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ARTICLE INFO ABSTRACT

Received: 25 Sep 2022 This study aimed to investigate the success factors for transforming classrooms into learning
Accepted: 20 Nov 2022 communities in digital learning ecosystem (DLE) of Thailand's secondary schools. Quantitative
research was conducted by using a questionnaire as the research instrument to measure
teachers' evaluation of factors. Purposive sampling was applied to obtain a sample group of
secondary schools. The questionnaires were sent to teachers at secondary schools in 20
provinces in Northeast Thailand that were employing the smart learning project for their
teaching and learning. Data analysis was performed using descriptive statistics, exploratory
factor analysis, and confirmatory factor analysis. The results revealed that learning support
technologies, teachers, and learners were the three most important factors influencing the
development of DLE (¥=4.64, ¥=4.61, and x=4.49, respectively). The findings of this study have
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implications for educators, administrators, and teachers to review and discover appropriate
ways to invest the necessary conditions that can enhance the quality of DLEs and improve
teaching and learning activities in the digital environment at secondary schools.

Keywords: success factors, learning community, digital learning ecosystem, secondary schools,
Thailand

INTRODUCTION

Information and communication technology (ICT) have become increasingly popular, quickly creating
digital transformation and affecting the educational structure and learning environment, leading to the timely
adaptability of educational institutions. They can capitalize on and integrate digital technologies into the
design and innovation of learning content, learning spaces, technologies, and pedagogical methods (Adedoyin
& Soykan, 2020; Balyer & Oz, 2018). In addition, learners have more opportunities to be exposed to the online
learning sphere, accessing learning materials through the Internet, sharing learning resources, and increasing
collaboration (Rospigliosi, 2020). Therefore, it is desirable to design and create appropriate learning
environments for teachers and learners. Consequently, digital transformation can support the design of
smart learning solutions. Smart learning is considered a new learning paradigm and plays an important role
in creating learning environments effectively, providing learners with a convenient communication
environment, and both diverse and personalized learning content (Sung, 2015).

A digital learning ecosystem (DLE) is defined as an “adaptive socio-technical system consisting of mutually
interacting digital species (tools, services, and content used in learning process) and communities of users
(learners, facilitators, and experts) together with their social, economic and cultural environment” (Laanpere
et al., 2014, p. 422). It plays an important role in designing and assessing learning situations in digital
environments, as well as enhancing learning performance and navigation and accessible and interactive
ability (Reyna, 2011). In addition, the governance of the DLE needs to be deployed to navigate strategies for
educational initiatives, allocate appropriate resources, and manage risks that could occur in the ecosystem
(Chang & Uden, 2008). Subsequently, core elements (i.e., structures, processes, communication, and relational
mechanisms, and pedagogies and instructional designs) should be identified and explored to understand the
nature and features of the learning ecosystem, and to overcome barriers and enable users to learn, share,
and interact together. Additionally, Chang and Guetl (2007) confirmed that intrinsic and extrinsic factors, for
instance, “evolution of knowledge, educational goals, learning tasks, cultural and sociological aspects, and
expectations by society, private industry and business organizations, the government, public service and not-
for-profit organizations” (p. 421-422) influence the ecosystem conditions. The change of conditions in an
ecosystem could impact its behavior and components and requires individuals and stakeholders to adapt to
contribute to the success of DLE (Chang & Guetl, 2007). Therefore, this ecosystem must be evaluated in the
socio-technical context that stakeholders could find and identify opportunities and challenges therein (Jeladze
et al.,, 2017).

Smart learning is a research project of the university in Thailand that was launched in 2016. The aim of the
project is to develop students’ competency and support the schools’ teachers to be able to transform the
classroom into a community learning environment. This is accomplished by implementing course teaching in
a digital learning environment at secondary schools through innovative teaching and learning strategies
developed by the university's faculty from research results and academic activities. The project development
commences by addressing teaching and learning in the three core subjects of Mathematics, Science, and
English. The target group of this project was secondary school students (grades seven to nine) in medium-
sized schools in the northeast of Thailand. The smart learning model has the following components (Tuamsuk,
2019):

1. Learning outcomes (expected competencies) are analyzed and synthesized based on (1) secondary school
level of the basic education core curriculum B.E. 2551 OBEC, (2) PISA exams, (3) 215t century learning
skills, and (4) international standards related to the subject matter, such as STEM (science) and CEFR
(English), developed by the smart learning project.

