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Abstract—In 2021, the COVID-19 pandemic is still not over. Thailand is 
the one that is facing the second wave of new coronavirus. Schools and univer-
sities were closed, and faculties need to mostly teach with Online pedagogy, in-
cluding the graduate students' courses. This study proposes to focus on the 
Ubiquitous area of the Blended Learning model with IoT-based to solve a prob-
lem of graduate students and their advisors by the qualitative focus-group tech-
nique. The mobile application draft was synthesized and designed to track and 
monitor graduate students' research activities on smartphones by built-in sen-
sors. They should stay active along while researching the advisor’s assignments 
on their smartphone. Non-active periods are implied when several behaviors are 
detected. Virtualize dashboards are processed to report the total active learning 
period of students for the advisor's evaluation. 

Moreover, students can continually monitor their self-efficacy to improve 
the online learning process. Besides, this study proposes to confirm the model’s 
quality by twelve experts with the questionnaire. The results show average 
scores of Propriety, Utility, Feasibility, and Accuracy standard are 4.32, 4.41, 
4.37, and 4.21, respectively. Therefore, the Blended Learning model's overall 
qualities with IoT-based smartphones are extremely high and proper to imple-
ment. 

Keywords—Blended Learning, IoT-based Technology, Graduate Students, 
Smartphone, Mobile application 

1 Introduction 

Internet network has become a necessity in everyone's digital daily life, especially 
in the very difficult global situation due to the rapidly and severely spreading of 
COVID-19 since 2020. Traditional physical behaviors in humans' daily lives were 
limited and controlled by public health to prevent and stop the virus from spreading. 
In the blink of an eye, all ordinary lifestyles were changed all over the world. Many 
physical behaviors were prohibited overnight; all people were forced to change with 
the new normal behaviors. Internet communication has been pushed to become the 
necessity for a truly new normal lifestyle such as social distancing, work from home, 
learn from home, etc. People had been adopted by new regulations for all safety in 
society. In 2021, the COVID-19 pandemic is still not over. Many countries are still 
facing the new waves of the new type of coronavirus, COVID-19, and many govern-
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ments still lock down their countries. Besides the big effects on global public health, 
economics, and society, the education system being impacted in this crisis period. 
Thailand is the one country that is facing the second wave of new coronavirus. 
Schools and universities were closed, and faculties need to mostly teach with Online 
pedagogy, including the graduate students' courses.  

The researcher synthesized the Blended learning model with IoT-based technology 
in the holistic approach into the new normal management model [18]. This new model 
was categorized into four characteristics, as Figure 1. This model explored the possi-
ble and suitable for all educational stakeholders at every level.  

 
Fig. 1. Four blended learning model characteristics with IoT-based technology [18]. 

In this study, a graduate student or grad student means a student with a first bache-
lor's degree pursuing additional education in a specific field, master's, or doctoral 
degrees for the advanced academic degrees. The researcher was a grad student and 
had a problem in the dissertation course on the COVID-19 pandemic situation. From 
the advisors' perspective from the focus-group survey, the classic issue of online 
teaching in the thesis or dissertation or special-project course of grad students was 
how to track their students’ online learning processes unless the complete task. Many 
grad students could not stay concentrated or active, along with their online research, 
because of their responsibilities and roles, including occupational duty, family' loads, 
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or social burdens. Some did not research from the primary online sources directly, 
which made some discrepant information in their knowledge. 

Moreover, some students had self-deception which they spent enough time re-
searching, and believed their online learning process was qualified. There were a few 
factors that are affecting the graduation period of grad students in Thailand. Some 
characteristics of grad students were found that they usually lack research planning 
and did not research follow their advisors’ advice actively [12][36]. Faculty should 
provide some mechanisms for advising and follow up the students’ performance be-
tween grad students and their advisor [12]. Nowadays, the most popular smart device 
is a smartphone with multipurpose functions and contains different sensor technolo-
gies. It was also embedded with many useful built-in sensors, including a camera, 
barometer, accelerometer, digital compass, GPS, and gyroscope [26][27].  

The research question is how to develop the Ubiquitous BL model with IoT-based 
to solve this problem for grad students in Thailand. Therefore, the researcher tried to 
efficiently implement this model by designing a mobile application that used the 
smartphone's built-in sensors to track grad students' behaviors while researching their 
advisor's assignment on the smartphone. 

