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Abstract— The relevance of mobile technologies becomes apparent when we observe that the modern man is a mobile 
being, who is in a state of constant change. This change is across organisational structures, geographical locations etc. The 
objective of mobile learning is to enable learners to get knowledge anywhere at any time, with minimal investment. 
Currently, the education system is not completely online, and paper-based material continues to exist. We will be exploring a 
framework that mitigates the challenge of expensive learning material through mobile learning, cloud computing and quick 
response codes. There are reservations about mobile learning, and hence, we shall determine the pedagogical guidelines to 
be implemented in a mobile learning application. Lastly, an android mobile application named MARVEL has been 
developed, which incorporates all the specified elements mentioned above, and will serve as the tool for implementing the 
proposed framework. Certain software have been used to develop this application and we shall briefly describe them. 
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I.INTRODUCTION 

 
We shall first understand the significance of mobile 
learning and cloud computing, as well as the 
pedagogy of mobile learning. Following which, we 
have proposed a framework for mobile learning 
which employs cloud computing and quick response 
(QR) codes. Furthermore, we shall analyse our target 
group of users in order to streamline the framework. 
Finally, we will explain the mobile application which 
has been designed in order to implement this 
framework. The objective of this paper is to 
understand a framework for innovating mobile 
learning. This will be a flexible framework which can 
be rebuilt using multiple tools and software. Owing to 
the financial constraints of the team, this project has 
used open source software. 
 
II.THEORETICAL BACKGROUND 
 
A. Mobile Learning 
Gulek and Demirtas stated, “There is substantial 
evidence that using technology as an instructional 
tool enhances student learning and educational 
outcomes.” While computers can never replace the 
necessity for a teacher, in order to be successful in the 
current age, the need for integration of a teacher’s 
ability to use technology, the digital learning material 
and the technological investment. In this community, 
if learning has to be accessible to everybody, then it 
is logical make mobile devices cater to learning. 
Hence, mobile learning appears to be a solution. In an 
environment of constant change, mobile learning can 
introduce continuity, thus breaking the boundaries of 
traditional educational frameworks. Furthermore, an 
individual’s learner can now become autonomous 
because of the flexibility provided by the mobile 
device in terms of space and time. The scope of 
mobile technologies has also changed in the last 
decade. The smartphone is a powerful device, and 

will be the key component in the adult learning 
revolution. There is a shift in thought process, as we 
are no longer focussing on “learning rooms” and 
more on “learning spaces”. Space is infinite, while a 
room is a restricted space. Similarly, while a learning 
room provides you with finite resources, the learning 
space provides the individual with the ability to 
design their own learning paths. Bring Your Own 
Device (BYOD) is a concept that has gained a lot of 
popularity, and mobile learning will be a key 
component in enabling BYOD based models. 
UNESCO made the following recommendation, 
“Mobile learning should capitalize on the potential of 
informal learning in a formal learning environment.” 
In order to effectively implement mobile learning, we 
would need to bridge the gap between formal and 
informal learning. This would involve policy makers 
adopting new models of mobile learning[1]. 
 
However, in order for these models to be successful, 
the right type of applications needs to exist as well. 
These applications should be designed based on the 
following guidelines: 

 The learning sources have to be independent 
and light, with the ability to be embedded in 
various learning scenarios. 

 The application should provide easy 
navigation, thus eliminating the need for 
additional instructions. 

 Quantity of textual information being 
displayed should be kept minimal. 

 Information overload should be avoided. It 
is important that the user has the ability to 
choose between learning modules[2]. 

 
B. Cloud Computing 
From mainframe environments there has been a shift 
in paradigm to thin client based architecture, and 
cloud computing marked this shift. Large data centers 
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function as computing clouds by providing services 
to third party users. There are several existing models 
such as: 

 Infrastructure as a Service– IaaS 
 Platform as a Service– PaaS 
 Software as a Service– SaaS 
 Management & Monitoring as a Services– 

MMaaS 
 Testing as a Service– TaaS 
 Storage & Database as a SDaaS 
 Security as a Service–SeaaS 
 Integration as a Service– InaaS[3] 

 
The advantages of cloud computing includes, but is 
not limited to – elasticity, pay-per-use pricing, 
flexibility, location independent accessibility, 
resource sharing across multiple applications, 
devices, almost unlimited storage capacity etc[3].  
 
The disadvantages of cloud computing includes, but 
is not limited to - expertise in cloud computing is 
required, initial time and financial investment is high, 
high speed internet connectivity, integration with 
local hardware and software is complex[3]. 
 
There exist various models for deploying cloud 
services. They are: 

 Private Cloud: The cloud infrastructure is 
operated solely for an organization. 

 Community Cloud: The cloud infrastructure 
is shared by several organizations and 
supports a specific community that has 
shared functions. 

 Public Cloud: The cloud infrastructure is 
made available to the general public. In this 
paper, we will be deploying the application 
on a public cloud. 

 Hybrid Cloud: The cloud infrastructure is a 
composition of two or more clouds (private, 
community, or public) that remain unique 
entities but are bound together by 
standardized or proprietary technology that 
enables data and application portability[4]. 
 

