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Abstract—This study examined the development of learning and innovation 

skills among students in the virtual learning environment provided by the smart 

classroom which is comprised by three technological components containing 

(1) virtual 3D classroom created by Open Simulator, (2) Learning Management 

System (LMS) created by Moodle and (3) the add-on Moodle’s plug-in, known 

as INNO ED TOOLs. The new system design which makes connection between 

the virtual 3D classroom and the LMS known as Virtual Smart Learning and 

Innovation System (VSLI). The VSLI  was created in accordance with the 

principles of constructivism in order to guide and foster creative thinking 

among learners and enhance their skills in innovation. 
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1 Introduction 

One of the principals aims of higher education is that learners will eventually be 

ready to contribute effectively to their working lives and their society upon 

graduation. Although it is important for learners to study content directly related to 

their subjects, the Association of American Colleges and Universities conducted a 

survey of employers in 2018 which revealed the additional needs of those employers 

[1]. Nine out of ten employers argued that graduates would need to be much more 

broadly skilled than was the case in the past, in order to be able to perform an 

increasingly challenging and diverse set of workplace tasks. Supporting this view, 
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another study entitled “Future Work Skills 2020” [2] set out details of the skills which 

will be necessary.  

On the basis of these requirements, those who succeed in the workplace of the 

future will be those who display skills in critical thinking and creative adaptability. 

The need for “novel and adaptive thinking” will challenge educators to find novel 

ways to develop the skills of the future workforce so that they are equipped to work in 

a world where innovation in products and services is critical. The World Intellectual 

Property Organization (WIPO) reported that there was an increase of 7.8% in the 

global number of intellectual property registrations from 2014 to 2015, emphasizing 

the growing importance of innovation. The leading countries were China, USA, 

Japan, South Korea and the nations of Europe under the European Patent Office. With 

a further 2.9 million patent applications in place [3] as part of a growing trend, it is 

clear that intellectual property is a vital global matter [4]. Many countries have 

accordingly set their policies to encourage innovation and soft skills in order to 

compete effectively with the rest of the world. Numerous universities have recognized 

the importance of developing their students’ skills in line with the demands of the 

workplace, and innovation has become one of the main criteria for assessment in the 

university ranking systems, including the QS Stars Ratings compiled under the QS 

World University Rankings Methodology [5]. Innovation in the university context is 

partly concerned with patent applications placed with national or international patent 

authorities. It is therefore necessary for universities to develop policies which can 

encourage innovation in order to create the ideas which can bring about patent 

applications. Developing students is therefore vital, especially in focusing on the soft 

skills they will need if they are to innovate effectively for the 21st century [6, 7]. 

Under the Partnership for 21st Century Skills (P21), learning and innovation skills are 

described in terms of three qualities: “think creatively”, “work creatively”, and 

“implement innovations”. The first of these describes the strategies required in order 

to generate ideas, including brainstorming, employing both incremental and radical 

ideas, and maximizing creativity through analyzing and refining the concepts created. 

The second requires that ideas are developed and communicated effectively in a 

cooperative environment which allows fresh ideas to flourish through collaboration 

and feedback. These fresh ideas would include advances upon current inventions. 

Furthermore, any failure should be considered as an opportunity for further learning, 

and it must be understood that creativity in thinking processes can take a long time. 

The third ideas is that new and creative ideas must be turned into physical products 

which can be considered to be the innovations [8, 9]. Furthermore, there are factors to 

be concerned for the design of virtual classroom in order to practice social skills. 

According to the meta-analysis from Means, et al. [10], it was found that online 

learning in most studies is instructor-directed learning (effect size of 0.386, p<.01) 

while active learning and collaborative learning are less (effect size of 0.05 and 0.249, 

p<.001). Also, type of knowledge consists of declarative knowledge at effect size of 

0.180, procedural/ Procedural and declarative knowledge at effect size of 0.239 (p < 

.001) and strategic knowledge at effect size of 0.281. According to Mata analysis, the 

result revealed high score of effect size and significant in content based-Learning. 