2. Learning content are designed based on a curriculum that focuses on students’ understanding of the
lesson and helps students gain knowledge from learning rather than memorization. In addition,
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students can usefully link knowledge with situations and use technologies for learning in a digital
environment.

3. Teaching methods (pedagogy) focus on improving teachers’ knowledge and understanding of teaching
subjects, and teachers can choose appropriate teaching methods and organize learning activities.
Further, teachers can use learning support technologies to create a learning atmosphere in a digital
environment.

The deployment and application of the smart learning project at secondary schools in Northeast Thailand

is considered a DLE; thus, the aim of this study is to investigate the success factors for transforming
classrooms into learning communities in this ecosystem.

LITERATURE REVIEW

Internal Factors

Some intrinsic elements affect the sustainable development of DLEs, such as governance/management,
policy, technologies, teacher competence, learner factors, infrastructure, and learning content. Further
explanations on some of these elements ensue.

Governance/management

The governance of a learning ecosystem is essential for an organization because of certain irrelevant
internal factors. Undoubtedly, providers, barriers, processes, and learning aspects need to be considered. The
ways to select and use data from learners, to connect the system with resources, and to negotiate with
stakeholders to meet the required competition must be clarified in learning ecosystem governance (Giattino
& Stafford, 2019). However, how do we create a governance structure to maximize elements and maintain
flexibility to enhance the interaction among communities, users, and tools? Giattino and Stafford (2019) noted
that six steps can be designed and carried out toward achieving a successful learning ecosystem:

(1) identifying stakeholders and choosing framers,
2) selecting issues,

3) building a charter,

2)

3)

(4) coordinating the charter,

(5) building responsiveness into administration, and
(6)

6) addressing grievances.

Accordingly, Chang and Uden (2008) revealed that the structure of an ecosystem pertains to the position
and duties of individuals, organizational structure, committee, administrators, and senior leaders.
Management processes should include resources, networks, infrastructure, “strategic planning, licensing and
regulations, service level agreements, service and technical management, information security and risk
management” (p. 343), and collaboration and participation of stakeholders. The last factor in the governance
of ecosystems is revealed through standards of instructional design, learning styles, strategies of pedagogy,
and cognitive learning. In addition, people take responsibility for establishing policy needs to be determined,
as functions and decisions would impact components, needs, processes, and results in the ecosystem
(Giattino & Stafford, 2019).

Learning technologies and content, and infrastructure

To expand upon prior research presented here regarding factors leading to the efficacy of digital learning,
previous studies have indicated several challenges: those related to learning tools, new pedagogical methods,
and the sustainable development of ecosystems (P&ldoja, 2016); the institution’s management, infrastructure,
learning resources, and tools (Valjataga et al., 2020); learning facilitation and change management, limited
budget, the large number of students in a classroom, and traditional teaching methods (Quaicoe et al., 2016),
all of which are considered to influence the pressures and chances of exploring DLE services and the
development of ICT competencies of schools.
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It is important to identify the needs and selection processes and determine criteria so that educational
institutions can have the best solutions to meet their requirements and standards. Moreover, an ecosystem
must ensure precise, inheritance and automated technology solutions, and have the ability to integrate
training features with other systems to be cost-effective and not bound by proprietary systems. According to
Uden et al. (2007), “the design of e-learning should be based on sound principles from instructional and
learning theories” (p. 116). The content in the ecosystem must be combined, reused, distributed,
interoperable with different vendors, and integrated with technologies and learning management.
Applications and infrastructure must be continually improved to enable the management and optimization
of e-learning ecosystems (Uden et al., 2007). Ensuring the security and privacy of e-learning is necessary to
increase the usage of e-learning ecosystems in educational institutions. In addition, policies, procedures, and
technologies are necessary to ensure system security (Eswari, 2011).

Teacher and learner factors

It is interesting to note that teachers’ digital competence (Valjataga et al., 2020), information access ability,
knowledge consolidation, and technology use (Virgili, 2013 as cited in Ospina & Galvis, 2017) are necessary
conditions for transforming and developing the learning ecosystem. Giannakos et al. (2016) emphasized that
a learning ecosystem helps develop an active learning method and a profound understanding of the learning
material and evolves teaching methods to promote learners’ motivation and needs. Therefore, an
understanding of the learning styles helps teachers choose appropriate teaching approaches to enhance
teaching effectiveness, improve learning processes and achievement, and design appropriate curriculum and
syllabi for students (Vaseghi et al., 2012).

