant way whilst remaining economic (or sustainable) for the service 
provider” [15]. 

Considering all the characteristics presented above Service Design was identified 
as an approach that meets the aspects of the Open Device Labs free service aspects 
and needs. 

2.3 Open Device Labs (ODL) 

The ODLs are a grass-roots community movement. They are a global voluntary 
initiative, which establishes physical device labs as a free service for mobile testing 
and evaluation on real devices. "In result, ODLs lead to an ultimate improvement of 
the web & app experience both for developers and for consumers" [16]. 
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In April 2012, the initiative took-off with the first ODL in Brighton, UK. In August 
2012, when there were eight ODLs, all in Europe, the first online list of ODLs was 
published [1]. In January 2013, the opendevicelab.com, a directory of a global move-
ment, was published with 37 ODLs across 18 countries with over 500 devices acces-
sible [17]. 

The high number of labs spread across so many countries brought up challenges in 
terms of global aspects for the people, located in Germany, who were running the 
global community movement. Users were reaching out to the ODLs runners and com-
plaining about device labs, which were listed on the server, were not available or were 
not there anymore, for example. Thus, one of these key challenges was a) keeping one 
eye on all the labs and validate if they were set up according to the information listed 
on the community website b) validate if it was a proper service linked to the basic 
principles of the community c) to get an idea of how many people were using ODLs 
services. Therefore, the ODLs team implemented the online user reviews as a strategy 
to address this problem, namely, if it gave an opportunity to everybody who uses an 
open device lab to comment, rate, and share if the lab is found as open, if it is a nice 
place to go and if they provide what they propose to do. 

It is important to mention the ODLs do not offer a testing service. This means they 
do not test a product for others. An ODL is a tool for the owner testing purpose, who 
shares it with the local community as an "open practice". They offer free access to 
device labs as a type of "self-service". The hosts use the device lab to test and evalu-
ate their own products. Additionally, external people are invited to use the lab for 
their own purposes by appointment. It is these aspects that frequently cause hosts to 
consider that the ODLs are not a service, although the evidences presented below 
shows that for guests it is clear that ODLs are a service. Thus, in this study, in which 
the guests evaluate their overall satisfaction, we will use the term service as a central 
category. 

The OpenDeviceLab.com 
The online directory serves to three major goals (ODL 2013): 

• Help people to locate the right Open Device Lab for the job 
• Explain and promote the Open Device Lab movement, and 
• Attract contributors and sponsors to help and donate to ODLs. 

The fast growth of ODLs across the globe resulted in 157 ODLs located in 35 
countries being registered in March 2016. The online user reviews form has 4 areas: 1 
- user identification 2 - ODL status situation 3 - rate overall satisfaction (1-5 stars) 4 - 
Comments (see Figure 1.and Figure 2) 
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Fig. 1. Screenshot of the ODLs online user review 

 
Fig. 2. Screenshot of the online user review online form 
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3 Research Method 

Based on the global research approach, this study was designed to address the main 
research question: what can be learned about the ODLs ecosystem from the online 
user reviews? 

3.1 Sampling and study population 

At the time we collected the data, there were 152 labs registered on the webpage 
community. We worked on a homogeneous sample without concern for statistical 
generalisability [18]. We classified the ODL’s users in two main categories: hosts and 
guests. The hosts are the organisations and / or institutions (companies, co-working or 
education institutes) which host the lab. The guests are external people who make use 
of the lab for free (individuals or companies such as freelance designers and develop-
ers, students, and web agencies). This study is based on the Open Device Lab global 
movement guest users. 

3.2 Data collection 

From the 152 labs, we have selected and collected data from the labs that had user 
reviews published. We collected all the data available online from 7th to 9th May 2017 
and have been updating this until 8th January 2018. The collected sample represents a 
total of n=217 reviews from 65 labs located in 12 countries: Australia, Belgium, Bra-
zil, Finland, Germany, India, Poland, Spain, Thailand, United Kingdom, United 
States, and Uruguay. All data was captured with the original layout as selectable text 
in pdf files (Figure 3). 

 
Fig. 3. screenshot of ODLs user reviews 

3.3 Data analysis 

We conducted a general inductive approach for qualitative analysis [19] using At-
las.ti. This approach provides a systematic set of procedures to: 

• Condense raw textual data into a brief, summary format 
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• Establish clear links between the evaluation or research objectives and the sum-
mary findings derived from the raw data 

• Develop a framework of the underlying structure of experiences or processes that 
are evident in the raw data. 

In the analysis processes, first, we performed a pilot study analysing the data per 
lab reviews, but there were labs with 20 reviews and others with only one. Therefore, 
for the final analysis, we decided to consider each review as a document and not each 
lab. We imported the 217 pdf documents, user reviews, to the software. We searched 
for data not written in English, translated and reviewed it. 

We conducted the primary-cycles coding using descriptive and in vivo methods 
[20] in which we first gathered “what’s going here” [21] and defined the specific 
research questions to answer the main RQ: 

RQ1: What is the ODLs guest users’ rate and comment about? 
RQ2: What is being tested by guest users? 
RQ3: What is the overall satisfaction of the ODLs guest user experience? 
RQ4: What are the ODLs guest users’ profiles? 
RQ5: According to the ODLs guest user, what are the good and bad practices? 
In addition to the first-cycle coding, we created a first model which was later re-

fined in the second-cycle coding based on the disciplinary and theoretical concepts 
[21]; Design lens presented in the previous section. The In vivo method was essential 
to identify similar technical concepts described differently by participants like web, 
web-based, web app. 

4 Results 

The results are explained in the following sections according to each research ques-
tion, and the hierarchical category system in Figure 6. 

4.1 RQ1: What is the ODLs guest users’ rate and comment about? 

In terms of numbers, the global results of the user rating about overall satisfaction 
show that the majority of them had a pleasant and satisfactory experience; rating it 
with five stars, n=186. A few labs received four stars, n=18. There was no lab rated 
with three stars, n=0, one lab received two stars, n=1, and a few received one star, 
n=12 (see Table 1). 

These numbers are related to 65 ODLs located in 12 countries, Australia, Belgium, 
Brazil, Finland, Germany, India, Poland, Spain, Thailand, United Kingdom, United 
States, and Uruguay. The UK and Germany have the higher number of user reviews 
published. 
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Table 1.  Results of the rating and status categories per user reviews n=217 and per ODLs n=65 

Category Code Per user review per ODL 

Rate 

● URW - R-1S 12 11 
● URW - R-2S 1 1 
● URW - R-4S 18 14 
● URW - R-5S 186 52 

Status 
● Open 204 54 
● Closed 13 12 

 Totals 217 65 
URW means user reviews, R means rating, and S means stars 

 
The results of the qualitative analysis related to these numbers are presented below, 

according to each category. There was no ODL rated with three stars, and considering 
the inductive analysis approach, there was no coding for this case. The final discus-
sion is presented at the end of the results sections. 

URW – R-1S 
The labs rated with one star, n=12, are all almost found as closed, n=11, a proper 

and justified rate; e.g. "It has closed". 
Only one lab, n=1, was rated with one star and found open. The user’s comment 

about his/her experience started with the positive aspects of the space, but the primary 
purpose of the ODLs, the devices were considered negative: 

"Great digital workspace: Nice and quiet with free vending machine coffee, but the 
device lab has a couple of odd chinese knockoffs and a cheap htc all with more securi-
ty cables than an iPhone 6 on the outside of a phone shop on a council estate. Don't 
waste your time trying to find this space... That'll teach me trying to do some work 
whilst on a weekend away!" 

URW – R-2S 
The lab, n=1, which received two stars, was found open, in terms of status, and the 

user comment was not much help; the guest just wrote: "Good'. 
URW – R4S 
The labs which received four stars, n=18, were all found to be open and had com-

ments about positive experiences, detailed in the following paragraphs; e.g. "All de-
vices I pre-booked were available, apart from one Samsung which was broken". 

URW – 5S 
The labs rated with five stars, n=186, were almost all found as open but there were 

two reported as closed. In one of these cases, it seems the user selected the wrong 
choice in terms of status in the form. First, because it was rated with five stars and 
second because the comment says "Thanks". The other case was about a user who was 
in an ODL, which was moving to another place, so even if this user had a five-star 
experience, the lab would be closed. 

After explaining the relationship between the ODLs rating and their status briefly, 
we present an example of the final qualitative categories according to its data analysis 
process cycles (see Figure 4 and Figure 5). 
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Fig. 4. Results of the main themes from the first-cycle coding analysis, Atlas.ti 

 
Fig. 5. Results of the main themes from the second-cycle coding analysis, Atlas.ti 

STATUS – Refers to open or closed labs. 

• Open – Refers to the ODLs found open. 
• Closed - Refers to the ODLs found closed. Although reporting an ODL as closed 

depends of different situations: 

Fact – Refers to an unquestionable source like directly from the ODL. 
Based on conclusion – Refers to different reasons (see Figure 6). 

SERVICE – Refers to the guest user comments about the ODL service. 

• Props - Is about the venue, the devices, the lab as space, software, Wi-Fi, cable and 
extra facilities like drinks (coffee, tea, water etc.). 

• People – Refers to the comments about the ODLs teams, which are usually posi-
tive and more about being friendly, helpful and experts on testing. Therefore, it is 
not about going there and just using the infrastructure. It is also about knowledge 
exchange, which was classified as a benefit in a subcategory. 

• Processes – Refers to booking system, communication aspects and devices ar-
rangement. 

• User experience - Refers to the guest user impression about the ODLs service 
experience. 

• Testing experience – Refers to the guest comment specifically about the testing 
experience at the ODL. 

• Benefits – Refers to the guest user comments about the service benefits. 

TESTING – Refers to technical issues about the testing field in general, not relat-
ed to the ODLs services such as methods, purposes, and tested products. 

The main themes presented above and all the lower-level categories, which answer 
all the specific research questions, are presented in the hierarchical category system 
(Figure 6). 
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Fig. 6. ODLs online user reviews hierarchical categories system 
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5 Discussion 

Status is simple and handy information for both hosts and guests. First, there is the 
fact that when a guest decides to go to the ODLs website and register their opinion, 
they are primarily contributing to their local community, helping to verify if an ODL 
is open or closed. It is key information for the locals and the people running the global 
movement. Validating if an ODL is open or closed around the world would be invalu-
able for a small team or an individual. The closed labs are more challenging to verify 
because there are cases where the ODL is listed but is not available anymore. There 
are also the ones who are working but not updating their online presence or the ones 
who are in standby or in a similar situation. Therefore, a lab reported as closed by a 
user depends on many different conclusions. 

Validating the ODLs status as open or closed is the primary contribution of the 
online user reviews, which allows the guest to complain about inconsistences with the 
information published on the community website. The rating star system is an objec-
tive evidence about the guest overall satisfaction with the service. Besides specific 
exceptions, ODLs rated with one star are clearly related to closed labs and labs rated 
with two to five stars are related to open labs. 

Considering the ODLs are a voluntary movement and offer a free service, it is re-
markable to observe in the results of the open-ended comments how demanding the 
guest users are. The comments help to understand the guest user experience; the de-
sirable and undesirable aspects; what was positive and what was negative about it to 
guide recommendation about good, bad and key practices. Moreover, the comments 
help to understand what guest value more about an ODL, what kind of products they 
are testing and in which way, what are their profile, and issues needing to be im-
proved. 

Service helped us to understand, for example, the user preferences about the devic-
es organisation. There are some labs, which do not have the devices on a stand and 
ready to go; the devices sometimes are in boxes. When we were seeking for good 
practices on device management, it was not clear what the best options were. The user 
review evidence shows that to the guests it is high valued to get the requested devices 
charged and ready to go when they get to the lab, even if it is a free service. 

Considering all the themes evaluated by the guests, the overall satisfaction is posi-
tive. The findings confirm that a representative pool of devices is fundamental. At the 
same time, the people, a friendly and knowledgeable team, provide high added value 
to the ODLs service. The booking and structure arrangement for the testing perfor-
mance are reported as very satisfactory. The ODL hosts could also share information 
about ODLs processes. As a community movement, we believe examples of a service 
design plan would help the entire community. 

The help of the ODL team and the opportunity of knowledge exchange and exper-
tise sharing related to testing issues during the time spent at the lab is not something 
promoted online, but the user reviews findings show the hosts are of service and this 
is something highly valued by the guests. There were cases of helping first visitors 
and first time testing on multiple devices. The evidence shows the guests value getting 
help from the hosts and at the same time, they value their privacy to conduct the tests. 
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We previously knew for what purpose the ODLs implemented the online user re-
views. Thus, analysing these data, we could learn key aspects of the ODL ecosystem 
from its global users. The ODLs guest user overall satisfaction is related to open sta-
tus, free access to a representative pool of mobile devices ready to go, in a place 
which combines privacy with knowledge and expertise sharing. To sum up, we could 
gather global information about: 

• ODLs status – the foreseen categories open or closed and unexpected ones like 
temporarily closed. 

• The overall guest level of satisfaction about the ODLs, and with what is related to, 
both common and special cases. 

• Indications about testing approaches and tested products. 
• Hints on guest profile. 
• Information about positive and negative service, testing practices, and ODLs bene-

fits. 

In conclusion, we may say the user review is essential both to the long-term of the 
local and global community. The results can be used as the base to create another 
version for the user reviews rate and comments in a semi-structured way based on the 
categories we found; not to replace the current open-ended text field but as an option 
for users who would be willing to contribute through a more informative and struc-
tured form. It would be a way to gather more and comparable data from the ODLs and 
improve the quality of service, the interactions between the hosts and the guests, and 
ultimately the user experience. 

6 Limitations and Conclusions 

This study is part of global research, which aims to explain the Open Device Labs 
ecosystem through a qualitative case study. This paper presents the main themes from 
the ODLs online user reviews (rating and open-ended comments) related to an evalua-
tion of service user experience. An inductive analysis was conducted based on 217 
reviews from 65 labs located in 12 countries. Online user reviews are a useful strategy 
both for the hosts and for the guests. The sample is limited in number, but considering 
the nature of the study and the open-ended and spontaneous comments, the findings 
are crucial to the primary research. It is the first step to understand the ODLs guest 
experience; without it, we would only have the hosts’ perspective, not the guests. 

The user reviews added a clear perspective of the ODLs as a service, a different 
view to previous data analysis, which led to select the Service Design as a proper 
approach to improve ODLs service user experience, for employees and guests. As a 
final contribution, the categories and qualitative data may help to build service design 
strategies for labs and communities in general. 
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7 Future Work 

Primarily, we will use this study results to present the data triangulation of the 
comprehensive research on the Open Device Lab community ecosystem. Second, the 
results will be used to work on semi-structured user reviews and service design strate-
gy. Additionally, we still have much to learn about the ODLs due to its openness 
nature, global reach and there are few studies about this. The identified gaps in this 
study provide opportunities for further research focused on service design and user 
experience. 
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Abstract—Advances of technology and innovation suggest new form and 
paths in language teaching. Social media use can be a great influence for Eng-
lish as a Second Language (ESL) students especially in writing competency. 
Despite of many positive findings that reported the affordances in social media 
use, there are still insufficient studies that investigate ESL pre-service teachers’ 
perception on this matter. Hence, this study was conducted to explore ESL pre-
service teachers’ views upon leveraging the use of social media in teaching of 
writing focusing on the opportunities and challenges in terms of how they per-
ceived the usefulness and ease of use. This study employed qualitative methods 
where thirty-four ESL pre-service teachers from a public university were in-
volved. Based on the findings, it can be concluded that ESL pre-service teachers 
perceived the use of social media in teaching writing can be of beneficial and 
similarly challenging. Opportunities stated by the participants include en-
hancement in collaborative learning, supporting students’ self-directed learning 
and simplify the teaching and learning processes. On the other hand, the chal-
lenges mentioned by the participants are that social media can be a source of 
distraction, deterioration in language and plagiarism. Thus, it is advisable that 
teachers play their roles responsibly in managing students’ activities online and 
also be equipped with technology skills to enhance the establishments of social 
media in ESL teaching of writing. 

Keywords—Challenges, opportunities, social media, teaching of writing, TESL 
pre-service teachers 

1 Introduction 

The fusion of technology into the present language teaching and learning is influ-
enced by the requirements of millennial students who are especially interested and 
attracted by technological use [1] [2] [3]. In connection to that, there have been 
changes in the ESL in-training teachers’ programme where its main goals and objec-
tives are to increase the quality of future teachers in line with the digital progress. 
With the current needs of shaping 21st-century classroom in schools, the use of tech-

iJIM ‒ Vol. 13, No. 11, 2019 85

https://doi.org/10.3991/ijim.v13i11.10910
https://doi.org/10.3991/ijim.v13i11.10910
mailto:ssr@online-engineering.org
mailto:ssr@online-engineering.org


Paper—Leveraging the Use of Social Media in Teaching Writing: A Qualitative Investigation among … 

nology has now become compulsory for teachers to incorporate in the classroom [4]. 
In this millennial, all Gen Z students are a part of the digital tools’ world [5] [6] [7]. 
Thus, effectiveness of learning can be enhanced by using technology in class [8]. 
Digital tools obviously offer access to social media networking which is an incredible 
platform by itself to saddle in the classroom as a device for enhancing communication 
in classrooms [9]. The web is inundated with researches that overviews the indistin-
guishable association among students and technology. Social media can be a platform 
where students are urged to utilise their creativity to fortify their composition. Never-
theless, [10] claimed that the use of social media is still debatable as whether or not it 
is a required step explicitly for students’ writing enhancements in language class-
rooms. [11] also stated that it was an oddity that there was little practice of social 
media in writing classrooms in Malaysia. Furthermore, [12] stated that there is little 
research on faculty involvement in social media implementation based on students' 
writing performances. 

It is crucial to have major support from the faculty and management team on social 
media implementation in ESL writing classes to make sure proper establishments of 
the conduction. Besides that, the major gap identified from the past literatures showed 
that many studies were conducted based on the students and ESL teachers [13] [14]. 
There are insufficient studies that focused on the ESL pre-service teachers’ and their 
perceptions towards social media implementation in ESL writing classes. Therefore, 
this study aimed to bridge the gap by investigating the perceptions of ESL pre-service 
teachers towards the social media use in ESL writing classrooms. This study focused 
on collecting their views towards the opportunities and challenges in using social 
media in teaching writing skills. This research is pointed to answering these two ques-
tions notably; (i) What are the perceived opportunities of using social media in teach-
ing ESL writing in terms of perceived usefulness and ease of use? (ii) What are the 
perceived challenges of using social media in teaching ESL writing? 

2 Literature Review 

2.1 Social media and language learning 

Researchers have demonstrated different meanings of social media, yet most con-
ceptualizations clarify social media as a path for individuals to keep up with current 
news, to make new associations, to make and share their very own content and in 
some degree, to make their own content visible and follow-able to other people [16]. 
Regardless of the various meanings, most people utilise social media usually for en-
tertainment, social collaboration, to look for data, and to pass their leisure time [17]. 
Many past researchers demonstrated that various students are showing positive im-
provements by social media implementation in conducting writing classes [13]. There 
are huge advantages especially for students, towards this dependence on social media 
networking. Students who use social media may frame more prominent quantities of 
connections that enable them to construct social capital [18] and subsequently struc-
ture their foundation that can affect their future study in higher level. Students are 
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more interactive both online and offline. Access to social media networks may enable 
students to trust that they have the chances to get help from many sources through the 
sites even though the sites are not explicitly used for academic purposes [18] [19] 
[20]. [21] stated that social media networking also can possibly be utilized in a learn-
ing situation as it advances psychological commitment of students in class and along 
these lines their scholarly execution and achievement. 

2.2 Teachers’ feedback in ESL teaching and learning 

In the early age of network advances, students frequently reported of feeling isolat-
ed or less involved in their own learning progresses. When social media emerged, 
whatever they tweet, post, or like can be shared online. Subsequently, it is vital for 
ESL teachers to guarantee that students get feedback on the content that they make 
and offer, especially in early stages in a writing course [22]. Unfortunately, it is fre-
quently not practical for the teacher to give sufficient feedback to each student in a 
large class. Therefore, it is imperative to connect all students by motivating them to 
give feedback on their peers' works. Students can even get responses from other ex-
perts in their network community to expand their feedback input. This is also support-
ed by [23] that both giving and accepting criticism prompted visible upgrades in stu-
dents' writing performances. The sufficient feedback given will positively change the 
students' perception and they are proven to work willingly upon their received feed-
back. 

3 Methodology 

Theoritically, this study is grounded by the Technology Acceptance Model [24]. 
The adapted model for this study is as presented in Figure 1 below. 

 
Fig. 1. Framework adapted from Technology Acceptance Model [24] 

Referring to Figure 1, perceived usefulness speaks to profitable possible outcomes 
whether physiological or sociological that can be achieved from the traits of the tech-
nology utilized. Meanwhile, the idea of perceived ease of use identifies a standard of 
minimum effort that expresses that every student will adopt a course of activity that 
will only use the least average work from the student. This rule of least effort can be 
stretched out to foresee that the social media user will be progressively keen to learn 
the application features, make utilization of the applications and willing to perform 
online activities on social media sites for example, transferring and sharing video or 
doing networking activities. Perceived ease of use implies the degree to which a tech-
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nology is seen not to be hard to comprehend, learn, or work with. With regards to 
social media, the students may evaluate the site depending on how easy it is to be 
utilized and how beneficial it is in helping them to achieve their learning goals. 

In order to answer the research questions, this study employed qualitative method 
that concentrated on reflective writing to require data on how the ESL pre-service 
teachers perceived social media use in instructing ESL writing classes. The reflective 
writing focuses on the perceived opportunities and perceived challenges in teaching 
ESL writing in terms of perceived usefulness and ease of use. With this method, stu-
dents can intentionally interface their thoughts, ideas, feelings and experiences into 
written words. This method is particularly important as the data given through this 
strategy may incorporate significant and genuine reflection of the ESL pre-service 
teachers. The participants include thirty-four students aged between 20-23 years old 
from a public university, who are taking a TESL degree programme. The data were 
analysed using thematic analysis in identifying the patterns (themes) and are present-
ed in the following sections. 

4 Results and Discussion 

4.1 Opportunities of social media use in teaching writing: Perceiving 
usefulness and ease of use 

In terms of usefulness of using social media in teaching writing, the ESL pre-
service teachers believed that social media brought many benefits in students' writing 
skills. One of the benefits, popularly stated by the participants is the ability of con-
ducting collaborative learning in writing classes. Collaborative learning in writing can 
occur when the students use social media to find and share information in their com-
munity, look online into activities for English writing and assemble references for 
writing tasks. Collaborative learning also can occur when the students are exchanging 
posts and comments which helped them to practice and improve their writing skills. 
The followings are among the responses given by the participants. 

“Social media focuses on collaborative and cooperative learning. The learners 
collaborate in giving opinions on comments section, share documents or link their 
status with other friends.” (Participant 1) 

 “Students not only learn from their teachers but they also able to learn from other 
people.” (Participant 5) 

From the responses, it is shown that the pre-service teachers believed that social 
media could be used for colloaborative and cooperative learning. The findings are in 
line with [12] that social media allows the students to write in different settings where 
they can connect what is instructed at school and use it in authentic situation, thus 
enhancing their writing performances. Moreover, collaborative learning can help 
lower proficiency students to connect with their peers and have open discussion on 
given writing tasks. The use of social media network in writing classroom produces 
different learning environments for the students. This is also supported by [25] who 
reported that discussion is very important in language learning where students can 
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learn and gain from their peers. Collaborative learning also prompted to fortify the 
role of the students' motivation by promoting the value of group work and thus initiat-
ed communication and interaction skills [26]. 

Other than that, the participant shared that social media use in teaching writing can 
encourage students to have self-directed learning. As cited from some of the partici-
pants; 

“I could suggest English learning pages to be followed by students. This site will 
improve my students’ understanding and encourage them to be self-directed in learn-
ing.” (Participant 3) 

“Students are exposed to new things, hence they acquired ideas for their writing 
tasks. This will also help the students to familiarize themselves to the writing activi-
ties.” (Participant 18) 

From the findings, self-directed learning from the use of social media enables stu-
dents to learn by their very own instead of just taking instruction from the teachers. 
Consequently, social media use in teaching writing skills includes the ability of stu-
dents to choose independently about what and to what degree a student can learn, 
need and how they can achieve their learning aims with their chosen sources. Students 
can expand their interest in writing and utilizing information from online exercises, 
which was mediated in a positively encouraged medium in social media platforms 
[27]. Self-directed learning via social media integration helps the students to become 
familiar with the language usage and there is positive correlation between the fre-
quency of social media usage and the increase in students’ confidence level [28]. 
There are countless learning materials and resources which can be utilized for stu-
dents [30]. 

Additionally, the participants also pointed out social media use in teaching writing 
helps to ease the teaching processes. The followings are some of the responses given 
by the participants: 

“Social media can be used as a substitute for an online learning system where 
teachers can easily upload tasks and notes to everyone.” (Participant 15) 

“Social media can help the teachers to assess the students’ progress and achieve-
ment in writing. Furthermore, social media helps to release teachers’ burden as there 
are many applications in social media that can be used to check students’ writing.” 
(Participant 22) 

In terms of ease of use, the findings demonstrate that the act of utilizing technology 
would decrease the expense for preparing lessons. At present, teachers would need to 
spend time and energy to think of creative activities to attract students' attention. By 
means of digital tools, teachers can decrease their workload in conducting lessons 
such as less paper to mark by having tasks set online. Through online learning, teach-
ers would have the required tool to monitor students and their progress online [30]. 
The findings also support the study by [31] who stated that learning through digital 
tool enhance their ESL learning where they find it easier to find translation of difficult 
words and to discover new vocabulary. Social media also helps to increase students' 
IT aptitudes and create creativity in writing, promote students to have comfortable 
and enjoyable writing lessons [32]. 
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4.2 Challenges of social media use in teaching writing: When the ease become 
hindrance 

The primary challenge due to the ease of use of social media in teaching writing as 
pointed by the participants is that the sites may become a distraction for the students 
and this could prevent students to focus and take part fully on the lesson or tasks. This 
is also supported by [33] which reported in their study how some students may forget 
to complete their writing task when they had too much fun in social media. A study 
by [32] also reported that some students demonstrated their concern on their distrac-
tion towards social media and online games. 

Based on the findings, the participants trusted that it was vital for them to remain 
focus and to stay away from diversions when learning using social media. As stated 
by some of the participants; 

“Students might use social media during writing activity and this can be a poten-
tial distraction for the students.” (Participant 18) 

“It can cause students to have short attention span and lack of focus in class.” 
(Participant 26) 

Besides that, participants also admitted the existence of problems like usage of in-
formal language and deterioration in grammar in formal writing. The utilization of 
these short forms, incomplete sentences and internet language may cause the students 
negatively as they may affect their academic writing during tests and examinations at 
school. Although there are some platforms and sites that can help the students to make 
writing corrections such as spellings and sentence structure, this can cause the stu-
dents to get used to the constant help and to have an easy way out. Thus, students will 
not have the chances to learn and improve by their mistakes or even do not realize 
what the mistakes are. Students' writing may also result in negative patterns concern-
ing vocabulary, grammar and spelling since they depend too much on the correction 
tools [32]. 

Apart from that, there is no guarantee that the internet will provide correct answers 
and this will confuse and directed students to the wrong path in language. As cited by 
some of the participants; 

“Communicating through social media inevitably promote wrong usage of stand-
ard English and also, short forms and abbreviations.” (Participant 9) 

“Social media can cause deterioration in students’ writing skills in terms of 
spelling, grammar and lexical structures.” (Participant 33) 

Another worry raised by the students was about the possibility of plagiarism by 
which students can easily copy other people work from online sources without proper 
citation to the writer. As mentioned by some of the participants; 

“Plagiarism will absolutely happen. Whether they copy any answer in the social 
media or they ask their friends to give them answers.” (Participant 8) 

“…students may simply copy all the information first. The student may believe 
wrong information or share it with other people.” (Participant 27) 

In a nutshell, the findings depict that in some situations, the presence of a teacher is 
still crucial. The findings support the claimed made by [32] that students required 

90 http://www.i-jim.org



Paper—Leveraging the Use of Social Media in Teaching Writing: A Qualitative Investigation among … 

their teachers' guidance in term of writing. Thus, there is a need to look into this mat-
ter if technology needs to be embedded in teaching and learning [34] [35]. 

5 Conclusion and Implication 

Overall, the findings of this study contribute to the vast research conducted on the 
use of social media in teaching and learning. This study looked into the perspectives 
of the ESL pre-service teachers who are going to be teaching in the next few years in 
school. It is crucial to look into how these ESL pre-service teachers perceived the 
benefits and challenges of using social media in teaching writing as this would be the 
demand of the teaching approach among the new generation of learners. This study 
conclude that online learning will influence and shape the teaching and learning of 
future students. The use of social media in ESL writing is both beneficial and chal-
lenging. Opportunities in using social media include enhancing collaborative learning, 
promote self-directed learning and ease teaching and learning process in writing class-
rooms. Meanwhile, the challenges in social media use are that it can be a distraction 
for students, improper language used and possibility to plagiarism. Therefore, proper 
management is crucially needed to implement social media in teaching of writing. 
Teachers need to properly distribute their time and commitment to go through stu-
dents' online works as so to increase students' motivation in writing. The accomplish-
ment of social media use in ESL writing is dependent upon a conducive learning con-
dition and a responsible teacher who is willing to try and accept error of new way in 
teaching that past the limits of traditional classroom. The time has come for our lan-
guage teachers to start changing their teaching approaches in line with current tech-
nology in order to stay aware of the demands for the generation Z students. In the 
future, it may be worth studying the use of artifial intelligence as autonomous tu-
tors/teachers or bots as well as other future technologies in ESL learning. Subsequent-
ly, it is suggested that pre-service teachers are trained to design their teaching of writ-
ing lessons with the help of social media. In the future, it is recommended that studies 
to be conducted on looking at the learning analytics of using social media for teaching 
and learning writing as to ensure the effectiveness and sustainability of the teaching 
approach. 
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Abstract—These days, humans have been witnessing related technological 
and social development, by means of which mobile technologies and Internet 
yield global access to information with mobility of knowledge. Mobile learning 
platforms are designed based on electronic learning (e-learning) and mobility. It 
is regarded as a useful way to enhance the learning process. Sakai as a mobile 
learning platform, design intentions are to be adaptable to any educational pur-
poses, within or outside the institution, dependent on the provision of effective-
ness in classroom instruction based on the learning style of the students, exten-
sible on the cultivation of thinking skills in the learner, and efficient in com-
municating and exchanging data among its enrolled classroom members and 
other online platforms. This study employed a systematic review of related lit-
erature to investigate the predominant research methodology adopted by various 
scholars to assess necessary factors concerning mobile learning platform. Fif-
teen articles are selected based on established criteria. The findings indicated 
that most of the researchers used quantitative research methodology in investi-
gating the effectiveness and concern variable of mobile learning. Also find out 
is that most of the outcome of the studies include, achievement, perception, 
pedagogy, motivation and mobile learning platform as a form of educational 
technology. 

Keywords—Sakai, mobile learning, educational technology 
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1 Introduction 

Today, mobile learning technologies exert more effects on classroom instruction, 
and link formal with informal learning, work and leisure [1]. These appeared to be 
among the most interesting pigure for teachers because majority these channels used 
for instruction in the classroom are cheep and provide wide access to the available 
instructional resources. In a situation by which mobile learning technologies are sim-
ultaneously used with wireless internet connectivity, learning activities can be moni-
tored and coordinated between locations. But, the processes of planning, designing 
and implementing mobile learning technologies into the classroom activities thereby 
enhancing appropriate support for the learners are both challenging and complex [1]. 
The effects of these innovative mobile learning technologies on formal instructions 
in/outside classroom need to be evaluated and appraised. This study, among oter 
things, intends to develop and promote collective understanding of mobile learning 
technologies and their new possibilities in the improvement of learning and teaching 
effectiveness. It will describe clearly how moblile technologies and platform were 
integrated into educational practices, and assess their impacts to date. 

The recent advancements of in mobile learning are changing the primary purpose 
of mobile devices from receiving and making calls to retrieving the latest information 
on any subject. ‘A society which is mobile, which is full of channels for the distribu-
tion of a change occurring anywhere, must see to it that its members are educated to 
personal initiative and adaptability. Otherwise, they will be overwhelmed by the 
changes in which they are caught and whose significance or connections they do not 
perceive’ [2]. 