However, effect size is low score or not significat at skills affected organization's 
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performance in real business. It is implied that Design and development of tools and 

learning process may not have quality or do not respond to learning that emphasizes 

process skills.  

Skills in innovation and learning have their basis in the constructivist, 

constructionist, and connectivist learning theories, Skills in innovation and learning 

have their basis in the constructivist, constructionist, and connectivist learning 

theories. When these skills need to be promoted, the design of systems to support 

learners is required. In this study, researchers developed new user-facing features 

which are combination of modern technologies.   

In the context of this study, virtual smart classroom design is of greater importance 

than typical virtual classroom design because of the need for the design to incorporate 

both VR technology and pedagogical theories related to learning. This means that a 

number of relevant factors must be considered in order to develop an effective system, 

utilizing both technical and analytical skills [11-14]. The system comprises three sub-

systems: the LMS (Learning Management System), which is usually Moodle; the 

Moodle plug in (INNO ED TOOLs) related to innovative skills, and the virtual 3D 

classroom enabling the provision of scaffolding through technology. This study 

therefore employs constructivist learning theory to explain the learning processes 

involved in the creation of new knowledge, and to discuss the creation of tangible 

new artifacts and technology in this particular academic field. 

2 Literature Review 

The following section comprises a brief review of the literature describing the 

terminology involved. 

2.1 Constructivist learning theory 

Constructivist learning has been demonstrated through observation and scientific 

research to be a process through which learners are able to experience new ideas upon 

which they must subsequently reflect in order to construct their own understanding. 

Learners must actively process the information they receive, thus building g their 

knowledge, rather than acting as passive recipients. For such an approach to work in 

the classroom setting, learners must employ active strategies, such as problem 

solving, in order to build new knowledge, which can then be discussed as students 

begin to learn how their understanding is developing. First, the teacher must know the 

learners’ current level and understanding in order to set an activity which will allow 

the learners to take the next step to build on what they already know. The activity 

should involve real-life tasks which encourage cooperation in learning. 

Constructivism holds that the learners will construct knowledge through the assistance 

of teachers or their peers, when presented with learning materials in a particular 

learning environment. The role of the virtual classroom system is therefore to offer 

learning material and virtual situations while guiding the learners to cooperate or 
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sometimes compete within a stimulating environment under the constructivist model 

of learning [15, 16]. 

2.2 Constructionist learning theory 

Constructionism has its basis in constructing knowledge, but is most effective 

when it involves building tangible items which can subsequently be shared. The 

underlying concept holds that learners will learn best by making something. 

Experiential learning takes place, and by engaging proactively with the key concepts, 

the learners can build on the ideas involved. They are not merely learning by doing, 

however, but can reflect upon the socially shared tasks to deepen the experience. It is 

important to share the process as well as the finished product [17]. When the virtual 

smart classroom system is well-designed, it adheres to the constructionist framework 

which makes intervention feasible as well as challenging the traditional approaches to 

the implementation of such systems. In the context of learners creating new 

inventions or building artifacts, constructionism demands that learners employ the 

technology in a constructionist manner as they share the ideas with one another [18-

20]. 

2.3 Virtual reality 

Virtual reality, or VR, is the term used to describe the simulation of reality through 

computer systems using a digital format. The technology integrates computer graphics 

with multimedia technology, sensors, artificial intelligence, and parallel real-time 

technology, and can be used to create a virtual classroom. The incorporation of 

asynchronous learning means that additional learning materials and opportunities are 

provided so that learners can study alone according to their own schedule. 