Furthermore, the factors relating to learners, such as learning duties (Chang & Giitl, 2008), self-learning
and learning from others, and building relationships with people in the ecosystem (Virgili, 2013 as cited in
Ospina & Galvis, 2017) also need to be considered for the development of a DLE.

External Factors

Chang and Gutl (2008) confirmed that the influences of external factors in a learning ecosystem must be
identified as the conditions for undergoing the boundaries. These external factors include elements such as
knowledge progression, national education objectives, cultural and social factors, and desires of the society,
organizations, and the government. It is therefore worthwhile to explore their impact by analyzing them in
the context of how these human, material, social, and cultural factors interrelate to meet educational
aspirations (Sarnok et al., 2020). Additionally, P&ldoja (2016) pointed out that educational policies, funding
and its stability (Allen et al., 2020), competency framework, and the requirements of the national curriculum
(Quaicoe et al., 2016) also affect the effectiveness of DLE.

METHODS

The survey method helps collect and analyze data from respondents who represent the entire population
(Pickard, 2007). Thus, in this study, a quantitative methodology was used to explore the success factors for
transforming classrooms into learning communities in DLE.

Sampling and Research Instrument

The participants of this study were teachers at secondary schools in 20 provinces in Northeast Thailand,
which directly used the KKU smart learning project for their teaching and learning activities in three subjects
(mathematics, science, and English).

Teachers were randomly selected at three levels, from grades seven to nine. The sample of the population
was selected based on the sampling formula of Yamane (1973) with errors set at 0.5.

The questionnaire was a research tool developed and designed based on the results of the literature
review, which was then validated by three lecturers of computer education and science education. Following
this, it was designed to clarify eight success factors for transforming classrooms into learning communities in
DLE (i.e., policy, management, infrastructure, learning support technologies, learning content, teachers,
learners, and external factors). Close-ended questions were designed to allow respondents to choose their
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answers based on a five-point Likert scale (5=strongly agree to 1=strongly disagree). Open-ended questions
were also integrated to obtain views and perceptions of participants relating to other success factors
supporting learning and teaching activities in DLE.

Data Collection and Analysis

A pilot study was conducted with 40 teachers to assess the reliability of the variables. The results indicated
that all the variables had Cronbach’s alpha values greater than 0.9. Thus, the questionnaire was highly reliable.

The final version of the questionnaire was delivered to the schools’ teachers under the University smart
learning project in 20 provinces of the northeast of Thailand via Google Form from June to August 2021. The
researchers received 350 valid responses from the teachers distributed in all 20 provinces, which accounted
for a 96.4% response rate. The collected questionnaires were selected and chosen in order to remove
inappropriate samples. Data analysis was conducted in two steps:

(1) Step 1: Exploratory factor analysis in SPSS was performed to measure factor structure. Consequently,
five items were deleted because the factor loading value (8) was less than 0.5 (Hair et al., 2009).
(2) Step 2: A confirmatory factor analysis of AMOS was performed to test the fit indices of the model.

According to the standards defined by Hair et al. (2009) of indicators used to assess the model fit, the fit
indices for success factors for transforming classrooms into learning communities in DLE are acceptable (Chi-
square/df=2.328, RMSEA=0.062, CFI=0.951, GFI=0.820, and TLI=0.946). In addition, all factor loading values of
the items were consistent with the necessary conditions, with values greater than 0.5.

FINDINGS AND DISCUSSIONS

The demographic information showed that the sample consisted of 58.4% female teachers and 41.4%
male teachers. Of the total sample, 52.0% had a master’s degree and 31.7% had been teaching for more than
20 years. In addition, 42.0% of the teachers were teaching science subjects using KKU smart learning. Of these,
51.1% were grade nine teachers at secondary schools.

The statistical results in Table 1 indicate that technology used in learning has the highest score with a
mean value of 4.64, followed by teacher and learner factors (¥=4.61 and x=4.49, respectively).