Nowadays, the effects of technological and social development brought by mobile 
learning technologies and platforms were serious experienced, through which they 
provide, with the used of Internet, the global access to information anytime-anywhere, 
thereby enhancing the mobility of knowledge. In the past twenty years, an educational 
institution in Malaysia teaching English language had no access to contemporary lan-
guage sources; now it has the worldwide web [2]. Moreover, in not morethan ten 
years, a farmer in rural areas of Federal Republic of Kenya had no communication 
with the nearest city, now he carries a mobile phone. Today, people live daily life in 
their society by carrying along the mobile technologies with them, which served as a 
“channels for distribution of change”. 

2 Background to the Study 

Currently, many educational institutions across the world banned utilization of mo-
bile phones in the classroom which consequently implies that learners cannot benefit 
from the relevance smartphones in teaching and learning [3]. This regulation was 
mainly form based on reasons that learners misuses their moblile devices during class-
room instruction. Many students are seen playing video games, media files and chat-
ting with friends while instructions are going on in the classroom. Moreover, those 
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students have more social applications than instruction tools that could facilitate 
learning and enhance skills development. 

Conversely, greater than before, the ubiquity and functionality of mobile phones 
changed mind of several teachers; making them to assessing the instructional benefits 
of mobile devices; thereby re-evaluating the restrictions/regulations set by the schools 
on the utilization of mobile technologies in the classroom [4]. Many scholars called 
mobile phones the “Swiss army knife” of technology for the reason that they have a 
emergent number of tools (for example, audio/video players & recorders, digital cam-
eras, Internet access, calculators, apps, e-mail and texting) which are of greater ad-
vantage to instruction in the classroom. 

Nowadays learning via mobile devices is widely accepted by the learner communi-
ty [5]. Teachers must allow the use of the mobile device in the classroom because 
they are beneficial in content creation, student-centred learning, authentic learning 
and differentiation of instruction, as well as assessment and reflection. Additionally, 
the portability of cell phones provides teachers and students anywhere/anytime access 
to course material. 

Sakai as a mobile learning platform, design intentions are to be adaptable to any 
educational purposes, within or outside the institution, dependent on the provision of 
effectiveness in classroom instruction base on the learning style of the students, ex-
tensible in the cultivation of thinking skills in the learner, and efficient in communi-
cating and exchanging data among its enrolled classroom members and other online 
platforms. Zamfirache et al. (2013), point out that today, mobile learning leads to a 
better organization of available resources and an ’anywhere, anytime’ type of access. 
The transportability of mobile platforms or devices does not only allows learners to 
study across contexts, but also provides teachers and educators with the chances for 
creationg new learning models [7]. 

3 Mobile Learning and Sakai 

The portability of platforms and devices which uses internet technology enable the 
mobility of the learner and the learning materials [8] & [9]. Mobile learning is defined 
as the development of art of using portable electronic platforms or devices to improve 
learning experience while on the move [10]. It is also defined as an extension of elec-
tronic learning through internet and mobile technology [11]. 

Mobile learning (m-learning) is designed based on electronic learning (e-learning) 
and mobility [12]. It is regarded an interesting and efficient means for improving the 
learning process [13]. 

Having access and utilization mobile platforms or devices single-handedly does not 
simply imply mobile learning experience [10]. Sufficient knowledge and awareness of 
the application of today’s technology in educational environment and most impor-
tamtly for the purpose of learning is the minimum requirement for learners to effec-
tively adopt mobile learning. There are four basic assumptions of mobile learning 
theories proposed by [14]. The first assumption attempted to distinguish distinct fea-
tures of mobile learning compared to other types of learning activity. 
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• It states that students today are moving continuously. People learn while moving 
around the universe experiencing new events ideas and use varying learning re-
sources to gained knowledge and skills in a particular place and apply or develop 
them in the other area [15]. Students study all the time, through “revisiting 
knowledge that was gained earlier in a different context”, and more broadly, 
through ideas and strategies gained in early years providing a framework for a life-
time of learning. They move from topic to topic, managing a range of personal 
learning projects, rather than following a single curriculum. By making learning to 
become mobile as an object of analysis, means for which knowledge and skills 
may be better understood to be transferred through contexts such as school and 
home, ways for which learning could be better managed across life transitions, and 
a means by which fresh technologies are developed to support a society in which 
mobile individuals remotely endeavours to cram learning into the interstices of dai-
ly life. 

• Considerable learning takes place outside classrooms as people instigate and struc-
ture their activities to enable educational processes and outcomes. 

• However, there is thought that the theory of mobile learning should be seen as all 
other learning theory and must be based on current issues of practices that enable 
true learning. To initiate educational effectiveness in all ages and subject areas, a 
synthetic study was conducted by National Research (1999). It is assumed that ef-
fective learning must be: 
─ Learner-centred: this is builds on the existing knowledge and skills of the learn-

er, empowering them to reason from their own experience; 
─ Knowledge centred: this is built from a strong grounds of validated knowledge 

(curriculum), efficiently delivered by teachers on the course of instruction 
through inventive utilization of concepts and procedures; 

─ Assessment centred: in this approach, assessment is complemented to the stu-
dents’ ability, offering formative guidance and evaluation that builds on success; 

─ Community centred: prosperous students form a mutually primitive community, 
supporting less able students and sharing knowledge. 

• Lastly, a theory of mobile learning need to consider the abundant use of coopera-
tive and personal technology. Studies indicated that more than 75% of the overall 
population of which over 90% of youth possess mobile devices [16] & [14]. These 
information mask wide differences in accessibility of technology all over the globe, 
then again indicated a trend towards peoples’ possession of at least one or more 
technological device comprising of music players, portable computers, hanset and 
cameras. 

It is suggested that mobile learning platform must be tested based on the following: 

• Enables the students’ mobility 
• Cater for informal and formal learning 
• The approach (both constructive and social process) 
• Considers learning as a personal activity found to be mediated by technology [14] 
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Because of increased need for utilization of mobile platforms (like Sakai) and de-
vices (like smartphones) by the individuals in the society, recently mobile technolo-
gies field significant advances [17]. The products of these advancement are highly 
sophisticated and portable notebooks, smartphones, Bluetooth and wireless technolo-
gies as well as General Packet Radio Service (GPRS) connections to mention but a 
few. Equally important features of these advancement of mobile platforms an deviced 
include information transmission, transformation, convertion formating and recording. 
Today, Sakai (as mobile platform for learning) provided instruction that is executable 
and flexible in an of the mentioned technology. The following are the conclusion 
made by many studies with regards to the mobile learning flexibility while using plat-
form like Sakai: 

• In reality, it is the user (the learner) that is mobile, and not the technology (the 
technology can access learning material anytime-anywhere) 

• Learning process is interlinked with related activities as integral part of everyday 
life 

• While learning take place goals are satisfied 
• The learning management and control can be distributed 
• Through interaction, learning context is built by learners 
• The process learning through mobile platform can be both conflicted and supported 

with formal education 
• Mobile learning promotions profound ethical issues of ownership and privacy. 

The most crucial factor for accomplishment was whether or not the learners per-
ceived that their productivity was greater than before by using mobile learning [18]. 
Interestingly, many researchers including Azzam et al. indicated that although their 
respondents using mobile learning for the subject area were legitimately satisfied, 
they however feel motivated and curious to use mobile learning in the future. 

This study is a systematic review of the literature on mobile learning platforms. 
Many reviews conducted have a different approach to a problem. Few of these articles 
were research that are unable to indicate educational setting for which investigation 
was carried out. In the reporting of findings, the authors did not describe the level of 
education of the learners. For example: 

• In 2009, to analyze the context, tools, control, communication, subject and objec-
tive of each study, Frohberg, Göth, and Schwabe carried out a study in which they 
reviewed about 102 projects conducted in the area of mobile learning [19]. 

• In the year 2013, 74 articles were reviewed to investigating research purposes, 
methods, and outcomes by Cheung and Slavin. In this study pk-12 were chosen as 
the respondents. Also studied are the levels of education, subject matter domains, 
types of mobile devices, context, learning theories and geographic distribution 
[21]. 

• In 2014, Liu, Scordino, Geurtz, Navarrete, Ko, and Lim made a systematic review 
of articles related to mobile learning from 2007-2014 on k-12 students to investi-
gate methods, research purposes, outcomes and academic areas [20]. 
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• Some researchers have specifically identified multiple educational settings in their 
reviews. 

• In the year 2011, Hwang and Tsai studied adult learner, higher education and K-12 
by reviewing articles from 2001 to 2010 on the area of mobile learning. In this 
study, the countries, grade level and subject areas reported where it took place were 
reported [22]. 

• Wu, Wu, Chen, Kao, Lin and Huang carried out a systematic review in 2013 to 
study mobile learning on K-12 students [23]. 

4 Objectives 

The study intended to 

• Find out the predominant research methodology used by the researcher to evaluate 
the effectiveness of mobile learning platforms. 

• To compare the results of the related study with the feature Sakai as a new-aged 
mobile learning platform 

5 Methodology 

This study is a systematic review of mobile learning platform that was published 
between 2005 and 2018. It considered studies conducted in learning institutions (both 
secondary and tertiary) and used English as the language for which the article was 
written. Seven databases had been carefully searched including Springer, Science and 
Education (ELSEVIER), ERIC, SCOPUS, Web of Science, Google Scholar and 
Journal of Computer Assisted Learning. The searching was executed using terms 
including online learning, mobile learning, e-leaning, m-learning, wireless learning, 
situated learning, location aware, digital learning, context aware and ubiquitous 
learning from electronic, manuals and journals. The terms used in searching articles 
were the commonly used words in defining mobile learning. 

The search engine produced over 5,877 articles. Title and abstract were the first 
formats used in screening an article for qualification for the study. The search was 
limited to the years 2005 to 2018, as computer devices became available to the 
general public in the early 2000s and fresh category of computer era was defined 
which delivered teachers with a mobile device (such as personal computers and 
mobile phones). The initial search resulted in 978 articles. 

All review articles were eliminated so that the qualified list contains only articles 
that represented researchers finding in a real field of study. By using a text analysis 
procedure, the full text of 126 articles was read to make sure that the questions stated 
in each work was being answered and were therefore relevant to the current review. 
Based on the research questions, seven elements were selected for analysis: 

• Research design, 
• Methodology, 
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• Outcomes of learning, 
• Subject matter (mobile learning) 
• Levels of educational, (Secondary and tertiary institutions) 
• Context of educational (formal, non-formal, and informal), 
• Type of respondents (students and teachers) 

Articles that do not meet those seven elements stated were extracted living 53 re-
search papers. However, articles that have to attain their own objectives were also 
eliminated. Finally, fifteen articles are selected and reviewed. These articles are sum-
marized in Table 1.0 

Table 1.  Summary of Articles 
 Author Respondents Context Method Design Findings 

1 

Ismail, 
Azizan and 
Gunasegaran 
(2016) 

551 students Formal Quantitative Survey design 

The students are moderately ready 
for use of mobile learning. Students 
become more curios to continuously 
learn with mobile platforms 
learning 

2 Motiwalla 
(2007) 63 students Formal Mixed 

method 
Survey & 
Interview 

The platform provides a better 
understanding of the content area. 
The students found the platform 
useful in addressing their own 
problems. An upright 
complementary tool for interaction 
in the classroom. And lastly, the 
students found the interaction tools 
easy for discussing course materials 
with other students and instructors. 

3 Park, Lee and 
Kim (2016) 557 students Formal Quantitative Survey design 

Over 59% of the respondents have 
good acceptance of mobile learning 
platform for their learning process. 

4 Ciolacu and 
Beer (2016) 69 students Formal Quantitative Survey design 

Over 80% of the respondents are 
found interested in taking their 
subjects in a similar approach and 
over 94% of the students gained 
knowledge of related subjects 

5 

Mahesh, 
Jayahari and 
Bijlani, 
(2016) 

55 students Formal Quantitative Survey design 

By using a phone students have 
grace of utilizing alternative 
platform and personal computer by 
the time they happened to be in their 
classroom and also the attendance 
was made for them by the system. 
The learners tend to enjoy the 
ability of the platform to serves as a 
device for diplaying information 
and also as a storage. That is the 
learning material could be 
transferred with the help of internet 
or Wifi network to their mobile 
phone in which it will be read. 

6 
Fatimah & 
Ahmad, 
(2016) 

150 students Formal Quantitative Survey design 

Mobile learning platform improves 
students learning effectiveness. 
Students The resulting analysis 
explained that storage size of 
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 Author Respondents Context Method Design Findings 
mobile platform, the memory 
limitation and life span of mobile 
device battery formed the major 
barriers facilitating mobility in the 
process of learning. Finally, the role 
played by computing in supporting 
mobile learning was in agreement 
with majority of the respondents of 
the study. 

7 
Shamir-Inbal 
and Blau, 
(2016) 

5 teachers 
and students Formal Qualitative   

The finding indicated that naturally, 
learners come across recent 
technologies and learn about 
them—through exchanging 
information and exploration 
repetitively. The teachers are more 
successful in developing their pro-
fessional digital wisdom as teachers 
than in exploring new technologies 
as learners 

8 Kusumastuti 
et al., (2016) 120 students Formal Quantitative Survey design 

The results showed that students 
have the motivation to learn and use 
a mobile device with high category 
(67.06%). Over 80% watch 
instructional videos. 

9 Dinh et al., 
(2013)   Formal Quantitative Survey design 

The findings indicated that mobile 
learning platform is sufficient in 
providing optimal services for 
mobile learners 

10 

Thomas, 
O’Bannon 
and Bolton, 
(2013) 

79 teachers Formal Quantitative Survey design 

Instructors acknowledged learners’ 
motivation and engagement as the 
principal benefit 

11 
Sung, Hwang 
and Liu, 
(2013) 

51 students Formal Quantitative Experimental 

Mobile learning not only promoted 
the students’ self-efficacy but also 
improved their learning 
achievements. 

12 
Wu, Hwang 
and Tsai, 
(2013) 

58 students Formal Quantitative Experimental 

The learning achievements of 
learners was obervered to have been 
improved significantly with respect 
to several cognitive processes in 
Bloom’s taxonomy of educational 
objectives, such as “analyzing” and 
“evaluating.” Consequently. 

13 
Lan and 
Huang, 
(2012) 

32 students Formal Mixed 
method 

Survey & 
Experimental 

Satisfactory and encouraging in 
terms of the effectiveness of the 
supported mobile learning 
environment. also found a positive 
improvement in reflection levels 
toward traffic violations among 
groups following the experiment 

14 

del Carmen 
Valderrama 
Bahamóndez, 
Häkkilä and 
Schmidt, 
(2012) 

78 students 
and 6 
teachers 

Formal Quantitative Survey design 

The results show that there is 
potential for a tighter integration of 
applications to improve the learning 
experience 
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 Author Respondents Context Method Design Findings 

15 Parsazadeh et 
al., (2018) 14 teachers Formal Qualitative   

Over 88% of experts have 
consented on all usability items 
represented in the usability 
questionnaire. The usability 
evaluation survey for mobile 
learning applications can help to 
improve user satisfaction and 
reductions in training costs. The 
decrease in costs attracts many 
researchers, interface designers and 
project managers to employ the 
usability evaluation when designing 
the interfaces for mobile 
learning applications. 

6 Findings of the Study 

The review conducted intended to address the objectives of the study which in-
clude to (i) find out the predominant research methodology used by the researcher to 
evaluate the effectiveness of mobile learning platforms and (ii) compare results of the 
related study with the feature Sakai as a new-aged mobile learning platform. These 
are addressed in the subsection below. 

6.1 The predominant methodology of studies used by researchers 

As indicated in Table 1.0 two articles employed the mixed method. An extension 
of e-learning into wireless/ handheld (W/H) computing devices was investigated with 
the help of a mobile learning (m-learning) framework [24]. Mixed method was 
adapted to a population of 63 students of the tertiary institution. It is indicated by the 
results of the study that the mobile learning platform provides a improved 
understanding of the content area. The students involved in the study found the 
platform useful in addressing their own problems. Students perceived that the mobile 
learning platform is a good complementary tool for interaction inside classroom. And 
lastly, the students found the tools for interaction easy for discussing materials for 
learning with instructors, expert and other students. 

Moreover, [5] studied integrated mobile communication technologies and a global 
positioning system (GPS) to construct an instant, convenient report of the mobile 
network service system, to improve learners’ traffic violation reflection level. In this 
study, a mixed method is adapted to a population comprising of 32 students. The 
findings of the study indicated that the respondents expressed their rating as suitable 
and inspiring in terms of the efficiency of the support delivered on the mobile learning 
environment. The study also found a positive improvement in reflection levels toward 
traffic violations among groups following the experiment. 

However, two articles also adopted a qualitative study in the research. [25] Investi-
gated a pilot of integrating mobile learning using tablet computers in the formal edu-
cation. The study qualitatively uses five teachers and students through which it draws 
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a conclusion based on its findings that students learn about new technologies 
naturally—through repetitive explorations and by exchanging information. The teach-
ers are more successful in developing their professional digital wisdom as teachers 
than in exploring new technologies as learners. [26] also investigated the usability of 
mobile learning applications in which 14 teachers were interviewed. The findins 
demonstrated that higher than 88% of specialists agreed on all test items represented 
in the usability questionnaire. The mobile learning applications usability evaluation 
survey can aid to mend user satisfaction and reductions in training costs. The drop in 
costs becomes appealing to various scholars, designers of system interface and 
managers of project to adopt the usability evaluation when designing the interfaces 
for mobile learning applications. 

It is clear that the quantitative method was the predominantly used in the 
investigation of effectiveness and other factors involving mobile learning in both sec-
ondary schools and the tertiary institutions. Over 11 researchers 
[27][28][12][29][13][7][10][3][4][9]&[30] adapted qualitative study with survey re-
search design. Thus, this indicates that quantitative methodology is predominantly 
used in the investigation of mobile learning effectiveness and other factors. 

6.2 Comparison of results of reviewed studies with Sakai features 

The results of the reviewed articles are summarized as the achievement of the re-
spondent in using mobile learning platform, the perception of the respondents with 
regards to mobile learning, pedagogical approaches of mobile learning platforms and 
educational technology tool. These are discussed in the following subsection. 

Achievement: Studies investigated students’ achievement in using mobile learning 
platform in different ways including 

• The effects of using mobile learning 
• Learning performance on certain skills 
• Sharing and communication of ideas 
• Educational objectives attainment. [30] 

Reported that when mobile learning is effectively integrated, the learners’ 
achievements in learning will significantly improve with respect to several cognitive 
processes in Bloom’s taxonomy of educational objectives, such as “analyzing” and 
“evaluating.” [28], also reported that there is potential for a fitted mobile applications 
integration to enhance students’ experience in learning. Thus, mobile learning is 
significantly valuable in developing students’ achievements through the improved 
learning experience. However, [7] concluded that mobile learning not only promoted 
the students’ self-efficacy but also improved their learning achievements. 

Sakai in the same vein is a platform that enables teachers to convey instructional 
materials to their students in an eloquent way that triggered learner development with-
in a very limited time. It administers an effective assessment to monitor students’ ad-
vancement or their progress in learning of both the content and skills. Thus, teachers 
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that are dared in developing their student's achievement should make use of Sakai to 
enable them attained their objective with negligible barriers. 

Perception: Students’ perceptions of mobile learning are also investigated in dif-
ferent ways including 

• Students’ general perception 
• Perception of using the mobile platform and computer or Android device 
• Perception based on gender 
• Perception based on ease nature of mobile learning platform 

The learners’ perceptions concerning utilization of mobile learning are very cru-
cial, because individuals’ perceptions impact on the way they behave [16]. If learners 
perceive that mobile learning has little or no value, then they could be less probable to 
embrace the use of mobile learning. It is imperative to state that perceptions can be 
entrenched in traditional practices and biased to those traditional ways. Many studies 
[27][10][9]&[26] describe both teachers and students’ perception on mobile learning. 

However, [26] indicated that higher than 88% of specialists have consented on all 
test items represented in the usability questionnaire. Similarly, [10], reported that 
students indicated they're interested to know more about mobile platforms learning 
and to use them in all subject areas. In addition, [9] also reported that over 59% of the 
respondents have good acceptance of mobile learning platform for their learning 
process. [27] used mobile learning platform with an adaptive course user interface to 
teach students mathematics in which about 80% of the respondents are interested in 
taking their subject in a similar approach. Moreover, over 94% of the students gained 
knowledge of the related subject through the mobile learning platform instruction as a 
supplement to the content area learned. 

Pedagogy: Pedagogy is considered as the approach which the platform adopted or 
integrated to realize the educational goal [31]. Sakai is a mobile platform with the aim 
of enhancing learners’ achievement. It scope encompasses: 

• Ways in which podcasts could be utilized to support learning in-or-out of the class-
room 

• Means by which barcodes could be used in a printed text 
• Manner for which mobile devices could scaffold learning. [25] indicated that the 

teachers more successful in developing their professional digital wisdom as teach-
ers than in exploring new technologies as learners. 

Empirical evidence indicates that M-learning can support students in learning 
across many subjects, including education [32], science [33], business [34] and infor-
mation technology [35]. 

Technologies are always seemed by most education providers as catalysts which 
can revamp the process of teaching and learning. With the aid of technology, instruc-
tors will be able to conduct teaching to the extent that is- yond the traditional class-
room setting [10]. Mobile learning emerged in response to the need for ubiquitous and 
‘on-the-go’ access to learning which completes the missing puzzle in classroom in-
struction. With the use of mobile devices such as mobile phone, smartphone, and Per-
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sonal Digital Assistants (PDA), mobile learning is gaining popularity in its ability to 
facilitate teaching and learning activities, such as monitoring students’ progress and 
delivering learning contents in an interactive interface. The fact is, these technological 
devices have become a must-have gadget due to its mobility features. The abundance 
of these mobile technologies has also added value into the educational atmosphere 
thereby opens the door for the practitioner, educators and education policymakers to 
consider the implications of these devices for modern teaching and learning environ-
ment. 

Experience of learners in learning and communication are improved with the helps 
of mobile learning. Distance learners were provided better access learning resources. 
It also gives positive impacts on students’ motivation, collaboration, information shar-
ing, mobility and interactivity. 

Among the human factors that need to be urgently addressed before a successful 
implementation of mobile learning is the learners’ readiness in embracing the tech-
nology for their learning. Several studies have reported their findings on respondents’ 
readiness for mobile learning in terms of their ownership of mobile devices. 

Mobile learning as educational Technology: Utilization of advanced technology 
is nearly indispensable as an addition to the regular classroom instruction. The unique 
trait of these today’s students does not only shaped the personalities but also contrib-
utes towards their learning preferences that has created a need for new tools and sup-
plemental learning environments such as multiple media and simulation-based envi-
ronments [36], interactive learning environments, less lecture, active learning ap-
proaches, multimedia-enriched environment, collaborating with peers [3] are some of 
the pedagogical approaches to reach the digital generation. Educational technology 
has significant implication in promoting learning, improves the quality of education 
by facilitating self-learning, collaborative learning, problem solving aptitude, critical 
thinking, ability to communicate and space for real-time conversation, at the same 
time making the traditional method more meaningful and affective [37]. 

Computer technology has proliferated tremendously in the last few decades with 
the use of Internet, email, multimedia technology, and intelligent tutoring system on 
campus [24]. The academic instruction in online learning environment alters the tradi-
tional time/space configuration by providing access to learning resources from any-
where at any time, information and content delivery is altered by presenting the mate-
rials in different media, parallel access paths, and assessments via computer logs and 
software packages. Similarly, communication and interaction process between the 
learner and teacher is altered with the novel usage of synchronous and asynchronous 
communication tools that allow sharing of ideas, virtual collaboration and better ar-
chival capabilities for reflecting on previous interactions. Finally, ICT alters the roles 
of students and instructors. Students are empowered with the learning responsibility 
with their individual learning goals, schedules and assessments, while the instructor’s 
role shifts from ‘‘a sage on the stage’’ to ‘‘a guide on a side’’ [38]. One of the goals 
of this project was to explore whether these pedagogical shifts impact them-learning 
environment as well. 

By means of mobile learning, learners switch from passive learning to active, intel-
lectual [9] and engagement emotionally in their learning tasks [39]. Mobile learning 
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impacts positively on the learning outcomes as well as students’ attitudes and educa-
tional processes [40]. 

7 Conclusion 

A systematic review of mobile learning literature published between 2005 and 
2018. From a total of 15 selected articles analysing predominant research methodolo-
gies thereby comparing findings with the newly developed mobile learning platform 
called Sakai. The study indicated obvious information that describes the most pre-
dominant research methodology used by the researchers investigating mobile learning 
in formal and informal educational environment. The majority of the researchers (11 
out of 15) used a quantitative research method in studying necessary factors in mobile 
learning. However, the study indicated that most of the findings include the popula-
tion’s perception of mobile learning, pedagogy used, achievement and being a form of 
educational technology. 
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Abstract—Mathematics in primary school is difficult to understand, boring, 
formal, theoretical, and book-based learning, which makes students tired of 
listening and paying attention. The purpose of this study is to create a learning 
prototype based on QR codes, especially mathematics learning in primary 
schools. Using the QR code, students can access math games related to the 
course. This learning model could encourage students to learn mathematics. The 
research included seven steps in research and development named after Borg & 
Gall, such as need assessment, plan, early product development, first test, revise 
early product, field test and revise product. The object of the research is QR 
code-based learning, and the respondents are primary school students and 
teachers. After analyzing data in the first and field test, researchers found the 
result. QR code-based learning could support children for learning mathematics. 

Keywords—Mathematics; learning; QR code; web address; smartphone 

1 Introduction 

Semiawan said that learning is important for everyone in the whole life. People 
learns, and they can get the knowledge and skills to adapt many changes in 
environment [1]. In primary school, learning mathematics formally and theoretically, 
as well as learning from books [2]. The subject of mathematics is not fun for them, 
because it is a hard subject that children cannot learn in an interesting situation. 
Children learn mathematics in school that falls into some part of subject, for examples 
numbers, geometry, and shape [3]. Students consider that it is not easy to understand 
mathematics. While teachers try to make students understand mathematics, but their 
effort does not succeed easily [4]. Because math is a difficult topic for many children, 
playing game is fun and supports to learn math. These tips for playing with math in 
primary school is worth to be done. 

The huge development of information and communication technologies (ICT) 
changed the lifestyles, including the method of learning. There are many methods of 
learning using ICT, i.e. computer-assisted learning, e-learning, distance education, 
and others, that can be accessed using tablet and PC [5]. The implementation of 
computer-assisted learning in the process of learning using multimedia increases 
student creativity and innovation [6]. Multimedia means integration of word, pictures, 
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audio, and video played through a computer or digital devices [7]. By combining the 
multimedia elements such as text with pictures, animations with audio, text and video, 
those in need of it can gain a clear meaning. Vaughan said that multimedia make the 
learning process changes, from teacher-center to student-center learning. When 
information technology is used to facilitate students with new teaching methods, it 
can enhance the meaning of content to be understood. Students can find all 
information easily, using pictures, sound and text to convey the learning material they 
have got in class. Dynamic development of mobile devices increase technology for 
designing mobile application [8]. Using mobile technologies educator can display 
science in natural environment. Mobile phones are used increasingly in schools, at 
home, and anywhere, that makes information technology is used increasingly. 
Children are born in the surrounding technologies and can use the mobile phone 
independently. The disadvantage is accessing to many movies, games that are not 
worth for children [9]. Teachers should think about creating an interesting model of 
learning that is used to play by children. 

1.1 Millennials generation 

Youth profiles change over time, and the nature of the care and commitment of the 
community deviates. However, teachers teaching in schools and universities are 
almost the same, with little attention being paid to generations of youth [10]. How 
young people learn depends on their opportunities and their well-being in the future. 
That is why it is important to identify each generation in the way they process the 
world around them, how they work together with authority, how it affects families 
and communities, and what to do to improve their chances maximize their goals. A 
number of concepts have been put together to find teaching options with different and 
complex influences in the learning process of 21st century students. The student 
generation is divided into three generations, such as Generation X (1965-1985); 
Generation Y (1978-2000), also known as Millennium; and Generation Z (1995-2012) 
[11]. 

An interesting mathematics learning can be made for primary and middle school. 
The teacher will give students the web address they can access. Then students enter 
the web address on their smartphone. The teacher does not do everything as far as 
possible to automate the students and take responsibility, but teacher wants to be 
learning facilitators. Smartphones are a kind of devices used by most young people 
and have really become an extension of their hands [12]. It is not easy to write long 
characters in a web address, because sometimes typing errors occur. Accessing the 
subject can easily be done via QR codes. 

1.2 QR code 

There are several reasons in using a QR code. The main reason, however, is that it 
is easy to give students web addresses and allow them to be more independent. QR 
codes reduce the frustration of students entering web addresses. Although they can 
use shorter links, even seven-year-olds find it is difficult to get the right touch. With a 
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QR code, students can save time without typing, and students will get it right the first 
time. It is rare for students to enter the web address incorrectly on their smartphones. 
[13]. 

Using computer-aided learning provided with multimedia become widespread in 
schools, and is adapting into the mobile environment. Children are born while the 
mobile phones are used by people, so children can learn quickly to use them [14]. QR 
codes have the popularity of classic barcodes in many areas due to numerous benefits 
such as increasing capacity, reducing size, etc. Combining with the variety and 
enhancement offered, the use of QR codes makes it more attractive than barcodes. QR 
codes can symbolize the same amount of data by one-tenth of the conventional 
barcode. 

The advantages of QR code over traditional barcode as can be seen in Table 1, are 
described as follow: 

• If not a QR code, the only way to connect students to online content is using a 
URL. A barcode cannot be used to access an online content [15] 

• With QR codes, students can get a way to access unlimited information 
• A QR code holds hundreds of times more information than a barcode. QR is a two-

dimensional barcode widely used for many purposes 
• Using QR codes, students can link to multimedia content of learning, as text, image 

or video 
• When scanned, the QR code redirects the students to many information that present 

as text, image, or video. While a barcode as visual representation of machine-
readable information about the product to which it’s attached. To put it down for a 
layman, a barcode is that small box printed on the packaging of a product, that has 
a small collection of black parallel lines of varying widths [15]. A barcode only 
stores information such as type, size, factory, number of product and country of 
origin [16] 

• A QR code can be scanned using a smartphone [14], while a barcode can only be 
read by a dedicated barcode reader machine 

• Codes that are found in magazines, brochures, store shelves, and billboards can be 
scanned using phone's camera at a long distance, while a barcode is usually 
scanned at a short distance [17]. 

Table 1.  Advantages QR Code over Traditional Barcode 
   QR code Barcode 

1 Connect to web page Yes No 
2 Access information Unlimited Limited 
3 Using purpose Many Product information 
4 Access to multimedia object Yes No 
5 Get product information Yes Yes 
6 Device to scan Mobile phone Bar code reader 
7 Distance where it is scanned At a distance Near 
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2 Research Method 

Research and Development (R&D) according to Borg and Gall [18][19] uses in 
this research, as can be seen in Figure 1, which consists of ten stages: 

• Need Assessment 
• Plan 
• Early Product Development 
• First Test 
• Revise of Early Product 
• Field Test 
• Revise Product 
• Operational Test 
• Revise Final Product 
• Implementation 

This research only involved seven stages, according to the requirements of the 
course material in primary school. These include: 

• Need Analyzing: In this stage the information of learning is collected, and 
searching literature 

• Planning: Now that researchers have the information needed, plan to build an 
application 

• Early Product Development: After creating a plan, the next stage is to develop 
early product. Reviews and suggestions from colleagues in fields of education, 
visual communication design and computer science are needed 

• First Test: The first reviews of experts are carried out after the product developed 
was fully related to education, visual communication design, and computer science 

• Revise Early Product: After conducting the first test, the product is revised in the 
next stage according to the comment of respondents 

• Field Testing: After revising the original product, a field test is conducted to 
evaluate the product. Students and teachers fill the questionnaires to give feedback. 
During the test stage, interviews will be conducted with several students and 
teachers 

• Revise Operational Product: After conducting field test, the next stage is revising 
the product based on the feedback in Field Test. 
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Fig. 1. Model of Research and Development according Borg and Gall [11] 

The research subject is mathematical applications, especially mobile games, and 
the location of the study is a primary school in Jakarta, Indonesia. Respondents 
consists of children who study in the school and experts in the fields of education, 
visual communication design and computer science. 