Asynchronous learning is supported by multimedia presentations and videos, in 

addition to message boards and feedback from submitted assignments. The advantage 

to learners is that the system can be accessed whenever they need in order to carry out 

the activities, and the teacher can be contacted whenever necessary. Synchronous 

learning is the name given to this kind of approach where teachers and learners meet 

online from different locations. All the learner needs is a device which permits 

internet access, and once on the network, instruction can be delivered in real time. It is 

possible for the instructor to follow up with learners immediately and offer real time 

interaction, or to schedule an online chat allowing both parties to meet in the virtual 

classroom by appointment. Moreover, in the collaborative learning environment, the 

notion of collaboration has its basis in the shared sued of the software, including 

whiteboards, drawing tools, mind maps, or assignment tables, through which the 

learners and instructors interact. For this type of study to be effective, advanced 

learning materials and tools are necessary along with synchronous learning 

approaches [21-23]. 

When considering the type of technology to be implemented in creating learning 

environments for virtual study, researchers have noted the importance of building a 

challenging framework. Furthermore, it must be possible for the learners to enhance 
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their own learning by developing innovations. There are a number of suitable tools for 

this context. For instance, various communication devices can be employed in order 

to facilitate communication, whether synchronous or asynchronous, one-to-one, one-

to-many, or many-to-many. The devices can be employed by learners in order to build 

upon their current knowledge or to acquire new knowledge via discussions held 

online. In some cases, learning systems have been devised with the capability to save 

chat histories through the use of one sign-in, and FAQs. Authoring tools can also be 

used, both in the context of the teacher and the learner. The learner context demands 

the use of tools including whiteboards, reflection tools, concept mappings, and blogs 

which allow the learners to produce and develop ideas, as well as to carry out the 

analysis, synthesis, and categorization of newly learned material, in addition to 

making comparisons while creating knowledge following lessons, or sharing 

experiences as a part of innovative creativity. Meanwhile, teacher context refers to the 

instructor developing the content for the lesson through the use of basic software. 

Tools allowing resources to be shared enable learners to input their own learning 

resources and share them with others. Through the system, learners can upload their 

own presentation slides or documents, with images or video content, by a simple drag 

and drop of the files into the correct part of the system. It is also possible to include 

links to other resources, such as other websites that learners wish to share. The in-

built system of management and follow-up then helps to track the progress of the 

learners, recording their original access to the materials, their frequency of study, and 

reporting the content which has been covered. This information can be used by the 

instructor to monitor learner progress. To achieve this level of supervision, it is 

necessary to establish cooperation between the elements of IT which govern 

intervention policy and security. This will mean that usernames and passwords are 

required to ensure that only the registered learners have access to courses and 

materials, while the instruction materials are used for formative assessment and tests 

are conducted to provided summative assessments. Moreover, learners can submit 

self-assessment reports which can be analyzed, providing learners with online 

feedback to guide their progress and suggest which materials require further review, 

and can guide instructors by offering an overview of learner progress. Furthermore, 

improvements to the content can be made on the basis of the feedback received from 

users, ensuring that the course aims are achieved in the context of the specific 

learners. Navigation systems, which are typically bars linking to other pages, are 

useful in providing a flexible environment, giving learners additional freedoms. They 

can also adjust the screen so that the display meets their preferences in terms of 

graphics, logos, colors, and the user interface. Such settings can help learners in using 

the system more easily and developing a better understanding of the content. The 

latest advances in virtual reality technology make it possible to create a virtual 3D 

world as an interactive environment using tools such as 3D Builder and 3D Render. 

Suitable software types which can be employed, whether freely or commercially 

available, include OpenSimulator and Art of Illusion, since the material they produce 

can be seen easily on different types of devices. However, as the content is gathered 

and utilized by the learners, it is important that they are able to correctly reference 

their work and credit the sources appropriately. One way to check that this has been 
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done effectively is to use plagiarism detection software, one example of which is 

Turnitin. The system also provides direct connections with library catalogs which can 

provide learners with access to digital libraries and a host of other online resources to 

be used in completing assignments. The tools used for evaluation and assessment can 

also be classified into two categories: formative assessment encompasses the use of 

observations, self-evaluations, and formative tests, while summative assessment is 

carried out through testing, portfolio submission, and the evaluation of creative 

presentations based on the material covered upon completion of the lessons, and 

following a clear rubric. Scores can be awarded on the basis of the learning standards 

specified at the outset, and the grades are delivered to students directly through the 

online system [24-28]. 