Table 1. Summary of Cronbach'’s alpha, mean, and standard deviation of the factors

Success factors Number of items Cronbach’s alpha Mean Standard deviation
Learning support technology 7 0.963 4.64 .532
Teacher 6 0.956 4.61 .529
Learner 4 0.941 4.49 .619
Management 5 0.941 4.39 .627
Policy 2 0.884 4.36 .660
Learning content 5 0.971 4.32 .763
External factors 4 0.944 424 733
Infrastructure 5 0.974 4.16 1.006

Some prominent findings based on the results of data analysis are shown in Table 2.

Table 2. Means, standard deviations (SDs), and standardized factor loading (SFL) of items

Success factors Items Mean SD SFL (>0.5)
1. Policy Schools should have policies for teaching and learning in DLE 4.40 .672 .869
Schools should formulate strategies (strategic plan or annual action plan) to promote 433 721 914

teaching and learning in DLE
2. Management Schools should have a systematic process for supervising and monitoring the results of  4.41 .670 .888
teaching and learning in DLE

Schools should define the roles and duties of the various departments that are clearly 4.40 .689 .893
involved in teaching and learning in DLE

Schools should have rules & channels for exchanging knowledge to support meeting, 4.40 .702 .863
receive comments, & solve teaching & learning problems in DLE

Schools should adopt guidelines for teaching and learning in the DLE and set clear 439 .716 .835

guidelines (i.e. content management, teaching methods, learning activities, using digital

technology to promote learning)

Schools should provide criteria or indicators for assessing the quality of teaching and 436 .707 .891
learning in DLE
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Table 2 (Continued). Means, standard deviations (SDs), and standardized factor loading (SFL) of items

Success factors Items Mean SD SFL (>0.5)
3. Infrastructurelnternet system is stable, convenient, & can be accessed quickly in school area 422 1.025 .890
Schools have technologies and applications that facilitate the storage, use, and 417 1.041 .947
management of information
A variety of other facilities (i.e., classroom, laboratories, library, learning center, etc.) 416 1.038 .943

facilitates the teaching and learning
Teaching support equipment are adequately equipped (i.e., smartboards, projectors, TVs, 4.15 1.089  .957
printers, scanners, speakers, and digital cameras)
Digital devices (i.e., smartphone, tablets, laptops, computers, etc.) are adequately 412 1.088  .949
installed in every classroom
4. Learning Learning support technology should be designed to be easy to use and consistent with ~ 4.67 .566 .856
support the teachers and students’ capabilities
technology Learning support technology should be secured in terms of information and can be 4.67 .580 .849
accessed anytime and anywhere
Classroom and meeting management tools (i.e., Google Classroom, Google Meet, Zoom, 4.66 .583 .905
etc.) should be used to manage teaching in DLE
Applications and learning support materials should be designed for each course's topic ~ 4.65 .570 .899
that teachers can use to teach, and learners can self-learn in DLE
Communication tools (i.e., chats, email, discussions, social media, etc.) should be used to 4.64 .602 .897
encourage interactive learning and discussion with others in teaching and learning in DLE
Various digital learning platforms (i.e., videos, animations, photos, audio recordings, etc.) 4.61 .623 916
should be used to manage teaching in the DLE

Collaboration tools (i.e., Wikis, Blogs, Cloud services, etc.) should be used to develop 4.61 .594 .871
learning and collaborative relationships in teaching and learning in DLE
5. Learning Learning content is designed help stimulate learners’ digital knowledge & skills 436 .799 .930
content The content comprehension assessment is properly designed and consistent with 434 791 .925
learning in DLE
Presenting learning content in DLE in line with the teachers & learners’ ability 4.32 791 .926

The quality of learning content in DLE is carefully filtered, selected and assessed before  4.31 .814 .952
being used in teaching

Learning contents in DLE have enough quantity for students to learn & access easily 4.28 .838 913
6. Teacher Teachers should be knowledgeable in a variety of teaching methods, and able to choose 4.63 .581 918

the appropriate teaching methods for different content to stimulate learners’ learning in

DLE

Teachers should have digital literacy skills and be able to use digital tools to properly 4.63 .560 .887
manage teaching in DLE