3 Results and Discussion 

3.1 Need assessment 

The object of the research was QR code-based learning, and the research was 
conducted in a primary school in Jakarta with students and teachers as the 
respondents. Analyzing and processing data carried out with seven stages including 
need assessment, plan, early product development, first test, revise early product, field 
test and revise product [18]. 

The goal of this stage is to get information that students and teachers need to 
develop QR code-based learning. The research was conducted at a primary school in 
Jakarta, Indonesia, where children and teachers participated. Data of the research were 
collected from the instruments with details: (1) Open-ended questionnaires were used 
to find useful information to support the theory, information needed for system 
development, information about what kind of system to be developed; and (2) Open-
ended interviews were used, then the respondents gave answers that was not restricted 
from a general point of view. In addition, extensive interviews were conducted to get 
data on the math learning. The following questionnaires were distributed to the 
respondents. 

Questionnaires used in the first stage: 
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• If you compare digital learning resources with book learning resources, can you 
explain which ones are interesting and easy to use? 

• How do you find other sources for learning mathematics? There are many methods 
such as in classrooms, in groups, in libraries or on the internet. 

• People need interactive media through smartphones, play augmented reality, and 
play games, but some people still like reading books. How about you? 

• Which math topics are difficult for you to understand? 
• Which math topics are interested for you? 

Data that were collected by students and teachers, were processed using software 
for qualitative data processing. As a result of answering the questions above, the 
majority of respondents gave the following statement as follows. 

Need assessment results: 

• Most of the respondents liked internet and social media more than book and printed 
media. 

• Most respondents found mathematics resources from internet. 
• Most of respondents used smartphones for everyday activities, getting information 

and enhancing their knowledge. 
• Almost all respondents agreed that fractions and geometry would be the most 

difficult to understand. 
• Many respondents were fond of number and measurement. 

Multi-step analysis and data processing involves collect data, prepare data, read 
intention, create code, display data, and analyze data [20]. 

The audience's goals and desired influence the style of the application. Based on 
research findings after discussions with students and teachers, QR code-based 
learning were described in Table 2, about users, modules consisting of several topics, 
and applications that explain how and what types of devices were used. 

Table 2.  The concept of QR Code-based and competency learning 

Object Description 
User Primary school students and teachers 

Module 

Module: 
Topics of learning 
Source of learning 
Competency gain on learning 
Process of learning 
Evaluation of learning 

CR code QR code is printed on a book page that links to learning resource 
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3.2 Plan 

After the Need Assessment stage had been conducted, the next stage was Plan with 
creating design that consisted of instructional design, conceptual design and book 
design. 

Instructional Design: Organization of learning how the instruction was 
developed. This process included deciding objectives of learning, the best of the 
learning methods, and action for guidance of the learning. Learning methods included 
classroom learning. Table 3 shows the instructional design. 

At this stage, the learning organization was made as a master plan for providing 
instructions. This process involved choosing the optimal teaching method and 
creating useful subject of learning, action-oriented and focused learning goals that 
guide learning. Possible teaching methods included classroom learning. 

Table 3.  Instructional design 

Object Description 
Course Id MA-01 
Title Fundamental of Mathematics 
Duration 48 hours 

Module 

Module: 
1. Introduction 
2. Number 
3. Shape 
4.  Geometry 
5. Fractions 

CR code QR code is printed on a book page that links to a math game 

Description 

During the learning in class, teacher asks students to access a math game in 
website by scanning a QR code that is printed in the book using their 
smartphones. 
 

 
Conceptual Design: The first step was creating Course outline, as part of learning, 

that was the first display of a learning. The learning was divided into three subjects as 
Course Outline, Course Plan, and Assignment. In Course Outline, user could find 
information about course title, duration of course, teacher identity, and name of 
teacher. Teacher could see the teaching schedule and entry the score of students, and 
download the instruction guide. 

Learning resources must be accessed via a smartphone as needed by the user [21]. 
The design of the learning course integrated into the design of QR codes. This 
concept was the concept of application development and must be considered in all 
aspects. Creating a design must be considered a simple and generic design. Design 
described application functionality and methods such as the relationship between 
learning objects, QR codes and learning source URLs, as can be seen in Figure 2. 
Functional design could reduce the possibility of implementation errors. 
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Fig. 2. Relationship between the subjects, the QR code, and URLs 

Book Design: Book design consists of three book parts, are front matter, main 
matter and back matter. Design of front matter included France title, Book title, 
Copyright page, Preface and Table of content, while main matter included the main 
content of the subject of the book, and back matter consisted of index, and word lists. 
[22]. Figure 3 shows the book design that guided developing the instructional content 
to be a good book. After the design stage had been conducted, the next stage was 
development that consisted of development of instructional content, resource learning, 
and QR code. 

118 http://www.i-jim.org



Paper—QR Code-based Learning Development: Accessing Math Game for Children Learning … 

 
Fig. 3. Book design of math instructional design 

3.3 Early Product 

After the Plan stage had been conducted, the next stage was Early Product with 
creating book of math instruction, resource learning and qr code. 

Instruction Content: The first step was creating Course outline as the first display 
of a learning. The learning outline consisted of Course Outline, Course Plan, and 
Assignment subject. In Course Outline, user could find information about course title, 
duration of course, teacher identity, and name of teacher. Teacher could see the 
teaching schedule and entry the score of students, and download the instruction guide. 
Figure 4 shows Course Plan, that identified competency, topic, learning method, 
duration, and references. 
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Fig. 4. Figure 4 Course plan 

Resource Learning: In this stage, learning resources from various formats such as 
text, images, sounds, and animations were created or collected. This study used 
mobile games as a learning resource [19]. It can be one or more of the multimedia 
elements that was could make a clear meaning. Students can find information, use 
pictures, sounds and texts to communicate what they have learned. The growth of 
mobile devices made possibilities for people to reach many information using mobile 
phones [23]. 

QR Code: However, as shown in Figure 2, QR codes have many advantages over 
traditional bar codes [15][16]; The main advantage is that up to one hundred times 
more information can be stored in a QR code than on a standard horizontal bar code . 
Another major advantage is that the appearance of the code is unique and interesting 
from a marketing perspective, which increases the likelihood that customers will be 
involved in any campaign where the code is used. [14]. 

There are many websites where instructional designers can produce QR codes, and 
most of them are free. The researcher can then download it to print on the computer. 
Google search for "QR code makers" leads to countless results with different options. 
So this is just about choosing an option that works well [14]. QR code readers can be 
downloaded by anyone to smartphone, and most of them are free. This means that 
each student can scan the QR code with smartphone. Android users can use a QR 
code reader, and iPhone users can download the Quick Scan application. 

3.4 Testing 

Through the development of QR code-based learning methods, books were 
provided with printed QR codes. During the study, the teacher asked students to open 
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the book page on which the CR code was printed. Students first scanned the QR code 
to access the mathematics game on the Web site, as can be seen in Figure 5. Once the 
QR code had been tested, the entire game and the book must be tested by students and 
teachers. 

The math game could be accessed by students anytime and anywhere, so they 
could remind the math knowledge that teachers delivered in class. Many kinds of 
math game can be created as learning resources, and of course they can increase 
students learning outcome using mobile technologies in education [24]. Figure 5 
shows the relationship between the subject, the QR code, and the game. Figure 6 
shows the math game that can be accessed anytime and anywhere [19]. 

 
Fig. 5. Relationship between the subject, the QR code, and the game 

 
Fig. 6. Math mobile game [19] 

4 Research Limitation 

The research was limited in developing prototype of learning, especially QR code-
based learning: 
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• This study was conducted from first stage to third one in accordance with the needs 
of creating prototype of QR code-based learning in the particular primary school in 
Jakarta Indonesia. It should be evaluated by experts in education, mathematics and 
information technology 

• The tested subject was not all the content of math book. 

5 Conclusion 

The results of this research are: 

• Need assessment in which students take information needs for QR code-based 
learning prototypes. The initial investigation information serves as a guide for 
developing QR code-based learning 

• Development of QR code-based learning was conducted and organizes according 
the Borg and Gall model 

• QR code-based learning supported teachers in learning process [25], since it can 
access a math game, children can be motivated to learn mathematics. The math 
game as learning resource can be accessed by students anytime and anywhere, so it 
can increase students learning outcome [26]. 

The learning model can used be for practice in especially teachers and educational 
technology developer for learning improvement. The point of future research is 
continuing the stage of QR code-based learning in operational test, revise final 
product and implementation. In addition, the QR code-based learning process must be 
able to run on any platform, product, and resolution of mobile device. 
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Abstract—Global bicycle sharing platform offers commuters an accessible, 
convenient and eco-friendly alternative mode of transport. The study reports on 
the users’ perception about the mobile usability of oBike, a global bicycle 
sharing platform. Fifteen participants were recruited for the study. The study 
outcome reveals that most of the participants found that the oBike mobile 
application needs to be enhanced to improve their satisfaction. Some 
recommendations were proffered that if implemented will guarantee the 
improvement of the application. 

Keywords—Mobile app; perceived usability; usability test evaluation 

1 Introduction 

oBike is a Global Bicycle Sharing Platform that offers commuters an accessible, 
convenient and eco-friendly alternative mode of transport. It is the first homegrown 
smart stationless bike-sharing platform available 24/7. It was launched in Singapore in 
February 2017 and has expanded to 24 countries including Malaysia. Its latest smart 
Bluetooth technology improves the location accuracy of its bicycles, enabling users to 
identify the nearest oBike. Users scan the QR code via the oBike application and 
cycle their way to better fitness. In addition, via oBike application the user can be 
guided to simply park the oBike at any designated public bike-parking areas.UUM 
students (15 in number) conducted an onsite usability test using smart phones and the 
latest version of oBike App. The usability test procedure include: i) introduce the 
group members and their background. 2) explain the system and what it is used for; ii) 
give the users the smart phones to execute a list of tasks with emphasis that they are 
testing the application and not the users; iii) give the user apost-task questionnaire to 
complete. 5) Collect the questionnaire from users. The test session captured each 
participant’s navigational choices, task completion rates, comments, overall 
satisfaction ratings, questions and feedback [1-15]. 
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1.1 Methodology 

Fifteen (15) students in the UUM campuswere recruited for the study. The 
recruitment was done in two places: at the Mall and the Sport Centre. The participants 
were purposively selected to conduct the test, complete the given tasks and give 
feedback about their use of the application in the form of questionnaire after 
completing the required tasks. The instrument used to capture data includes the 
following: Screen: the participants assessed the screen layout of the app (i.e., the user 
interface).Terminology and application information: participants were asked about the 
suitability of the terminologies and information provided in the application. Learning: 
participants assessed the learning tips shown in the application. Application 
capabilities: the application performance and capabilities to serve the customers was 
assessed. General impressions: this was designed to assess the overall user impression 
about the application. Other reactions, impressions and comments: this section is an 
open-ended question to give user an opportunity to express their sentiments [16-29]. 

The five tasks used in the study are as follows: 

• Pay now “Top Up” 
• Check my wallet 
• Search and reserve 
• Unlock bike 
• Logout. 

Task 1:Make a payment “top up” can be done after logging in to the oBike 
application account. The user must have a bank account to complete this task as 
shown below in figure 1. 

 
Fig. 1. Task 1: Make payment 
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Task 2: Check my wallet can be done straight after starting the application as 
shown below in figure 2. The steps are: starting an application, click the menu icon, 
click my wallet. 

 
Fig. 2. Task2-chick my wallet 

Figure 2: Task 2 - Check my Wallet: Task 3: Search and reserve oBike bike. 
This task demonstrates that the user can search for the bike around him/her or can 
search for it in any location that bikes are available to reserve the oBike bike. The 
steps involved are: search for the required location that user want to reserve, search 
the required location, select the oBike bike icon, click reserve (figure 3). 

iJIM ‒ Vol. 13, No. 11, 2019 127



Paper—Users Perception of the Mobile Usability of a Global Bicycle Sharing Platform 

 
Fig. 3. Task3 - Search and Reserve 

In this task most users took long time and faced difficulties in finding the reserved 
oBike bike. It took a long time following the path that the reserved bike takes even 
when the bike is close to the user. 

Task 4:Unlock locked oBike bike. This task demonstrates that the user can unlock 
the locked oBike bike by scan QR or by entering the bike ID number. The steps 
include: click unlock icon, scan QR or enter the bike ID number (figure 4). 
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Fig. 4. Task 4 – Unlock locked oBike Bike 

Task 5:Log out. In this task, the user logs out from their oBike account. 
The steps are: click menu icon, click settings icon, click log out icon,and click ok 

(figure 5). 

 
Fig. 5. Task5 - Log out from oBike account 

Participants: as afore mentioned, 15 participants were conscripted from among the 
Universiti Utara Malaysia (UUM) students. The sampling was donepurposively. The 
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testing was done in two places at the UUM campus, Sintok: Sport Centre and beside 
Varsity-Mall between 26/04/2018 to 13/6/2018. Seventy-three percent (73%) of the 
participants were male while 27% were female. Age wise,60% of participants were 
aged 25-below, 33% were aged 26-35 while 7% were aged 36-45. While forty percent 
(40%) were expert users, 60% were novice users. 

 

Fig. 6. Participants’ Demographics 

2 Results and Discussion 

After the task session was completed, participants rated the app (site)with twenty-
one overall measures. The result is shown in Table 1. Of the 21 items, 5 were low 
performance ratings (below 50%). Participants rated the items as follows: The menu 
items were well organized and functions were easy to find (33.40%). Uses of terms 
throughout application are consistent (46.70%). Messages (feedback) which appear on 
screen are NOT confusing (40%). Error messages are helpful (46.70%). Tasks always 
can be performed in a straight- forward manner (46.70%). The low ratings indicates 
that there usability issues that need to be attended to. However, items with high 
ratings indicate good usability. They are as follows: Characters on the touch screen 
are easy to read (80%). I immediately understand the function of each menu item 
(53.30%). Screen items are easy to select (60%). Instructions to the user are clear 
(53.30%). Application keeps you informed about what it is doing (66.70%). Learning 
to operate the application is easy (66.70%). Explorations of features by trial and error 
are encouraged (73.30%). Remembering terms and use of commands is easy (80%). 
Help messages on the screen are clear (60%). Application speed is fast enough 
(53.40%). Application sounds tend to be appropriate (60%). Correcting your mistakes 
is easy (66.70%). The needs of both experienced and inexperienced users are taken 
into consideration (60%). Screens are aesthetically pleasing (66.70%). Application is 
very much impressive (66.70%).Application is user friendly (60%) [30-45]. 
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In addition, Table 2 stipulates recommended changes that should be made on the 
interface along with justifications for such recom-mendations and the risks (severity 
ratings) associated with not effecting the changes. 

Table 1.  Overall Ratings 

S/N Measure % 
1 Characters on the touch screen are easy to read. 80% 
2 The menu items were well organized and functions were easy to find. 33.40% 
3 I immediately understand the function of each menu item. 53.30% 
4 Screen items are easy to select. 60% 
5 Uses of terms throughout application are consistent. 46.70% 
6 Messages (feedback) which appear on screen are NOT confusing. 40% 
7 Instructions to the user are clear. 53.30% 
8 Application keeps you informed about what it is doing. 66.70% 
9 Error messages are helpful. 46.70% 

10 Learning to operate the application is easy. 66.70% 
11 Explorations of features by trial and error are encouraged. 73.30% 
12 Remembering terms and use of commands is easy. 60% 
13 Tasks always can be performed in a straight- forward manner. 46.70% 
14 Help messages on the screen are clear. 60% 
15 Application speed is fast enough. 53.40% 
16 Application sounds tend to be appropriate. 60% 
17 Correcting your mistakes is easy. 66.70% 
18 The needs of both experienced and inexperienced users are taken into consideration. 60% 
19 Screens are aesthetically pleasing. 66.70% 
20 Application is very much impressive. 66.70% 
21 Application is user friendly. 60% 

Table 2.  Recommendations 

Change/Update Requirements Justification Risk 
(Severity) 

The icons should be re-fixed (Task 3). The bike and 
promotions icons should be clear to the users to let 
them distinguish between the icons and to make the 
app easily learnable especially for those who are 
novices. Sometimes the expert users also face this 
problem especially with some versions of the 
application. 

Took the maximum time to finish. 
Took 30% of time required to finish all 
tasks in addition to user comments in 
the questionnaire. Task3 required the 
highest amount of time to learn. 

High 

Task 5 - Logout: the logout button should be in the 
main menu of the application. It should be redesigned. 

Many users find it problematic to find 
the logout function. This took the 
second highest time to learn. 

High 

Metric: menu items were well organized and functions 
were easy to find. This is the metric that measures 
how the functionalities are easy to use. It should be 
redesigned so that the functions can be easy to find 

Got the lowest percentage 
rating(33.4%).Particularly the finding 
of the logout functionality. 

High 

Metric: Uses of terms throughout application are 
consistent. The terms throughout an application should 
be consistent. 

Got low percentage rating of 46.7%. 
The payment task for instance, has two 
terms: pay now and top up. This 
confuses users. 

High 

Metric: Messages (feedback) which appear on screen 
are NOT confusing. The messages (feedback) which 
appear on screen should be clear. 

Got low percentage rating of 40%. High 

Metric: Error messages are helpful. The error Got low percentage rating of 46.7%. High 
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messages should be helpful for user to learn easily. 
Metric: Tasks can always be performed in a straight-
forward manner. Tasks should be done in a straight- 
forward manner. 

Got low percentage rating of 46.7%. High 

3 Conclusion 

In this study, 15 participants from UUM were involved in the usability test and 
results were quite informative. Most of the par-ticipants found that oBike mobile 
application needs to be enhanced to improve the satisfaction of user needs. 
Implementing the recommendations guarantees enhancing the application and will 
ensure a continued user-centered mobile application. The study recommends changes 
and justifications driven by the participant success rate, behaviours, and comments. 
Each recommendation includes a severity rating. The following recommendations 
were suggested to improve the overall ease of use and address the areas where 
participants experienced problems or found the inter-face/information architecture 
unclear. Task 3 requires the partici-pants to Search and reserve, Task 5 requires users 
to logout from oBike account. These two tasks showcased the need for improve-ment 
of the interface. The response of users to the following measures like“ menu items 
were well organized and functions were easy to find”, “uses of terms throughout 
application are consistent”, “uses of terms throughout the application are consistent”, 
“error messages are helpful” and “tasks can always be performed in a straight-forward 
manner” elicited need for interface enhancement [45-53]. 
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Abstract—Nowadays, natural disasters tend to increase and become more 
severe. They do affect life and belongings of great numbers of people. One kind 
of such disasters that happen frequently almost every year is floods in all re-
gions across the world. A preparation measure to cope with upcoming floods is 
flood forecasting in each particular area in order to use acquired data for moni-
toring and warning to people and involved persons, resulting in the reduction of 
damage. With advanced computer technology and remote sensing technology, 
large amounts of applicable data from various sources are provided for flood 
forecasting. Current flood forecasting is done through computer processing by 
different techniques. The famous one is machine learning, of which the limita-
tion is to acquire a large amount big data. The one currently used still requires 
manpower to download and record data, causing delays and failures in real-time 
flood forecasting. This research, therefore, proposed the development of an au-
tomatic big data downloading system from various sources through the devel-
opment of application programming interface (API) for flood forecasting by 
machine learning. This research relied on 4 techniques, i.e., maximum likeli-
hood classification (MLC), fuzzy logic, self-organization map (SOM), and arti-
ficial neural network with RBF Kernel. According to accuracy assessment of 
flood forecasting, the most accurate technique was MLC (99.2%), followed by 
fuzzy logic, SOM, and RBF (97.8%, 96.6%, and 83.3%), respectively.  

Keywords—Application Programming Interface, Big Data, Flood Forecasting 

1 Introduction 

Floods are a kind of natural disasters that happen almost every year in each region 
across the world, with effects in wide areas [1]. In the past, it was unable to predict or 
forecast floods accurately, e.g., which areas and what time floods would happen; due 
to the shortage of data or insufficient data for flood forecasting [2]. Technological 
limitations were also taken into account, e.g., computer capacity for big data pro-

iJIM ‒ Vol. 13, No. 11, 2019 137

https://doi.org/10.3991/ijim.v13i11.11237
https://doi.org/10.3991/ijim.v13i11.11237
https://doi.org/10.3991/ijim.v13i11.11237
mailto:supattra.p@psu.ac.th
mailto:supattra.p@psu.ac.th
mailto:supattra.p@psu.ac.th


Paper—Application Programming Interface for Flood Forecasting from Geospatial Big Data and … 

cessing, which required high-performance computers. Unfortunately, those computers 
were expensive and mostly used in large organizations [3]. These brought flood fore-
casting limitations. In addition, communication systems among organizations or 
agencies in charge of measurement, implementation, storage, and dissemination of 
involved data or factors influencing floods did not contain available channels. On the 
other hand, they still relied on traditional methods, e.g., sending data via file upload-
ing. The limitation of those methods was that they still required manpower to send 
data to agencies or demanding persons. This brought delays and failures to send new 
data automatically [4], which finally led to obstacles to use data for flood forecasting. 
Insufficient or outdated data affected forecasting accuracy. However, with capabilities 
of modern technologies with fast and non-stop advancement, some can be used to 
solve the issues or limitations aforementioned. According to literature review relating 
to flood forecasting, there are currently 2 sciences of forecasting, i.e., hydrological 
theory and techniques [5], and machine learning theory [6]. The studies revealed vari-
ous models of both theories for flood forecasting. In term of hydrology, the famous 
models for flood forecasting include Mike11 [7,8], Mike21 [9,10], HecRAS [11,12], 
and HecGeoRAS [13,14]. As for machine learning, the famous models or techniques 
for flood forecasting include artificial neural network (ANN) [15-17], fuzzy logic [18-
20], decision tree [21-23], maximum likelihood [24-26], and self-organization map 
(SOM) [27-29]. The results of flood forecasting revealed close accuracy between 
hydrology and machine learning [30-32]. Even so, when considering their suitability 
for big data processing, it was found that machine learning techniques are widely used 
for forecasting in other aspects, i.e., stock price forecasting [33,34], health and medi-
cal analytics [35], weather forecasting, and forecasting other kinds of disasters [37-
39]. When using big data and machine learning for flood forecasting, traditional data 
is still mostly relied on. To clarify, data acquired still requires manpower to search 
and to collect for forecasting. In some cases, data is not acquired in time; and thus 
unable to be used. Thus, this research proposed a method to reduce the limitations of 
traditional methods, through the development of automatic big data downloading 
system by application programming interface (API) from involved sources of data, 
i.e., Thailand Meteorological Department (TMD), GLOFAS [40], and database sys-
tem. The purpose is to use data for flood forecasting by machine learning techniques, 
i.e., MLC, fuzzy logic, SOM, and RBF, which will bring accurate and in-time flood 
forecasting in order to use data further for flood monitoring and warning; and for 
efficient flood management. 

2 Literature Review 

According to the literature review, famous methods or techniques for flood fore-
casting include machine learning [15-29] and hydrological techniques [7-14]. Howev-
er, most involved studies revealed the frequently used technique for forecasting works 
by big data, i.e., machine learning, rather than hydrological techniques [33-39] be-
cause hydrological models are mostly used with fixed factors that are less flexible to 
be increased as needed. As a result, forecasting accuracy is different in each particular 
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area due to different spatial contexts. The studies revealed further that using suitable 
factors for spatial contexts could increase forecasting accuracy. This research, there-
fore, relied on machine learning techniques for flood forecasting. The techniques 
widely used for such forecasting include decision tree (DT) [21-23], ANN [15-17], 
MLC [24-26], fuzzy logic [18-20], and SOM [27-29]. These techniques contain high 
accuracy. Yet, big data has not been used much. 

According to the literature review of big data use for flood forecasting or flood 
management in a research, it was basically used for data collection by rainfall and 
water level measurement devices, based on the internet of thing (IOT) [41]. The 
measurement values used included rainfall, water level, and water flow. Besides, 
meteorological data was also collected from the government website. Weather data 
and the one from NOAA Satellite was collected for flood forecasting. The forecasting 
technique used was K-mean by Holt-Winter’s method, an unsupervised learning tech-
nique. For the results of error measurement of flood forecasting in the research, the 
errors of forecasted water level were measured on different dates in one, three, and six 
months by MAPE. The measurement in one month showed MAPE of 1.39% while the 
other months showed higher errors. Nonetheless, this error measurement of flood 
forecasting was to measure flood errors at a certain point only, not in different areas 
(only one tested area in the research). The highlight of the research was big data use 
for forecasting, resulting in high accuracy and low errors. For the analysis of the re-
search limitations, big data used here was still data acquisition from traditional meth-
ods. No API development for automatic data downloading nor crowd source data use. 
Another research used big data for flood risk analytics and assessment [42-43]. The 
data used included crowd source data acquired from Twitter, rainfall detect sensors, 
and NASA. To download API for showing data on a website, users could see water 
level, rainfall, and moisture of soil in each particular area. Still, the research did not 
describe methods or techniques for flood risk assessment, but to notify users of flood 
monitoring through proposed data on the website. The highlight of the research was 
API development for automatic downloading. For the limitation, the presented results 
to users were not from forecasting each area whether or not floods happened. Users 
must use their own experiences to analyze or assess flood possibilities in the areas. 

However, most research papers relying on machine learning for flood forecasting 
still use data collected by manpower or involved agencies in the traditional method, 
i.e., file recording or downloading by manpower, without automatic downloading. 
That is why they failed to conduct real-time flood forecasting. And it also affects the 
implementation cost as more labors must be hired, together with implementation de-
lays. Fortunately, capabilities of software development technology today do not re-
quire manpower since API is developed and replaced manpower. API is a connecting 
channel between a website and another; between a user and a server; or from a server 
to a server. API is like a computer language that facilitates computers to communicate 
and exchange data freely to one another. It helps access to data or downloading data 
from data-serviced websites by API. Access scope to services to data can be automat-
ically restricted with no need to use manpower to record data for future use. Data can 
be updated or downloaded in real-time. With such capabilities and qualities of API, 
involved service providers have increased in larger numbers. According to the studies 
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of API development for hydrology, developed API is used to assess construc-
tion/building damage caused by floods. To describe, users set dummy flood levels for 
damage assessment in order to see whether or not those exact levels will affect their 
constructions, and how many constructions will get affected. API development uses 
Python [44] and is offered for users to take data of elevation with high resolutions for 
flood modelling [45]. So far, API has not been used by involved agencies yet for 
downloading data of factors influencing floods in the form of big data for flood fore-
casting. According to the studies of related works, the advantages and disadvantages 
of flood forecasting can be concluded by different methods, as demonstrated in Table 
1. 

Table 1.  Advantages and disadvantages of traditional methods and our proposed 

Method Advantages Disadvantages 

Machine Learning + Traditional 
Data 

1. Flexible. Factors can be in-
creased or reduced. High forecast-
ing accuracy. 1. Budgets for more labors and 

time for data acquisition. 
2. Possibly insufficient data for 
forecasting. 

Hydrological Model + Traditional 
Data 

Having been accepted and used for 
a long time. Reliable to be used for 
flood modeling. 

Inflexible necessary factors. With-
out the data of a certain factor, the 
model will be unfunctional. 

Our Proposed 
1. Flexible. Factors can be in-
creased or reduced. High forecast-
ing accuracy. 

1. Big data might require extra 
storage devices. 

Machine Learning + Big Data 

2. Data of factor can be download-
ed automatically without manpow-
er. Budgets are saved; with faster 
data for use. 

2. Hi-speed central processing unit 
is required as it affects forecasting 
time. 

3. Sufficient data for forecasting.   

3 Methodology 

3.1 Study areas 

The study areas in this research were in the southern part of Thailand, including 2 
provinces with regular floods, i.e., Surat Thani Province and Nakhon Si Thammarat 
Province. According to surveys of repeating flooded areas in the past 10 years by 
Department of Disaster Prevention and Mitigation (DDPM) and the Geo-Informatics 
and Space Technology Development Agency, Public Organization (GISTDA), there 
are the areas with regular repeating floods (8-10 times in 10 years), those with fre-
quent floods (4-7 times in 10 years), and those with occasional floods (less than 3 
times in 10 years). No matter what, flood forecasting methods in this research can 
definitely be applied in other areas. 

This research used data from various sources with big data storage. The key quality 
of big data in this research was its high-volume. To elucidate, the data was big and in 
a large amount, which was available offline or online. This research used online data  
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Fig. 1. Study Areas 

through API downloading for real-time flood forecasting. Besides, data used was with 
high variety; in other words, it was various and either structured or unstructured. Fur-
thermore, data used for flood forecasting was with high velocity. It changes all time 
and rapidly, with continuous transfer in real-time. This brought some limitations to 
manual data analysis. For example, rainfalls change with time. So, if the traditional 
methods if data transfer had been used, it would not have been possible to use rain-
falls from measurement or forecasting for flood forecasting. On the other hand, it 
might have caused delays and could not have been used in time. Hence, this research 
proposed the development of data downloading in the form of API. Data used was 
divided into 3 main parts. Part 1 was meteorological and hydrological data, automati-
cally downloaded from GLOFAS by API. This part included accumulated precipita-
tion and probability forecasting or probability of precipitation at different levels, i.e., 
50 mm, 150 mm, and 300 mm in each area, flood hazard 10-year return period, 5-year 
return period exceedance, and rainfall forecasting from big data of TMD. API was 
used to download data automatically at particular periods to be forecasted. Part 2 was 
geospatial data, downloaded from the databases of involved agencies through Web 
Feature Service (WFS). This part included height above sea level, slope, land use and 
land cover, 10-year repeating floods, and flow direction. Part 3 was crowdsource data 
or volunteer data. This part was the written program for data acquisition from users in 
a certain area so that they can notify real situations in each area. This shall increase 
flood forecasting accuracy, because it is real-time data. Users can send data via mo-
bile devices such as smart phones and tablets. For the details of the conceptual 
framework in this research, as demonstrated in Figure 2, each part was described 
about the title of the development of data downloading system in the form of API, 
flood forecasting using machine learning techniques, and accuracy assessment. 
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Fig. 2. Conceptual Framework 

3.2 The development of application programming interface for flood 
forecasting 

The development of data downloading system in the form of API in this research 
was divided into 3 main parts. Each part included different details. Part 1 was meteor-
ological and hydrological data, automatically downloaded from GLOFAS and TMD. 
Downloading from GLOFAS included 5 factors, i.e., accumulated precipitation and 
probability forecasting or probability of precipitation at different levels, i.e., 50 mm, 
150 mm, and 300 mm in each area, flood hazard 10-year return period, 5-year return 
period exceedance, and rainfall forecasting. PHP was used for the development. Code 
program was demonstrated in Figure 3. For downloading big data of TMD, it was to 

Big Data

Crowdsource Data

Rainfall Duration

Rainfall Intensity 
Level

Drainage Ability 
Problem

GeoSpatial Data

Land Use and Land 
Cover

Flow Direction

Slope

Elevation

Meteorological & 
Hydrological Data

5 Year Return 
Period Exceedance

Flood Hazard 100 
year

Rainfall Forecast 
(TMD)

Probability of 
Precipitation

Accumulated 
Precipitaion

Repeating Flood

Application Programming Interface

Machine Learning

TMD API Web Feature Service GLOFAS API

MLC FUZZY LOGIC SOM RBF

Accuracy Assessment

Random Point

Flood Forecast Result

Calculate

142 http://www.i-jim.org



Paper—Application Programming Interface for Flood Forecasting from Geospatial Big Data and … 

download rainfall forecasting data that used PHP and Leaflet for the development. 
The example of code was demonstrated in Figure 4. Part 2 was downloaded geospatial 
data, including 5 factors, i.e., height above sea level, slope, land use and land cover, 
10-year repeating floods, and flow direction. The development of this part relied on 
WFS because most data was stored in the form of Shapefile. It was different from Part 
1, which was stored in the form of image. API was used as Web Map Service (WMS) 
instead. Part 3 was crowdsource data or volunteer data. This part included 3 factors, 
i.e., rainfall duration, rainfall intensity level, and drainage ability problem. PHP, 
Google Map, and API were used for the development in this part. The system down-
loaded data from these 3 developed parts. In addition, the data of all 13 factors were 
downloaded for flood forecasting. The details of each factor were demonstrated in 
Figure 5. The data of each factor was divided into multiple classes based on data qual-
ities to brought for forecasting, to which machine learning techniques were used in the 
next step. 