2.4 Learning management system: Moodle 

Many studies have noted to academic advantages of Moodle as a learning 

management system [29, 30]. Readily available as an open-source program under 

General Public License (GPL), it could be freely downloaded. It was installed on a 

server offering PHP language and MySQL functioning as a Learning Management 

System (LMS) or Virtual Learning Environment (VLE) by the system administrator. 

Because Moodle has a modular structure, new courses can easily be added, making 

the system attractive to learners. A large number of highly effective online tools are 

offered to carry out a large number of different tasks, and providing different 

resources for learners including tests, forums, messaging, blogs, assignments, 

glossaries, and wikis [28]. One further advantage is the large number of users Moodle 

has, since these people are constantly developing new features. There are today over a 

thousand additional modules and plug-ins which extend the basic Moodle framework 

and make many further activities possible [18]. If one considers the basic 

functionality of Moodle, it offers a collaborative online learning environment 

comprising a number of adaptive components [19] which can be employed in the 

creation of a comprehensive virtual learning environment. Its use can assist in 

producing cognitive schema in students, supporting their construction of knowledge 

and developing higher order thinking skills. The environment can also encourage a 

positive approach towards collaboration with other learners through active discussion 

and participation in exercises designed to stimulate creative thinking and the 

development of new technology skills. By organizing their own interaction with the 

resources available in the course, learners can determine their own learning path while 

developing the necessary skills. Their goal must be to obtain the particular knowledge 

which is associated with the educational process. The system makes use of log 

activities, forums, and quizzes from the database, and provides feedback in the form 

of social network and snail graphs which make use of clustering and association rule 

mining algorithms [31, 32]. Furthermore, Moodle also permits the use of plug-ins 

which make it possible to perform additional required tasks. In fact, 1,336 plug-ins are 

currently available for Moodle [33]. 
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3 Research Questions 

In this research study, the technology required to support innovation and learning 

in the virtual smart classroom was examined. The research questions listed as follows 

provided the guidance for the study:  

1. What is the virtual smart classroom architecture which can support learning and 

innovation? 

2. What outcomes are achieved when learners use this approach? 

4 Research Methodology  

The research methodology involved two sections. The first was to design the 

virtual smart classroom architecture, while the second was to test the virtual smart 

classroom with the sample participant as learners. 

4.1 Virtual smart classroom architecture 

In addressing the first of the research questions, this study made use of a 

framework comprised three technological components related to 21st century learning 

and instruction. Creativity and innovation skills can be learned online through the 

virtual 3D classroom, ร่วมกบั  the LMS (Moodle), and the plug-in “INNO ED TOOLS”. 

Additional plug-ins were developed for Moodle in order to further support learners in 

developing their learning and innovation skills. Moodle is a very well-known platform 

and its ability to deliver learning experiences online makes it the ideal choice for this 

type of situation. The virtual smart classroom itself can be further categorized into 

three parts as follows: 

Virtual 3D classroom: When technology which permits virtual reality is brought 

into the classroom, it can produce a learning environment that allows learning 

materials to be presented through different channels, thereby enhancing the utilization 

of the learners. A 3D world can be formed which enables the interactions and changes 

in entity objects to be reflected accurately in real time for the learners, permitting their 

participation in exploring this virtual world through the sensual experiences of sight, 

hearing, and touch in a manner that can replicate the real world. In such a functional 

subsystem, the following details are required: 

Creating an avatar is another useful cognitive method which assists learners in 

making the most of the virtual experience and remembering what they learned. By 

focusing on elements of the human memory and cognitive learning techniques, it is 

possible to use virtual reality learning with techniques designed specifically to 

improve learning outcomes. Within the field of virtual reality education, there is a 

high degree of cooperation among practitioners, making it possible for new ideas to 

be adopted readily and for materials and ideas to be generated to benefit learners. 