Teachers should have knowledge of the teaching subject to link content to learners’ 4.62 .563 .905
experiences and to implement in DLE
Teachers should have the opportunity to regularly participate in competency 4.60 .601 .844
development activities which is necessary for teaching and learning in DLE
Teachers should understand elements & features of a DLE (i.e., contents, teaching 4,59 582 .865
methods, learning activities, & using digital technology to support learning)
Teachers should have knowledge of learners’ desirable characteristics to generate 4.58 .595 .902
expected learning outcomes in teaching & learning management in DLE
7. Learner Learners have a positive attitude towards learning in a variety of ways in DLE 451 .650 .868
Learners should be aware of the need to learn with and to cooperate with peersin a 4.51 .663 .934
group or class
Learners should be aware of the need and responsibility for self-learning 4.49 .684 915
Learners should have digital literacy skills and be able to use digital tools appropriately to 4.45 .687 .864
learn in DLE
8. External Social needs require schools must have the changes to improve their educational quality 4.26 .796 .853
factors and efficiency
Competency frameworks are clearly defined for learners and help develop learners’ 425 767 .905

knowledge, skills and attitudes

The effectiveness of national educational policies and objectives helps to better orientate 4.24 .779 .924
and create school education strategies

The national curriculum is modern, stable and aligned with the development of society =~ 4.21 .825 916
and learners'’ abilities help to better design and develop the school curriculum

(1) Learning support technologies should be designed in accordance with the teachers’ and students’
capabilities, easy to use, secure in terms of information, and accessible every time and everywhere
(x=4.67).
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(2) Teachers' competence in the choice of appropriate teaching methods, digital literacy skills, and
knowledge of the teaching subject influence the effectiveness of educational activities (x=4.63 and
%=4.62).

(3) Leaners need to have positive learning attitudes, connection with other peers, self-learning
responsibilities, and digital literacy skills (x=4.51, x=4.49, and x=4.45, respectively).

(4) The systematic process for supervising and monitoring the results of teaching and learning (¥=4.41 and
B=0.888) and education policies (x=4.40 and 3=0.869) should be issued by schools.

(5) Learning content must be designed to stimulate learners' digital knowledge and skills (x=4.36 and
B=0.930).

(6) Social needs require changes in schools to improve educational quality and effectiveness (¥=4.26). In
addition, the Internet system is stable and can be accessed quickly (x=4.22), and strongly affects
teaching and learning transformation.

Other items that influence the success of classroom transformation in a DLE are also mentioned by
teachers in their responses to the open-ended questions:

e Readiness of teaching and learning in terms of learning equipment, digital devices, technologies,
media, the Internet, learning materials, students' learning attitudes, and cooperation between
stakeholders (i.e., administrators, family, supporters, teachers, learners, etc.).

e It is necessary for teachers to follow-up and share learning management practices and continually
learn, adjust, and develop in different situations.

e Guiding and providing training for teachers to have a consistent understanding and lead teaching
objectives for learners.

e Learners should be supported to improve discipline, interaction, the use of digital media and digital
devices, information searching skills, interest in learning, and learning to adapt with the changes.

e Schools should have more budgets and funding to invest in laboratories, equipment, and digital
devices.

e The government should provide opportunities for schools to manage fixed budgets. In addition,
operational policies should be flexible according to different situations and must be actively and
continuously promoted.

Learning Support Technology

Improving the quality of learning support technology is essential for deploying teaching and learning
activities. Following this measure, schools should design and apply various appropriate platforms, tools, and
applications for teachers and learners. However, the design of technologies must rely on the users’
characteristics and ensure that information is secure, up-to-date, and accessible. Moreover, the guidelines of
these technologies need to be published to support teachers and learners in their use. Previous research
confirms that learning technologies used in the classroom help increase student engagement in learning
activities (Bergdahl et al., 2018), develop digital literacy, learning motivation, and communication skills,
enhance search for various resources, and improve completion of learning tasks (Budnyk et al., 2021). Hence,
teachers need to integrate different technologies into lessons to boost students’ participation, interaction,
and navigation in learning, change pedagogical methods, and enhance learning effectiveness (Mashau &
Nyawo, 2021).

