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Abstract—The development of a mangrove ecology self-learning application 

integrates the advantages of mobile-based learning and the benefits of micro-

learning into the virtual learning of mangrove ecology. The system was designed 

based on a case study in the Leeled mangrove forest, Thailand and encourages 

young learners to understand the value of mangrove forests, and to help to pre-

serve them. The system developed uses a virtual learning environment and ac-

commodates young learner’s behaviours, favouring micro-learning with the con-

tent organized into the learning units which take a maximum of 15 minutes to 

complete. The application therefore allows the learning to be integrated into the 

learners’ daily activities and can contribute to their lifelong learning. It allows 

learners to conduct self-learning and gain experience from performance in a vir-

tual environment which simulates a real mangrove forest. This approach is better 

suited to the needs of present-day young people than traditional approaches to 

environmental education. 
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1 Introduction 

Mangrove forests are coastal intertidal areas in tropical countries e.g., Indonesia, 

Malaysia, the Philippines and Thailand. Globally, including in Thailand, mangrove for-

ests are under attack for various reasons which is causing a reduction of such forests, 

particularly due to human population expansion and human activities, which have had 

a strong impact in the diminution of mangrove forest resources. However, a major cause 

is insufficient knowledge being provided to the public on the value of mangrove forests 

and the need to protect them. Whereas some contents have been offered, they are not 

interesting enough to engage people’s full attention or they might not align with their 

behaviours which results in further inappropriate utilization of mangrove forests. The 

effects are not confined to local communities and societies but also directly affects the 

country’s economy, and the restoration of mangrove forest is becoming more difficult 

[1], [2]. 

The learning resources is crucial in environmental education since they help to make 

learners understand the problems and preservation methods appropriate for their local 
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ecology which can contribute to sustainable development [3], [4]. By using well-de-

signed learning resources, learners can be encouraged to understand and accept the 

value of mangrove forests and such learning resources can be a source of valuable 

knowledge relating to the care and preservation of mangrove forests. Moreover, it is 

reasonable to expect learners using such resources will not only be able to expand their 

own knowledge by seeking more relevant information on the issues involved but in due 

course will be able to contribute creatively to the learning media. 

It has been noted that technological advances and in particular mobile devices are 

highly influential in the new generation’s way of life and the way that younger people 

live, work and learn [5], [6]. Technological advances have allowed the development of 

micro-learning approach where the learning and understanding of content can be 

achieved faster, consistent with the younger generation’s tendency to easily accept new 

things [7]–[9]. Younger people are not averse to spending an average of 9 hours con-

secutively each day online. This however may result in them giving less attention to 

things around them and the time they spend noticing such things will only occupy short 

periods [10], [11]. These factors are clearly influential in how young people learn and 

the development of learning media needs to be consistent with the younger generation’s 

behaviours as well accommodating the technological transformation which has oc-

curred in society. The periods occupied by such of learning are likely to be short and 

the means through which the learning occurs must therefore be quick, straight to the 

point and easy to comprehend [6], [12]. Moreover it is preferable for such learning to 

be focused on the use of mobile device through which learners are able to conduct self-

learning based on their own interests, selecting the time and place at their own conven-

ience and  employing learning formats and features which can respond to their require-

ments[13]. All these ideas are aimed at helping the young generation to easily learn and 

comprehend the contents of life lessons. 

The needs mentioned above lead naturally to the main objective of this research, 

which was to design a mangrove ecology application based on the micro-learning ap-

proach where learners are able to conduct self-learning. The application was con-

structed based on the ecology of the Leeled mangrove forest in Surat Thani province in 

the south of Thailand and the study’s objectives included encouraging learners to per-

ceive its ecological value and understand the need to care for it and to preserve its ex-

istence. The research was to create an appropriate method for lifelong learning which 

can be employed as a learning tool by learners who are unable to visit the actual man-

grove forest site. 

This paper begins with a literature review of previous work relating to learning re-

garding mangrove ecology and the evolution from traditional learning to micro-learn-

ing. That is followed by a presentation of the basic requirements for designing a man-

grove ecology self-learning application based on a micro-learning approach. The fol-

lowing section describes the design process and the system design and is followed by 

discussion and a conclusion. 
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2 Related Work 

2.1 The mangrove forest ecology 

The mangrove ecology originates from a combination of marine and land environ-

ments. A mangrove forest is an ecosystem comprised of various plants and animals 

living together in a surrounding of soil and both brackish and salt water. The signifi-

cance of mangrove forests, such as acting as a natural barrier preventing waves in the 

sea from eroding the shoreline, reducing the tidal speed, facilitating the accumulation 

of the soil until it becomes a new piece of land, creating the new habitats for marine 

animals, reducing the harshness of serious storms, and filtering toxic substances from 

the land and thus prevent the toxins from passing into the sea [1], [14], [15]. 