2 Related Studies 

2.1 Blended Learning 

The blended learning (BL) concept was defined and grew up along with internet 
technology since 1999. BL combined any teaching technologies with face-to-face 
(F2F) teaching by teacher-led to help learners archive their learning objectives and 
able to practice both learning and working [21][22][23]. Meanwhile, BL can combine 
the instructional modalities or delivery media or instructional methods, or computer 
media into the traditional instruction [9]. Besides, BL can combine the online com-
puter or electronic media with F2F to meet challenges and serve learning goals effec-
tively and efficiently [10][28]. Later, BL course abled to combine online e-learning 
with traditional classroom to reduce the time of students' attendance by online learn-
ing instead [7][13][41]. So, BL was an ongoing long-term integration of information 
communication technology into education practice normality [3][4]. BL had become 
an educational approach that enabled the management of learning environments with 
physical and digital worlds. 

2.2 Internet of Things 

The internet network was born as the United States Department of Defense's ARPA 
network in 1969 for computer communication. Nowadays, almost all "things" able to 
connect and communicate through the internet network. Ashton defined the Internet 
of Things (IoT) in 1999 under the Auto-ID Center project of the Radio Frequency 
Identification (RFID) technology. Later, the IoT term was combined with the Perva-
sive computing concept, which was proposed to create smart devices that can com-
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municate through the internet anywhere and anytime. Besides, the progress of wire-
less communication and high-speed internet technology led IoT into a network of 
everything, which "things" were the various aspect objects in the whole world and 
able to be identified and integrated into the communication network. All heterogenous 
things of IoTs able to generate, exchange, and use digital information with minimum 
human participation through internet networks. It was the new paradigm to link and 
communicate of objects which had various size, computation power, energy capacity, 
and storage capability [11][16][32][39]. 

Smartphone as an IoT device, there were many distinct types of the sensor embed-
ded in smartphone to enable more implementation of mobile applications more than 
voice or video communication. Moreover, those sensors can measure the physical 
motion, sense the location, and sense the surrounding environment. These sensors 
were classified as inertial, positioning, and ambient sensors [25][27][40]. Meanwhile, 
some researchers classified it into five categories as optical, thermal, acoustics, mag-
netic, and mechanical [40]. Therefore, the smartphone was the truly IoT device that 
more functions need to be explored.  

2.3 Ubiquitous 

Ubiquitous was the big educational concept used as a big comprehensive umbrella 
to cover all learning visions anywhere and anytime. This idea included u-learning, e-
learning, and m-learning, in which there were slightly different aspects. Ubiquitous 
learning was not only identified by reading or listening but occurred through all hu-
man senses. Students' ubiquitous activities were directed to seek and solve them-
selves, foster self-confidence, self-efficacy, and develop their abilities and compe-
tence as a part of mental. Learning which is moving towards more IoT devices and 
environmental context is expected to have some prerequisites and limitations of de-
vices, tools, and contexts such as mobile devices, internet network connection, IoT’s 
wearables, or digital literacy and skills users [15][37]. The ubiquitous concept was 
recognized as a pedagogy that can help students effectively and efficiently achieve 
their learning goals. In the educational field, all stakeholders tried to study and devel-
op the Ubiquitous concept. Many educational concepts such as ubiquitous, pervasive 
computing, e-learning, distance learning, flipped classroom, hybrid classroom, smart 
classroom, or mobile learning implicated BL and IoT in various degrees, including 
many terms such as smart space, Technology Enhanced Learning (TEL), Augmented 
Reality (AR), Learning Management System (LMS), Context-Awareness, Smart 
Learning Environment (SLE), or intelligence environment. All of these proposed to 
blend the online digital world into real-life learning while many technologies ready to 
integrate and foster those concepts such as high-speed 5G cellular, Cloud computing, 
Big data, and Artificial Intelligence [1][2][5][6][8][14][15][19][24][29][30][31][38]. 

Nowadays, there was no doubt that smartphones and tablets emerged as a neces-
sary educational alternative for the youth generation. Many mobile applications are 
self-proclaimed as the proper apps which supported active learning and constructive 
learning activities. Moreover, mobile apps can promote almost 21st-century skills 
such as critical thinking, information literacy, communication, etc. [33]. The educa-
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tional apps for each age level were different in several contexts. For young learners, 
many educators need more standard evaluation tools for educational apps that parents 
able to evaluate and consider for their children [34][35]. Many researchers designed 
many apps for undergraduate students who began to mature and had self-efficacy for 
self-paced learning. Nevertheless, grad students who had more maturity needed more 
guidance and follow-up their independent study from their advisor [12][36].     

3 Methods 

This study was qualitative research to develop the model and framework of BL 
model with IoT by smartphone for graduate students in Thailand. First, the qualitative 
content analysis method was used to synthesize the model based on the previous study 
[18]. A thematic analysis concentrated on the relationship between content and con-
text that consists of organizing, classifying, comparing, and extracting theoretical 
conclusions from papers and books [17][20].  