Teacher Factor

In order to improve teachers’ competence, schools should conduct and allow teachers to join advanced
courses and training programs pertaining to expertise, information technologies, digital literacy, and
pedagogical methods. In addition, teachers need to actively update and engage in self-study to acquire the
necessary teaching knowledge and skills and determine students' characteristics to choose and adjust
appropriate teaching methods. Previous research has shown that students’ learning outcomes are affected
by teachers’ competence, such as pedagogical content knowledge, domains of instruction, beliefs and
motivation, student assessment, classroom management (Kunter et al., 2013), and knowledge and skills in
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using ICT (Bukaliya & Mubika, 2011). Furthermore, learning styles and characteristics affect learners’
development; therefore, teachers can design teaching activities based on context and learning progress
(Kumar & Bharti, 2020); prepare video-lectures and support students in learning (Drozdikova-Zaripova &
Sabirova, 2020); and improve their knowledge and skills to develop positive attitudes in teaching (Pit-ten Cate
et al., 2018). They also need to have communication and interaction skills, and knowledge of video production
to conduct teaching activities effectively in digital environment (Grunis et al., 2021).

Learner Factor

It is important to enhance the learning attitude, self-learning, digital literacy skills, and the connection of
learners in the digital environment. Therefore, schools should design appropriate courses to integrate
technologies within this space and boost students’ technological capabilities. Teachers must also choose
teaching methods and organize learning activities to stimulate students’ learning motivation and attitudes, to
boost creative thinking and the interaction between learners and teachers. Assignments and homework
should also be designed to improve self-learning abilities. The findings of previous studies indicate that
learning activities should start from students’ perceptions, and teachers should instruct students to establish
an accurate self-concept for properly understanding the affairs in the environment. In turn, this would create
experiences with active attitudes and accurate approaches so that individuals' perceptions can be
constructively changed by learning activities (Shieh et al., 2013). The best way to provide learning to students
is to determine learning styles through indicators such as capability, individuality, recognition, and intelligence
(Zhao et al., 2021). According to Lilian (2021), lack of motivation affects learners’ learning processes; therefore,
it is necessary to have pedagogical support from teachers in online spaces (Yates et al., 2021) and to connect
with other students and join in the learning community to avoid feeling isolated (Hunt, 2015; Oh et al., 2018).

Abedini (2020) noted that students have higher creative thinking in digital learning environment than
ordinary courses. However, creativity depends on organizing learning process for learners in digital
environment. Accordingly, the teacher-learner interaction, students’ engagement, the credibility of teachers,
encouragement and listening, fair and support of teachers in the classroom have critical role in learning
process (Cooper & Miness, 2014; Goldman & Martin, 2016). The creativity could be developed when students
allowed to access interest-based documents; had discussion, video-using, feedback, references provision,
information synthesis, and knowledge application into daily life (Manurung et al., 2022; Prayoga, 2021). Thus,
using different teaching methods, games, funny activities, digital tools and technologies is necessary to
enhance learners’ competence and creativity (Hashim, 2018; Manurung et al., 2022; Sobhani & Bagheri, 2014;
van Rensburg et al., 2022).

In addition, digital literacy plays important roles in promoting students' learning motivation and autonomy
(He & Wray, 2017), and in enhancing their learning performance and success (Alavi et al., 2016). However, the
level of digital literacy of students is limited and depends on the availability of digital facilities and tools (Cote
& Milliner, 2017; Dashtestani & Hojatpanah, 2020).

Management Factor

A management mechanism should be clearly established to supervise and control educational processes
at secondary schools. The roles and responsibilities of individuals, units, and stakeholders must be defined in
the documents. In addition, the rules, processes, guidelines, and channels concerning content management,
teaching methods, learning activities, use of supportive digital technology, receiving information, and problem
solving in teaching and learning need to be issued. Evaluation criteria or indicators must be clarified to provide
detailed administrative procedures and facilitate the management of teaching and learning results in DLE.

Giattino and Stafford (2019) confirmed that there is no difference of ecosystem in the governance of
organizations between the educational sector and other sectors because it is worth considering that the
effectiveness of governance structure must encompass the simultaneous combination of personal needs,
resources, and abilities, to “better support for, and service to, their organizational constituencies” (p. 322).
However, these components must include the participation of a group of professionals to “discover the
breadth of the organization’s stakeholders and the key issues to be addressed” (p. 322), thereby choosing,
creating, and managing its ecosystem.
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Policy Factor

Based on the national policies on education, schools should build policies, plans, and strategies in line with
their teaching and learning objectives, features, and conditions. These documents must be characterized as
a “lodestar” to navigate and promote educational activities, manage and control pedagogical processes, as
well as create criteria and evaluate the effectiveness of academic performance. Some prominent results of
past research have shown that understanding the ecosystem helps policy makers identify the roles of
stakeholders in designing and making decisions, and developing different components and utilities (P8ldoja,
2016). Hence, administrators need to consider who takes responsibility in establishing functions and decisions
and solving problems influencing the needs and processes of the ecosystem. In addition, potential scenarios
should be identified to set up appropriate solutions in case of changes (Giattino & Stafford, 2019).