The destruction of mangrove forest ecosystems has many causes, for example, the 

increasing human population and the expansion of human activities which leads to the 

unavoidable need to use land currently occupied by mangrove forests, illegal encroach-

ment and consequent destruction of mangrove forests, which leads to inappropriate uti-

lization of the forests. As can be clearly seen, the primary cause is human activity and 

it is imperative to organize sources of learning for the younger generation to know 

about, understand and hold a positive attitude about mangrove forests, and more im-

portantly, know how to efficiently use and preserve them [1], [14], [15]. 

The case study on which the application developed was based was conducted at 

Leeled mangrove forest located in the area of Bandon Bay, Leeled sub-district, Surat 

Thani province. This area was selected because it is one of the richest ecosystems in 

the south of Thailand. The area consists of 3,162 acres located in a bay area in tidal 

surroundings which is being developed as a learning source supported by the local com-

munity to create opportunities for natural study. Along with a vigorous mangrove for-

est, the area also contains many different species of trees and provides a habitat for both 

land and aquatic animals [14], [16]. 

2.2 The micro-learning approach 

Micro-learning is defined as short-period learning through an electronic device 

which can occur at any time or place [13], [17]. It is consistent with the limited duration 

of people’s concentration span. Micro-learning assumes that people’s concentration 

span is limited and is designed to take that into account in how content is presented. 

Such micro-learning represents a pattern for the development of learning now and in 

the future, which focuses on an informal learning style, yet is more efficient and there-

fore suitable for the concept of lifelong learning [18]–[20]. 

Micro-learning is an informal style of learning which can be undertaken in a short 

period of time which can make learning fun, while learners are able to gain knowledge 

from its activities [17], [20], [21]. With the rapid advance of digital technology, micro-

learning is not only powerful but also differs from traditional learning. For instance, 

traditional learning often entails paying high tuition fees while the learning period is 
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much longer and learners may have difficulty in attending fixed classes in the trans-

formed environment of the digital era. In contrast, micro-learning can maintain people’s 

attention because the learning occurs through a more rapid process and can provide 

learners with knowledge in a short period of time. Nevertheless, it is an efficient learn-

ing technique and its outcome can be determined as part of the lesson content by em-

ploying suitable means of assessment such as tests and quizzes [22]–[24]. 

The main characteristics of micro-learning are that less time is spent on each lesson, 

the duration of which can be as short as a few seconds and should not be more than 15 

minutes. Further, the learning should be directly aimed at  the  learners’ requirements 

and may be presented in various formats through a variety activities, such as videos, 

quizzes, games, or interactive multimedia [5], [17]. In addition, micro-learning is con-

ducted through mobile devices which can be conveniently carried anywhere and thus, 

learning can be performed at any place and at any time [6], [25]. Many previous studies 

have investigated how the concept of micro-learning can be used for both formal and 

informal learning/training in a variety of learning domains [26]–[30]. 

However, some problems have been identified in regard to micro-learning through 

hand-held devices including the difficulty of organizing content to accommodate mo-

bile devices’ technical ability to present it in the limited learning time available [25], 

[31]–[33], and designing systems to interact with peer learners and to facilitate collab-

orative or community learning [34]–[36]. Thus, a mangrove ecology self-learning ap-

plication was focused on the design of both the content and the activities through which 

it was presented as well as the design of the overall system. The content and activities 

needed to be presented in short lessons and micro-activities, and in particular, the de-

sign of the content of the lessons aimed to help the learners to construct self-knowledge 

rather than merely consume knowledge. 

Moreover the design of a system enabled learners to connect with their peers from 

whom they can obtain help and to collaborate with a wider community of learners, 

while teachers could be actively engaged and show their presence in the system [37]. 

Social media was used as the medium of communication and the means of exchanging 

knowledge with others [38]–[40]. Moreover, practical problem-solving activities e.g., 

posting questions and answers, sharing learner’s experiences, uploading photographs 

and video content were also employed consistent with the aim of this study of enabling 

learners to understand mangrove forest ecology while creating awareness of the envi-

ronmental issues involved, using a format which facilitated self-learning through short 

lessons consistent with learners’ limited attention span available on mobile devices, at 

any time or place. 

3 Basic Requirements for Designing a Mangrove Ecology Self-

Learning Application Based on a Micro-Learning Approach 

According Buchem and Hamelmann [5], Figure 1 shows the basic requirements for 

designing and developing the self-learning application based on a micro-learning ap-

proach.  Since micro-learning differs from traditional learning in terms of its concept, 

methods and its main components, as mentioned above, the following are aspects that 
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needed to be considered in developing the system for the mangrove ecology self-lean-

ing application. 