Second, the focus-group technique was adopted to conduct, and stakeholders were 
qualified. Eleven experts attended and discussed the online focus-group meeting 
through MS-Teams. Simultaneously, the moderator proceeded with session activities, 
the researcher, as a notetaker, noted all comments to improve the model for the next 
step. 

Third, the questionnaire was conducted as the evaluation tool. The topic and ques-
tion items were discussed and certified by experts for analysis of the Index of Item 
Objective Congruence (IOC) by setting the considered criteria to be of good content 
validity (IOC > 0.50). There were qualified 43 question items and five additional 
subjective questions in 4 parts of the model's suitability and quality, including Propri-
ety, Utility, Feasibility, and Accuracy standards.  

Finally, the qualified experts and specialists in relevant fields include Educational 
technology, technology, scholarly communication, Electricity and computer engineer-
ing, Information and communication technology, and Educational measurement and 
evaluation amount 12 persons evaluated the model by questionnaire. Then all data 
were collected and analyzed with quantitative statistics such as Mean and Standard 
Deviation. 

4 Results 

4.1 Focus-group discussion 

The keys of all comments in the focus group were presented in table 1. 
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Table 1.  Conclusion of focus-group's comments. 

Comment’s Key Example 
1. should select some characteristics of the 
model to break down in detail for some 
specific conditions.  

"The potential of IoT to blend is too much, should scope down 
for the only type such as Ubiquitous for some course…” 
"U-learning can represent other characters…” 
"If you can link the context-awareness by sensors, maybe some 
interesting dependent variables will be seen…" 

2. should define some specific dependent 
variables and success indicators. 

“Should define this model help teacher or students and how?” 
"If you focus on grad students, you need to focus on relative 
variables such as self-efficacy. Because grad students have 
more maturity and heterogeneous than undergrad…" 
"Can IoT try to evaluate students' status or experience?” 

3. should select some IoTs as a learning 
tool to foster the proper dependent varia-
bles.  

“Should survey teachers’ problem which model can help to 
solve…” 
"Should draft some case guideline practice to implement this 
model…” 
“Subjective IoT devices still expensive to implement…” 
"Do you focus on a set learning environment or learning 
process?"  
"Choose some specific sensors to be an example. It will guide 
readers to link to a new proper idea of their own…"  

4.2 The Blended Learning model with IoT by smartphone for graduate 
students in Thailand 

From the research's questions, the researcher developed and synthesized the BL 
model with IoT. Besides, the researcher designed the draft of the mobile application 
prototype from this model to demonstrate the implementation. The results were pre-
sented as follow; 

Model framework: From the whole BL model with IoT framework, the researcher 
selected the Ubiquitous area to design the scope-down framework by smartphone for 
grad students in Thailand, as Fig 2. Some components in grey color were not consid-
ered in this case. 

This framework focused on the Ubiquitous area of the model to design the mobile 
application to track and monitor grad students' research activities on a smartphone. 
Therefore, a researcher focused only personal context of grad students, which was 
detected by smartphones as the IoT sensors and IoT devices. All data was collected 
and processed by the service provider into the student portfolios' database. 
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Fig. 2. The scope-down framework of BL model with IoT by smartphone for  

graduate students in Thailand 

The application focused only on the learning status detecting module for monitor-
ing and evaluating students' learning status while using the application on their 
smartphone by the advisor. In this framework, the learning components were present-
ed in Table 2. 
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Table 2.  The learning components of this model 

Learning component Ubiquitous model Description 
Tools 
Equipment Smartphone and built-in 

context’s sensors  

Design applications to detect and collect students' 
behaviors on a smartphone, such as gesture move-
ment, eye-focus, or screen status, from built-in 
sensors. 

Communication  
Technology Cellular network Grad students have to be invited by their advisor to 

download the app. and sign up by e-mail. 
Interactive 

Asynchronous 
1.Group chatroom for one advisor and his/her group 
of grad students. 
2.Individual chatroom with their advisor. 

Environment 

Digital world 

Advisor post a primary source link as a task for 
his/her students in group-chat or individual-chat. 
Students should click to research that primary source 
for their learning process.  

Access 

By their smartphone 

Students can access their group-chatroom and 
individual chatroom to post a message. 
The advisor can access both chatrooms to post the 
message or task assignment.  

Pedagogy 

Online research 

1. Advisor posts task assignment as a link that 
navigates to the primary source to chatrooms. 
2. Students click the task link and research through 
an in-app browser. 
3. Application tracks and collects students’ behav-
iors through various sensors. 
4. Application processes students' status to report on 
the dashboard as visualize.  
5. Advisor monitors students’ status and evaluates 
students’ learning process. 
Students evaluate their self-efficacy.  