 
Fig. 3. TMD API 

 
Fig. 4. GLOFAS API 

iJIM ‒ Vol. 13, No. 11, 2019 143



Paper—Application Programming Interface for Flood Forecasting from Geospatial Big Data and … 

 
Fig. 5. Detail of Factors Data 

3.3 Flood forecasting using machine learning techniques 

At the step of flood forecasting by using each technique of machine learning for 
leading to learning process, the techniques used for comparison to find flood forecast-
ing efficiency in this research included MLC, Fuzzy Logic, SOM, and RBF. The input 
factors were divided into 3 main parts, i.e., meteorological and hydrological Data, 
including 5 factors. Part 2 was geospatial data, including 5 factors. The last part was 
crowdsource data or volunteer data acquired from users for 3 factors. There were 
totally 13 input factors for learning and test as stated before under the title “The De-
velopment of Application Programming Interface for Flood Forecasting.” The results 
of forecasting in this research included 4 classes, i.e., non flood, low floods (below 20 
cm), moderate floods (between 20-49 cm), and heavy floods (over 50 cm or equiva-
lently). Then, the results were compared with the actual data from involved agencies. 
Field survey was also conducted for data collection. The study areas in this research 
included the areas in Surat Thani Province and Nakhon Si Thammarat Province. 

Flood forecasting in this research contained the development of an algorithm for 
forecasting, as demonstrated in Table 2. The input data included 13 factors, of which 
results were from flooding forecasting in compliance with current coordinates of 
users. The first step was to read current coordinates of GPS from mobile devices. 
Next, TMD rainfalls were examined. If the coordinates were below 40 mm and the 
values of accumulated precipitation were below 4, the results of forecasting in that 
area showed “Non Flood.” But if now, the values of other factors must be download-
ing and brought for forecasting by machine learning in order to produce the result of 
forecasting at the location of users. The criteria of TMD Rainfalls and accumulated 
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precipitation were acquired from flood statistics analysis in the study areas in the past 
10 years. It was found that means of rainfalls causing floods in each area were not 
below 40 mm/day. This research, therefore, applied the statistical values to the algo-
rithm for flood forecasting so as to primarily screen non-flood areas. By doing so, 
forecasting would be faster. 

Table 2.  Flood forecast algorithm 

Algorithm Flood Forecast for User Location 
Input: UserLocation UL, RainfallTMD RT, AccPrecipitation AP, ProbPrecipitation PP, 
 Flood100y FY, 5YearPE YE, Elevation E, Slope S, FlowDirection FD, LULC, 
 RepeatFlood RF, RainfallDuration RD, RainfallIntensity RI, DrainageAbilityProblem DP 
Output:  Flood Forecast Level of User Location (Non-Flood, Low Flood, Moderate Flood, Heavy Flood) 
01:00 UL ¬ Get user location from mobile device //GeoLocation Command 
02:00 RT ¬TMD_API(UL) //Send user location for request rainfall forecast data) 
03:00 IF RT < 40 THEN 
04:00  AP ( GLOFAS_API(UL) 
05:00  IF AP < 4 THEN 
06:00  FLUL ( Non-Flood) 
07:00  ELSE 
08:00  GO TO 10 
09:00 ELSE 
10:00 AP ¬ GLOFAS_API(UL) 
11:00 PP ¬ GLOFAS_API(UL) 
12:00 FY ¬ GLOFAS_API(UL) 
13:00 YE ¬ GLOFAS_API(UL) 
14:00 E ¬ GEODB_API(UL) 
15:00 S ¬ GEODB _API(UL) 
16:00 FD ¬ GEODB_API(UL) 
17:00 LL ¬ GEODB _API(UL) 
18:00 RF ¬ GEODB _API(UL) 
19:00 RD ¬ GLOFAS_API(UL) 
20:00 RI ¬ GLOFAS_API(UL) 
21:00 DP ¬ GLOFAS_API(UL) 
22:00 FLUL ¬ MLC_M (RT, AP, PP, FY, YE, E, S, FD, LL, RF, RD, RI, DP) 
23:00 RETURN FLUL 

3.4 Accuracy assessment 

This research relied on accuracy assessment, of which correctly classified instances 
were calculated. Data used to compare with the results of flood forecasting by MLC, 
fuzzy logic, SOM, and RBF was the data from the past floods. That data was acquired 
from field survey by the researchers and DDPM. The equation for accuracy calcula-
tion was demonstrated in Equation (1). Data used for accuracy assessment included 
1,000 points in the study areas. The number of those points were acquired from auto-
matic point randomization process. Apart from this, this research also conducted fore-
casting error assessment by using mean absolute percent error (MAPE). The equation 
for calculation was demonstrated in Equation (2). 
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Correctly	Classified	Instances = (True	forecasting)/(Total	Forecasting) (1) 

 𝑀𝐴𝑃𝐸 =	 =>∑
|ABCDAC|
AC

×FGG>
CH=  (2) 

where n is the size of the sample, 𝑦𝑡	 is the value forecasted by the model for time 
point t, and 𝑦𝑡	is the value observed at time point t. 

4 Result and Discussion 

The results of this research were divided into 2 parts, i.e., the results of API devel-
opment for flood forecasting and of flood forecasting. The first part referred to the 
results of system development to download data from GLOFAS and TMD Big Data, 
as demonstrated in Figure 6 – 8. According to Figure 6, data of accumulated precipita-
tion between 3 – 6 January 2019 was downloaded. This implied different accumulated 
precipitation each day, represented by the colors of pixel for acknowledgement of 
accumulated precipitation in each particular area. Periods could be chosen for data 
use, starting from 1 January 2011 to the present date. So, besides using accumulated 
precipitation for flood forecasting, it can also be used for analysis in other aspects. 
According to Figure 7, the results of downloading probability forecasting or probabil-
ity of precipitation at 150 mm was demonstrated. The data was downloaded from 
GLOFAS in the form of Raster, supporting analysis capability by using the programs 
called GIS, remote sensing, and image processing. According to Figure 8, the data of 
forecasted rainfalls from TMD was downloaded. Rainfalls were represented by differ-
ent colors of pins containing different meanings. To explain, yellow pins referred to 
rainfalls below 40 mm. Orange pins referred to rainfalls between 41 – 80 mm. And 
red pins referred to rainfalls over 81 mm. The demonstration of rainfalls could be 
chosen based on exact dates to be used. 

 
Fig. 6. Example of Accumulated Precipitation Data from GLOFAS API 
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Fig. 7. Example of Probability of Precipitation Data from GLOFAS API 

 
Fig. 8. Example of Rainfall Data from TMD 

The results of flood forecasting in this research included 4 machine learning tech-
niques, i.e., MLC, fuzzy logic, SOM, and RBF in the areas of Surat Thani Province 
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and Nakhon Si Thammarat Province. Such results in each areas were demonstrated in 
Figure 9-10. According to Figure 9, the results in Surat Thani Province from each 
method were demonstrated in Figure 9(a) - 9(d), by MLC, fuzzy logic, SOM, and 
RBF, respectively; and demonstrated in pixel. Forecasting was represented by differ-
ent colors, including 4 classes. To illustrate, non flood was represented by green; low 
floods (water levels below 20 cm) was represented by yellow; moderate floods (water 
levels between 21 – 49 cm) was represented by orange; and heavy floods (water level 
above 50 cm or equivalently) was represented by red. According to forecasting analy-
sis by visual inspection, MLC, fuzzy logic, and SOM produced similar results of fore-
casting. To elaborate, most areas in Surat Thani Province showed “non flood” and 
most flooded areas showed low floods. Areas with moderate and heavy floods had 
similar sizes. Forecasting by those 3 techniques produced different results from those 
by RBF, which showed more flooded areas than other techniques. Such additional 
areas belonged to Khiri Rat Nikhom District, with heavy floods. According to the 
results of forecasting in the areas of Nakhon Si Thammarat Province in Figure 10(a) - 
10(d), the results conformed with those of Surat Thani Province, that is, MLC, fuzzy 
logic, and SOM produced similar results of forecasting. To elaborate, most areas in 
Nakhon Si Thammarat Province showed “non flood.” MLC, fuzzy logic, and SOM 
produced similar results of forecasting and the same as Surat Thani Province; whereas 
RBF produced the different results from those by other techniques. According to the 
overall results of flood forecasting in both provinces, assessed by visual inspection, 
the results produced by MLC, fuzzy logic, and SOM were similar; whereas RBF pro-
duced the different results. Nevertheless, for accuracy assessment of flood forecasting 
by different techniques in order to compare most accurate techniques, 1,000 points in 
the study areas were randomized and compared with flood situations in the real areas. 
The results were demonstrated in Figure 11 – 13. Those in Figure 11(a) - (d) were 
from flood forecasting in Surat Thani Province by MLC, fuzzy logic, SOM, and RBF, 
respectively. Those in Figure 12(a) - (d) were from flood forecasting in Nakhon Si 
Thammarat Province by MLC, fuzzy logic, SOM, and RBF, respectively. The results 
demonstrated in both provinces were represented by points. Each point was the coor-
dinate of a particular location or area. The results of forecasting were represented by 
the color of each point. There were 4 classes all together, i.e., non flood was repre-
sented by green; low floods (water levels below 20 cm) was represented by yellow; 
moderate flood (water levels between 21 – 49 cm) was represented by orange; and 
heavy floods (water level above 50 cm or equivalently) was represented by red. Ac-
cording to accuracy assessment of flood forecasting by MLC, fuzzy logic, SOM, and 
RBF, the results were demonstrated in Figure 13(a) - (d) in the form of point. The 
accurate ones (true forecasting) were represented by green. The inaccurate ones (false 
forecasting) were represented by red. According to the analysis of the figures, the 
method with the least false forecasting was MLC. The areas with the falsest forecast-
ing were Muang District and Kanchanadit District, Surat Thani Province. The second 
least false forecasting were fuzzy logic, SOM, and RBF. By fuzzy logic, The area 
with the falsest forecasting was Pak Phanang District, Nakhon Si Thammarat Prov-
ince; the same results as those by SOM. RBF produced huge false forecasting in many 
areas, i.e., Phun Phin District, Khiri Rat Nikhom District, and Khian Sa District in 
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Surat Thani Province; and Muang District, Ron Phibun District, Hua Sai District, 
Charoem Phakiat Distric, and Chian Yai District in Nakhon Si Thammarat Province. 

 
Fig. 9. Flood forecasting result in Surat Thani province using techniques a) MLC b) Fuzzy 

Logic c) SOM d) RBF. 

 
Fig. 10. Flood forecasting result in Nakhon Si Thammarat province using techniques a) MLC b) 

Fuzzy Logic c) SOM d) RBF 
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Fig. 11. Flood forecasting result in Surat Thani province using techniques a) MLC b) Fuzzy 

Logic c) SOM d) RBF 

 
Fig. 12. Flood forecasting result in Nakhon Si Thammarat province using techniques a) MLC 

b) Fuzzy Logic c) SOM d) RBF 
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Fig. 13. Accuracy Assessment using a) MLC b) Fuzzy c) SOM and d) RBF 

Regarding accuracy assessment of flood forecasting by the 4 techniques, as 
demonstrated in Figure 14(a). The results of the assessment revealed that they were in 
line with visual inspection. The most accurate technique was MLC (99.2%), followed 
by fuzzy logic (97.8%), SOM (96.6%), and RBF (83.3%), respectively. What’s more, 
this research also conduct forecasting error assessment by using MAPE. The results of 
assessment were demonstrated in Figure 14(b). The technique with the least error was 
MLC (2.13%), followed by fuzzy logic (2.31%), SOM (2.88%), and RBF (19.85%), 
respectively. When analyzing errors from each technique based on the standard inter-
pretation criteria, it was fixed that MAPE below 10 referred to highly accurate fore-
casting. Between 10 – 20 referred to good forecasting. Between 20-50 referred to 
reasonable forecasting. And over 50 referred to inaccurate forecasting. Thus, when 
considering the results of forecasting in this research, the 3 techniques, i.e., MLC, 
fuzzy logic, and SOM showed highly accurate forecasting or very low errors. RBF 
was the only 1 technique that showed “good forecasting.” 

 
Fig. 14. Flood forecasting results validation a) Accuracy b) MAPE 
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This research was implemented with the survey of real flood data in each particular 
area. Field survey was conducted and data was brought from involved agencies. 
Crowdsourcing data was also taken into account from their flood notifications on 
thaiflood.org., which the researchers had developed for users to notify flood situations 
in each area in order to use data for flood management in the area and to examine 
flood forecasting in the research. The examples of real flooded areas were demon-
strated in Figure 15. The points with the red flags represented real heavy floods. This 
was in accordance with the results of flood forecasting by the methods presented in 
this research. Likewise, the points with the orange flags represented real moderate 
floods; and the points with the yellow flags represented real low floods. 

 
Fig. 15. Flood forecasting result overlaid with ground truth data 

5 Conclusion 

This research developed API for downloading big data automatically. It included 
factors influencing floods and was downloaded from involved agencies in order to be 
used for flood forecasting in the areas of Surat Thani Province and Nakhon Si Tham-
marat Province, Thailand. 4 machine learning techniques were used, i.e., MLC, fuzzy 
logic, SOM, and RBF. The results of flood forecasting revealed that using big data 
with machine learning produced highly accurate forecasting. The most accurate tech-
nique was MLC. Additionally, the methods presented in this research helped flood 
forecasting process become faster, with better advantages than traditional method 
with traditional data. They also helped saving cost in term of labors and time to col-
lect or download data for forecasting. 

The future research to be implemented is the development of flood forecasting sys-
tems for real-time forecasting and demonstrating results in each area in the form of a 
web application or a mobile application. The purposes are to allow users to keep fol-
low-up and get ready to cope with upcoming floods; and to provide supporting devic-
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es for flood warning to people and involved person. As a consequence, flood man-
agement will be done more efficiently and damage will be reduced. 
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Abstract—There is a widespread use of Internet technology in the present 
times, because of which universities are making investments in Mobile learning 
to augment their position in the face of extensive competition and also to en-
hance their students’ learning experience and efficiency. Nonetheless, Mobile 
Learning Platform are only going to be successful when students show ac-
ceptance and adoption of this technology. Our literature review indicates that 
very few studies have been carried out to show how university students accept 
and employ Mobile Learning Platform. In addition, it is asserted that behavioral 
models of technology acceptance are not equally applied in different cultures. 
The purpose of this study is to develop an extension of Technology Acceptance 
Model (TAM) by including four more constructs: namely, content quality, ser-
vice quality, information quality and quality of the system. This is proposed to 
make it more relevant for the developing countries, like the United Arab Emir-
ates (UAE). An online survey was carried out to obtain the data. A total of 221 
students from the UAE took part in this survey. Structural equation modeling 
was used to determine and test the measurement and structural model. Data 
analysis was carried out, which showed that ten out of a total of 12 hypotheses 
are supported. This shows that there is support for the applicability of the ex-
tended TAM in the UAE. These outcomes suggest that Mobile Learning Plat-
form should be considered by the policymakers and education developers as be-
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ing not only a technological solution but also as being new e-learning platform 
especially for distance learning students. 

Keywords—Mobile Learning Platform (MLP), United Arab Emirates, Tech-
nology Acceptance Model (TAM), System Quality, Information Quality, Con-
tent Quality, Service Quality, Structure equation modeling (PLS-SEM), Emir-
ates universities. 

1 Introduction 

The number of studies that have been done to study the Mobile Learning Platform 
(MLP) within the academic context and discussing the applications and effectiveness 
of using such applications and their consequence on the applicants’ intention to use 
such system is rarely discussed before [1]. While Mobile Learning (ML) has been 
widely used these days, investigating and acknowledging the main driving factors that 
increase the intention to use and adopt such method is essential [2]. A study conduct-
ed by [3] to find a proper answer to why some learners have a positive experience 
using Electronic Learning System (ELS),especially the mobile ones, while others 
have negative ones. The scholars used a set of dimensions to study such phenomenon 
which are behavioral intentions, learners’ satisfaction, and Blackboard ELS effective-
ness. Using a self-administrative survey from 424 university students, the study found 
that learners’ satisfaction is influenced heavily by perceived self-efficacy in addition 
to perceived satisfaction and perceived usefulness which both affect learners’ inten-
tion to use the ELS. To add more, the study denoted that ELS effectiveness can be 
enhanced by using a variety of means, such as interactive learning, multimedia in-
structions and even ELS quality. Based on this, studying the intention to use mobile 
learning platforms is a crucial part of ELS applications. Shultz (1980, p. 131 cited 
White, 1995), wrote: “I consider intention to refer to a mental state that guides and 
organizes behavior”. Thus, intention to perform a behavior is considered by [4] as the 
key predictor of behavior. Studying the behaviour intention is important because the 
favorable behavior intention usually increase the customer loyalty especially the cog-
nitive ones toward using and recommending the positive organization offerings from 
products and services [5]. If the intention is established right, then not just the fre-
quency of use the ELS will be increased and twisting intention to behaviour will be an 
easy mission but also the willingness to recommend such systems will be highly hap-
pening [6].Large number of scholars went behind defining the main factors that affect 
electronic learning platforms use effectiveness. Some of these factors are: perceived 
ease of use, perceived usefulness, quality of the system, content quality and service 
quality, users’ satisfaction, system quality, net benefits, learners’ characteristics [3], 
[7]–[9]. However, not that much care was given to the mobile ones especially for the 
distance learners students [10], especially within the intention context. This study 
gives more lights on the main of them and such factors will be explained in more 
details. 
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2 Research Model and Hypotheses 

2.1 System characteristics 

Quality of the system:  Quality of systems might mean many things. [11] denoted 
that quality means is to perform well and does what is planned to do (output quali-
ty).A large number of scholars talks about the importance of system quality influence 
with respect to both ease of use and usefulness. A study by [12], for example, explains 
that system quality means many things, such as information quality, response time 
and system accessibility. While others, such as [13], [14] talked about web quality, 
information quality, and system quality. However, Davis et al. (1992) talked about 
output quality while [15] talked about the technical quality effect on online e-service 
acceptance. 

Some scholars, such as [12], believed that ease of use and perceived usefulness are 
major functions of the quality of any system used especially through the Internet. The 
scholars discussed deeply why some users accept while other reject the website use 
through employing TAM. While the customers’ acceptance is an important area that 
needs to be investigated to any applied systems, the scholars found that the website 
features are playing a critical role on users’ acceptance and TAM fully mediate the 
usage behavior in the Internet environment. Moreover, [16] studied the positive and 
negative mediators of the system experience regarding computer playfulness and 
anxiety. The study found that system quality factors affect perceived ease of use espe-
cially for those service organizations which provide information about their products 
and services to users using any means, such as web portals. Such findings have been 
confirmed by other studies which denoted that system quality is an important element 
in providing organizations’ services through other means, such as mobile commerce 
[17], mobile learning[18] and even mobile cloud services [19]. 

It has been claimed by many scholars, such as [20] that service quality significantly 
has a positive direct effect on information quality which in turn affect value, customer 
satisfaction and customer intention in service environments. To add more, [14] high-
light the idea that perceived service quality is influenced directly by information pre-
sented on the web and such relationship has been confirmed by [21] who claimed that 
service quality is measured in most cases by information quality, especially when 
talks about both web-based learning systems adoption and post-purchase intention 
[22], or mobile use adoption [23]. Based on above explanations, three sub-hypotheses 
can be drawn as: 

H1a: System Quality (SQ) of M-Learning Platforms has a significant positive ef-
fect on the perceived usefulness (PU) of M-Learning Platforms. 

H1b: System Quality (SQ) of M-Learning Platforms has a significant positive ef-
fect on the perceived ease of use (PEOU) of M-Learning Platforms. 

H1c: System Quality (SQ) significantly and directly affects information quality. 
Information quality: There is an urgent need for organizations these days to en-

hance and improve their service quality especially those related to human and social 
parts [24], [25]. A large number of research papers, such as [26]–[28], have explained 
that enhancing service quality must be done through enhancing information quality 
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provided. To add more, with the huge increase of Internet usage, there is a great op-
portunity for organizations to reach out billions of customers with very little cost 
especially using the mobile phone applications [29]. However, the information quality 
is still the dilemma. [12] conducted a study about understanding the behavioral inten-
tion to use a website. This study found that the users’ acceptance is influenced mainly 
by the information quality provided by the website and the time that users’ spends on 
waiting for the response. Another study [30] was about the extrinsic and intrinsic 
motivation to use computers in the workplace. It found that ease of use and quality are 
major functions of computer use and adoption in the workplace. Within the same 
stream, there is an increase in users’ intention to use mobile services these days in all 
aspects of life and such needs are growing continuously because it increases users and 
consumers’ performance [31]. 

Another study by [32] investigated the information quality of commercial website. 
The scholars mentioned that perceived information quality from consumers’ side for 
organizations’ offerings from products and services is critical and information quality 
is seen as the salient factors of predicting their decision behavior. Add on that, the 
study found that perceived usefulness, information quality and attitudes were signifi-
cant indicators that enable predicting the customers’ purchase behavior using the 
lodging Web sites. Moreover, online shopping is that part of research that is taking 
much of researchers’ interest always. A study by [33] explained that the purchase 
intention is the products of some previous antecedents; mainly, the ease-of-use, per-
ceived usefulness in addition to the trust in the e-vendor. Such antecedents are experi-
enced important for behavior and repeat behavior especially for the online and mobile 
shopping and payments or learning [34]–[36]. Based on previous explanations, the 
hypotheses can be drawn as: 

H2a: Information quality (IQ) of M-Learning Platforms has a significant positive 
effect on the perceived usefulness (PU) of M-Learning Platforms. 

H2b: Information quality (IQ) of M-Learning Platforms has a significant positive 
effect on the perceived ease of use (PEOU) of M-Learning Platforms. 

Content quality: It has been seen these days that there is an increase in using the 
Internet and their interrelated technologies and means, such as web-based applications 
and mobile applications in e-learning contexts. To enhance the e-learning effective-
ness, there is a demand to enhance the quality of leaning environment. [37] clarified 
that learning environment consists of learning contents, learning management systems 
and interaction that offered by the e-learning systems. E-learning contents quality 
especially the information quality is taken much attention from scholars, such as [38], 
as core pre-requests of perceived ease of use and perceived usefulness. 

A study by [32] investigated the effect of information quality to measure custom-
ers’ behavioral intention to use lodging Web sites. The information quality has been 
studied through developing a model consists of three dimensions: information con-
tents, perceived ease of use and perceived usefulness. The study found that the infor-
mation quality model can be used as a useful framework to evaluate the information 
quality. Also, the study found that the information quality construct, attitude and per-
ceived usefulness are significant indicators that help in predicting customers’ pur-
chase behavior especially through using lodging Websites. Within the same stream, 
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[39] found that information quality help in users’ perceived usefulness and perceived 
ease of use of mobile use especially within the e-learning course quality [40]. 

Another study by [41] about investigating the effect of playfulness on users’ ac-
ceptance of online retailing with respect to Web quality. The study found that Web 
quality which have been categorized into a set of dimensions, which are service quali-
ty, information and system. They all have significant impacts on usefulness, perceived 
ease of use, playfulness which all in turn encouraged website users to use the website 
on the online retailing context. Based on this, large number of studies highlighted the 
importance of exerting much efforts on enhancing the quality of both e-platforms and 
m-platforms. Studies by [12], [42] claimed that both m-service and e-service provid-
ers should emphasize the quality of the Website contents and the quality of infor-
mation provided through mobile learning applications. 

Regarding the online learning context, [13] highlighted the importance of improv-
ing the quality of the course provided through all platforms. Such enhancement in-
creases the user's perceived web quality and even web page interactivity and web 
page downloaded. Both scholars claimed that if such enhancements happened for the 
online learning platforms, then the contents need to be learned will be seen as useful 
and ease to be used from learners. Based on above explanations, the content quality 
effect can be drawn as: 

H3a: Content quality (CQ) of M-Learning Platforms has a significant positive ef-
fect on the perceived usefulness (PU) of M-Learning Platforms. 

H3b: Content quality (CQ) of M-Learning Platforms has a significant positive ef-
fect on the perceived ease of use (PEOU) of M-Learning Platforms. 

Service quality: In order to understand how both users and consumers perceive 
and evaluate mobile services provided especially the mobile payment ones, managers 
who work for organizations must understand how to deliver and evaluate providing 
superior service quality [43]–[46]. According to [47], perceived usefulness was de-
fined as “the degree to which a person believes that using a particular system could 
enhance his or her job performance” and perceived ease of use can be described as 
“the degree to which a person believes that using a particular system is free of effort” 
(p.318). Based on such definitions and according to [48], The Technology Acceptance 
Model (TAM) denoted that both the perceived ease of use and the perceived useful-
ness of any information systems are seen as the key prerequisites of its use and the 
quality keys in relation to customer-centered services [49]. 

[50] Used a set of instruments to measure user perceived service quality of infor-
mation that present through the Web portals. The study recommended that in order to 
enhance service quality of Web portals, portal managers should focus on a set of vali-
dated a five-dimension service quality instrument involving: usefulness of content, 
usability, accessibility, interaction and adequacy of information. Moreover, according 
to [51], service quality dimensions for online retailing stores are seen important. The 
main three dimensions, which are the perceived usefulness, perceived ease of use and 
user acceptance of information technology, replaying a critical role in the context of 
Internet commerce. Also, according to [14], information and system quality are con-
sidered major determinants of users perceived usefulness and perceived ease of use of 
any information presented on the web portals. Some scholars such as [52] studied a 
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set of online service quality dimensions and found that the study sample was seen the 
perceived ease of use dimension more important than perceived usefulness dimension. 
Within the mobile use context, mobile perceived ease of use and mobile perceived 
usefulness are the major determinants of service provided through mobile platforms 
especially for mobile social learning platforms [53] and to have continuous intention 
to use mobile payments [44]. Based on the above explanations, the effect of service 
quality effect on both perceived usefulness and perceived ease of use can be drawn as: 

H4a: Service quality (SRQ) of M-Learning Platforms has a significant positive ef-
fect on the perceived usefulness (PU) of M-Learning Platforms. 

H4b: Service quality (SRQ) of M-Learning Platforms has a significant positive ef-
fect on the perceived ease of use (PEOU) of M-Learning Platforms. 

2.2 The technology acceptance model and User beliefs 

A large number of studies, such as [12], [54]–[61], have been conducted to investi-
gate the effect of perceived ease of use and perceived usefulness on behavioral inten-
tion to use e-service delivered materials. However, a little number of studies have 
been done to investigate the effect of these constructs on the intention to use e-
learning materials delivered through MLP. The TAM model has been employed in 
this study to achieve such target. 

The majority of studies have been done to investigate how service organizations 
use the Internet-delivered materials to users and a little number of these studies have 
taken the MLP ease of reuse effect on intention to use a specific e-service into deep 
analysis. A study executed by [62] to research the main positive and negative utilities 
that affect any system use and adoption. The study found that e-service adoption is 
influenced purely by performance perceived risk and such risk can be reduced by e-
service perceived ease of use.[63] claimed that perceived ease of use is an important 
element in influencing the information technology use acceptance. Increase the ac-
ceptance level from users tends to increase the intention level of use and reuse of 
ELS. It has been found by [64] that perceived ease of use affect users’ perception of 
computer systems. This idea is confirmed by [65] who found that perceived ease of 
use is seen as a fundamental element of Technology Acceptance, perception and even 
computer experience. One of the main issues that highlighted by many scholars, such 
as [66]–[69],are that perceived usefulness has a positive relation with behavioral in-
tention, repeat use intention, use behavior and even reuse behavior. This idea is con-
firmed by [70] who mentioned that if users’ perception of any system use is seen 
useful and easy to use then the acceptance and adoption level increase especially for 
the e-service, e-learning technology and mainly MLP. 

One good example that provided by [71] who found the majority of e-materials de-
livered, such as governmental services (such as online voting and licenses renewal) 
participation and use, increase because of the users believing that such services are 
useful and easy to use. Also, the study found that trustworthiness, compatibility and 
perceived ease of use are the significant determinants of e-government service use and 
even create greater public access to information. However, other studies reached dif-
ferent results regarding the relationship between usefulness and intention to use. For 
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example, [72] who studied the mobile banking adoption using the integration of TAM 
with respect to both perceived risk and perceived benefits. The scholars found that 
there was no direct relationship between perceived usefulness and intention to use and 
between perceived ease of use and attitude. 

[73] Studied the relationship between perceived ease of use, perceived usefulness, 
and system use through applying the Structural Equation Modeling (SEM) through 
two studies. In the first study, the scholar found that perceived usefulness is an im-
portant part of determinants of system use while the second study confirmed the im-
portance of both perceived ease of use and perceived usefulness on system use are 
essential to be achieved. To add more, previous research has proved that perceived 
ease of use is an important factor influencing user acceptance and usage behavior of 
information technologies. However, very little research has been conducted on under-
standing how such perception forms and changes over time. Also, according to [64], it 
has been found that perceived usefulness moderate the effect of ease of use and prior 
usage. Based on above explanation, the relationship effect of perceived ease of use, 
perceived usefulness and behavioral intention to reuse E-learning system can be 
drawn through following hypotheses: 

H5: Perceived ease of use (PEOU) has a positive effect on the perceived usefulness 
(PU) of behavioural intention to use M-Learning Platforms. 

H6: Perceived ease of use (PEOU) directly and significantly influences behavioral 
intention to use M-Learning Platforms. 

H7: Perceived usefulness (PU) directly and significantly influences behavioral in-
tention to use M-Learning Platforms. 

The research model is put forward using these hypotheses, as shown in Figure 1. 
The theoretical model is converted into a structural equation model, which is then 
empirically examined. 

 
Fig. 1. The study model 
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3 Research Methodology 

3.1 Sample and data collection 

Two very famous academic institutes operating in United Arab Emirates (UAE) 
who had implemented the Mobile Learning Platform (MLP) were selected for collect-
ing samples. A total of 300 respondents participated in this online survey. These two 
universities were using two web-based M-learning systems, which were developed by 
two different M-learning platform/system providers. Both these M-learning platforms 
were developed and deployed almost 3 years ago and the students of these academic 
institutes were already using this M-learning system on a daily basis. This study was 
conducted with the help of Smart PLS Version 3.2.7 i.e. Structural equation modeling 
or SEM. This measurement model was evaluated with SEM and treated with final 
path model in the later stages. Table 1 is an in-depth illustration of the collected data. 
Of all the responses collected, there were 79 unfinished responses questionnaires 
which were wasted. We were left with 221 complete questionnaires that imply a re-
sponse rate of 73.6%. All in all, 221 responses containing valid responses contemplat-
ed and converted into a sample size as suggested by [74]. The estimated sampling size 
for a population of 300 is 169 respondents. These responses were then analyzed 
through the conceptual model. An analysis conducted using structural equation mod-
eling is acceptable as a sample size; therefore, in our study, a sample size of 221 was 
much more than the insignificant requirements that were employed for testing the 
hypotheses [75]. It is essential to note that the stated hypotheses were based on cur-
rent theories but were adopted in the context of E-learning. 

Table 1.  Participants details 

University No. of students 
The British University in Dubai (BUiD) 130 
University of Fujairah 91 
Total 221 

3.2 Study instrument 

As cited in this research, a survey instrument was devised and employed to test our 
hypothesis. Table 2 contains a list of the sources of the constructs used in the ques-
tionnaire. A total of twenty-six items were included in the survey with the aim of 
measuring the seven constructs in the questionnaire. To make this study more under-
standable and relatable some questions from previous studies were also included but 
after altering and adjusting them in accordance with our context. 

Table 2.  Constructs and their sources 

Constructs Number of items Source 
Behavioral Intention to Use 2 [76]–[79] 
Content quality 4 [77], [79], [80] 
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Information quality 4 [55], [81]–[83] 
Perceived Ease of Use 4 [76]–[78] 
Perceived Usefulness 4 [76]–[78], [81], [84] 
Quality of the system 4 [55], [78], [79], [81], [82], [85] 
Service quality 4 [55], [79], [81]–[83] 

3.3 Study instrument instrumentation 

After selecting some M-learning users and experts in the domain, a rigorous phase 
of pre-testing and pilot testing of measures was carried out. Table 3 presents the au-
thenticated measures of this study. The questionnaire comprised of four items per 
construct, each of which was measured using a five-point Likert scale. These items 
ranged from “strongly disagree” to “strongly agree”. The respondents, for every item, 
were required to circle the response that best described their level of agreement with 
the statements provided in the question. Moreover, the respondents were required to 
provide their basic demographic information as well. 