Pedagogical approaches designed on the basis of cognitive theory can be effective in 

helping learners to understand and recall new content, which has a much deeper and 
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longer-lasting effect than mere retention over the short term for the purpose of passing 

examinations.  

Building a whiteboard and online mind map can assist learners in producing 

pictures through which their ideas and opinions can be formulated and presented, 

either through a web browser, or a computer or tablet. This can be done within the 

virtual smart classroom, and hence from any physical location of the learner’s choice. 

The website can be accessed from any location in this model. The learners can use an 

avatar as a means to observe their virtual world and participate in their learning. This 

may involve chatting in the virtual smart classroom, while teachers can monitor the 

chat logs in order to assess the skills and progress of the learners in this context. The 

learners can use the system to complete their activities and use the web board offered 

by the virtual smart classroom as a channel for asking questions, giving feedback and 

comments, and submitting their work. The program was created using OpenSimulator 

developed by .NET Framework. Further programming used PHP linking to SQL in 

order to build a seamless system allows learners’ activity in the virtual smart 

classroom to be monitored. PHP is used to create the system which records 

assignments, which can later be found in the SQL database so that results can be used 

for calculations. The work can then be ranked using the “Hall of Fame” in the virtual 

smart classroom when the assets are downloaded from the server through “Media-On-

Prim”. 

4.2 Learning management system: Moodle 

All of the processes involved in both instruction and learning were carried out 

using the LMS on the internet. The system was able to link users’ computers directly 

to the FILE server and web server over both long and short connections. The LMS 

allowed the instructors to create and design the learning system through the selection 

of activities and learning multimedia materials which could be offered directly 

through the website. Further pages were also created in order to complete the design 

of the website. Learners were able to use the website and complete the lessons 

sequentially, working with each other collaboratively to create their work while 

communicating online. The course materials placed emphasis on discussion, 

reflection, and the development of innovative prototypes for new concepts. The 

programming required to support such materials was based on web applications coded 

in browser-supported language in JavaScript and HTML. This was because HTML 

and JavaScript need the browser in order execute the program and work well on the 

client-server architecture as the information is first entered by the client and 

subsequently stored and retrieved from the server. The role of the application server 

was to carry out the commanded tasks, while a dynamic database was used to store 

the data, and relied upon server-side processing. 

4.3 Plug-ins: “INNO ED TOOLS” 

System for student follow-up and classroom management is created through the 

use of the virtual 3D classroom permitting instructors to watch activity during 
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learning sessions, as well as monitoring learner attendance. The system also allows 

the gamification of learning and presentation of resources in multimedia format. The 

system was also designed specifically to work effectively on mobile devices. 

The overall image reflection tool is an avatar for the virtual smart classroom. It 

helps learners to record their ideas and reflections on each stage in a blog. Comments 

can be written using the plug-ins such as “Inno Smart Report (ISR)” and “Inno Smart 

Portfolio (ISP)”. Another plug-in, “Inno Ed Tools (IET)” can be employed to evaluate 

these reflections through three learning dimensions, producing innovation reports 

delivered either as an e-Portfolio or a printed Portfolio. PHP basic language was used 

in developing the Inno Ed Tools plug-in in order to further develop Moodle as the 

LMS. The plug-in includes various tools which can serve as a set of commands 

capable of displaying the necessary QR codes which can act as links to the website 

from student blogs, whether presented in either the preview or the print mode. The 

command works by finding the keyword <ahref> which then links to the website 

referenced from the blogs. This system is presented in Figure 1 which shows the 

Moodle Library (serializeTCPDFRagParameter) command which serves to alter the 

data displayed in the QR code which appears on the screen. 