C. Mobile Cloud Computing 
Mobile cloud computing is an infrastructure where 
data and processing occurs outside the mobile 
devices. Essentially, it is an extension of Cloud 
Computing and Mobile Computing. By combining it 
with wireless communication, portable devices, 
location-based services, mobile web etc we can 
establish the foundation for this framework.[4] 
 
Advantages of Mobile Cloud Computing: 

 Extending battery lifetime. 
 Improving data storage capacity. 
 Processing power. 
 Improving reliability. 

 

Disadvantages of MCC: 
 Low bandwidth. 
 Availability. 
 Heterogeneity. 
 Computational offloading. 
 Offloading in dynamic environment.[5] 

 
D. Cloud-based m-learning 
In the current era, people of almost all age groups 
constantly use mobile phones around the world. 
While mobile learning can be beneficial, there exist 
challenges like limited storage space, limited 
computation ability etc, the idea of integrating it with 
cloud computing, provides us with solutions to most 
of those challenges[6]. 
 
Due to the memory storage limitations of mobile 
devices, there is a need for a centralized pool of 
resources which is shared by multiple devices. Cloud 
computing facilitates this function and eliminates the 
requirement of saving all the files in the device. 
Cloud based m-learning hence increases the scope of 
learning material, as they can be in any format (text, 
video, audio etc). Apart from this, the economic 
benefits of a cloud based application are enormous. 
They provide students and teachers with free or low-
cost alternatives to the regular proprietary tools.  
Students and teachers will have continuous access to 
the application and the files as well, given that 
internet access is available. The quality of internet 
access required is dependent on the cloud services 
being used and the application being used to deploy 
it[7]. 
 
E. Quick Response Codes  
Based on our analysis so far, it seems that cloud-
based m-learning applications are the best way to go. 
However, there are still a few limitations. As 
mentioned earlier, cloud-based applications require 
very high internet connectivity throughout, but not all 
learners will be equipped with the same. Hence, we 
propose the idea of using QR codes as an interface 
between the cloud storage and the mobile application.  
Despite a lot of research being conducted globally 
regarding m-learning, only a limited number of them 
have addressed the use of QR codes in education. QR 
codes are two-dimensional barcodes consisting of 
black modules on a white background. These square 
pattern codes can contain information such as text, 
URL links, or other data that can direct users to 
sources for more information about a particular place 
of subject. Users with a camera phone equipped with 
a QR code reader application and a data connection 
can scan QR codes to display text, open a web page, 
send automatic SMS messages, or similar. Through 
this process, we can connect the cloud resources to 
printed text material. Hence, there is vast potential to 
enhance paper-based learning material. Learners 
often can’t afford expensive textbooks. Incorporating 
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QR codes can reduce this content. Thus, learners with 
various learning needs can be served equally[8]. 
 
F. Pedagogy of Mobile Learning 
While developing a mobile application, we need to 
first understand the pedagogy of the learner. We shall 
use the following pedagogical theories while 
developing our application: 

 Constructivist learning - The objective is to 
ensure that new concepts are learnt by 
building on the existing knowledge of the 
learner. The learner will transform from 
passive recipients to active constructors. If 
the mobile device is connected to networked 
resources then this can be implemented.[9] 

 Activity theory- Built on the work of 
Vygotsky, this theory focusses not just on 
the computing device, but on an activity as a 
whole. The theory integrates three features : 

o The learner as the subject 
o An activity/task as the object 
o A tool or artefact as a 

mediator[10][11] 
 
It is believed that there are three pillars which 
ultimately define the pedagogy of m-learning – 
authenticity, collaboration and personalisation. 

 Authenticity – Determined by increasing 
participation and contextualisation 

 Collaboration – Connecting learners to a 
network of resources 

 Personalisation – Learning should be 
autonomous and transfer the ownership of 
learning to the learner. 
 

These attributes are strongly influenced by the spatial 
and temporal factors of the m-learning framework, 
which includes face-to-face and virtual strategies. In 
the next section we shall explain the proposed 
application framework in detail; and connect the 
technology with the pedagogical theories[12]. 
 
III. UNDERSTANDING THE FRAMEWORK 
 
A. Scenario Analysis 
“If the technology revolution only happens for 
families that already have money and education, then 
it’s not really a revolution.”—Arne Duncan, U.S. 
Secretary of Education 
 
In the past, a learner was limited by the resources 
available within the educational institute. But 
technology significantly changes these restrictions. 
As quoted above, the force behind the educational 
revolution is to ensure anyone from anywhere can 
learn anything at any time, provided they are 
equipped with the right tools. Learners in the real 
world however face a lot of day-to-day challenges, 
like regular travelling, packed schedules, financial 
constraints etc. As a result, the focus extended to 

learning is often compromised. These challenges 
prompted us to explore the possibility of using mobile 
devices as tools or learning. However, there are a few 
challenges in this case as well. 

 Limited storage space for storing 
information. People wouldn’t want to store 
large amounts of data in their phone, or use 
applications which consume high amounts 
of memory space. 