Evaluation 
Active status report 

1.Group dashboard report for the only advisor. 
2.Individual dashboard for advisor and the owner of 
the report. 

 
System architecture: The system architecture was presented in Fig 3.  

 
Fig. 3. Smartphone IoT-based BL model system architecture  
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Prototype case: This application was designed to collect data of students' behav-
iors on smartphones while the application was running. The students’ status was de-
termined from the criteria logic which recorded “non-active” status when;  

• The gyro sensor showed the smartphone was unbalanced. 
• The front camera could not detect eye contact. 
• GPS. Location changed rapidly, such as move with speed 5-25 km./hr. 
• The application was processed in the background. 
• The screen did not appear active. 
• The microphone detected noise sound around students was over 100 dB. 

This information implied that students could not concentrate on researching their 
smartphones in that period although they ran the application. The researcher drafted 
the prototype case and defined the mobile application’s requirements as the user re-
quirement document in Fig 4. 

Next step, the researcher designed a workflow of application as Fig 5. This work-
flow showed the user journey experience of both advisor and student. The developer 
or programmer could use this workflow for planning and coding the mobile applica-
tion later. 

In the final step of design, the example wireframe was conducted to guide develop-
ers, as Fig 6. After that, the developers' team will be responsible for the rest coding 
processes to release the final complete mobile application from the BL model with 
IoT-based smartphone for grad students.  
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Fig. 4. The <prototype_app> Requirement & User Journey.  
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Fig. 5.  The <prototype_app> workflow (Swimlane type)  
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Fig. 6. The <prototype_app> wireframe 

4.3 The quality evaluation of model 

The quality of the BL model with IoT by smartphone for graduate students in Thai-
land was evaluated by twelve experts specializing in related fields. The questionnaire 
had four parts of Propriety, Utility, Feasibility, and Accuracy standard. Question items 
had five levels with variables on a 5-point Likert scale. Rating each level between 1-5 
with one being extremely low, Level 2 low, Level 3 moderately, Level 4 high, and 
Level 5 extremely high.  
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All scores were collected and calculated statistically by MEAN and Standard Devi-
ation (SD) (see Table 3 and Table 4). All qualitative addition comments from the 
questionnaire were collected to improve the model.  

The results showed most quality standards of the model were at the highest level. 
The Propriety, Utility, Feasibility, and Accuracy standard scores were 4.32, 4.41, 
4.37, and 4.23. 

Table 3.  The score conversion to value on a five scales 

Mean score Interpretation 
4.21 - 5.00 Extremely high level 
3.41 - 4.20 High level 
2.61 - 3.40 Moderately level 
1.81 - 2.60 Low level 
1.00 - 1.80 Extremely low level 

Table 4.  The result of 4 quality standards.  

Statistic Standard Overall 
Propriety Utility Feasibility Accuracy 

MEAN 4.32 4.41 4.37 4.23 4.32 
SD 0.05 0.02 0.20 0.19 1.06 
Interpretation Extremely high 

level 
Extremely high 

level 
Extremely high 

level 
Extremely high 

level 
Extremely 
high level 

5 Conclusion and Future Work 

This qualitative research focused the BL model with IoT-based smartphones. This 
study proposed to solve a problem in Thesis, Dissertation, and Special-project course 
for the teachers and grad students under their supervision. Most advisors needed tech-
nology to track their students' learning processes, especially in the online context. 
This study's results showed a solution from the synthesized model and framework to 
design a mobile application draft for tracking and evaluating grad students' status 
while researching smartphones by built-in sensors. Non-active periods are implied 
when several behaviors are detected, such as the front camera could not detect eye 
action. The dashboard generated reports as line graphs, bar charts chart, line graphs, 
and bar charts to show the total and percentage of active learning status. The supervi-
sors or advisors could evaluate their students' learning processes while students could 
recognize and monitor their self-efficacy and improve their self-paced learning. Final-
ly, the model's quality results by experts shown this model were in the extremely high 
propriety, utility, feasibility, and accuracy standards.   

Although this model ready to implement completely, some issues are still being 
discussed, such as the right of students’ privacy, proper logic of active detection, and 
mobile coding processes. Meanwhile, some challenges will be faced to create more 
efficient solutions for the BL model with IoT-based implementation. As this study 
was focused only on online behaviors on graduate students' smartphones, more con-
text sensors are needed for studying [42][43]. Before anything else, the researcher 
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would like to develop this conceptual mobile application with developers and grad 
students’ advisors to tryout and implement for collecting data during this COVID 
crisis in Thailand as soon as possible. All gathering data will be analyzed and evaluat-
ed for initial educational application for grad students.   
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