 

Fig. 1. Virtual smart classroom architecture 

4.4 Virtual smart classroom system testing with learners 

To address the second of the research questions, the author employed purposive 

sampling to obtain a sample group of students at the undergraduate level who were 

studying at public universities in order to test the virtual smart classroom system. A 

total of 83 learners were included, drawn from faculties of education, agriculture, and 
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sports science, and thus encompassing the fields of social science and humanities, 

science and technology, and health. The first classroom had 33 4th year learners who 

were following a course which demanded the creation of work pieces (Educational 

Media and Technology, Faculty of Education). The second classroom had 21 4th year 

learners (Information Technology for Agriculture, Faculty of Agriculture). The third 

classroom had 29 4th year learners (Sports Technology, Faculty of Sport Science). 

The following steps were used to test the virtual smart classroom system. Initially, 

the learners underwent an orientation course explaining the virtual smart classroom 

system to assist them in understanding its use in developing innovation skills and 

learning for the era of Education 3.0. The learning activities would be carried out 

throughout the semester using the virtual smart classroom system. Prior to starting 

work using the virtual smart classroom system, each learner completed a self-

assessment questionnaire gathering data on learning and innovation skills in the form 

of a pre-test. The three skills described earlier were assessed: creative thinking and 

innovation skills; critical thinking and problem-solving, and communication and 

collaboration. The questionnaire comprised closed questions which were answered 

using a five-point Likert scale. As the students participated in the study over the 

course of a semester, they were observed by the researchers in terms of learning and 

innovation skills and evaluated on the predetermined criteria. Upon completion of the 

study phase, the learners once again took the questionnaire, in the form of a post-test. 

This also measured the opinions of the learners about their experience of learning 

using the virtual smart classroom system. The researchers also evaluated the learners’ 

learning and innovation skills against the same criteria as used earlier in the study. 

5 Research Results 

A sample group of 83 students was used for the testing of the virtual smart 

classroom system to develop learning and innovation skills. The students’ skills in 

learning, creativity, and innovation were compared using the dependent t-test for a 

range of different time periods.  
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Table 1.  A comparison of the pre- and post-test scores achieved by students  

in the assessment of learning and innovation skills before and  

after the use of the virtual smart classroom system 

Learning and Innovation Skills  k Pretest Posttest MD S.D. t 

Mpre S.D
. 

Mpost S.D
. 

Three Groups of Different Disciplines (n=83) 

Creative Thinking and Innovation 
Skills 

13 1.70 .47 3.08 .90 1.38 1.11 11.26** 

Critical Thinking and Problem-

Solving Skills 

11 1.67 .53 3.26 .91 1.59 1.15 12.57** 

Communication and Collaboration 

Skills 

14 1.67 .53 3.14 .93 1.47 1.13 11.85** 

Overall 38 1.73 .47 3.16 .88 1.43 1.08 12.07** 

Remarks ** The difference in the means is considered significant at the 0.01 level 

The t-testing of the mean pre-test and post-test scores measuring learning and 

innovation skills among the participants before and after study in the virtual smart 

classroom system showed that the mean scores in all groups were higher on the post-

test at the significance level of 0.01, for both individual and overall assessments. The 

overall learning and innovation skill scores for the 83 participants were at a moderate 

level (M = 3.16, S.D. = .88). The individual scores also reached the moderate level in 

creative thinking and innovation (M = 3.08, S.D. = .90), critical thinking and 

problem-solving (M = 3.26, S.D. = .91), and communication and collaboration (M = 

3.14, S.D. = .93). Moreover, all of the individual skills measured for the three 

principal elements were found to be at the moderate level (2.93 ≤ M ≤ 3.337). When 

taking into account the coefficient of variation, the individual skills were all found to 

fall within the range of 28.43% to 39.26%, with the highest ranking given to “you are 

able to compromise in order that the team can work to achieve the goal”, and the 

minimum ranking given to “you are able to evaluate the situation whether it is 

positive or negative and arrive at appropriate solutions for the situation”. For each of 

the individual skills, the data distribution was close to normal (-.39 ≤ Sk ≤ .26), 

indicating a certain level of similarity between the individual scores and the mean for 

the group, while individual skill kurtosis was negative and approaching zero (-1.10 ≤ 

Ku ≤ -.15) suggesting that a majority of the skills were rated a little above the 

moderate level. 