Learning Content

In order to improve the quality of learning content, schools need to create a group of teachers and
administrators who are knowledgeable about teaching subjects, proficient in computer education and digital
literacy to select various information resources, and able to design courses and programs in line with the
teachers' and learners’ abilities. Further, learning content must be designed to stimulate students’ digital
knowledge and skills, self-learning, critical thinking, and learning motivation. They must then be evaluated
and validated by experts before their official use.

Previous research mentioned some challenges for educational institutions in designing digital learning
resources, such as the lack of the collaboration between stakeholders and the limitation of “reuse, revising
and remixing” (Pdldoja, 2016, p. 75). In addition, the availability, accessibility, reusability, quality, and relevance
of learning resources have been found to affect e-learning effectiveness (Sridharan et al., 2010). The
information provision of learning content helps learners enhance questioning strategies, trigger prior
knowledge, and exchange relevant knowledge (Erkens & Bodemer, 2019).

Infrastructure Factors

In the digital learning environment, the Internet is the most important item to support learning and
teaching. Thus, it is necessary for schools to invest in Internet infrastructure, technologies, and applications
used for the storage, usage, and management of information. In addition to teaching support equipment and
facilities, digital devices should be equipped and installed in classrooms. Other studies mentioned that digital
devices, the Internet, and technology equipment are considered as the basic tools for smart classrooms (Yang
et al., 2018), and that students achieved higher learning performance when learning in a smart classroom
(Menon, 2015).

However, the limitation of technological infrastructure has impacted students’ learning achievement and
learning experience (Quaicoe et al., 2016). Therefore, schools must be equipped with digital devices, software,
and new technologies. Besides, teachers need to be trained in using teaching facilities in smart classrooms to
boost teacher’s capacity and students’ perception and motivation (Raghunath et al., 2018; Sethy & Mohalik,
2019).

External Factors

Schools should design and adjust educational plans and strategies, curricula, and courses that rely on
social needs, national policies, and goals. Schools' educational criteria and the design of programs must also
rely on a common competency framework to develop learners’ knowledge, skills, and attitudes. Past studies
have revealed that learner-centered educational strategies (i.e., active learning, collaborative learning,
adaptive learning, and blended learning) impact the sustainable development of e-learning ecosystems.
However, they must be appropriately supported by technology (Sridharan et al., 2010). In addition, learning
achievement in the education ecosystem is also influenced by factors concerning socio-economic, political,
and psychological contexts (Bandyopadhyay et al., 2021), teachers’ roles or work requirements, and the
development of expertise (Blundell et al., 2016).
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CONCLUSION

Evidently, several elements contribute to the successful transformation of a classroom into a learning
community in a DLE. Based on the responses and opinions of teachers, the design and deployment of various
learning technologies, the Internet connection, the readiness of learners and teachers, teachers' competence,
and the quality of learning content are the most important items. Therefore, in order to improve the quality
and effectiveness of teaching and learning at secondary schools, it is necessary for governments, schools,
administrators, teachers, and stakeholders to design and conduct well-rounded solutions to boost learning
motivation and attitudes of learners and maintain the sustainable development of learning ecosystems in the
digital space.

(1) Policy makers and educators should consider and issue policies and strategic plans to invest and
develop technology infrastructure for educational institutions; build up competency framework for
teachers and learners in the digital learning context, as well as have policies and programs to support
schools enhancing the educational performance.

(2) Administrators should focus on developing learning management system; allocating budget to design
and evolve digital learning contents, technology platforms, tools, applications and digital devices to
support teaching and learning; organizing programs to enhance teachers’ competency and improve
teaching effectiveness.

(3) Itis important for teachers to understand their learners (i.e., knowledge, skills, learning attitudes, and
digital literacy) to establish appropriate teaching programs and activities to foster learning interest,
motivation, and engagement; enhance the interaction, communication of students; use appropriate
technologies and create a comfortable learning environment to boost students’ higher order thinking
skills.
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