3.4 Pre-test of the questionnaire 

Two of the extremely well-known academic institutes, namely: University of Fu-
jairah (UOF) and The British University in Dubai (BUiD) participated in the study 
and offered the target population comprising of a well-experienced group of M-
learning users. Using a 10% of the total sample size of the research survey (300 stu-
dents), the sample size for the pilot study was selected in accordance with the stand-
ard research customs. Moreover, all the questions in the questionnaire were pre-tested 
using 30 students who were selected randomly. In addition, Cronbach's Alpha, ac-
cording to [86], was employed for carrying out the reliability analysis for this study. 
The findings of the analysis show that the alpha values of all variables surpass 0.7, as 
shown in Table 3. This implies that the final questionnaire is extremely reliable. The 
overall reliability and quality of the survey were enhanced ensuring that the respond-
ents fully understood the final questionnaire. 

Table 3.  Cronbach’s Alpha values for the pilot study (Cronbach’s Alpha ³ 0.70) 

Construct Cronbach’s Alpha 
Behavioral Intention to Use 0.733 
Content quality 0.713 
Information quality 0.813 
Perceived Ease of Use 0.844 
Perceived Usefulness 0.857 
Quality of the system 0.823 
Service quality 0.822 
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3.5 Pre-test of the questionnaire 

An in-depth account of the information about the respondents is provided in Table 
4. All of the participants shared almost similar characteristics. Gender wise there were 
118 (53%) females and 103 (47%) males. most of the participants they were between 
18 and 29 years of age, with 47% from 30 to 39, 39% from 40 to 49, 11% from 50 to 
59, 3%. 

Table 4.  Students’ demographic data 

Variables Answers Frequency Percentage % 

Gender 
Female 118 53% 
Male 103 47% 

Age 

18 to 29 104 47% 
30 to 39 87 39% 
40 to 49 24 11% 
50 to 59 6 3% 

College 

College of Business and Econom-
ics 

66 30% 

College of Humanities and Social 
Sciences 

12 6% 

College of Information Technolo-
gy 

87 39% 

College of Engineering 22 10% 
College of Education 34 15% 
College of Business and Econom-
ics 

66 30% 

Level of education 
Bachelor 89 40% 
Master 84 38% 
Doctorate 48 22% 

4 Findings and Discussion 

The software used for this study is the Smart PLS for Partial Least Squares Struc-
tural Equation Modeling (PLS-SEM), which was developed by [87]. It is a very fa-
mous and widely used and readily available to academics and researchers. Moreover, 
this software has a very user-friendly interface and advanced reporting features. It is 
because of these features that the software’s popularity has increased since its launch 
in 2005 [88]. the convergent validity and discriminate validity are two classes of va-
lidities that are generally employed for evaluating any measurement model [89]. The 
relationship between the indicators and latent construct that is being evaluated is de-
fined by the measurement model [90]. 

4.1 Data analysis 

The internal consistency of all the indicators in a relationship of any construct 
makes it possible to measure their Reliability. Therefore, in order to check the relia-
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bility of indicators, the Cronbach coefficient alpha [91] and the composite reliabilities 
coefficient [92] are used. Composite reliabilities are over the minimum acceptable 
limit of 0.70 [93]; [94].Table 5 presents the values of each coefficient as well as 
Cronbach coefficient alpha levels. All these values were above 0.70, which is recom-
mended for confirmatory research [95]. A two-stage methodology where the meas-
urement model first is established and evaluated separately from the full structural 
equation model was used for the analysis of data [96]. For that reason, individual 
reliability for each item and the convergent and discriminate validity of the constructs 
was established as a preliminary step. The individual reliability for each item is pro-
vided by loadings or correlations between the item and the construct. The convergent 
validity per construct is suitable for a loading higher than 0.505 [97]. Table 8 points 
out that the loadings for every item are in total compliance with established condi-
tions. Table 5 provides an account of the AVE scores attained for each of the seven 
constructs used. All of them surpass the minimum desirable value. In addition, the 
conjoint variance between the indicators and their construct is represented by the 
convergent validity, which is measured by the Average Variance Extracted 
(AVE).Moreover, the standard threshold for these values should be more than 0.50 
[98].Table 6 provides the square roots of the AVE, indicated by bold numbers in the 
diagonal, and the correlation between constructs that highlight the acceptable discri-
minant validity of the measurements. The discriminant validity between constructs the 
AVE square root can be confirmed if they are greater than the correlation between 
constructs [98]. 

The analysis of the convergent and discriminant validity of the measurements was 
completed by analyzing the factor structure matrix of loadings and cross-loadings 
(Table 7). Items measuring the matching construct imply prominently and noticeably 
higher factor loadings on a single construct (bold numbers) as compared to other con-
structs. Once the individual reliability for every item and the convergent and discrim-
inate validity of the constructs is recognized, the structural model is tested next. This 
also highlights the convergent and discriminate validity of the measurement. As per 
[99], the second condition of discriminant validity, is that the loading of every item 
must be higher as compared to the loading of its equivalent variable. Hence, it is evi-
dent from Table 8 that the second criterion has also been fulfilled. The third condition 
of discriminant validity is that the values of HTMT must be less than 0.85. It is evi-
dent from Table 7 that the third criterion has also been confirmed; resulting in the fact 
that the discriminant validity has been established. 

Table 5.  Convergent validity results which assures acceptable values (Factor loading, 
Cronbach’s Alpha, composite reliability ³ 0.70 & AVE > 0.5) 

Constructs Items Factor Loading Cronbach's Alpha CR AVE 
Behavioral Intention to 
Use 

BI1 0.795 
0.733 0.828 0.548 

BI2 0.822 

Content quality 

CQ1 0.768 

0.713 0.823 0.537 
CQ2 0.766 
CQ3 0.788 
CQ4 0.707 
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Information quality 

IQ1 0.831 

0.813 0.877 0.640 
IQ2 0.818 
IQ3 0.748 
IQ4 0.801 

Perceived Ease of Use 

PEOU1 0.738 

0.844 0.895 0.683 
PEOU2 0.860 
PEOU3 0.860 
PEOU4 0.840 

Perceived Usefulness 

PU1 0.794 

0.857 0.903 0.700 
PU2 0.861 
PU3 0.849 
PU4 0.842 

Quality of the system 

QS1 0.764 

0.823 0.882 0.652 
QS2 0.811 
QS3 0.826 
QS4 0.828 

Service quality 

SRQ1 0.837 

0.822 0.865 0.622 
SRQ2 0.880 
SRQ3 0.850 
SRQ4 0.839 

Table 6.  Fornell-Larcker Scale. 

 BI CQ IQ PEOU PU QS SRQ 
BI 0.741       
CQ 0.468 0.733      
IQ 0.748 0.439 0.800     
PEOU 0.656 0.359 0.650 0.826    
PU 0.723 0.302 0.720 0.709 0.837   
QS 0.712 0.448 0.776 0.635 0.735 0.808  
SRQ 0.554 0.344 0.453 0.546 0.404 0.584 0.789 

Table 7.  Heterotrait-Monotrait Ratio (HTMT) 

 BI CQ IQ PEOU PU QS SRQ 
BI        
CQ 0.497       
IQ 0.657 0.569      
PEOU 0.787 0.454 0.775     
PU 0.754 0.385 0.713 0.831    
QS 0.555 0.574 0.743 0.750 0.770   
SRQ 0.082 0.081 0.105 0.093 0.193 0.091  

Table 8.  Cross-loading results 

 BI CQ IQ PEOU PU QS SRQ 

BI1 0.795 0.192 0.458 0.424 0.500 0.435 0.239 
BI2 0.822 0.333 0.668 0.649 0.511 0.648 0.258 
CQ1 0.275 0.768 0.346 0.305 0.197 0.310 0.204 
CQ2 0.224 0.766 0.306 0.254 0.214 0.324 0.135 
CQ3 0.233 0.788 0.280 0.200 0.237 0.271 0.220 
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CQ4 0.335 0.707 0.346 0.283 0.238 0.394 0.316 
IQ1 0.229 0.375 0.831 0.577 0.627 0.688 0.461 
IQ2 0.295 0.321 0.818 0.527 0.611 0.602 0.109 
IQ3 0.302 0.287 0.748 0.376 0.494 0.579 0.373 
IQ4 0.353 0.412 0.801 0.573 0.557 0.610 0.324 
PEOU1 0.479 0.197 0.503 0.738 0.526 0.415 0.276 
PEOU2 0.543 0.283 0.559 0.860 0.564 0.542 0.208 
PEOU3 0.571 0.316 0.553 0.860 0.659 0.594 0.243 
PEOU4 0.569 0.377 0.527 0.840 0.586 0.530 0.245 
PU1 0.559 0.203 0.568 0.550 0.794 0.595 0.164 
PU2 0.215 0.258 0.603 0.592 0.861 0.588 0.192 
PU3 0.141 0.293 0.649 0.649 0.849 0.632 0.169 
PU4 0.102 0.251 0.583 0.577 0.842 0.643 0.158 
QS1 0.521 0.326 0.557 0.441 0.554 0.764 0.381 
QS2 0.546 0.306 0.623 0.453 0.536 0.811 0.321 
QS3 0.132 0.379 0.684 0.571 0.620 0.826 0.296 
QS4 0.591 0.421 0.637 0.567 0.652 0.828 0.169 
SRQ1 0.249 0.135 0.246 0.432 0.383 0.241 0.837 
SRQ2 0.174 0.205 0.190 0.170 0.295 0.410 0.880 
SRQ3 0.356 0.166 0.277 0.202 0.427 0.355 0.850 
SRQ4 0.103 0.265 0.430 0.387 0.417 0.207 0.839 

4.2 Coefficient of determination 

The structural model is commonly analyzed using the measure i.e. coefficient of 
determination, also known as R2 [100]. Moreover, the predictive accuracy of a model 
is checked with the help of this measure that is computed as the squared correlation 
between a particular endogenous construct’s actual and predicted values [101]. Sec-
ondly, the coefficient of determination connotes the degree of variance in the endoge-
nous constructs which are authenticated by all exogenous construct correlated to it. 
The resulting coefficient of determination where the value of R2value exceeds 0.67 is 
considered as high when the values range between 0.33 and 0.67 R2 is considered as 
moderate, and the values between 0.19 and 0.33 are yield a weak R2 [102]. 

Table 9 shows that the R2 values for the Perceived Ease of Use and Behavioral In-
tention to Use ranged between 0.468 and 0.564. Therefore, these constructs appear to 
have a Moderate predictive power. Moreover, the R2 value of the Perceived Useful-
ness is found to explain 68.5% of the variance, which means a high predictive power 
of this construct. 

Table 9.  R2 of the endogenous latent variables 

Constructs  R2 Results 
Behavioral Intention to Use 0.564 Moderate 
Perceived Ease of Use 0.468 Moderate 
Perceived Usefulness 0.685 High 

4.3 Hypotheses testing 

According to [103]–[108] the outcomes of this study imply that the projected val-
ues of fit indices provide data fit for the structural model designed for this research 
model [109] (see Fig. 2). Moreover, the correlations between the hypotheses were 
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analyzed with the help of the structural equation modeling and the resultant values 
can be seen in Table 10. Other than this, certain direct hypotheses also coincided with 
the prepositions made in this study [110]. It can be seen in the Table 10 that all the 
values met the provided range criteria. Figure 2 represents the resultant path coeffi-
cients for this proposed research model. Generally, the data supported ten out of 
twelve hypotheses. According to previous studies, all TAMs' constructs were verified 
in the model (PEOU, PU, and BI). Based on the data analysis hypotheses H1a, H1b, 
H2c, H2a, H2b, H3b, H4b, H5, H6 and H7 were supported by the empirical data, 
while H3a and H4a were rejected. The results showed that PEOU significantly influ-
enced PU (β= 0.353, P<0.001) and BI (β= 0.288, P<0.001) supporting hypothesis H5 
and H6 respectively. PU was determined to be significant in affecting BI (β= 0.519, 
P<0.001), supporting hypotheses H7. 

Quality of the system, Information quality has significant effects on Perceived Ease 
of Use (PEOU) (β= 0.315, P<0.001), (β= 0.386, P<0.001) respectively, but Content 
quality, Service quality has insignificant effects on Perceived Ease of Use (PEOU) 
(β= 0.048, P=0.387), (β= 0.012, P= 0.826), respectively; hence, H1a and H2a are 
supported, but H3a and H4a are rejected. Quality of the system, Information quality, 
Content quality, and Service quality has also significant effects on Perceived Useful-
ness (PU) (β= 0.347, P<0.001), (β= 0.249, P<0.001), (β= -0.090, P<0.001), (β= -
0.138, P<0.001), respectively; hence, H1b, H2b, H3b, and H4b are supported. Finally, 
Quality of the system has significant effects on information quality (β= 0.777, 
P<0.001) then, H1c is supported. 

Table 10.  Results of structural Model - Research Hypotheses Significant at 
p**=<0.01 , p* <0.05 Significant at p**=<0.01 , p* <0.05). 

H Relationship Path t-value p-value Direction Decision 

H1a Quality of the system -> 
Perceived Ease of Use 0.315 3.739 0.000 Positive Supported** 

H1b Quality of the system -> 
Perceived Usefulness 0.347 4.301 0.000 Positive Supported** 

H1c Quality of the system -> 
Information quality 0.777 21.009 0.000 Positive Supported** 

H2a Information quality -> 
Perceived Ease of Use 0.386 4.130 0.000 Positive Supported** 

H2b Information quality -> 
Perceived Usefulness 0.249 3.183 0.002 Positive Supported** 

H3a Content quality -> Per-
ceived Ease of Use 0.048 0.866 0.387 Positive Not supported 

H3b Content quality -> Per-
ceived Usefulness -0.090 2.109 0.035 Negative Supported* 

H4a Service quality -> Per-
ceived Ease of Use 0.012 0.220 0.826 Positive Not supported 

H4b Service quality -> Per-
ceived Usefulness -0.138 3.598 0.000 Negative Supported** 

H5 Perceived Ease of Use -> 
Perceived Usefulness 0.353 5.231 0.000 Positive Supported** 

H6 Perceived Ease of Use -> 
Behavioral Intention to Use 0.288 3.586 0.000 Positive Supported** 

H7 Perceived Usefulness -> 
Behavioral Intention to Use 0.519 7.108 0.000 Positive Supported** 
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Fig. 2. Path coefficient results (significant at p** < = 0.01, p* < 0.05). 

5 Conclusion and Future Works 

5.1 Study contributions and discussion 

This study seeks to assess how quality features have an impact on students’ beliefs 
with respect to acceptance of mobile learning on the basis of extending Technology 
Acceptance Model (TAM). Sample data was obtained from two private universities in 
the UAE that have good academic reputations. The survey involved randomly circu-
lating 300 questionnaires, out of which 221 completed questionnaires were examined. 
Hence, the usable response rate was 73.6%. It is shown in the findings that the Mobile 
Learning Platforms’ infrastructure, i.e. (Quality of the system, content quality, Infor-
mation quality, and service quality) directly affects perceived usefulness of mobile 
learning and ease of use, which positively influences intention to use the Mobile 
Learning Platforms [77], [78], [111]–[113]. On the basis of our model and structural 
equations, it can be asserted that one of the ways success of Mobile Learning Plat-
forms in an enterprise can be measured is system quality, which has a direct effect on 
the intention of user and use of the system, subsequently influencing how these sys-
tems are successful. Therefore, when there is high system quality of Mobile Learning 
Platforms, user intention and the actual use of the system is also greater [114]. The 
proposed research model was strongly supported by the analysis. The findings of the 
researchers such as [55], [77], [78], [81], [103], [111]–[113], [115]–[120] and our 
results have similarities. During the implementation of Mobile Learning Platforms, an 
important concern for managers and executives has perceived usefulness. It was indi-
cated in the results that the adoption of Mobile Learning Platforms has significant and 
direct effects on university students [77], [112]; [121]. User friendliness and ease of 
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use of the system should be fully exploited by educators and system designers so that 
user intention and system use increases with respect to mobile learning systems. The 
success of mobile learning systems increases because of higher user intention and 
higher use of the system. Because user intention directly impacts the advantages of 
using the system, greater benefits will be observed. The content, services and infor-
mation of the mobile learning system should be fully exploited by instructional de-
signers, in addition to using tests and monitoring the progress of participants so that 
the advantages of utilizing the system can be maximized. When there is greater use of 
a mobile learning system, then there will also be an increase in intention (direct ef-
fect). Therefore, because of this direct effect of system use on user intention, there is 
an impact on the effectiveness of the systems. The study results showed that there was 
statistically significant association between use of the system and user intention. 
There has been extensive development in the UAE in the past few years, with signifi-
cant improvement in mobile telecommunication infrastructures because of the staunch 
dedication of the UAE government. The national mobile learning strategy is imple-
mented according to the wishes of the UAE government, it has emphasized on the 
significance of mobile learning and has stressed on the need to have wider application 
of the project in the UAE. This calls for more research in this domain so that students 
are motivated to adopt mobile learning in higher education. It will possibly enhance 
the country’s reputation and generate competitive edge in the field of higher education 
in the UAE. This study was based on this aspiration so that the factors that influence 
the students’ acceptance of mobile learning in Emirates universities could be deter-
mined. There are critical implications in the ultimate findings for university adminis-
trators and system developers, and this may offer a vivid explanation on how quality 
features influence the beliefs of students regarding acceptance of Mobile Learning 
Platforms on the basis of a hybrid model of quality features and TAM. This would 
hence, stress on the most significant directions to create high quality of Mobile Learn-
ing Platforms. 

5.2 Limitations and future directions 

There are certain limitations of this study, such as it is based on a single Mobile 
Learning Platform (MLP). The findings can also be a bit restrictive because the use of 
a purposive sampling approach urged that the data be collected from two universities. 
For further research, an evaluation of the influence of the three significant external 
variables: namely, system quality perceived self-efficacy and facilitating conditions 
on acceptance and usage behavior of different populations and different Mobile 
Learning Platform (MLP) is strongly suggested. 

5.3 Implications 

The basis of the study is the TAM Model, and its objective is to include new varia-
bles in the model, i.e. quality of the system, content quality, information quality and 
service quality so that the students’ behavioral intention to employ mobile learning 
platforms in the UAE can be evaluated. It was found in the study that there is a wide 
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acceptance of mobile learning in the UAE. Support was shown for ten out of the 
twelve hypothesized relationships between the exogenous and endogenous constructs. 
The outcomes of this study suggest that the system quality happens to be a robust 
factor that significantly impacts a students' use of the mobile learning system. For that 
matter, it is important that the mobile learning system designers and university poli-
cymakers must pay attention to improve the quality of mobile learning system as well 
as other features like user-friendliness, easy accessibility and reliability should also be 
improved. Better quality can only be maintained if a constant quality improvement 
process is devised to collect feedback from the users of the mobile learning system. 
The concerns raised about the quality as well as the problems encountered by the 
users and their commendations for improvement should be considered. Hence, the 
improvement actions directed towards the mobile learning system should be designed 
in view of that. Moreover, ensuring that universities from time to time collect infor-
mation from mobile learning system users regarding experiences with mobile learning 
system usage, is extremely important in this regard. 
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Appendix A. Constructs and items 

System Quality 

• At the busiest time of the day, the response of the Mobile Learning Platform 
(MLP) is quick.  

• I consider Mobile Learning Platform (MLP) interaction to be satisfactory. 
• I consider the Mobile Learning Platform (MLP) functions to be satisfactory.  
• I am satisfied with the Mobile Learning Platform (MLP) functions. 

Information Quality 

• Information, which is relevant to my necessities, is acquired through Mobile Learn-
ing Platform (MLP).  

• Thorough information is given by Mobile Learning Platform (MLP).  
• The Mobile Learning Platform (MLP) produced information is up-to-date enough 

for my needs.  
• The Mobile Learning Platform (MLP) provides useful information for my study. 

Content Quality 

• The updated information is usually provided by the Mobile Learning Platform 
(MLP).  

• Learning content which I require can be provided by the Mobile Learning Platform 
(MLP). 

• I think there is great value of the information I will acquire from Mobile Learning 
Platform (MLP).  

• The Mobile Learning Platform (MLP) often provides the updated information.  

Service Quality 

• The Mobile Learning Platform (MLP) provides the right solution to my request.  
• The Mobile Learning Platform (MLP) has a good interface to communicate my 

needs.  
• The Mobile Learning Platform (MLP) gives me prompt service 
• Overall, support services of the Mobile Learning Platform (MLP) are satisfactory. 

Perceived Ease of Use  

• There is clarity and understanding in my interaction with Mobile Learning Plat-
form (MLP).  

• I think it is easy to make the Mobile Learning Platform (MLP) act how I want it to.  
• The Mobile Learning Platform (MLP) is easy to use for me.  
• I find the Mobile Learning Platform (MLP) easy to use. 
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Perceived Usefulness 

• The learning process will be made easier by using the Mobile Learning Platform 
(MLP) tool. 

• I consider the Mobile Learning Platform (MLP) to assist my learning.  
• My productivity is elevated through the utilization of Mobile Learning Platform 

(MLP) in my work.   
• I find the Mobile Learning Platform (MLP) to be useful in my learning.  

Intention to Use the Mobile Learning Platforms 

• I will make use of the Mobile Learning Platform (MLP) regularly in the forthcom-
ing time.  

• I intend to make use of the content and functions of Mobile Learning Platform 
(MLP) for providing assistance to my academic activities.  
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Abstract—The paper is devoted to the problem of formation of media 
competence of future teachers by means of ICT and mobile technologies. It 
discusses the concepts of media competence, media education and media 
culture. Motivational, cognitive, technological, reflective components within 
the structure of media competence are revealed in the article. The results of 
experimental work of formation of media competence of future teachers by 
means of ICT and mobile learning technologies are presented. The authors 
conclude that study of modern methodological and technological methods of 
media education, history of their emergence and development, creative use 
within the educational process opens new perspectives for the application of the 
educational and developmental potential of media education at school and 
universities. 

Keywords—media competence, media education, multimedia tools, ICT, 
mobile technologies, teachers 

1 Introduction 

The most important task of modernization of education is development of 
professional competence of teachers, their skills and abilities of self-education, 
formation of readiness and ability of adaptation to the changing social, political and 
economic conditions [9, 10, 17]. 
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A modern teacher is an expert who is oriented in the informational space freely, 
has necessary knowledge and skills to search, to store and to use information, to 
transform and to modify it, to work with various information tools, to use modern 
mobile technologies, computer communications and systems [26, 28, 33]. 

The significant aspect of informatization of education is immersion of teachers to 
the process of creative constructive activity by means of multimedia, their formation 
of skills of the use of media in their professional activities, and the ability to design 
their own multimedia environments by means of ICT and mobile learning 
technologies. Teacher should receive necessary knowledge and skills, form their 
individual creative aspects of the personality that determine vector of their further 
professional development [16, 22, 27]. 

Increasing influence of multimedia tools and technologies on the world educational 
space, as well as the need to change forms, methods and approaches of teacher 
training makes it important to study issues related to the development of media 
competence of a modern teacher aimed at improving the quality of training, education 
and development of students at different levels of education. 

2 Methodology 

Modern pupils and students are better oriented in the information space such as 
mobile technologies and Internet than their teachers and parents. This is a true trend in 
the development of the informational society. The task of teachers within the 
informational age is to develop the child’s critical thinking, ability to analyze and to 
select personal meaningful information, to structure, to synthesize, to use and to 
create his / her own media texts for the information environment, which helps to form 
child’s media culture. Media culture, on the one hand, is a part of the general culture 
which associated with the media of communication, and, on the other hand, is a part 
of general culture of a person. Teacher should begin with the formation of his / her 
own media competence, which is aimed at the formation of the media culture of a 
modern teenager [4, 7]. 

Media such as satellite, digital TV, video, cinema, computer and cellular 
communications, Internet, graphics, music, radio, etc., transform the media 
environment, have a significant impact on traditional types of culture, on the 
functioning of libraries, film studios, museums, theaters, etc. Media culture affects the 
values of society, the worldview of different social and cultural groups while is being 
a phenomenon of the era of globalization [14, 21, 29]. 

The process of forming media culture consists of many components such as study 
of mobile technologies and masterpieces of the world culture, study of color and 
sound harmony, laws of visual perception, technology of creating a "screen image" 
and the others. 

Lifelong learning is one of the basic principles, without which a modern teacher 
cannot keep up with the development of the global information community. The 
development of media competence of a teacher is an essential factor which influences 
the formation of his / her media culture. Formation of professional competence of 
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teachers relates to ensuring their full preparation for using media in the educational 
process. 

Media education is understood by [13, 19, 32] as the process of education and 
personal development with the help of media and on the media material in order to 
form a culture of communication, creative, communication skills, critical thinking, 
skills of interpretation, analysis and evaluation of various information, various self-
expression using modern mobile and digital technologies. 

The term “media competence” is considered by [2, 12, 20] as an individual's ability 
to interact, to process and to analyze media. Media competence is proposed as the 
main goal of media education. 

Media competence is also characterized as a propensity for qualified, independent, 
creative, and socially responsible action in relation to media. Consequently, the 
development of media competence can be viewed as an activity aimed at the 
methodical processing of media texts, which is closely associated with the creative 
self-realization of one’s personality [15, 18, 30]. 

[25, 32] understand media competence as the ability to use, to analyze, to evaluate, 
and to transmit messages in various forms. Media competence is considered as the 
teacher's ability to dive into information and communication activities. This leads to 
the need to create a multimedia educational environment that carries out the 
relationship between the participants of the educational process. 

[23, 24, 31] consider the media literacy of a teacher as a complex of his / her 
motives, knowledge, skills, abilities that contribute to media education of the audience 
of various ages. Teacher’s media competence should be improved on the basis of an 
integrated approach in media education, that means simultaneous study of several 
directions of media education (images, sound, photos, etc.) in their interrelationships. 

[13, 19] write that integrated media education has a beneficial effect on teachers' 
professional success, their ability to conduct classes in the form of a dialogue, using 
more advanced learning mobile technologies. Media educators pay great attention to 
the media educational opportunities of Internet and mobile technologies, the impact of 
which on a person is considered to be very ambiguous. The ultimate goal of media 
education is not only to perceive media texts critically, but also to realize what role 
they play in the surrounding reality, to view media as a means of human self-
expression, as a means of cultural development, to evaluate how media texts influence 
the audience. Internet is not only the means of combining information, but also a kind 
of parallel reality in which a person undergoes changes, the very idea of the 
surrounding world is distorted. Therefore, it is necessary to help the teacher to form 
priorities in the use of new media in his / her professional activities for the effective 
upbringing of students in modern conditions. 

Many researchers [18, 32] focus on the activity and creative aspect of personality 
of media educators. They define media competence as a structure which consist of 
ability to critical thinking, understanding the process of mass communication, ability 
to create one’s own media texts and ability to analyze and to interpret media. [13, 32] 
consider that media competence is an integral part of communicative competence and 
is aimed at active contact with media resources. They identify creative media design 
as a key component of media competence, which creates a new media text. 
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3 Materials and Methods 

Formation of media competence of future teachers by means of ICT and mobile 
technologies was implemented with the help of the educational program “Media 
Competence of a Teacher within Digitalization of Education”. 

The program was based on practical theory of media education, theory of "critical 
thinking", which took into account professional and personal experience of each 
teacher. The program was designed for teachers who had basic computer skills and 
experience in using mobile and information and communication technologies in their 
professional activities. 

The goal of the program was development of a teacher’s media competence in 
creative constructive activities through the creation of a multimedia educational 
environment of a lesson using ICT and mobile learning technologies. 

Realization of the program’s goal involved the following tasks: 

• Generalization and systematization of modern achievements of media education as 
a branch of pedagogical science; 

• Mastering of modern pedagogical technologies for creating educational media; 
• Study of modern pedagogical technologies and ICT and mobile learning 

technologies for creating a multimedia educational environment for using media 
texts within educational activities of teachers; 

• Mastering the legal and aesthetic features for using media texts within professional 
pedagogical activity. 

The solution of the assigned tasks was realized with the work on individual 
educational and methodical projects for a specific lesson, separate media texts of 
didactic purpose, creating of multimedia educational environment of the universal 
interactive hypertext space by means of ICT and mobile learning technologies. 

• Teachers should know after mastering the program: 
• Main directions, goals and objectives of media education; 

Regulatory framework for the use of ICT and mobile learning technologies within 
their professional teaching activities; 

• Typology of media texts, features of their search, creation, processing and 
integration into the multimedia environment; 

• Key concepts of media education; 
• Psychological, didactic, social and pedagogical problems of using media texts in 

practical activities by means of ICT and mobile learning technologies; 
• Methods of mastering new media products by means of ICT and mobile learning 

technologies and to use them in their professional teaching activities; 
• Technology of organization of personal information space taking into account the 

goals and objectives of media education; 
• Methods of creating media texts for educational purposes and multimedia 

environment by means of ICT and mobile learning technologies. 
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Teachers have to be able to: 

• To be acquainted in a variety of media texts and to carry out their selection for 
educational purposes, to “read” media texts correctly; 

• To carry out creative design activities, to create their own media texts by means of 
ICT and mobile learning technologies; 

• To create a multimedia educational environment of various types based on the use 
of media objects for educational purposes; 

• To introduce health saving technologies based on the use of media texts in 
educational activities. 

The program is based on the following didactic principles: 

• Practical orientation, connection with the specific problems of the teacher’s 
professional activities in the media field; 

• Focus on solving the problems that are important and personally significant for a 
particular teacher. 

This program is based on the model of integrated training of specialists. The 
problem and modular principle is the basis for the building of the content of the 
program. Therefore, the curriculum and thematic plan includes topics of other areas of 
knowledge such as philosophy, pedagogy, psychology, etc. 

The following training technologies were used within the process of implementing 
the program: 

3.1 Modular learning technology 

The program is based on this technology, which allows to use a variable 
component within the process of building and implementing of this program which is 
designed in such a way that allows to create a flexible educational space [5, 11]. 

3.2 ICT and mobile learning technologies 

Teachers should use the following mobile and digital teaching aids while creating 
media texts and a multimedia educational environment: 

• Video materials such as fragments of concerts, extra-curricular activities, etc.; 
• Photographic materials such as illustrations, photographs, animated images that 

teacher uses to create educational media texts; 
• Audio materials such as musical works, records of one's own voice for creating 

media texts of a methodical or didactic nature; 
• Printed information such as electronic educational texts, from which further 

content of media texts is generated; 
• Communication hypermedia. Principle of combining media texts into a single 

structure that allows to build a multimedia educational environment from 
individual media objects [1, 3, 6]. 
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3.3 Project technology 

Teachers are immersed in the project activities. It implies the choice of a project 
theme, form of a multimedia educational environment, quantity and quality of media 
texts that the teachers will develop and create independently. Formation of media 
competence of teachers is effective within the process of creating projects of various 
kinds [8, 25]. 

Individual, group, interactive forms of education are used while educational 
process is organized. Individual form of education implies consulting assistance to 
teachers throughout the program, provides methodological assistance. This form of 
education is especially important because it allows to establish contact with each 
participant, which contributes to the implementation of the personal-centered 
approach and the effective development of media competence of teachers. 

Group forms of education imply the inclusion of each teacher in the process of 
interaction with the other participants, which allows to create conditions for revealing 
methodological, didactic and informational difficulties in creating media texts, 
exchanging views on the solution of certain problem. 

Interactive forms of education are the most effective ones for the formation of 
media competence of teachers. These forms of education imply active interaction 
between all participants within the educational process by means of ICT and mobile 
learning technologies. Teachers are immersed in the process of creative constructive 
activity, self-realization of methodological plans when they create media texts. 

The program includes four topics. Teachers have to carry out a project within each 
topic. Electronic Test is carried out showing the effectiveness of mastering the topic 
and the dynamics of the formation of media competence of teachers. Monitoring the 
development of media competence of teachers is carried out with the help of MyTests, 
which allows to create questions of various types such as single choice with one 
correct answer, multiple choice, assignment tasks for matching true and false answers. 

The first topic is “Media Education and Media Creativity: Key Concepts and Main 
Directions”. 