For the overview of the three fields of study, it was found that the pre-test and post-

test mean scores were significantly higher at the 0.01 level in the case of students 

whose courses gave them experience in creativity and innovation. These findings can 

be seen in Table 1. 
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6 Discussion 

It is possible to use the virtual smart classroom system to assist learners in 

developing the necessary 21st century skills in learning and innovation at the 

undergraduate level. The approach can be considered a form of mobile learning as 

well as virtual learning, and the required skills are clearly supported and promoted. 

All of the course components and processes have their basis and design in the 

theoretical approach to 21st century learning based on research into such learning at a 

deeper level. There were three subsystems within the system created.  

1. The virtual learning system used avatar-based VR in the form of personal icons 

which supported interaction with the virtual environment through graphic 

representation. The system could also record and store the activity of learners in 

the chat logs. Through the back-end system it was then possible for the instructors 

to see the stored data and make use of it in making evaluations. From the 

knowledge sharing perspective, learners were able to ask questions and post 

comments and reflections on their learning, all supported by the virtual 3D tools 

and environment. There were four virtual rooms within the virtual smart classroom 

system. These rooms included one hall and three classrooms. The hall included a 

Hall of Fame board on which the work of the learners could be displayed and voted 

upon. There was also an announcement board used to provide important 

information about the instruction process. A virtual computer was also provided to 

permit information searches online. 

2. The mobile learning system recognized the importance of smartphones in 

providing lesson accessibility while maximizing convenience. A vast majority of 

learners have a smartphone and hence could study at any time and in any location 

at a relatively low cost. Furthermore, the design of the system allows it to connect 

the existing data with the virtual 3D tools which are available in the virtual smart 

classroom, while also making use of the LMS through a web application known as 

VSLI, or “Virtual Smart Learning and Innovation System”. This application 

contains a number of tools. First of all is the blog which allows learners to post 

their thoughts and reflections during the learning process. There are online 

meetings available to facilitate real time cooperation. The learners’ progress can be 

recorded as they progress through the course, and there are pre- and post-tests 

available so that learners can assess their own learning prior to study and upon 

completion of the lessons. Interactive video is also used, where questions arise 

during the video, and key summaries are presented along with the content to help 

learners focus on key points.  

3. The system of plug-ins was able to augment the original functionality of the 

system, thereby enhancing its overall capability. This novel plug-in system is 

known as “Inno ED Tools” and has two principal plug-in elements as described 

below:  

i. “Inno Smart Reports” is a plug-in which is linked to the blog for the 

purpose of obtaining evaluation data concerning the three skills, because 
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the learners had written blog reports about their learning and the 

innovative skills they had developed during each of the learning phases.  

ii. “Inno Smart Portfolio” is a plug-in which was developed to gather the 

innovative creations of the learners along with their reflections through the 

e-Portfolio and the printed Portfolio whether in soft or hard copy form.  

4. The virtual smart classroom system is able to develop 21st skills, especially 

innovation, in undergraduates, through its ability to promote transformative 

learning. This kind of learning extends far beyond the simple acquisition of basic 

knowledge since it provides more than mere content to be learned, but instead uses 

interaction and novel experiences to develop the underlying value of learning The 

narrow conceptual perspective of many learners is thus expanded via 

transformative learning by the new experiences they encounter. Learning requires 

experience, followed by critical reflection along with shared rational discourse. 

This study made use of transformative learning based directly upon these three 

requirements. Experience was delivered for learners using activities which 

encouraged their use of innovation skills and critical thinking in problem solving, 

where communication and collaboration would be vital components of the process. 

The activities presented make this process clear, including steps such as 

brainstorming, and allowing learners to follow their own instructional pathways. 