 

Fig. 1. Basic requirements for designing a self-learning application based on the micro-learn-

ing approach (Adapted from [5]) 

Requirement 1: designing micro-content. The micro-content should be designed in 

the form of single content units, which are easy to comprehend within a short period of 

time and should employ a variety of formats in order to attract learner’s attention [32], 

[41], [42]. The quantity and quality of information should be appropriate to be delivered 

on the mobile device [21]. 

The main purpose of the micro-content is to create understanding of mangrove forest 

ecology through self-learning. As mentioned above, this research was based on a case 

study at Leeled mangrove forest in Surat Thani which represented its content, with the 

aim of allowing young people to conduct self-learning relating to mangrove forest ecol-

ogy, and thus, to increase their awareness regarding the importance of preserving man-

grove forests. 

 

Fig. 2. Micro-content of a mangrove ecology self-learning application in the Leeled mangrove 

forest 
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The topics covered in the application are shown in Figure 2 and the organization of 

the micro-content aimed to help learners plan their learning based on the time, available 

to them, such as, while travelling, during lunch breaks, etc. The outcome of micro-

learning will be better if learners are not forced to study over extended periods involv-

ing attending to extensive content with which they might become bored, and which they 

may not completely absorb. Since human beings have a limited attention span, shorter 

periods of learning should lead to more complete learning than longer ones. Each topic 

within the application content shown in Figure 2, would therefore occupy learners for 

not more than 5-10 minutes and they can decide the order in which they study the topics. 

Requirement 2: designing micro-activity focused on the activity must be of limited 

duration. They must be suitable for presentation on a small-screen electronic device. 

The focus of the activities is on simple self-learning to develop learners’ knowledge 

and skills through learning the topics. The learning cycle is dynamic with a flexible 

structure [30], [37], [43], [44]. 

The activities in the mangrove ecology self-learning application were aimed at 

young people and must be able to stimulate learners’ interest and participation in order 

to facilitate self-learning. Thus, the main purposes of the design of the micro-activities 

were to enable them to be studied within a short period of time, anywhere and anytime, 

and above all, to be capable of focusing learners’ attentions on the content. Example of 

micro-activity are videos, interactive multimedia, games, short texts, infographics and 

quizzes. 

Requirement 3: usable with a variety of devices [31], [45]. The system was designed 

to be compatible with a variety of devices with a small screen. Accordingly, the first 

phase of the system was able to be used on mobile devices using the Android Operating 

System which is both popular and allowed the system to be easily upgraded with the 

potential for increasing the numbers of users. 

4 Design Thinking Integrated in Software Design 

Design Thinking (DT) is a design methodology that provides an approach to solving 

problems and seeks to empathize users, problem assumptions, define problems and cre-

ate innovative solutions to prototype and test [46]. This research applied DT in the sys-

tem development process which ensures that users’ real problems are understood and 

accommodated in the system. It takes the form of gathering users’ ideas and perceptions 

and developing means of solving the actual problems they identify [47], [48]. It is a 

way of creating innovative, user-centered ideas in a system and creating a process that 

seamlessly connects the generation of innovative ideas with their implementation. Its 

core strength is the constant striving for user feedback on prototypes in order to itera-

tively shape a final solution that provides the maximum benefit for end users [47], [48]. 

In this study, DT was used to support the design of the system by involving potential 

users in the design process and by basing the design on defining both problems and 

their solutions. After the system was designed, it was tested and the users’ feedback 

obtained and was directed at the most salient features of the system. The five stages of 

DT [46]–[49] performed was as following. 
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The Empathizing user stage entailed understanding the actual needs and problems 

involved in learning about mangrove forest ecology. It was conducted by collecting 

data based on a questionnaire and interviews with undergraduate students at Prince of 

Songkla University, aged between 15 and 25. The result was information about what 

young users need and want, how they behave, feel and think, why they demonstrate 

when interacting with the artefacts. 

In the defining problems stage, after the data had been collected, the needs and prob-

lems were analyzed together with the potential users and the functional requirements 

were determined. The result was to identify the real needs and problems and the estab-

lishing features, functions, and other elements to solve the problems. 

After that, the ideating solution stage was stakeholders’ brainstorming to look for 

solutions to users’ needs and problems. The result was a system design organized to 

accommodate the problems identified between the researchers and the potential users. 

In the creating prototype and test stage, ideas were transformed and developed into 

a prototype system. The prototype was tested to see whether it was able to actually solve 

users’ problems and needs. The prototype was later corrected and retested to ensure that 

it could respond to users’ requirements correctly and completely, prior to being devel-

oped into an actual system. Finally, the prototype was tested with potential users to 

obtain their feedback prior to further correction and development into an application 

that was capable of being used. The result was the prototype of mangrove ecology self-

learning application. 