This topic highlights the cognitive aspects of modern concepts of media education, 
examines the content of such concepts as “media art”, “pedagogical creativity”, 
“media competence”, “media text”, “multimedia tools”, “multimedia technologies”, 
“new media”, “mobile learning technologies“, “information and communication 
technologies”, “multimedia educational environment”, “media artistic forms of 
educational activity”. A comparative analysis of multimedia tools, ICT and mobile 
learning technologies within the context of educational is carried out. Various media 
artistic forms of educational activities are considered. Classification of media texts 
and peculiarities of their use are demonstrated. This topic gives general ideas about 
multimedia educational environment and the basic principles of its design and 
content. 

The second topic is “Search and methodical processing of media texts by means of 
ICT, mobile learning technologies and Internet”. 

This topic discusses general principles of building computer networks, features of 
using Internet as means of communication, the essence of “cloud” data processing and 
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storage, their varieties, the main methods of working in “cloud”. It is important to 
teach searching and processing of information in retrieval systems, encyclopedic and 
news portals, networks of pedagogical communities, regional educational portals. 

Teachers work in network communities and portals independently within the 
process of learning. Practical classes of problematic nature, conversations, and 
consulting support are held at this stage. 

The third theme is “Features of creating media text with Microsoft Office tools”. 
Teachers create media texts with the tools of the Microsoft Office program 

complex, WindowsLive film studio environment. They master interactive capabilities 
of the Microsoft Office program, examine typical mistakes when they create media 
texts by means of Microsoft Office within the process of fulfilling practical tasks. 

Special attention is to be paid to the content of the media texts created by the 
teacher at this stage. The theme implements a variable component of the program. 
Teachers join the work that implements the activity stage of media competence as a 
result of media text design by means of Microsoft Office, Windows Movie Maker and 
Windows, Movie Maker. They analyze features of structuring, necessary material for 
further modeling. 

Teacher analyze media texts not only by the degree of its practical applicability, 
but also by its aesthetic features and relevance of use of the chosen cover, which 
allows to state the development of practical, operational, creative and semantic 
indicators of media competence. 

The fourth topic is “Features of creating media texts through network services”. 
The work is aimed at the creation of media texts by means of Web services and 

technologies Web 2.0. 
Teachers study features of using media texts created by means of network services, 

convert media texts created earlier into a network service, and store media texts in 
Internet within the process of practical implementation of the individual project. 
Teachers learn the principles of web-resource design, features of the presentation of 
educational material in the network, basics of website building and creation of blogs, 
development of creative interactive and problem tasks using Learning Apps network 
service. 

Implementation of the program provides conducting lectures and practical classes, 
during which discussions and analysis of media libraries take place, active forms of 
education, work in small groups, etc. are used. A special place is given to the 
implementation of practical activities for realization of an individual project. 

The program provides conducting lectures in a multimedia demonstration class. 
Practical classes are used with the help of mobile technologies. 

The program includes monitoring activities of teachers which allow to determine 
the level of formation of the media competence of each teacher. 

Monitoring involves three diagnostics: 
Input diagnostics: The goal is to determine the level of media competence of a 

teacher. Form of input diagnostics is testing. 
Current evaluation: The goal is to determine success of teacher’s achievement of 

the tasks set at the current stage. Form of current evaluation is a conversation 
concerning the results of the tasks of intermediate practical work, testing. 
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Final evaluation: The goal is to determine the success of the teacher achieving the 
tasks of the program. Form of final evaluation is project, testing. 

The following forms of evaluation were used within the process of experimental 
work: 

• Electronic forms: tests which were created in My Test program, which allow to 
assess the level of development of media competence of teachers objectively and 
accurately, as well as to combine various ways of transmitting information (text, 
visual, audio); 

• Individual forms: form of evaluation which is expressed in the form of consulting 
of the participants or a conversation that allows to assess the degree of 
understanding of theoretical material and skills within the use of multimedia tools, 
ICT and mobile technologies in the construction of various tasks; 

• Frontal forms: a form of evaluation, which allows to use the survey to assess the 
degree of readiness of teachers to the perception and processing of information, the 
level of initial skills within the use of multimedia tools, ICT and mobile 
technologies; 

• Interactive forms: forms of evaluation, which allow to assess the degree of 
mastering building media texts by means of multimedia tools, ICT and mobile 
technologies within the process of collective interaction. This form of evaluation 
allows to evaluate the results of their activities independently. 

4 Results 

Experimental work took place at three universities (Southern Federal University, 
(Rostov-on-Don), Voronezh State University (Voronezh), Voronezh State Technical 
University (Voronezh)) in 2018–2019. Students of these universities participated in 
the experimental work. We formed 2 groups (control group included 125 future 
teachers and experimental group consisted of 127 future teachers). 252 students 
participated in the study. Respondents were from 20 to 23 years of age. 

Initial study was conducted to identify the initial level of media competence in the 
experimental and control groups at the beginning of the program. We have identified 
motivational, cognitive, technological, reflective components within the structure of 
media competence. 

Motivational component is an integrative characteristic of a person, which is 
expressed in willingness and readiness of a teacher to study media texts of various 
genres and thematic spectrum with the inclusion of non-entertainment genres, to 
receive new information, to search for media materials for educational, scientific, 
research purpose; readiness to learn how to create media texts by oneself by means of 
ICT and mobile learning technologies studying specific examples of creativity of 
professionals. 

Cognitive component is ability and willingness to perceive, to understand the 
content of the media text and filter out "noise"; ability to understand and to respect the 
power of media texts; ability to distinguish between emotional and reasoned reactions 
in the perception of media texts; knowledge of the specifics of language of different 
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media and the ability to understand their impact regardless of the complexity of media 
texts. 

Technological component includes ability to select and to use what media can 
offer, to develop your own media product by means of ICT and mobile learning 
technologies; practical skills of self-selection, the creation and distribution of media 
texts of various types and genres by means of ICT and mobile learning technologies 
(including created personally or as part of a group); skills of active self-education in 
the media field. 

Reflective component is ability to analyze the process of functioning of media in 
society and media texts of different types and genres based on certain levels of 
development of media perception and critical thinking critically; ability to analyze 
media texts on the basis of media perception close to “complex identification”; ability 
to analyze and to synthesize space and time form of a media text, to understand, to 
interpret, to involve comparison, abstraction, induction, deduction, synthesis, critical 
assessment of the author’s concept in context the structure of the work, historical and 
cultural contexts ( to express agreement or disagreement with the author’s position of 
media text, a critical assessment of the moral , emotional, aesthetic, social 
significance of media text); ability to correlate emotional perception with conceptual 
judgment, to transfer this judgment to other genres / types of media culture, to link 
media text with one’s own experience and the experience of other people, etc. 

The data obtained were summarized and converted to percentage. The empirical 
data were quantitatively processed and analyzed at a qualitative level. Dynamics of 
step-by-step development of media competence was established and the obtained data 
are revealed in Table 1 and Table 2. 

Table 1.  The results of the assessment of the level of media competence in the experimental 
and control groups before the experimental work 

Media competence 
Experimental group Сontrol group 

Low level, 
% 

Middle 
level, % 

High 
level, % 

Low level, 
% 

Middle 
level, % 

High 
level, % 

Motivational component 41,7 38,8 19,5 40,1 39,3 20,6 
Cognitive component 56,7 28,2 15,1 37,3 40,6 22,1 
Technological component 43,5 33,7 23,8 42,8 29,7 27,5 
Reflective component 57,9 29,7 12,4 43,4 35,8 20,8 

Table 2.  The results of the assessment of the level of media competence in the experimental 
and control groups after the experimental work 

Media competence 
Experimental group Сontrol group 

Low level, 
% 

Middle 
level, % 

High 
level, % 

Low level, 
% 

Middle 
level, % 

High 
level, % 

Motivational component 12,3 38,4 49,3 42,5 39,7 17,8 
Cognitive component 7,9 27,3 64,8 35,1 43,6 21,3 
Technological component 7,5 24,4 68,1 33,8 39,2 27,0 
Reflective component 4,1 28,3 67,6 42,3 37,5 20,2 
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Comparative analysis of the results of input and final diagnostics of the formation 
of media competence of teachers in the control and experimental groups showed a 
significant dynamic of the development of media competence in experimental groups, 
which indicates the effectiveness of the experimental work. 

5 Conclusion 

A contemporary teacher should be prepared to navigate the information flow, to 
find necessary information, to be capable of full perception, evaluation of media texts, 
to understand sociocultural and political context of the functioning of media in the 
modern world, to code and to present systems used by media. 

Growing interest to the problems of formation of media competence of future 
teachers is determined by the need of implementing of ICT and mobile learning 
technologies for developing the skills of understanding texts and processing various 
information. 

Organization of media education process is based on the principles of problem, 
project and interactive learning. Various methods of teaching are based mainly on the 
cycles (blocks, modules) of creative educational activities. 

Formation media competence of teachers contribute to implementing of main tasks 
of media education: 

• Development of skills of analysis and synthesis of spatial and temporal reality, 
ability to “read” media texts of various types and genres; 

• Development of media perception, that means perception of media reality, feelings 
and thoughts of authors of media works; 

• Development of analytical skills related to the prediction of impact of media texts 
on various types of audiences; 

• Development of interpretational skills within the process of translating media 
communication into the “language of individual”; 

• Ability to decode information of media productions, including manipulative 
techniques and technologies; 

• Ability to develop one’s own media product by means of ICT and mobile learning 
technologies; 

• Practical skills of self-selection, creation and distribution of media texts; 
• Application of knowledge gained in the field of media education for teaching and 

upbringing pupils and students. 

Study of modern methodological and technological methods of media education, 
history of their emergence and development, creative use within the educational 
process opens new perspectives for the application of the educational and 
developmental potential of media education at school and university. 
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Abstract—Technology has changed the way we work. These have increased 
the productivity in the workplace. The purpose of having a conference paper 
app is to aid researcher to improve the effectiveness and efficiency of 
management of conference paper. Without a proper management of these 
substances, people might suffer from the inconvenience by using a desktop 
system to complete certain tasks and monitor them efficiently. However, based 
on investigating the existing applications, a few shortcomings have been 
identified. Certain shortcoming leads us to develop a new mobile application to 
fix the identified shortcomings. Some others include complex navigation of user 
interfaces, this cause a poor user experience for users. Hence, this project 
proposes a development of a mobile application that is called CPMA, which 
serve as a better alternative tool to allow users managing and monitoring 
information related to conference paper in a more efficient way. This app 
specifically developed for researchers in higher learning institutions who are 
needed to proceed with conference paper. Software development methodology 
named prototyping will be adopted, which consisted of phases such as planning, 
repeated phases (analysis, design, implementation and system prototype), 
implementation and final system. The essential significance of this project is to 
provide a platform for researcher to manage and monitor conference paper in a 
savvy manner. By the time of completing this project, users are expected to 
access this application without any costs and increase the efficiency and 
effectiveness of managing conference paper. To ensure the security is presented 
in a tabular form for each online marketplace. 

Keywords—Conference Paper, Knowledge Management, Mobile Application. 

1 Introduction 

Smartphones and tablets have become one of the daily necessities among people. 
Almost every person has a smartphone or tablet by their side whenever they go 
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[11,12]. This has become a habit for most people to rely on their gadget for planning 
their daily basis. The mobile phone has become such an important aspect of people's 
everyday life [10]. Through using a mobile device, people’s productivity in various 
aspect obviously increased with convenient from a mobile device. In aspect E-
commence, mobile phone user can view product, select product and order for product 
in online. Sometimes, mobile application Mobile Wallet is used in restaurant or 
market for making payment. People can do business work using the mobile 
application. Mobile online banking and e Ticketing is another feature of mobile 
application [7]. Besides that, mobile device also helping users to save time and effort 
in communication. Conference papers usually very short (number of pages) and 
include a preliminary result of a research project [3]. Paper-based management system 
have been used for managing conference paper earlier. However, paper-based 
conference paper management system is not really convenient and environmentally 
friendly these days [9]. Besides, a researcher has also faced the risk of physical 
damage. In this case, technology has played an important role. By introducing a 
conference paper mobile application that is available to download from either 
Android platform, which is really convenient, portable and flexible. Since every 
person owns a mobile phone and know how they works, so develop a conference 
paper management system in mobile-based is a wise choice. Thus, the researcher can 
easily perform any functions like to submit conference paper and delete the submitted 
conference paper to manage conference paper in mobile phone. Bringing them quick 
manipulation of their conference paper in just swipes and clicks. 

2 Background 

After exploring and reviewing few existing applications installed, a few 
shortcomings have been identified. First and foremost, the problem arises from the 
inconvenience which manage conference article in desktop. By using mobile to 
manage conference paper, it will improve the mobility that means user can easily 
access the conference paper data through internet from everywhere. The desktop user 
still needs an office environment and sitting at a desk to access the conference paper 
data [1]. This inconvenience makes the users to take times and effort to prepare an 
office environment. Furthermore, complex navigation of user interface leads users 
hard to understand the flow of that application and much longer time to access what 
they want [2]. Besides that, the desktop will take longer time than a mobile phone to 
open the conference paper submission system, because the desktop needs to spend 
booting time in average 5 second to 3 minutes. At the end of this project, an 
application will be developed with above constrains eliminated. An interactive and 
user-friendly user interface will be given priority, aiding users to access what they 
want in a short period of time. 
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2.1 Project objective 

This project aims to propose a mobile application named Conference Paper Mobile 
Application (CPMA) to help user managing/monitoring the conference paper in a 
more efficient way. The objectives of this study are to gather requirements for CPMA, 
to analyze and design CPMA based on the requirements gathered, to implement 
CPMA with user-friendly features and evaluate CPMA. 

2.2 Literature review 

Online submission system: With the spread of the Internet, many kinds of system 
used to manage various matters, and provide different service in online. Especially, 
online submission system has helped the user to easily manage the entire submitted 
documents in online. Mark. Ware stated that online submission system is allowed the 
submission of articles and the subsequent peer-review processes to be managed within 
an electronic environment with a (customizable) degree of automation, and 
communication with all authors, referees and editors taking place electronically [8]. 
However, the abuse of online submission, fake peer reviews and editor-created 
accounts are gradually deteriorating. 

In Jaime A. Teixeira da Silva’s research study, there has been an increase in the 
number of cases in which Online Submission System has been abused, mostly by the 
authorship, either through the creation of fake identities or the use of false e-mail 
accounts. These issues raised by the imperfect of the current Online Submission 
System, the system still have security issues and may not be able to detect false 
information, except through post-submission verification [6]. 

2.3 Mobile application 

Mobile applications (also known as mobile apps) are software programs developed 
for mobile devices such as smartphones and tablets. Md. Rashedul Islam stated that 
through the mobile application, user can easily to contact friends, browse internet, file 
content management, document creating and handling, and entertainment. From 
everywhere user can use the mobile application [7]. 

3 Methodology of Study 

Software development methodology that is utilized in this project is prototyping 
model. It is a methodology which a prototype is built, tested and then reworked as 
necessary until an acceptable prototype is finally achieved from which the complete 
system or product can now be developed. Prototyping is used when aspects of 
functionality need to be demonstrated. It can be viewed a ‘process’ which is either a 
well-defined phase within the software development life cycle or is an ‘approach’ that 
influences the whole of it [5]. 
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Each phase will cover different activities, methods and expectation. Floyd 
describes the prototyping process as consisting of functional selection, construction, 
evaluation and further use. Those functions that are to be prototyped are selected and 
a prototype is constructed. Diagram 1 shows the process of prototyping model. 

 
Fig. 1. Prototyping Model 

The process of prototyping involved in this project included planning, repeated 
phases (analysis, design, implementation and system prototype), implementation and 
final system. 

3.1 Planning 

Planning phase helps to identify issues and problem of existing similar applications 
as well as to identify potential solutions to provide basic concepts and idea to the 
proposed project. This will be done through conducting a content analysis towards 
existing similar applications and reviews some online materials as to obtain some 
facts and terminology of knowledge required for this project. A project proposal is 
produced during this phase. 

3.2 Analysis 

An analysis phase helps the gathered requirements to be documented, tracked and 
analyzed which will set the project lifecycle and direction to work. Then, analyze the 
requirements gathered to clarify the needs of this project. The required requirements 
will be gathered through a detailed content analysis, among the similar existing 
applications, and conducting a simple, unstructured interview, particularly to gauge 
some additional inputs to design the proposed mobile app. Then, these requirements 
will be analyzed utilizing an Object-Oriented Analysis (OOA) approach using UML. 
A list of requirements will be the main outcome of this phase. 
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3.3 Design 

Design phase helps to transform the analyzed requirements into design deliverables 
(case diagram, use case specification, activity diagram, sequence diagram and class 
diagram) in order to execute the prototype through a good interface design. Hence, a 
design composed of flows and solutions is sketched. This can be done through the 
help of Object-Oriented Design (OOD) approach applying UML and hand-sketched 
user interfaces. UML deliverables and sketches of interfaces will be produced in this 
phase. 

3.4 Implementation 

Implementation phase helps to transform designs into a low fidelity prototype 
using an integrated development environment (IDE) named Android Studio. Hence, 
design sketched will be transformed into a prototype that is able to run. Low fidelity 
prototype of CPMA is expected to be produced in this phase. 

3.5 System Prototype 

System prototype phase helps to produce high fidelity prototype which will then 
proceed to testing and evaluation of prototype [5]. The prototype application will go 
through an application testing (unit and functional testing) and users’ evaluation 
(usability and user satisfaction) to ensure the development app works as expected and 
satisfies users’ needs. This process is expected to produce high fidelity prototype of 
CPMA testing scripts and evaluation measures. 

4 Design and Development of CPMA 

This section describes the design and development of a mobile app for creating and 
managing conference paper following the phases of prototyping model. The section is 
divided into two sub-sections; the requirements of the mobile app for creating and 
managing CPMA and the prototype development of CPMA; a mobile app developed 
to demonstrate the requirements gathered. 

A requirement gathering process was carried out using a method which is 
analyzing documents and apps from the Internet and Play Store that are related to 
conference paper. During the requirements gathering process, documents were 
searched using Google search engine by providing keywords primarily “conference 
paper”, “article” and “mobile based conference paper management system”. The 
documents were analyzed to elicit the requirements for a mobile app that can create 
and manage conference paper. Table 2 lists six significant requirements (and their 
priority) produced from the requirements gathering process. The requirements include 
login, manage submissions, manage files, view status, modify the submitted 
conference paper’s status, and view conference paper. 
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Table 1.  List of requirements 

No Requirement Description Priority 
1 Login   

1.1 Admin can login as admin role with id and password M 
1.2 Author can login as Author role with id and password M 
1.3 Author can register as Author role using this application M 
2 Manage submission   

2.1 Author can make a submission through this application M 
2.2 Author can edit the submitted conference paper’s information O 
2.3 Author can withdraw submission through this application M 
3 Manage file   

3.1 Author can view files in this application M 
3.2 Author can replace the submitted conference paper with new conference paper M 
4 View status   

4.1 Author can view to know whether the submitted conference paper is accepted or 
rejected M 

5 Modify the submitted conference paper’s status   
5.1 Admin can modify conference paper’s status, which submitted by the author M 

5.2 After modifying the status, the application will automatically send email to the 
author for informing the result of verification M 

6 View conference paper   
6.1 Admin can view the conference paper which submitted by authors in this application M 

 
The use case diagram is detailed out to show the dynamic behavior of the app in 

table 1. Hence, the operations involved in using the mobile app for creating and 
managing conference papers are illustrated in an activity diagram of figure 2. 
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Fig. 2. Use case diagram of the CPMA 

Diagram 2 shows the use case of the CPMA. The main use case of CPMA is 
“Manage submission” as it mainly focuses on helping author manage conference 
paper easily. Login use case allows users to register and login to use all the functions 
in this application. Manage file allows users to manage their conference paper in this 
application. Moreover, view status allows users to view the submitted conference 
paper’s status easily in this application. Admin can allow to modify the submitted 
conference paper’s status and after verification. Lastly, Admin also can view the 
conference paper which submitted by authors in this application. 

The structural components of a mobile app for creating and managing conference 
paper are represented on a class diagram as illustrated in figure 3. The class diagram 
in diagram 4 shows the attributes and operations of the app. The interactions between 
the classes are illustrated clearly in the diagram. 
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Fig. 3. Class diagram of CPMA 

4.1 The Application 

A prototype of a mobile app for creating and managing grocery list named CPMA 
was developed. It represents the requirements explained in the previous subsection. 
Software prototyping is a standard way of demonstrating the software requirements so 
that further comments and suggestions could be obtained from the users based on 
their experience in interacting with the prototype. Android Studio was used as the 
main integrated development environment (IDE) tool. Further, the Firebase 
development platform was used to facilitate crucial functions like user authentication, 
and database for data storage [4]. Screenshots in Figures 4 show the selected 
interfaces of the main use case which is managed to do list during prototype 
development. 
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Fig. 4. Register Form 

Prototype is evaluated until the prototype is further used for outlining specification 
or as a part of the new system. The system is a fully functional and working 
application after iteration of application development and enhancement of the 
prototype. Naumann and Jenkins characterize prototyping as a four step, iterative 
procedure involving users and developers: 

• Users’ requirements are identified 
• A working prototype is developed 
• he working prototype is then implemented and used 
• The prototype system is revised and enhanced 

This process undergoes several iterations and steps three and four are repeated until 
the user accepts the system. Only then final system is produced. Figure 5 shows 
manage conference paper in CPMA. 
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Fig. 5. Login Interface 

4.2 Evaluation of CPMA 

A usability evaluation was conducted on 15 respondents and this has two 
categories which is an admin role group consist of 5 people and user (lecturer) role 
group consist of 10 persons. The respondents were picked by the developer which all 
of them are lecturers and close friends. However, participation of the evaluation is on 
a voluntary basis. The instruments used for the evaluation were the CPMA application 
and a post-task questionnaire. The questionnaire is created and distributed through 
google form and link to download CPMA is etched within. The post-task 
questionnaire was adapted from which consists of 8 items in two sections. Section A 
consists about demography and the background of the respondents. Section B consists 
of various aspects to measure performance of the application. Section B is evaluated 
by linear scale ranging from 1 to 7 corresponding from strongly disagrees to strongly 
agree. 

4.3 Finding of evaluation 

Section A: Demography and background (User: Lecturer): Analysis of the user 
group questionnaire about the demographic information revealed that the total number 
of admin group respondents is ten respondents. All of them are lecturer. There, 70% 
respondents are male and another 30% are female. There are 5 respondents’ age is 46 
above. There are three respondents in the age range of 36 to 45. The rest of 
respondents included in “26-35” age group. There are 5 respondents come from 
College COLGIS. Colleges COB comes from respondent have only one. The rest of 
respondent included in the CAS college category. 
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Section B: Evaluating the Conference Paper Mobile Application (User): In this 
session, Respondent rated their agreement with question based on Likert scale below. 

 
ß	Strongly	disagree	 	 Strongly	Agree	à	

1	 2	 3	 4	 5	 6	 7	

 
Fig. 6. The evaluation of conference paper mobile application on aspect productivity, 

efficiency and user-friendly interface design 

Ten respondents who are under user group have answered the questionnaire related 
to aspect productivity, efficiency and user-friendly interface design that have been 
given to them while undergo this testing study. 

Majority respondent has selected positive scale. There are only one respondent 
choose neutral scale. That means majority respondent agrees that this mobile 
application can help user to increase productivity in managing conference paper. 

In the aspect of efficiency, there are 70% respondent choose positive scale. The 
other respondent have chosen neutral scale. That shows most of the respondents think 
this mobile application is efficient in managing conference papers. 

In the aspect of user-friendly interface design, although 50% respondents have 
selected positive scale, but 20% respondent has selected “2” scale which is negative 
scale. This has shown that the interface design still has a lot of room for improvement 
in order to fulfill the user requirement. 
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Fig. 7. The evaluation of conference paper mobile application for aspect consistency interface 

design, satisfaction and functionality. 

Ten respondents who are under user group have answered the questionnaire related 
to aspect consistency interface design, satisfaction and functionality that have been 
given to them while undergo this testing study. 

In the aspect of consistency interface design, there are seven respondents choosing 
“6” scale and the others respondent choose “5” scale. In this aspect, all of the 
respondents have chosen positive scale. Obviously, this has revealed that all 
respondents agreed that interface design is consistent. 

In the aspect of satisfaction, majority respondent has selected positive scale. There 
are only two respondents choosing a neutral scale. That means majority respondent 
agrees that the user have satisfied with this mobile application. 

In aspect of functionality, 60% respondent has selected “6” scale. The rest of 
respondent has selected “4” scale. The data have revealed that conference paper 
mobile application is functionality for managing conference paper. 

Section A: Demography and background (Admin): Analysis from the admin 
group questionnaire about the demographic information revealed that the total number 
of admin group respondents has five respondents. All of them are an academia/staff. 
60% of respondent are male and another 40% of respondent are female. There are 
three respondents in the age range of 35 to 45. Another two respondents are under 
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“26-35” age group. There are four respondents come from College CAS. The left one 
respondent is coming from college COB. 

Section B: Evaluating the Conference Paper Mobile Application (Admin): In 
this session, Respondent rated their agreement with question based on the scale 
below.  

ß	Strongly	disagree	 	 Strongly	Agree	à	
1	 2	 3	 4	 5	 6	 7	

 
Fig. 8. The evaluation of conference paper mobile application on aspect productivity, 

efficiency and user-friendly interface design 

Five respondents who are under admin group have answered the questionnaire 
related to aspect of productivity, efficiency and user-friendly interface design that 
have been given to them while undergo this testing study. 

In the aspect of productivity, there are four respondents have selected “6” scale and 
the left one respondent selected “4” scale. This show majority respondent agreed that 
this mobile application can help user to increase productivity in managing conference 
paper. 

In the aspect of efficiency, the entire respondent has selected positive scale. That 
shows all of the respondents think this mobile application is efficiency in managing 
conference paper. 

In the aspect of user-friendly interface design, there are 60% respondent have 
chosen “4” scale. Another 40% respondent has selected “2”scale. Although majority 
respondent has selected neutral scale, but there two respondents have selected 
negative. This means there are respondent who are not satisfied with interface design. 
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Fig. 9. The evaluation of conference paper mobile application on aspect consistency interface, 

satisfaction and functionality. 

Five respondents who are under admin group have answered the questionnaire 
related aspect of interface consistency, satisfaction and functionality that have been 
given to them while undergo this testing study. 

In the aspect of consistency interface design, there are seven respondents selected 
“6” scale and the others respondent chosen “5” scale. In this aspect, the entire 
respondent has chosen positive scale. Obviously, these have revealed that all 
respondents agreed that interface design is consistent. 

In the aspect of satisfaction, all respondents have selected positive scale. That 
means all respondents have agreed that user have satisfied with this mobile 
application. 

In aspect of functionality, 60% respondent has selected “6” scale. The rest of 
respondent has selected “4” scale. The data have revealed that conference paper 
mobile application is functionality for managing conference paper. 

The outcomes of the evaluation suggested that CPMA is useful and easy to use. 
Further, the respondents reported they were satisfied with the feature of the app like to 
manage submission, view the submitted conference paper. Besides that, Analysis of 
the respondents’ feedback about the specific features offered by CPMA shows that 
most of the respondents agree that the registration, login, create submission, and 
withdraw the submitted conference paper were straightforward and useful. But, some 
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of respondents not satisfied with the appearance of the mobile app based on the 
finding result. 

5 Conclusion and Future Works 

This paper describes the design and development of a mobile app for creating and 
managing conference paper. There are many aspects of grocery lists can be studied. In 
the future, we plan to expand the functionality of CPMA by providing support 
towards creating and managing conference paper. Based on analysis of the finding, 
we found that the appearance of the mobile app is not satisfied by user. In the future, 
the appearance of the CPMA will be focused on improving user experience. Available 
to use in only online mode is sometimes troublesome. Development of offline mode 
allows users to perform some function the application is connection is not available. 
Once users are connected to connection, only then the application will synchronize 
with an online database. 
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Abstract—Purpose: This study endorses AI enabled Mobile Health appli-
cation and investigates usability evaluation of the Mobile Health application by 
patients’ task performance evaluation and satisfaction.  

Materials and Methods: International Organization for Standards (ISO) 
9241-11 standard metrics were used and 15 patients performed tasks on task 
success rate, errors, efficiency (time spent), satisfaction (SUS scale). 

Results: Getting registered was a top easy task while finding a relevant doc-
tor was the most difficult task for users. The satisfaction scores by SUS suggest 
good rather excellent application user experience. Male were successful task 
achievers, while educational level and mobile know-how influence the usability 
scores in terms of time consumed, task errors occurred, and task completed. 

Conclusion: Methods used in this study suggest future research from differ-
ent contexts. Using ISO 9241-11 usability standards, the SUS instrument for 
satisfaction, and measuring user characteristics influence performance and can 
provide considerable Mobile Health design. 

Keywords—Healthcare, Mobile Health (mHealth), Usability, Artificial intelli-
gence, Developing countries. 

1 Introduction 

1.1 Healthcare-Related Developing Countries Issues 

Healthcare not only provides economic expansion potential but also the basic needs 
of the country (Mahmud &Parkhurst, 2007). Over a decade global healthcare grabbed 
attention assembling institutions and organizations to deliver better healthcare ser-
vices that meet population needs in developing nations (Mills, 2014). The WHO rec-
ommends 5% of their GDP threshold to invest on healthcare to achieve set targets 
(William, 2003).However, this remains a dream for developing nations particularly, 
African and Asian countries which spend less than 5% of GDP on healthcare (Cas-
sels&Janovsky, 1998).According to UN (2018) reported about 90% of the global 
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population lives in rural areas, and this number will reach its peak by 2020. Where, 
life expectancy is worse, poverty, limited access to quality healthcare facilities, lack 
of trained healthcare workers, transport difficulty and so on, contributing to low quali-
ty of healthcare among rural population (Strasser, Kam, &Regalado, 2016). Besides 
that, skyrocketing costs, high price drugs, and hospital-acquired infection, and failure 
of care delivery leads to adverse healthcare events (Neill, 2013). Therefore, the im-
mediate innovative intervention is needed in rural areas of developing countries. 

For the past few years from a massive computer system to low-cost tablet, technol-
ogy has decentralized computational capabilities and modification in healthcare sys-
tem architect (Lanzola, Gatti, Falasconi, &Stefanelli, 1999). Moreover, in the 20th 
century, doctors operate with rare and expensive devices that allow ease with the 
accurate characterization of disease, such as heavy technology and specialist provid-
ers (Koop, Mosher, Kun, Geiling, Grigg, Long, & Rosen, 2008). These advances 
heavily initiated the inclusion of Artificial Intelligence (AI) agents to enhance the 
predictiveness in healthcare workflow (Bui, 2000). 

In healthcare transaction flow between doctor and patient, where, the advantages of 
AI have broadly triumphed in the medical literature (Jha&Topol, 2016).An AI system 
uses sophisticated algorithm to ‘Learn’ and extracts useful information from a large 
patient population to assist in making real-time inferences for health outcome predic-
tion (Neill, 2013). Moreover, the medical information volume is pilling twice in every 
three years and the estimated reading work by a physician is 29 hours to remain up-to-
date completely which is not possible (Curioni-Fontecedro, 2017). This enforcesthe 
use of AI techniques to analyse data into information to improve quality and lower the 
cost of patient care (Neill, 2013) to assist in the clinical practices. 

There are more than 97000 AI enabled mobile healthcare applications(mHa) avail-
able on Google Play and Apple’s App which would be downloaded by 500 million 
people till 2015 (Jahn& Houck, 2013-2017) while, 50% of these appswere estimated 
to be downloaded on smartphones by 2017 (Siltala, 2013).This phenomenon has 
turned smartphones into medical kits for real-time health monitoring of patient’s ac-
tivities, early predictability,disease screening, improved medication adherence 
(Alemdar&Ersoy, 2010)by medical professionals and reduce diagnostic errors that are 
inevitable in human clinical practices (Pearson, 2011). 