This can be considered the initial stage of developing one’s own personal 

framework for learning [34-37]. Should such a framework be capable of 

adequately explaining an experience, the experience will become a part of the 

framework, and the learner will be able to use this to make the necessary personal 

changes which are a part of the learning process. Learners exposed to experiential 

learning tend to be motivated to learn in order to better understand their own 

perceptions and the cognitive changes they experience. The phase of critical 

reflection is important because the learners are obliged to select the relevant 

information for the discussion and sharing of knowledge with other learners in 

order to create innovations. In order to adjust the learning reference framework, 

critical reflection is essential. It also serves to link learning processes to actions, in 

the form of instrumental or communication learning. Instrumental learning 

involves the kind of learning which occurs when problems are solved and the 

learner observes the relevant causal relationships in doing so. Communication 

learning involves developing an understanding of the feelings and needs of others, 

and therefore demands that learners display a degree of trust and also vulnerability. 

There are three levels of critical reflection, encompassing content, process, and 

premises. Instrumental learning requires critical reflection of content and process, 

and one important point to consider is the question of the extent to which the 

acquisition of information about the content and process can be deemed reliable 

and accurate. In order to change one’s vision or framework, critical reflection is 

vital, and therefore this study demanded that learners employ each of these three 

different forms of reflection. Meanwhile it is also important that ideas are 

exchanged because to do so necessitates both experience and critical thinking so 

that learners gain the ability to judge whether or not the knowledge they have 
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obtained can be considered reliable and sufficiently accurate to be shared with 

others. This practice thus assists in learning and helps the analysis of the reference 

framework. In examination of the framework, the role of critical self-reflection is 

to clarify the values of all things. Meanwhile, critical discourse between learners 

and instructors is a form of interaction which helps to achieve personal and social 

transformation, both of which are mutually supportive [38, 39].  

5. Education 3.0 was the concept underpinning the virtual smart classroom system to 

develop 21st century learning skills for undergraduates [37, 40, 41]. The strategy is 

implemented in line with the vision of Thailand 4.0, which is the policy framework 

guiding Thailand’s economic model under the notion of bringing “Stability, 

Prosperity, and Sustainability”. In order to carry out the necessary national 

reforms, the direction of policy must be suitably aligned to take advantage of the 

opportunities of the 21st century and to respond to the potential threats. Change 

must avoid imitation and must instead prioritize creativity, technology, science, 

research, and innovation. According to the architects of the Education 3.0 policy, 

this is in alignment with the goals of Thailand 4.0. Education 3.0 requires that 

learners collaborate in small groups using information technology to address 

problems with innovation thinking and interaction. It is not sufficient merely to 

listen to a lecture. Interactivity is required, both with instructors and other learners. 

Technology can facilitate this type of learning, and has therefore been integrated 

into the process of learning and of instruction so that students now have the 

opportunity to learn at any time from any location. The content can be freely 

obtained from open educational sources and the activities presented can focus on 

collaboration and the sharing of ideas in order to create new knowledge. The 

outcome of such a system is active learning and interaction among teachers and 

learners. The instructors play the role of advisors, making suggestions and 

providing guidance where necessary, both within the institution and in the virtual 

world. The 21st century skills acquired by learners closely fit the goals of the 

Thailand 4.0 policy, which promotes active learning and the use of technology to 

develop learners’ innovation skills in the hope of producing citizens who are able 

to propel the Thai economy to innovative successes in a wide range of fields in the 

coming years [21, 42, 43]. 

The system overview shows that it is possible for deep learning implementation 

based on technology may be applicable in alternative contexts as a model of universal 

learning. In order to make use of such a system it is necessary first of all to evaluate 

the context in which it is to be employed as well as the typical limitations which may 

lead to shortcomings in achieving the objectives of the courses.  

7 Conclusion 

While this study achieved the initial objectives as stated from the outset, a number 

of limitations were encountered. One problem was that learners faced an excessive 

workload since they were also obliged to enrol for classes in a number of other 

subjects. This factor may have restricted their innovation skill development. The 
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second issue was that the speed of the network was inadequate to motivate learners to 

participate fully in the virtual 3D learning environment.  
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