 Processing speed of device shouldn’t be 
affected by the application. 

 Low cost/free applications are preferred by 
users generally. 

 

 
Fig. 1. Smartphone user penetration in India 2014-2019[13] 

 
The above statistics clearly indicate that smartphone 
usage is gaining popularity. Hence, our target group 
of users will be increasing over the coming years. 
 
B. Technology 
MARVEL is an android application connected to 
Google Cloud via App Engine. The team has no 
ownership for the name of the application. The 
application functions as an interface between the user 
and the cloud. However, unlike traditional cloud 
based mobile apps, in this case we are using QR 
codes as the mechanism for the learner to access the 
cloud. The learning material is stored on Google 
Cloud Storage buckets, while user database has been 
built on Google SQL. This ensures that all the mobile 
devices are connected to a central pool of resources. 
The key components of this application are: 

 Learning material hosted in Google Cloud 
Storage. The material can be stored in any 
format (text, video, audio etc) 

 QR Sheets with direct links to the resources 
stored in the Cloud. 

 Progress reports hosted on Google Cloud 
SQL database. These reports are only 
accessible to the learner in order to ensure 
autonomy. 

 
The application is empowered with a QR code 
scanner for the learner and a QR code generator for 
the educator. The application permits 2 different 
forms of access for the educator and learner. The flow 
of activities will be explained from each perspective: 
 

 Educator – The learning material provider 
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o Uploads learning material into 
cloud storage bucket. Ideally, the 
information should be sorted into 
small modules. 

o The modules are sorted into 3 
levels based on complexity level of 
the topic. This sorting can be 
determined by the educator 
themselves. 

o Generate QR codes for each 
individual resource. The generation 
process is fairly simple, as the 
educator simply has to copy-paste 
the link of the learning material into 
a textbox.  

o Upload QR codes into the cloud 
bucket. This process can be 
completed using the same portal as 
uploading the learning material. 

o Educators may also submit 
questions which can be used for 
preparing the quizzes, to be used 
for analysing the learner’s progress. 
 

 Learner – The learning material user 
o Open level 1 of the learning portal 

and download the QR sheet. As per 
convenience, complete the modules 
of the various courses made 
available. 

o When the learner chooses to 
progress to level 2, they will be 
interrupted by a quiz with questions 
relevant to level 1. Only after 
completing the quiz, will the 
learning material be made available 
to the learner. 

o Repeat the same process for level 3. 
o The application will also make a 

record of the activities of each 
individual learner, and generate a 
report, which will also be stored on 
the cloud.  
 

The QR sheet mentioned in the above steps, is a 
collection of QR codes, each of which are linked to a 
learning material resource stored in the cloud. This 
QR sheet functions as the replacement for paper-
based learning material. The size of the textbooks 
being used can be reduced to a great extent now. 
There is enormous flexibility provided by the QR 
sheets, as they can be printed in any size as per the 
need of the user, from visiting cards to textbooks to 
stickers.  
 
The progress report of each learner will indicate the 
list of all learning resources accessed, the scores of 
the quizzes attempted, the number of levels 
completed etc. The purpose of the report is for the 
user to determine their progress level, thus 

introducing autonomy. This report is not accessible to 
the educator, as we are encouraging a system which 
involves minimal supervision by an external entity.  
 
The following figure is an illustration of the 
functionality of the application, from the learners’ 
perspective. 
 

 
Fig. 2. Functional architecture of MARVEL 

 
C. Pedagogy 
In order for the application to be not just a warehouse 
for information, but an effective learning tool, we 
need to accommodate pedagogical guidelines while 
being technologically sound. The application caters to 
the following aspects of mobile learning: 

 Personalisation – The learner has access to 
resources stored in a cloud, which they can 
use as per their discretion, and is completely 
in control of their own individual 
learning[12]. 

 Collaboration – The educator and learner 
will be interacting, but in an indirect 
manner. The availability of the resources is 
influenced by the educator[12]. 

 Authenticity – The usage of QR codes and 
quizzes enables the user to participate in the 
learning process, rather than simply 
processing information[12]. 

 Constructivist learning – Sorting the 
learning material into modules, placed 
across multiple levels, implies that every 
time the learner learns something new, it 
will be based on their existing knowledge 
base[9]. 

 Activity Theory – For this application, the 
learner remains the subject, the usage of QR 
sheets functions as the activity and the 
mobile application is the mediator[10][11]. 

 
CONCLUSION 

 
In conclusion, we have proposed a framework for 
mobile learning which employs the advantages of 
cloud computing and quick response codes. The 
application designed is flexible, and as long as the 
basic parameters regarding the framework and 
pedagogy are not excluded, it can be replicated to suit 
any environment of learning. Several organisations 
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have private cloud infrastructure, and these 
frameworks can be built on those as well. 
Furthermore, it is not platform dependent, which 
implies that interested developers can design the 
application on other platforms of their choice. It 
might appear that this framework is a little more 
complex than traditional systems, but the purpose is 
to ensure that neither technology nor pedagogy is 
compromised at any front. Mobile learning holds 
great promise for the future as the control of learning 
lies with the learner. 
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