Advantageously, over 85% of global population is under umbrella of commercial 
wireless signals (WHO, 2011) and 80% of them use the internet on smartphones 
(Dave, 2018), and developing countries like Pakistan has mobile user base above 90% 
with 2G internet coverage (PTA annual report 2014-2015).Keeping this impact, a 
satellite-based e-medicine initiative with USA training support to 45 doctor/ nurses in 
Sindh with SUPARCO, the space agency of Pakistan, was launched, limited to Kara-
chi and Shikarpur (Malik, 2007). Though all these initiatives ended in ashes yet, pene-
tration of cheaper access to mobile technology is new breath to healthcare system in 
Pakistan through mHealth apps for cost-efficient, effective, and quality healthcare 
services.Therefore, by AI-powered mHealth apps holds the future for efficient quality 
healthcare services, particularly, in remote areas of developing countries like Paki-
stan. 
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The past research comprises heavily of a useful literature review or surveys rather 
ground studies compared to its western counterparts. Therefore, there is dire need to 
conduct field investigation on mHealth app usability (Ozdalga, Ozdalga, &Ahuja, 
2012), as a higher percentage of studies lack empirical evidence of field validation for 
applications (Insfran& Fernandez, 2008). To serve the field-testing urge, mobile usa-
bility tests are best suitable to best understand the usage of smartphone technology. 

Accordingly, mobile application usability is considered a quality feature that indi-
cates how this product enables users to learn and use without difficultyand actual 
performance of the application. Thus, usability evaluation has become vital for the 
smartphones as well to prevent the application being difficult to use (Coursaris& Kim, 
2011) and indeed it determines the success of that application (Baharuddin, Singh, 
&Razali, 2013). Usability, in other words, is the facility with which users can use a 
technology artefact to achieve a specific goal (Coursaris& Kim, 2011) with the key 
feature are efficiency, effectiveness, and satisfaction, according to ISO 9241– 11. 

Importantly, despite the mHealth system popularity, 95% of applications are no 
tested (Furlow, 2012). Therefore, prior to the trial of mHealth technology, it is neces-
sary for designers to consider the usability of these technologies (Brown III, Yen, 
Rojas, &Schnall, 2013). Surprisingly, most of the advancements are exclusive of the 
patient’s interface (Heathfield& Wyatt, 1993). Where, often the patient complaint is 
rectified rather patient treatment (Coiera, 1997). Therefore, patients’ involvement is 
important to evaluate and attempt to improve healthcare quality (Kim, Trace, Mey-
ers,& Evens,1997) including greater patient satisfaction, increased adherence to 
treatment, and positive treatment outcomes (Tennstedt, 2000).As a result, further 
investigation is needed to ensure the appropriate designing of mobile healthcare tech-
nologies before considering them for health interventions (Wolf, Moreau, Akilov, 
Patton, English, &Ho et al., 2013).  

1.2 Measuring Usability  

ISO 9241-11 provides quantitative usability design (see fig: 1) that outlines metrics 
for the user with steps by user-centred-design (UCD) which provides user hands-on 
procedure. Typical task performance is most common usability test to measures ade-
quate effectiveness: to what extent the user achieves desired goals, efficiency: the 
level of effort and resource usage put in by the user in relation to accuracy and com-
pleteness, and satisfaction: association or discontent experienced by the user while 
performing the task. at an acceptable usability level (ISO, 1998, Jaja, Pares-Avila, 
&Wolpin, 2010).  
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Fig. 1. Fig. 1.ISO 9241-11 Usability framework 

Effectiveness and efficiency are measured by task completion and counting num-
bers errors in an attempt to interact with the application. While efficiency is measured 
by efforts and resource put by the user deemed to achieve the task. Whereas, satisfac-
tion is measured objectively with available instruments.Such as the System Usability 
Scale (SUS). Developed and designed by Brooke, the SUS encompasses 10-items on 
0-4 range Likert scale (Brooke, 1996), typically administered after user application 
interaction to record the experience. This study used SUS for validity, reliability, and 
sensitivity scores ranging from 0-100. The score of 50or below is poor, above 70 is 
considered as good, and a score of 85 or above is excellent usability score (Bangor, 
Kortum, & Miller, 2009).  

2 Materials and Methods 

Inclusion criteria for users in this study were patients with different types of sea-
sonal diseases such as cold, cough, chest congestion etc, adults above 18 years of age, 
some knowledge of computer and mobile phone use, with at least read, listen, and 
speak English, own smartphone, and have no interaction with mHealth application 
before this study. After performing tasks, participants were requested to respond few 
scheduled questions at nearby suitable place or room within premises of conveniently 
selected hospital of Sindh province, Pakistan.  

2.1 System Description 

The ‘’Pharmapedia Pakistan’’ by pharma developers is the top mobile healthcare 
app by Google play downloaded by users in Pakistan. However, this application fea-
tures medicine details from chemical compound to alternate names and availability to 
the users. Due to the limited scope of ’Pharmapedia Pakistan’’, ‘’Mytabeeb’’ mHealth 
application is currently downloaded by 3000 doctors in 60 hospitals across Pakistan 
since January 2016 (Farah, 2017). Moreover, it features doctor and patient interaction 
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(see figure 2&3 as a sample). This app makes a list of recommended good doctors to 
access any time. Yet, developers are working for ratings on doctor efficiency and 
database that manages the efficiency of this app as well which makes this app sound 
for usability evaluation in this study. 

 
Fig. 2. Main Menu 

 
Fig. 3. Doctor Selection Portal 
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2.2 User Assessment Tasks, instruments, and Measures 

The tasks are given to participants included: 

• Getting registered with the system 
• Identifying the target disease of patient in the application 
• Specifying the illness/ problem 
• Searching for related doctor 
• Setting reminders as per doctor recommendations 
• Setting appointment reminders with doctor 

The tasks were based on the real case scenario as to how patients would interact 
with the system in a real-life situation and were validated by healthcare professionals 
as well. Followed by instrument measuring their age, gender, educational background, 
and their experience. 

The ISO measures were the guidelines, as effectiveness was measured by: 

• User was able to complete the task without help 
• Completed the task with some difficulty or help 
• User failed to complete the task even after help 

An error was coded that user fails to solve to complete the task. Efficiency was 
measured by averaging the time taken by the individual users to complete each task 
from start to till exiting the app by the user. Satisfaction was measured by using SUS 
and scores were calculated following Brooke’s guidelines. Such that, 1 point was 
deducted from item 1,3,53,7,9, and 5 points from 2,4,6,8, 10 items respectively. The 
user application interaction process began after finishing demographic characters. The 
collected data from 15 users then proceeded for data analysis and results were calcu-
lated using Microsoft Excel spreadsheet. Descriptive statistics such as means and 
standard deviations were calculated in SPSS version 24. 

3 Results 

The 15 patient users shared different demographic characteristics. 8 patients were 
female and 7 were male. Most (70%) of them were middle age adults (30-39 years), 
30% were between 20-29 years of age, 70% had a college education, while, 90% were 
familiar with computer and mobile usage. 60% of patients were diagnosed with the 3-
month-chronic disease while remaining were affected less than 3 months. 

3.1 Effectiveness 

Task 5 and 6 were difficult with 30% and 40% failure rates respectively. Task 1, 2, 
3, 5, and 6 were completed easily without errors. Task 4 was the most difficult to 
complete and accumulated the largest errors. The kinds of errors that occurred were 
difficult to remember steps by patients, seemingly similar options, specifically, (4) 
selecting the related doctor. 
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3.2 Efficiency  

As may be seen in Table 1, task 3 and 4 consumed the longest amount of time, as 
might be expected given the difficulties with task success and errors mentioned 
above. On the other hand, Tasks 2 and 5 took the shortest times. Tasks of specifying 
the illness/ problem and searching for related doctor (3 and 4) had mean scores 2–3 
times as long as those related to interpreting values. As from table 1 most of the time 
consumed on task (3) and (4), while, task (5) took the shortest time. The mean scores 
for (2) and (6) were 2-3 times as long as those related to getting registered. 

Table 1.  Time on task per task 

    Task 1  Task 2  Task 3  Task 4  Task 5  Task 6  
Time per task (min)  Mean (SD)  1.09 (0.70)  1.99 (0.69)  4.45 (1.67)  3.68 (1.76)  1.36 (0.39)  2.21 (0.73)  
  Range  0.94–2.38  0.91–2.50  1.56–6.47  1.39–6.89  0.89–2.01  1.27–3.77  

3.3 Satisfaction 

The average SUS score for the group was 85.5 (SD 12) indicating good satisfaction 
across these mHealth application users as seen in figure 4. However, a wide variation 
in the score from low of 61.5 and a high score of 98.5 (at a 37-point range).While the 
highest ranged from 78.5 to 98.5 good or excellent (30% of the patient sample) to the 
lowest from 61.5 to 75 to minimally acceptable (30% of the patient sample). 

 
Fig. 4. Overview of modified SUS 

3.4 Descriptive and Usability Metrics  

User characteristics and objective data were assessed, additional insight is observed 
in table 2. Descriptive statistics indicate a different across gender, age, and patient 
experiences. Males in this sample had higher average success, lower error rates, and 
higher mean SUS scores than female. The younger patient also had higher average 

iJIM ‒ Vol. 13, No. 11, 2019 219



Paper—Usability Evaluation of Mobile Health Application from AI Perspecti in Rural Areas of ...  

task completion rates on tasks, only one error average on tasks, lower task completion 
times, and higher mean satisfaction scores. Patients with a recent disease had a higher 
mean satisfaction score, task success rates, fewer errors, short average time on tasks, 
and higher SUS score. Education seems to have no influence on satisfaction scores, 
while mobile familiarity added fewer errors to complete tasks.  

Table 2.  Comparison between user characteristics and usability metrics 

User characteristics  Success rate, mean 
(SD)  

Error rate, 
mean (SD)  

Time on task, 
mean (SD)  

Satisfaction, mean 
(SD) 

Gender 
    

Male  95.05 (10.50)  1.25 (2.63)  1.05 (0.30)  85.31 (2.50) 
Female  85.58 (11.92)  3.01 (2.71)  2.01 (0.45)  75.09 (13.08) 
Age (years) 

    

20–29 100 (0.00)  1.00 (1.00)  1.50 (0.25)  89.65 (8.44) 
30–39  90.50 (12.55)  4.40 (2.50)  2.45 (0.75)  75.40 (12.50) 
Disease (months) 

    

0–1  100 (0.00)  1.05 (1.09)  1. 70 (0.30)  85.10 (6.07) 
3 85.42 (12.29)  4.75 (2.78)  2.90 (0.80)  78.33 (11.75) 
Education 

    

High school  93.75 (8.84)  3.40 (0.69)  2.31 (0.20)  80.25 (11.37) 
College/university  90.63 (12.94)  3.65 (3.77)  2.22 (0.87)  85.35 (12.53) 
Comp/ mobile Experi-
ence 

    

Less experienced  85.50 (16.04)  6.35 (3.54)  2.76 (0.20)  65.86 (19.14) 
More experienced  92.10 (11.50)  2.60 (2.01)  2.10 (0.52)  89.52 (10.48) 
Sample (n 10)  91.05 (11.80)  3.45 (2.73)  2.35 (0.65)  80.50 (11.85) 

4 Discussion 

This study demonstrates Usability Evaluation Model for the application and how 
researchers may consider relevant characteristics during mHealth application interac-
tion. These recommendations are in line with growing mHealth usage rates (El-Gayar, 
Timsin, &Nawar, 2013). This study depicts the deployment of ISO standards to eval-
uate application usability in terms of effectiveness, efficiency, and patient satisfaction. 
The inclusive set of factors allow in-depth understanding of application usability by 
the user, their task, and their performance interaction requirements for health applica-
tion. Moreover, this study shows how patient’s characteristics may influence interac-
tion performance and how developers might enhance eHealth and mHealth applica-
tions on practical grounds. 

4.1 Interpretation of Task Performance Results, Satisfaction, and 
Demographic Trends 

Findings of this study show that task 4 (selecting relevant doctor) and 6 (setting 
appointment reminders with doctor) had errors, difficult, and were time-consuming to 
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user practice. These outcomes may be due to the steps involved and limited options 
due to application comprehensiveness. As compared to the task (1 registration) that 
involves one easy step and most registration, in general, it has become a routine task 
over internet portals in contemporary life settings. The overall satisfaction results 
were good for application usability rather excellent. These results indicate areas that 
need to be improved by developers. For example, multiple steps, repeated infor-
mation, limited or similar options, and exact selection of keywords was difficult as in 
task 2 (identifying the target disease of the patient in the application) and task 4 
(searching for related doctor). 

Demography of the sample reveals that male were more aware than female re-
spondents and performed with slightly better SUS scores. Similarly, younger patients 
also performed faster with few errors. This directs that developers must consider the 
demographic characters for more user-friendly interaction that will benefit a wide 
range of users. As results depict that user at ease with application achieved tasks with 
fewer errors, faster, and successfully completed the task which also increases user 
satisfaction. 

4.2 Contributions to the Literature 

To our knowledge, it is the first usability study on the mHealth application in the 
healthcare system in Sindh province of Pakistan in terms of assessing usability effec-
tiveness, efficiency, and satisfaction by using validated measure. Additionally, the 
study utilized ISO designed usability standards and SUS instrument to compare usa-
bility metric performance outcomes to pertinent patient user characteristics. This 
study addressed the recommended gap of usability studies on patient product interac-
tion by scholars (e.g., Mulvaney, Ritterband, &Bosslet, 2011; El-Gayar, Timsin, 
&Nawar, 2013). Further, addressed the need to explore the demographic characteristic 
and technology influence on usability performance scores to design future interven-
tions for targeted populations (e.g., Coursaris& Kim, 2011; Or, & Tao, 2012). Also, 
addressed a recommendation to measure effectiveness, efficiency, and satisfaction 
(Lyles, Sarkar, & Osborn, 2014). In the past authors focused on negative outcomes of 
usability findings, this study depicted positive mHealth usability application. This 
study followed valid ISO standard methodology to explain the core usability issues 
that need to be addressed and provides specific technique on which scholars can capi-
talize to evaluate and improve mHealth usability application in the healthcare system 
in the Asian context. 

5 Conclusion 

The study findings serve as an exemplar for Usability Evaluation Model with good 
perceived usability satisfaction, and nearly 1/ 3rd of users rated at poor usability of 
the application. The results show objective data for developers and directly needed 
corrections. The objectivity of the results shows variation in the users that indicate 
developer and user mismatch that needs to be addressed.  
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This study utilizes a systematic quantitative approach by considering the different 
needs of the user who interacted with the mHealth application. It also reveals the 
practicality of the performance of different kinds of assessment measures. The study 
used the ISO standard method to measure effectiveness, efficiency, and satisfaction 
with validated tools such as the SUS instrument. Together, these application usability 
measures provide better understanding and serve as an exemplar for the methodologi-
cal approaches by designers and researchers. 

Literature gaps were addressed in this study by examining different characters 
among patients with technological know-how which provides feasibility for the de-
veloper to improve the design of mHealth application for better user usability on prac-
tical grounds. Moreover, results also indicate that socio-geographical, and personal 
features may influence the user experience. Therefore, in a wider perspective and 
applicability these results would play influencing role on mHealth application usabil-
ity and developmental experience in future. 

6 References 

[1] Alemdar, H., & Ersoy, C. (2010). Wireless sensor networks for healthcare: A sur-
vey. Computer networks, 54(15), 2688-2710. https://doi.org/10.1016/j.comnet.2010.05.003 

[2] Top App Store apps in Pakistan | Medical – SimilarWeb (Access May 5, 
2019).https://www.similarweb.com/apps/top/google/store-rank/pk/medical/top-free 

[3] Baharuddin, R., Singh, D., &Razali, R. (2013). Usability dimensions for mobile applica-
tions-a review. Res. J. Appl. Sci. Eng. Technol, 5(6), 2225-2231. 

[4] Bangor, A., Kortum, P., & Miller, J. (2009). Determining what individual SUS scores 
mean: Adding an adjective rating scale. Journal of usability studies, 4(3), 114-123. 

[5] Brown III, W., Yen, P. Y., Rojas, M., &Schnall, R. (2013). Assessment of the Health IT 
Usability Evaluation Model (Health-ITUEM) for evaluating mobile health (mHealth) tech-
nology. Journal of biomedical informatics, 46(6), 1080-1087. https://doi.org/10.1016/j.jbi. 
2013.08.001 

[6] Bui, T. (2000). Building agent-based corporate information systems: An application to tel-
emedicine. European Journal of Operational Research, 122(2), 242-257. https://doi.org/ 
10.1016/s0377-2217(99)00231-3 

[7] Cassels, A., &Janovsky, K. (1998). Better health in developing countries: are sector-wide 
approaches the way of the future? The Lancet, 352(9142), 1777-1779. https://doi.org/10.10 
16/s0140-6736(98)05350-1 

[8] Coiera, E. (1997). Guide to medical informatics, the internet and telemedicine. Chapman & 
Hall, Ltd. 

[9] Coursaris, C. K., & Kim, D. J. (2011). A meta-analytical review of empirical mobile usa-
bility studies. Journal of usability studies, 6(3), 117-171. 

[10] Curioni-Fontecedro, A. (2017). A new era of oncology through artificial intelligence. 
[11] Darcy, A. M., Louie, A. K., & Roberts, L. W. (2016). Machine learning and the profession 

of medicine. Jama, 315(6), 551-552. https://doi.org/10.1001/jama.2015.18421 
[12] Dave Chaffey (11 Jul, 2018) “Mobile marketing statistics compilation’. 05-June-2016.” 

[Online]. Available: http://www.smartinsights.com/mobile-marketing/ mobile-marketing-
analytics/mobile-marketing-statistics/  https://doi.org/10.15358/9783800653140-121 

222 http://www.i-jim.org

https://doi.org/10.1016/j.comnet.2010.05.003
https://doi.org/10.1016/j.comnet.2010.05.003
https://www.similarweb.com/apps/top/apple/store-rank/pk/medical/top-free/iphone
https://www.similarweb.com/apps/top/apple/store-rank/pk/medical/top-free/iphone
https://www.similarweb.com/apps/top/google/store-rank/pk/medical/top-free
https://www.similarweb.com/apps/top/google/store-rank/pk/medical/top-free
https://doi.org/10.1016/j.jbi.2013.08.001
https://doi.org/10.1016/j.jbi.2013.08.001
https://doi.org/10.1016/s0377-2217(99)00231-3
https://doi.org/10.1016/s0377-2217(99)00231-3
https://doi.org/10.1016/s0140-6736(98)05350-1
https://doi.org/10.1016/s0140-6736(98)05350-1
https://doi.org/10.1001/jama.2015.18421
https://doi.org/10.1001/jama.2015.18421
https://doi.org/10.15358/9783800653140-121


Paper—Usability Evaluation of Mobile Health Application from AI Perspecti in Rural Areas of ...  

[13] El-Gayar, O., Timsina, P., Nawar, N., & Eid, W. (2013). Mobile applications for diabetes 
self-management: status and potential. Journal of diabetes science and technology, 7(1), 
247-262. https://doi.org/10.1177/193229681300700130 

[14] Farah Saleem (2017). Top 5 Healthcare and Medical Apps for Pakistani Patients. (access 
May 5, 2019). https://propakistani.pk/2016/03/15/top-5-healthcare-and-medical-apps-for-
pakistani-patients/ 

[15] Furlow, B. (2012). mHealth apps may make chronic disease management easier. Retrieved 
January, 10, 2013. 

[16] Heathfield, H. A., & Wyatt, J. (1993). Philosophies for the design and development of 
clinical decision-support systems. Methods of information in medicine, 32(01), 01-08. 
https://doi.org/10.1055/s-0038-1634896 

[17] International Organization for Standardization. Ergonomic requirements for office work 
with visual display terminals (VDTs) Part 11 Guidance on usability. International standard, 
9241-11. Geneve: ISO; 1998. https://doi.org/10.3403/01822507u 

[18] Insfran, E., & Fernandez, A. (2008, September). A systematic review of usability evalua-
tion in web development. In International Conference on Web Information Systems Engi-
neering (pp. 81-91). Springer, Berlin, Heidelberg. https://doi.org/10.1007/978-3-540-
85200-1_10 

[19] ISO/IEC 25010:2011 System and software quality models.  
[20] Jahns, R.-G., Houck, P., Mobile Health Market Report 2013–2017. 

http://www.research2guidance.com/shop/index.php/mobile-healthtrends-and-figures 2013–
2017. Accessed 23 Nov 2013, 2013.  

[21] Jaja, C., Pares-Avila, J., Wolpin, S., & Berry, D. (2010). Usability evaluation of the inter-
active Personal Patient Profile-Prostate decision support system with African American 
men. Journal of the National Medical Association, 102(4), 290-302. https://doi.org/10.10 
16/s0027-9684(15)30601-5 

[22] Jha, S., &Topol, E. J. (2016). Adapting to artificial intelligence: radiologists and 
pathologists as information specialists. Jama, 316(22), 2353-2354. https://doi.org/10.1001/ 
jama.2016.17438 

[23] Koop, C. E., Mosher, R., Kun, L., Geiling, J., Grigg, E., Long, S., & Rosen, J. M. (2008). 
Future delivery of health care: Cybercare. IEEE Engineering in Medicine and Biology 
Magazine, 27(6), 29-38. https://doi.org/10.1109/memb.2008.929888 

[24] Kim, J., Trace, D., Meyers, K., & Evens, M. (1997). An empirical study of the Health Sta-
tus Questionnaire System for use in patient-computer interaction. In Proceedings of the 
AMIA Annual Fall Symposium (p. 86). American Medical Informatics Association. 

[25] Lanzola, G., Gatti, L., Falasconi, S., &Stefanelli, M. (1999). A framework for building co-
operative software agents in medical applications. Artificial intelligence in medicine, 16(3), 
223-249. https://doi.org/10.1016/s0933-3657(99)00008-1 

[26] Lyles, C. R., Sarkar, U., & Osborn, C. Y. (2014). Getting a technology-based diabetes in-
tervention ready for prime time: a review of usability testing studies. Current diabetes re-
ports, 14(10), 534. https://doi.org/10.1007/s11892-014-0534-9 

[27] Mahmud, A., &Parkhurst, M. (2007). The role of the health care sector in expanding eco-
nomic opportunity. Corporate Social Responsibility Initiative Report, (21). 

[28] Malik, A. Z. (2007, June). Telemedicine country report-Pakistan. In 2007 9th International 
Conference on e-Health Networking, Application and Services (pp. 90-94). IEEE. 
https://doi.org/10.1109/health.2007.381611 

[29] Mat Siltala (Aug 20, 2013). “Is mobile healthcare the future?, (Access May 5, 2019). 
[Online]. Available: http://www.greatcall.com/greatcall/lp/ is-mobile-healthcare-the-
future-infographic.aspx 

iJIM ‒ Vol. 13, No. 11, 2019 223

https://doi.org/10.15358/9783800653140-121
https://doi.org/10.1177/193229681300700130
https://doi.org/10.1177/193229681300700130
https://propakistani.pk/2016/03/15/top-5-healthcare-and-medical-apps-for-pakistani-patients/
https://propakistani.pk/2016/03/15/top-5-healthcare-and-medical-apps-for-pakistani-patients/
https://propakistani.pk/2016/03/15/top-5-healthcare-and-medical-apps-for-pakistani-patients/
https://doi.org/10.1055/s-0038-1634896
https://doi.org/10.1055/s-0038-1634896
https://doi.org/10.3403/01822507u
https://doi.org/10.3403/01822507u
https://doi.org/10.1007/978-3-540-85200-1_10
https://doi.org/10.1007/978-3-540-85200-1_10
http://www.research2guidance.com/shop/index.php/mobile-healthtrends-and-figures 2013�2017
http://www.research2guidance.com/shop/index.php/mobile-healthtrends-and-figures 2013�2017
https://doi.org/10.1016/s0027-9684(15)30601-5
https://doi.org/10.1016/s0027-9684(15)30601-5
https://doi.org/10.1001/jama.2016.17438
https://doi.org/10.1001/jama.2016.17438
https://doi.org/10.1109/memb.2008.929888
https://doi.org/10.1109/memb.2008.929888
https://doi.org/10.1016/s0933-3657(99)00008-1
https://doi.org/10.1016/s0933-3657(99)00008-1
https://doi.org/10.1007/s11892-014-0534-9
https://doi.org/10.1007/s11892-014-0534-9
https://doi.org/10.1109/health.2007.381611
https://doi.org/10.1109/health.2007.381611


Paper—Usability Evaluation of Mobile Health Application from AI Perspecti in Rural Areas of ...  

[30] Mills, A. (2014). Health care systems in low-and-middle-income countries. New 
England Journal of Medicine, 370(6), 552-557  

[31] Mulvaney, S. A., Ritterband, L. M., &Bosslet, L. (2011). Mobile intervention design in di-
abetes: review and recommendations. Current diabetes reports, 11(6), 486. https://doi.org/ 
10.1007/s11892-011-0230-y 

[32] Neill, D. B. (2013). Using artificial intelligence to improve hospital inpatient care. IEEE 
Intelligent Systems, 28(2), 92-95. https://doi.org/10.1109/mis.2013.51 

[33] Or, C., & Tao, D. (2012). Usability study of a computer-based self-management system for 
older adults with chronic diseases. JMIR research protocols, 1(2), e13. https://doi.org/10.2 
196/resprot.2184 

[34] Ozdalga, E., Ozdalga, A., &Ahuja, N. (2012). The smartphone in medicine: a review of 
current and potential use among physicians and students. Journal of medical Internet re-
search, 14(5), e128. https://doi.org/10.2196/jmir.1994 

[35] Pakistan Telecommunication Authority. “Pta annual report 2014-2015, (Access May 5, 
2019).” [Online]. Available: http://www.pta.gov.pk/index.php?option=com content & 
view= article & id=2184: pta-annual-report-2015&catid=94: news updates  

[36] Pearson T. How to replicate Watson hardware and systems design for your own use in 
your basement. 2011 https://www.ibm.com/ developerworks/community/blogs/Inside 
SystemStorage/entry/ibm_watson_how_to_build_your_own_watson_jr_in_your_baseme 
nt7? (accessed May 5, 2019). https://doi.org/10.1002/9781119449409.ch2 

[37] Strasser, R., Kam, S. M., &Regalado, S. M. (2016). Rural health care access and policy in 
developing countries. Annual review of public health, 37, 395-412. https://doi.org/10.1146/ 
annurev-publhealth-032315-021507 

[38] The market for mHealth applications. (Access May 5, 2019) [Online]. Available: http:// 
research2guidance.com/2013/03/07/the-market-for-mHealth-app-services-will-reach-26-
billion-by-2017/  

[39] United Nations (2018). Department of Economic and Social Affairs https://www.un.org/ 
development/desa/en/news/population/2018-revision-of-world urbanization-prospects.html 

[40] WilliamSavedoff (2003). How Much Should Countries Spend on Health? https://www. 
who.int/health_financing/en/how_much_should_dp_03_2.pdf 

[41] Wolf, J. A., Moreau, J. F., Akilov, O., Patton, T., English, J. C., Ho, J., & Ferris, L. K. 
(2013).Diagnostic inaccuracy of smartphone applications for melanoma detection. JAMA 
dermatology, 149(4), 422-426. https://doi.org/10.1001/jamadermatol.2013.2382 

[42] World Health Organization, mHealth: New horizons for health through mobile technolo-
gies, 2011.  

7 Authors 

Abdul Samad Dahri, is a Ph.D. in HRM and progressive publication are in differ-
ent fields of research mainly related to human resource management. His current 
research revolves around harmonizing management with innovation technology in 
different sectors. 

Ahmed Al-Athwari is a former web developer at YemenSoft Company, Sana’a, 
Yemen. Currently, he is a master student at school of computing, Universiti Utara 
Malaysia. He is doing research on Software Engineering and IT Management. 
ah.alathwari20112@hotmail.com 

224 http://www.i-jim.org

https://doi.org/10.1007/s11892-011-0230-y
https://doi.org/10.1007/s11892-011-0230-y
https://doi.org/10.1109/mis.2013.51
https://doi.org/10.1109/mis.2013.51
https://doi.org/10.2196/resprot.2184
https://doi.org/10.2196/resprot.2184
https://doi.org/10.2196/jmir.1994
https://doi.org/10.2196/jmir.1994
https://doi.org/10.1002/9781119449409.ch2
https://doi.org/10.1002/9781119449409.ch2
https://doi.org/10.1146/annurev-publhealth-032315-021507
https://doi.org/10.1146/annurev-publhealth-032315-021507
http://research2guidance.com/2013/03/07/the-market-for-mHealth-app-services-will-reach-26-billion-by-2017/
http://research2guidance.com/2013/03/07/the-market-for-mHealth-app-services-will-reach-26-billion-by-2017/
http://research2guidance.com/2013/03/07/the-market-for-mHealth-app-services-will-reach-26-billion-by-2017/
https://www.un.org/development/desa/en/news/population/2018-revision-of-world urbanization-prospects.html
https://www.un.org/development/desa/en/news/population/2018-revision-of-world urbanization-prospects.html
https://www.un.org/development/desa/en/news/population/2018-revision-of-world urbanization-prospects.html
https://doi.org/10.1001/jamadermatol.2013.2382
https://doi.org/10.1001/jamadermatol.2013.2382


Paper—Usability Evaluation of Mobile Health Application from AI Perspecti in Rural Areas of ...  

Azham Hussain is the Associate Professor of Software Engineering at School of 
Computing, Universiti Utara Malaysia, Kedah, Malaysia. He is the founder of Hu-
man-Centered Computing Research Group, which is affiliated with the Software 
Technology Research Platform Center at School of Computing, Universiti Utara Ma-
laysia. Azham Hussain is a member of the US-based Institute of Electrical and Elec-
tronic Engineers (IEEE), and actively involved in both IEEE Communications and 
IEEE Computer societies. azham.h@uum.edu.my 

Article submitted 2019-08-13. Resubmitted 2019-09-26. Final acceptance 2019-09-27. Final version 
published as submitted by the authors. 

iJIM ‒ Vol. 13, No. 11, 2019 225



Short Paper—ARROBO, Augmented Reality-Based Mobile Application for Supporting Innovative...  

ARROBO, Augmented Reality-Based Mobile Application 
for Supporting Innovative Learning in Robotics 

https://doi.org/10.3991/ijim.v13i11.10816 

Abdur Rachman Yusuf, Agus Efendi(*), Rosihan Ari Yuana	 
Universitas Sebelas Maret, Jawa Tengah, Indonesia 

agusefendi@staff.uns.ac.id 

Abstract—The results of the study show that the use of technology in the 
classroom has a positive impact on students learning and behavior. The use of 
technology in education also makes students more independent in learning. One 
form of technology is augmented reality. Augmented reality is a technology to 
produce and combine virtual objects into the real world. In learning robotics, 
there are several problems, namely limited costs and the limited number of 
tools. Obstacles to learning robotics in addition to the cost and number of tools, 
namely the limited time and condition of the class that must be arranged so that 
it is not chaotic. In this study, will be discussed on the development of an 
augmented reality mobile application named ARROBO. The purpose of making 
ARROBO is to overcome the problem of limited costs and the limited number 
of tools. In addition to discussions about development, this paper will also be 
presented on the results of the feasibility test of the learning media. Based on 
the results of the feasibility test using ISO 25010, the results obtained in the 
functional suitability aspect obtained a score of 100%, the portability aspect 
obtained a score of 100%, media expert ratings obtained a score of 90%, and 
usability aspects obtained a score of 84%. In addition, the assessment of 
material experts obtained 100% results on aspects of material accuracy. Based 
on these results it can be concluded that the ARROBO application belongs to 
the "Very Worthy" category to use. 

Keywords—Augmented reality, mobile applications, technology, learning 
media, robotics 

1 Introduction 

In recent years, augmented reality technology is growing along with the growth in 
the number of smartphone and internet users in the world. Data from the Ministry of 
Communication and Information (KOMINFO), of Indonesia's population of 250 
million people, smartphone users in Indonesia in 2015 reached more than 100 million 
people. With such a large number, Indonesia in fourth ranks active smartphone users 
after China, India, and America[1]. In the last decade, mobile device users who use 
the Android operating system are increasing. Increased mobile device users provide 
opportunities for the use of mobile devices for educational purposes[2]. Teaching and 
learning activities that utilize learning media with renewable technology are the right 
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solution for delivering learning material. One form of use of mobile devices for 
educational purposes is augmented reality technology. Augmented reality itself is a 
technology that enables the integration of the digital world into the real world. Virtual 
objects appear according to environmental conditions in the real world[3]. According 
to Rohmah, augmented reality is a technology to produce and combine virtual objects 
into the real world[4]. 