  

a) Welcome b) Discovery 

Fig. 3. The prototype of Mangrove Ecology Self-Learning Application 

The prototype is illustrated in Figure 3, and the system comprises of welcome, dis-

covery, and summary sections. Welcome section (Figure 3 (A)) attempts to provide 

motivation to enter the content, and is in the form of short videos, infographics, and a 

diagnostic quiz. In the discovery or the learn-think-apply sections consist of objective, 

content, example, and activity where the content is divided into five individual short 

topics (Figure 3 (B)) aimed to be precise, easy to understand and fun for the learners so 
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that they can undertake self-learning efficiently, and in which the content is presented 

in the form of games, videos, audio quizzes, etc. The summary and share sections rep-

resent the learning conclusion and provides access to peer-learning through an online 

forum on which learners can seek help and share and post their own materials. 

This prototype was tested based on an observation and a questionnaire with the group 

of undergraduate students (aged between 15 and 25). Participants were to observe and 

listened to feedback how they use this prototype and how they handle and interact with 

it provided valuable learning outcomes. The result was to get feedback about the par-

ticipants’ experience and refined this prototype of mangrove ecology self-learning ap-

plication. 

Therefore, a prototype of the mangrove ecology self-learning application was devel-

oped for this study which consists of contents and activities aimed at making learners 

pay more attention to their outside-classroom learning about mangrove forest ecology 

conducted during their free time on mobile devices, such as smartphones, tablets etc. 

Learners can also choose the content they wish to view based on their interests and 

preferences as well as their level of skills. The application therefore makes a contribu-

tion to users’ lifelong learning. 

5 Discussion and Conclusion 

Digital technology can be used to create perceptions and support strategic self-learn-

ing outside the classroom, and thus contributes to lifelong learning. Through technol-

ogy, innovative learning formats and relevant content can transform the learning pro-

cess to suit the behaviours of the target learners [5], [6]. Nowadays, young people’s 

behaviours and interests have been changed by technological advancement and this has 

affected their learning efficiency [10], [50]. These changes open the door to micro-

learning, with content being easy to understand, of short duration and consisting of only 

what is relevant to what is being taught. 

Previous researchers have studied and designed different approaches for formal and 

informal learning; however, there are still problems associated with designing micro-

learning systems for mobile devices for various reasons. The first problem concerns the 

organization of suitable content which is both short and precise [25], [31]–[33]. The 

second problem is designing a system that enables interaction by users with their peers, 

thus facilitating collaborative or community learning [34]–[36]. The third issue is the 

need to use social media as the means of exchanging knowledge with other learners 

[38]–[40]. 

The basic functional requirements for designing a mangrove ecology self-learning 

application based on the micro-learning approach were determined in this study by fo-

cusing on micro-content, micro-activity, and micro-device as well as the analysis of 

data derived from potential user’s ideas, and a design thinking process which ensured 

that actual problems or requirements were comprehended when designing the system. 

Consequently, as the design was mainly focused on young learners, the development 
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of  the mangrove ecology self-learning application emphasized the incorporation of con-

tent and activities, and a prototype system was developed in line with the research ob-

jectives. 

In that prototype, the aim of promoting informal learning with the application was 

instantiated, and the application enables learners to learn according to their interests 

and requirements while the problem of limited attention span was also accommodated 

by restricting the length of study units. Using the application, learners are able to con-

duct self-learning on their mobile devices at their convenience and in order to encourage 

learners to understand mangrove forest ecology and be aware of the existing environ-

mental problems, the contents and activities are divided into sub-activities, the duration 

of which is not more than 15 minutes. 

Further, all the content is capable of being presented on mobile device. The content 

is designed of to be relevant and concise, as well as being easy for learners to under-

stand, with the activities being stimulating and cognitively demanding, including using 

such mental processes as investigating and implementing, thus creating self-

knowledge. The system also allows access to other users through Facebook and thereby 

facilitates collaborative learning. 

Therefore, the benefits and values of the mangrove ecology self-learning application 

developed are the fact that young learners can conduct self-learning and self-practice 

or gain experience from real performance which differs from knowledge gained in the 

classroom from books or lecturers. The self-learning application is a tool which allows 

users to integrate learning activities into their daily routine, with self-learning leading 

to lifelong learning. However, there are some limitations to this research: firstly, this is 

the initial phase of the development of the mangrove ecology self-learning application 

and the results described relate only to the prototype system developed, which will be 

further developed into a final system, which will then be evaluated by potential users. 

Secondly, the findings described in this paper are specific to the case study of a man-

grove forest in the south of Thailand and it would be difficult to apply them to other 

contexts. Moreover, since the system designed and the analysis of needs were focused 

on learning by young people, the same design and analysis might not be applicable to 

older age-groups. 
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