The results showed that the use of technology in the classroom had a positive 
impact on students perspective on student learning and behavior. Using technology in 
education tends to make students more independent in learning[5]. Augmented reality 
makes the process of visualization and delivery of information more varied where 
information can be presented using digital media, one of which is a 3-dimensional 
object[6]. According to Qumillaila, the ability to present virtual objects by augmented 
reality in real life in real time can activate a sense of existence, closeness, and 
interaction with students[7]. Augmented reality is also considered to have an effect to 
increase student motivation [8]. Augmented reality can also help individuals improve 
their knowledge and understanding of what happens around them[9]. 

Researchers have reviewed the conditions in the field that there are obstacles in 
learning robotics in Informatics and Computer Education Department, Universitas 
Sebelas Maret, namely limited costs and the limited number of tools. According to 
Alimisis, the obstacles of learning robotics in addition to the cost and number of tools, 
namely the limited time and conditions of the class that must be arranged so that it is 
not chaotic[10]. Augmented reality can replace the function of teaching aids, often 
learning aids cannot be used optimally because of limited costs and the limited 
number of tools. From these observations, the researchers felt the need for a media to 
support the delivery of robotics material. 

Therefore, it is necessary to conduct research that can provide innovation in 
learning activities, research will be carried out in Informatics and Computer 
Education Department, Universitas Sebelas Maret. 

2 Method 

To develop the application, the ADDIE[11] development model was chosen in this 
research because it has a systematic and sequential process. The ADDIE process 
includes analysis, design, develop, implement, and evaluate, but the researcher limits 
it to the develop stage. The analysis phase aims to find out the problem and the right 
solution to overcome the problem, in addition to the collection of teaching material 
and analysis of the need to create media. The material contained in this media refers 
to line follower robotics material, which includes components used to make line 
follower robots and also component installation simulations. At the design stage, 
material planning and display are carried out. The material is arranged based on the 
material taught in the class, starting from the introduction of components to assembly. 
The design of the display includes the front cover of the module book, module 
content, and user interface design. At the development stage, learning media 
applications are made using the waterfall model according to the design. After the 
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application is completed, the application is tested for the accuracy of the material by 
material experts instruments adopt from Hanafi [12], then quality tested based on ISO 
25010 covers functional suitability, portability, and usability [13], selected 3 points 
because it adjusts to the system contained in this application[14]. Functional 
compatibility and portability are tested by media experts. Functional compatibility 
aspects were tested using Test Case from softwaretestinghelp.com and portability 
aspects were tested using tools from the web of kobiton.com. Criteria for scoring 
media experts using the Guttman scale. After being tested by media experts and 
getting input, usability was tested on users adopting Lund's "USE Questionnaire" 
questionnaire[15] with 4 test points, namely usefulness, ease of use, ease of learning, 
and satisfaction. Scoring criteria by users using a Likert scale[16]. For the feasibility 
category, the application uses the assessment criteria by Riduwan [16]. 

3 Result 

ARROBO is expected to be able to load all teaching material on "line follower" 
robotics, there are 3-dimensional illustrations on the introduction of robotics 
components, there is 3-dimensional animation on the installation of components, there 
is an information menu in which there are instructions, about applications, and 
application objectives. ARROBO application is designed using use case diagrams as 
in Figure 3.1, activity diagrams, and sequence diagrams. Use case diagrams are used 
to find out the role of users in this media, for example, users can choose the material 
to be displayed [17]. In the system, there is only one actor, namely the user. Users can 
access the augmented reality mode (“start” menu), which the camera will appear, 
users can scan on the "marker" that has been made to display simulations or 3-
dimensional models, the 3-dimensional model contained in the augmented reality 
menu can be enlarged or reduced in size with "pinch" on the screen, besides the 3-
dimensional model can also rotate by itself. "Marker" in augmented reality mode is a 
marker which consists of reference points to make it easier for the camera to read 
images to be recognized by the application. In the material menu, users can access 
material that has been compiled and adapted to teaching material, in this menu users 
can choose which material to display. On the about menu, there is information about 
the application, the purpose of the application, and how to use the application. On the 
exit menu, users can exit the application. 

Activity diagrams describe the flow of activity in the system that is being designed, 
showing flow from beginning to end[18]. The activity diagram is shown in Figure 3.2. 

228 http://www.i-jim.org



Short Paper—ARROBO, Augmented Reality-Based Mobile Application for Supporting Innovative...  

 
Fig. 1. Use case diagram 

In the activity diagram, explained the order of use of the application, starting from 
splash screen then enter the main menu which is divided into 4 parts, namely "start" 
menu, "materi" menu, "about" menu, and "quit" menu. In the "start" menu 
(augmented reality mode), the user can point the camera to the "marker" or enter the 
material menu using the material buttons in the start menu. If a "marker" is detected, a 
3-dimensional object or 3-dimensional animation will appear, if the "marker" is 
removed from the camera, the 3-dimensional object is lost. 

 
Fig. 2. Activity diagram 

Sequence diagrams show interaction scenarios or steps taken in response to an 
event to produce a specific output. Sequence diagrams are descriptions of use case 
diagrams. 
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Fig. 3. Sequence diagram “start” menu 

In the "start" menu sequence diagram (Figure 3.3), the initial stage is when the user 
selects the "start" button, then from the reciprocal sending system to display 
augmented reality pages and open the camera, after the camera is open, the user can 
point the camera at the marker in the module book, when the marker detected then a 
3-dimensional animation or animation will appear. On the augmented reality page 
there is also a button that directs to the material page, can be accessed when the user 
presses the "materi" button then the material page opens. 

 
Fig. 4. Sequence diagram “materi” menu 

In the "materi" menu diagram (Figure 3.4), the user selects the "materi" button, 
then the application opens the material page, on the material page before the user 
selects the material to be displayed, there is a 3D animation of a PCB and its 
components, then the user can select the material to be displayed, material appears on 
the screen as chosen by the user. 
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Fig. 5. Sequence diagram “about” menu 

The "about" menu sequence diagram (Figure 3.5) can be accessed when the user 
selects the "about" button, then the system will display the application information 
page in the form of application objectives, about the developer, and how to use the 
application. 

 
Fig. 6. Sequence diagram “quit” menu 

The sequence diagram "quit" menu (Figure 3.6) works when the user selects the 
"quit" button, the application will exit. 

ARROBO is made using some software, including Blender 2.79 used as software 
for making 3-dimensional objects, CorelDRAW X7 is used for making "markers", 
Unity is used as a game engine to create applications, Vuforia SDK as an add-on 
augmented reality, and Android SDK is used to compile the application from Unity 
into an extension file (.apk). 
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Fig. 7. App display design 

In the application display design, buttons are arranged as in Figure 3.7, the display 
is made with landscape orientation so that when augmented reality runs, animation or 
3-dimensional illustrations are not truncated as in Figure 3.8. In addition, when 
entering the material, the left part contains an explanation of the component and the 
right side contains buttons that point to a particular material. 

 
Fig. 8. Augmented reality layout 

4 Discussion 

After ARROBO was created, it was then tested by material experts, media experts, 
and users. On the assessment of material experts, testing was carried out through an 
instrument consisting of 24 questions and obtained 100% results. 100% results are 
obtained from the test score and the expected score. This shows, in terms of material 
accuracy, ARROBO fully matching with teaching material. 

Furthermore, testing by media experts includes 2 aspects, namely aspects of 
functional suitability and portability. Functional suitability testing obtained 100% 
results with 24 test points, portability testing obtained results as in Table 4.1. 
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Table 1.  Table 4.1 Test results at various screen resolutions and OS versions 

No Manu-
facture Device name OS 

Version 
Screen 

resolution Install Execute Update 

  Samsung Galaxy J7 Prime 6.0.1 1080x1920 √ √ √ 
  Motorola Moto G (3rd Gen) 6 720x1280 √ √ √ 
  Lenovo Yoga Tab3 Plus 6.0.1 1600x2560 √ √ √ 
  Samsung Galaxy S8+ 8.0.0 1080x2220 √ √ √ 
  Motorola Moto G Plus (5th Gen) 7 1080x1920 √ √ √ 
  Sony Xperia XZ Premium 8.0.0 1080x1920 √ √ √ 
  Samsung Galaxy S9 8.0.0 1440x2960 √ √ √ 
  LGE Nexus 5 6.0.1 1080x1920 √ √ √ 
  Samsung Galaxy J7 Pro 7 1080x1920 √ √ √ 

 
In the portability test, the results show that the application can run on a variety of 

devices because the application is relatively lightweight which does not require a lot 
of resources and the application can adjust the screen size of the device. But 
researchers have not tested the Android OS version below 6.0 (Android 
Marshmallow) because the tools that are used already don't carry the old Android 
version. Based on the results of testing functional accuracy and portability, media 
experts assess the appropriateness of the application. The results of media expert 
scoring, the application gets a score with a total percentage of 90%. 

After being tested by experts and get comments and critics, the next step is testing 
by the user. User testing includes usefulness points, ease of use, ease of learning, and 
satisfaction. Tests are conducted on students who are or have taken robotics courses 
and obtain 84% usefulness results, 85% ease of use, 90% ease of learning, and 79% 
satisfaction. The final percentage of testing by users gets 84%. Based on Riduwan's 
eligibility criteria [16], the application belongs to the "Very Worthy" category. 

The highest point of testing by the user is on ease of learning because the way to 
use the application is so easy that even new users can immediately understand how to 
use it. The lowest point of testing by users is in the satisfaction section because some 
users feel dissatisfied with the appearance and composition of the application color. 
The colors in the application use dark backgrounds and buttons with bright colors. But 
some users don't like dark colors and suggest using bright colors. 

In addition, although the usefulness section gets 84% points but there is a statement 
that gets the lowest score from all statements, namely in statements relating to the 
ease of the user in solving the problem of learning robotics because according to the 
user, there is no variation in the robotics material outside the learning material. But 
the highest score is also found in the usefulness section of the statement relating to the 
usefulness of understanding robotics material because the material contained already 
includes all learning material. 

ARROBO has been criticized by users, including UI improvements, which are 
improvements to text alignment, color combinations that are too dark to be replaced 
with bright colors, less detailed textures, repairs to several components that have high 
poly resulting in lag, and additional material beyond the material being taught. 
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5 Conclusion 

Based on the results of the research and discussion it can be concluded that the 
ARROBO has been created which can help students understand the robotics 
components with the help of 3-dimensional model illustrations. This is supported by 
the results of usability testing to users, namely usefulness of 84%, ease of use of 85%, 
ease of learning of 90%, and satisfaction of 79%. The results of the ARROBO 
application quality analysis obtained the results of material testing in accordance with 
the material taught, the results of functional suitability were very feasible, and 
portability was also very good. The results of the application feasibility test are 
conducted on users with usability test results of 84%. Thus the ARROBO is declared 
feasible as a learning media. With the comments and critics from ARROBO users, it 
is expected that further research can be developed so that it includes enrichment 
material outside of the main material, improving the appearance, and if possible given 
a quiz menu. 
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Abstract—The purpose of this study is to examine the use of e-Numeracy: 
Mobile Application of the Numeracy Understanding Model among primary 
school students. Through e-Numeration, it allows students to solve numerical 
problems in their respective smart devices and find out the solution for each 
question. This learning method supports the concept of 21st century learning 
and facilitates self-learning as well as fun learning. This e-Numeration can be 
accessed via a tablet or any digital device by using the bar code provided. The 
app is easy and mobile and can be accessed anywhere. Six Year Four students 
were selected for this study. They were chosen based on their monthly Mathe-
matics test results. There were two students per level; good, average and weak. 
For data collection, this study applies qualitative design using interview meth-
ods. The result indicated that only four respondents were able to solve all the 
learning activities at the application level that involved concepts and facts of 
mathematics, procedures for selection and definition and giving reasons. Two 
respondents were at the level of knowledge acquisition. This level involved 
elaborating basic facts, defining and formulating operations that were used in 
the learning activities. In conclusion, through the e-Numeracy application, stu-
dent is able to recognize his numeracy level of comprehension and the student 
can identify their error directly as well as the students enjoyed using this appli-
cation. This study also indicates that the necessity to increase the level of nu-
meracy understanding for students at elementary level. 

Keywords—Numeracy Understanding Model, mobile learning (M-Learning), 
e-Numeracy, primary school, mobile app  

1 Introduction 

As time goes by, the trend of teaching and learning are changing rapidly towards 
the better future in our education system. Learning and facilitating is not merely con-
ducted in classroom settings anymore as it has undergone a tremendous transfor-
mation. The evolution of this transformation in education technology occurs when a 
new type of learning was introduced, with the given name of mobile learning or Mo-
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bile Learning (M-Learning) (Hendriwanto & Utut Kurniati, 2019). This type of learn-
ing was introduced in order to improve the level of teaching and facilitating. It also 
acted as an alternative to face-to-face traditional type of learning (Gal-Ezer at. El, 
2003) as well as digital learning (distance learning and electronic learning (e-
Learning) (Noraini Idris, 2009). 

The implementation of M-Learning as a new concept of teaching and facilitating in 
Malaysia is appropriate as the ability of this country to provide ample service and 
facilities which provides the users with general electronic information as well as edu-
cational content that will enable them to search information regardless of time and 
place. This claim was supported by (KPM, 2010), in which they agreed that learning 
process can be done without boundaries – to be specific, physical boundaries as it can 
be accessed anywhere and at any time. 

Basically, the use of mobile devices such as smart phones, PDAs, iPods, PALM-
TOPs, laptops or digital cameras in the teaching and learning process is called M-
Learning (. Align with the advancement of technology this has enables mobile devices 
to be used as learning tools that provi (Kukulska-Hulme &Traxler, 2005). des flexi-
ble, mobile, independent learning environment that allowed communication between 
students and their respective lecturers take place (KPM, 2011). Merriam (2002) de-
fines Mobile Learning as follows: "... The intersection of mobile computing and e-
learning: accessible resources wherever you are, strong search capabilities, rich inter-
action, powerful support for effective learning, and performance-based assessment. E-
learning allows independent of location in time or space”. 

In short, it can be concluded that, mobile learning is one of learning model that uti-
lizes the usage of information and communication technology. Mathematics is a least 
favorite subject among pupils in schools due to a lot of reasons. In order to create a 
new perspective of this subject as well as provide a conducive and attractive learning 
environment; the researchers have developed a mobile application called as e-
Numeracy. The e-Numeracy is able to identify the level of students’ numeracy based 
on the results obtained for each question. There are four levels involved in identifying 
their numeracy understanding. Besides, the researchers also introduced the use of 
Numeracy Understanding Model in order to identify the numeracy level of each pupil. 
There are four stages that each pupil needs to go through in order to achieve numera-
cy understanding, which is the first phase; de-coding, second phase; meaning making, 
third phase; application and ranking the last phase; analysis. Therefore, students need 
to solve numerical problems using e-Numeracy in order to determine the level 
achieved for each question (Siti Rahaimah Ali, 2017) 

As for Year Four pupils, it was evident that there are weaknesses in terms of mis-
understanding basic numerical concept, especially in solving problems particularly in 
the level of code interpretation and knowledge procurement process. This is supported 
with the study conducted by the Education Department of Kelantan State (2015) 
which showed that during the mid-year Mathematics exam, students were still weak 
in problem solving questions such as identifying the correct operations. It has been 
identified that students at primary level are having substantial weaknesses especially 
in basic mathematics skill (Patton, 2008). Furthermore, it is also found that students 
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tend to misinterpret, overlook or forget the problem solving strategies. Students tend 
to memorize the process rather than understand the procedures.  

Therefore, the main purpose of this research is to explore to what extent that the e-
Numeracy mobile applications is used effectively in order to improve students’ nu-
meracy level and thus acted as a supporting learning and teaching tools towards 21st 
century. Precisely, this research is to identify the level of numeracy understanding for 
Year Four pupils based on the Numeracy Understanding Model by using the e-
Numeracy mobile application. 

2 Literature Review 

There are four levels involved in Numeracy understanding framework model as 
stated by KPM, (2003) which consist of Decoding code, meaning-making , applica-
tion and analysis. Due to the variety of levels involved, the teaching, learning and 
understanding of numeracy are a complex process (Ball, 2002; Kilpatrick, 2001). This 
model emphasizes the four level of numeracy understanding and in addition to give 
chance for students to comprehend the basic idea and background of numeracy before 
understanding further complex thinking. Secondly, it offers chances to explore diverse 
interpretations from class activities such as duos, group or entire students. Thirdly, it 
also offers chances for pupils in generating new information in order to clarify the 
outcomes that they have decided to their teacher and friends. Thus, this e-numeracy 
concept can relate between one another in order to find the solution for the given tasks 
(Ludlow, 2004). 

The numeracy structure allows students to improve their numeracy understanding 
that will benefit them to improve their thinking especially in decision- making skills 
in their social and everyday life (Deni Darmawan at all, 2019). This model act as 
another type of teaching aid for teachers as to assist them to apply another type of 
teaching methods creatively and innovatively. The numeracy model can also generate 
numeracy ideas in teaching mathematics. Students will be given sample questions in 
order to allow them to be familiar with the questions. This will help them to interpret 
the code (de-coding), to meaning-making and the next phase of applying and analyz-
ing (KPM, 2003). Thru this model, it can also assist students to be more creative using 
their acquired knowledge to solve questions.  

The android mobile operating system (OS) is a fun learning tool that makes it easy 
for students to know their own level of numeracy understanding. Overall, M-Learning 
can be implemented in the Malaysian education system as it is a service and facility 
that supplies users with general electronic information and educational content that 
facilitates search regardless of time and place (Chitralada at all, 2019). Through the 
use of mobile learning indirectly it can improve both learning and facilitating process 
which is true to the definition of mobile learning itself as a learning model that utiliz-
es information and communication technology. 
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3 Methodology 

For the purpose of this study, six students of Year Four were selected as the sam-
ples based on three categories student; good, moderate and weak which are two stu-
dents for each group. They were chosen according to their monthly Mathematics test 
score. They have been learning KBSR for three years. The selected samples also were 
chosen based on the paper consent attained from the school, the pupils, and their close 
relative as well as from advice of the school's Mathematics teachers. Nevertheless, the 
result of this study will not represent the Year Four students’ population in general. 
Therefore, the probability sampling method is unnecessary (Khaddase at el. 2009). 
The samples were carefully selected based on their skill, readiness, obligation, and 
their enthusiasm to deliver the data required in the current study. 

This qualitative study is conducted to identify the Year Four students’ numeracy 
level of understanding using the e-Numeracy application. This research applies dis-
cussion processes to answer the research questions. This method is most appropriate 
to obtain answers for the research question. This method is significant because it has 
its own benefits and drawbacks. The framework of this model is built with the aim of 
determining the level of numeracy understanding, generally primary school students 
and especially the Year Four students. 

This research instrument was developed based on a critical numerical modeling 
framework (KPM, 2003) involving numeracy. After the pilot study was done, modifi-
cation and adaptation of the research instrument was made. The numeracy activity on 
each question was based to the Year Four KBSR Syllabus, textbooks, and previous 
studies. The questions are modified and uploaded to e-Numeracy via Android OS 
platform. Bar code is provided to enable respondents to access to each question at 
each level. Generally, to answer the research questions, five interview sessions were 
formed. The durations of each session were between 30 to 35 minutes. 

4 Data Analysis 

This research used interview method to gather data. Interview processes according 
to the Numeracy Understanding Model were used to obtain the findings in parallel 
with the research objective, which is to identify the students’ numeracy level of un-
derstanding and students’ errors during answering the questions given using the e-
Numeracy application. Based on the guided questions, researchers use e-Numeracy to 
view and interview students according to the applications developed by researchers. 

The Numeracy Understanding Model is introduced in order to identify the stu-
dent’s numeracy level. There are four levels that students need to pass in order to 
attain the numeracy level of understanding, Students solve numeracy problems using 
e-Numeracy where through this app students can find out directly at which point each 
question is solved. Researchers can also see the excitement of students using e-
Numeracy in their learning. 
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5 Results 

The findings from this research are to estimate the numeracy level of understand-
ing based on the Numeracy Understanding Model when the student answered the 
questions during the interview. It was evident that when the students answered the 
questions using this app the students seems to enjoy doing it and at the same time it 
creates a fun learning environment that can be summed up in Table 1 below: 

Table 1.  Level of Numeracy Understanding for six Year Four students 

De-coding Level Meaning Making Level Application Level Analysis Level 

PK5 
PK6 

PK2 
PK3 
PK4 

PK1 - 

 
These numeracy levels of understanding were attained from the five tasks given 

and samples were questioned during the activity. Based on Table 1, only PK1 reached 
the application level stage, while those who achieved the knowledge acquisition stage 
were PK2, PK3, and PK4. While PK5 and PK6 reached the interpretation level only. 
In the analysis stage, none of the respondents able to respond to the activities given 
based on the Numeracy Level of Understanding Module. Overall, students were eager 
to use e-Numeracy application to learn. 

R : This is the application of e-Numeracy on the mobile phone.  
PK1: (looking excited) Oh! Really. What can I do with it?  
R : You could try to answer the questions given in this e-Numeracy apps.  
PK1: (excited). Let me try please.... 

 
R : Okay. You could try to solve the questions 
PK1: (Following the instructions on the screen and anxiously doing the exercises). 
R :(Focusing on the pupil’s excitement and engagement answering the ques

 tions) 
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R : (Observing other students was using the e-Numeracy application) 

 
PK2 : Madam, I’m trying to use this application  

 
R : Okay go head and try 
R : (observing the students using the application). How do feel when you are us-

ing this e- Numeracy application?  
PK2: It was fun  
R : Why do you say it was fun? 
PK2: Well, I could identify which question that I can solve and which question 

thatI couldn’t answer. 
Based on the dialogues and observation on table 1 and 2, the students were able to 

answer the questions in each level and they were able to identify the questions that 
they were not able to answer. Therefore, form this; the researchers were able to identi-
fy the students’ level of numeracy understanding. 

6 Discussion 

Tackling technology in today’s education system is deem to be necessary as it can 
enhance learning and facilitates teaching processes. The creation of e-Numeracy, a 
mobile application that is based on Numeracy Understanding Model is the answer to 
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fulfill the needs of Malaysian curriculum. This method is in-line with the implementa-
tion of School-Based Assessment (PBS) that has been practiced widely in all schools.  

Based on the interview and observation of the students also indicates that this e-
Numeracy application is able to help teachers to identify the students’ level of numer-
acy understanding. Therefore, it is found that an objective of this study is achieved 
and the research question has been answered. The findings also showed that the use of 
M-learning is one of the medium that can be used towards the 21st century learning, 
where students’ achievement can be seen as a result of various approaches and meth-
ods of teaching and facilitating as well as in terms of assessment (Soh Hon Mun, at 
all. 2019). 

7 Conclusion 

In conclusion, M-learning is a new paradigm that was created in the field of educa-
tion which is seen as more relevant to the needs of the students and in line with to-
day's technology developments. With the technology advancement, it is possible to 
change the form of learning methods to create a broad learning community, to connect 
people in real-time or virtual worlds, to provide the necessary expertise and support 
lifelong learning (Van de Rij at el. 2011) .The use of mobile learning indirectly can 
improve and enhance the teaching and learning process. Based on this innovation, it 
can create excitement and students are be able to know their level of numeracy under-
standing that they acquired. The e-Numeracy has the potential to be one of the alter-
native teaching materials in the future to support learning activities as well as becom-
ing one of the information delivery medium. This study also indicates the technique of 
numerical understanding among pupils in elementary schools need to be improved 
through the e-Numeracy applications. 

8 Limitation 

In this study, the researchers did not focused on the entire Year Four students in re-
lation to the numeracy understanding level using e-Numeracy as a tool to know their 
level of numeracy comprehension. The findings of this study were limited to six stu-
dents only. So the result of this study cannot be generalized to represent the entire 
Year Four students’ population. The use of e-Numeracy needs to be further expanded 
so that fun learning can be nurtured from an early stage and students will enjoy learn-
ing. 
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Abstract—Recently, there is an increasing interest in modelling of commu-
nication processes. One of the most important reasons for developing such 
models is to forecast what will happen. A number of modelling studies provide 
several assumptions and use different theories. But up to now, there is still a 
lack of an optimized model that can be used for the purpose of future communi-
cations. This indicates a need to better understand the aspects of communication 
modelling and the motivation behind improving our knowledge in this field. 
This paper details work done to design a propagation model of a wireless com-
munication system to give a forecast of its signal behavior. Data for this study 
were collected using a wireless communication system employed in the outdoor 
environment. The final part of this paper gives a summary and description of 
findings, which include a comparison between the experimental and simulation 
results. The model finally shows a similar trend with the observation. 

Keywords—Modelling, Indoor environment, Outdoor environment, ray tracing.  

1 Introduction 

The modelling of signal propagation is essential to designing a robust communica-
tion network. The performance of the modelling process depends on the way in which 
the model has been constructed, such as its empirical and theoretical assumptions. In 
all cases, the various propagation issues need to be taken into account to make the 
process is as reliable as possible. These include reflection, refraction, scattering, dif-
fraction and ducting. Researches on communications engineering can be classified in 
five categories: hardware, measurements, modulation aspects, propagation and net-
working issues. With regards to this paper, there is an interest in studying of signal 
propagation. Since the communication systems consist of transmitter and receiver and 
channel, this paper concerned, mostly, with the channel. Shannon’s theory is one of 
the most famous theorems that deals with the channel capacity in communication 
systems [1]. Since then, there is still a interest in the modelling of communication 
process, particularly, modelling of the communication channel. The aim of modelling 
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is to provide a suitable representation of any real system for the purpose of planning, 
which can save time, cost and reduce the complexity in reality.  

In this paper, a model of wireless terrestrial propagation was developed. The model 
consists of different steps employed by the model using MATLAB. The simulated 
signal path starts from transmission points, then passing through the propagation me-
dium until reaching the receiver. A ray-tracing method has been developed in to deal 
with the signal path geometry in addition to several considerations to estimate the 
received signal characteristics. Finally, the output was compared with measurements 
of wireless signals under different scenarios.  

2 Previous Studies 

A communication model (propagation) can be described as an appropriate mathe-
matical representation of any scheme that can be used as a replacement for any real-
time system. Basically, the aim behind the development of modeling is to create a 
good plan for any real-time process.. An extensive analysis of propagation models can 
be found in [2]. A survey on simulation of the communication system can be found in 
[ 3] where there are many aspects have been discussed such as: modelling cosidetions 
and evaluation of simulation systems. Bcause there are generally two communications 
environments, e.g. outside and inside strucures, there are two communication models 
categories; indoor and outdoor. .Outdoor models considered the effects of buildings, 
trees and other obstacles. Longley- Rice [4], Okamura and Hata models are the most 
common examples of outdoor propagation models but they differ in frequency cover-
age.  

In indoor propagation models, there are different factors need to be considered 
such as: the effect of doors and layout of the buildings. Examples of such models are 
Long-distance path loss and Ericsson Multiple Breakpoint Model and most of these 
models were evaluated by the International Telecommunication Union [5].  

Ray tracing tecniques have been described and evolved to create more realistic 
models. In ray tracing, the route of signal propagation is traced from the point of de-
parture to the target .Developing such techniques paved the way to design propagation 
models with more accurate outcomes. For example, a method of wireless communica-
tion prediction has been suggested by [6]. The model in this paper was designed for 
indoor environment to be worked in the UHF band. It developed an improved three-
dimensional model. In addition to [7] where the effect of shadowing considered in the 
ray-tracing model which were achieved at 2.4 GHz. Additionally, a review for ray 
tracing models done in [8]. They discussed the challenges and classification of simu-
lation based on ray tracing. They recognize main there categories of ray tracing; Ele-
ment method, Extended Novel and Progressive. Recent studies have been concerned 
with using ray tracing in the most dominant technologies i.e. 5G. For instance, [9-10] 
have employed the ray-tracing model in 5G network using indoor environment for 
Millimeter-Wave (used in 5G).  

Overall, the above studies demonstrate the importance and usefulness of using the 
modelling with multiple outcomes in reality .A high level of results will require a 
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comparison with measurements which is one of the basic goals of the long term aim 
of our project and this paper tries to define a model of propagation with a simple ex-
ample of comparison with experimental data. 

3 Methods and Results  

The experimental setup is given in Figure (1). At the transmitter section, there is an 
RF signal generator which was set to work at 2.4 GHz. The generator is followed by a 
directional antenna which has omnidirectional radiation pattern (as well as the re-
ceived antenna) and both antennas have vertical polarization. In addition to a terminal 
linked to the antenna, an oscilloscope and spectrum analyzer were mounted at the 
receiver side. It is important to mention that there is only one connection between out 
from the received antenna but for simplicity, it has been used two lines in the figure. 
However, the spectrum analyser was the only one utilized for the output in this paper 
and more details about all measurements are ongoing work in this project. 
While the emphasis on measurements is not the primary subject of this paper, the field
 of measurements was not very important, but the model must use the same features as
 the observation when comparing both measurements and modeling.  

 
Fig. 1. Experimental work setup  

To design a model for a propagation of radio signal, a ray tracing model has been 
designed by a set of Matlab scripts as shown in Figure 2. 

The Algorithm starts with specifying the location of both transmitter and receiver. 
The location can be given in geographic location and height above the earth. Initially, 
a calculation of location is being estimated based on Cartesian coordinates, then will 
be converted into geographic coordinates using a subroutine within the first Matlab 
scripts given in Figure 2 (LocaLY.m). 
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Fig. 2. Matlab scripts used in the model 

After that, the signal was propagated through a model of ray-tracing using 
(RtrcNG.m) script. The system here basically uses a multi-mathematical assumptions 
propagation model including the two-ray ground model (to substitute the multipath 
propagation), free-space loss. Besides considering several propagation models such as 
the model Okumura and the model Hata .The effect of path losses effect was embed-
ded in the subroutines, like fading, interference and Doppler shift effect. It is im-
portant to remind here that reflection, diffraction and scattering were followed the 
basic idea of mathematics for these phenomena. Finally, the ray-tracing model uses 
geometry to define the positions of the rays comprising the Latitude, Longitude and 
height. 

Next, the signal will trace until it hits the receiver location that has been already 
defined by the user. Then, the ground geographic location will be re-converted to 
Cartesian coordinates, to make it easy to define in computer-based work. This will 
leads to calculating the estimated received power using the following mathematical 
form: 

 	𝑃# = 𝑃%𝐺%	𝐺# 	'
(

)*+,
	- ∗ 𝐴𝑒  (1) 

where, 
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𝑃# : the received power  
𝑃% : the transmitted power 
𝐺%	: the transmitter gain  
𝐺# : the receiver gain 
c: speed of light 
f: frequency of transmission  
Ae: the area around the received point.  
Ultimately, the Matlab script (DisPLYm.m) was then employed to show the out-

comes from the model on demand such as a map of transmitter and receiver locations, 
the effect of frequency and Doppler. One example is given in figure (3 ) where a 
Doppler frequency (in Hertz) is given with regards to the distance between the trans-
mitter and receiver. The modelled Doppler frequency recorded the highest value just 
below 14 Hz where it could be as some results of a modelled object gives realistic 
results. Unfortunately, it was not possible to observe the Doppler frequency and has 
been postponed to future work. 

Another example of the outcomes is shown in Figure (4), which illustrate the re-
ceived power in dBm for both empirical observations and modelling. It is expected to 
show this kind of trend of the signal power distribution between the transmitter and 
receiver i.e. power goes from higher to lower values as it diverges from the transmit-
ter. Generally, the measured values have perturbed shape as compared with the mod-
elled records but there is a noticeable agreement between both. However, there is a 
difference between simulation and observation about 8dBm closer to the transmitter 
and 45 meters away. 

These findings have noticeable implications for the knowledge of wireless signal 
channel behaviour and good success to provide a model with reliable results. Howev-
er, there is still a need to do more measurements to compare with the model outcomes 
in order to test its availability to use. 

 
Fig. 3. Simulated Doppler frequency with regards the distance from transmitter 
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Fig. 4. Received power for measurements and simulations in terms of the distance between 

transmitter and receiver. 

4 Conclusion 

The current model was designed to introduce a simulation of signal propagation for 
the frequency that can be used in terrestrial communications. This study has found 
that there is a possibility to use propagation model for purpose of planning a commu-
nication circuit since the results indicate that a model provides close records of signal 
strength values as compared with observations. These outcomes can be used to help in 
continuing our projects work to reach the goal. A further study needs to be carried out 
to investigate the model reliability. Further improvements will suggest the availability 
to use a ray-tracing model in the 5G network. 
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