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Abstract— Many aspects characterized novelty. In both practical 

and theoretical regards, the difficulties observed in technical 

education are addressed from the psycho-cognitive and the 

psycho-pedagogical point of view.  The modern education system 

slowly adapts itself to the most powerful educational tools such as 

Web-based learning, problem-based learning, and collaborative 

learning methods. Still, they have their scope and limitations, 

such as difficulty in integrating online and offline, lack of an 

assessment tool for quality assurance, etc. Hence, the research 

work's objective was to develop a Metacognitive Hybrid Model 

(MHM) for enhancement of the transformative potential of 

outcome-based, blended learning in the higher technical 

institutions. The MHM model consists of both full-fledged online 

as well as conventional classroom instructions. Hence, the 

proposed MHM is highly effective and an efficient model to 

improve the basic knowledge of the heterogeneous student 

community and improve their technical knowledge and 

progression rate. The analysis of the proposed model's results 

was computed based on C.O. (Course Outcomes) attainments, 

grading statistics, and the success rate.  The research results 

show that the success rate of students who adopted the MHM 

improved by ~8% compared to conventional teaching methods.  

MHM increases Course Outcome-1 and Course Outcome-2 by 

18% and 9%, respectively, which leads to the improvement of 

basic understanding and application of technology. A minimal 

impact on Course Outcome-3 and Course Outcome-4 was 

observed, which is less than 6% due to an increase in the design 

aspects of the respective courses that were adopted.  MHM has 

been progressively recognized as one of the essential components 

for the faculties to nurture their students in an Outcome-Based 

Education (OBE) System  

Keywords: Metacognitive Hybrid Learning Model, Outcome Based 

Education, Bloom Taxonomy, Course outcome 

I. INTRODUCTION 

Concerning the 21
st
 century's students' progress level and 

further enhancing their performance, we need to adopt some 
innovative teaching methods and the traditional classroom 
teaching. For example, suppose in a class there are sixty 
students. We are aware that all are not on the same level with 
respect to their thinking, perception, attention, remembering 
level and learning ability, then in order to address the above 
issue and also to achieve better attainment with respect to 
Outcome Based Education (OBE) system. In that case, a new 

innovative hybrid model is required. In the OBE system, if we 
follow only the Web-based ICT teaching or only the traditional 
classroom teaching, it had its pros and cons, and it's not 
possible to achieve an enhanced teaching-learning process. 
Suppose we adopt metacognitive[1,2] hybrid learning model. 
In that case, we can improve heterogeneous student levels such 
as slow learners, the students irregular to the traditional class 
due to their interaction with the external world, and the 
magnificent students in the higher technical education. The 
metacognition describes thinking about thinking [3], knowing 
about higher-order thinking skills, which gives more clarity of 
concepts. Expanding beyond thinking leads to explicit 
teaching-learning strategies for metacognition, which leads to 
improvement in OBE course outcome attainment [4]. 
Concerning Education Endowment Foundation (EEF), the 
metacognition approach is described to have "consistently high 
levels of impact, while acknowledging that they can also be 
changed for implementation" [5]. There are three phases in 
metacognition: planning, monitoring, and evaluation, which 
talks about refractive thinking. This helps the teachers figure 
out whether the current approach is working and what can be 
improved to encourage students to change their strategies if 
necessary. As we are aware, it's not about what one needs to 
learn or teach in academic terms, but it is about how one can 
learn or teach the best. If we deliver the right content and reach 
out to students, then they can achieve their goals at a high 
excellence level. Hence, metacognition knowledge improves 
self-confidence and academic performance in several ways to 
regulate cognitive processes such as changing learning 
strategies, learning tasks planning, comprehension monitoring, 
evaluating progress, and receiving thinking approaches [6-9]. 
To address all these, we need to design the complete course 
content in offline mode, i.e., traditional classroom and Web-
based e-content mode. The package of these two approaches is 
widely known as the metacognitive proactive hybrid learning 
model using ICT tools [10]. 

Therefore, the present manuscript introduces a real-time 
model which has been analyzed to show that hybrid modelling 
offers better customizable and quality knowledge delivery 
system. The paper is organized as following: Section 2 
discusses about the existing approach towards improving the 
knowledge delivery system while Section 3 discusses about the 
research problem associated with existing approaches. Section 

Journal of University of Shanghai for Science and Technology ISSN: 1007-6735

Volume 23, Issue 6, June - 2021 Page -294



IV highlights about the proposed design while Section V 
discusses about the results obtained after implementing the 
proposed model. Section VI summarizes the paper 

II. LITERATURE REVIEW 

At present, various research work has been carried out 
towards improving the process management of the modernized 
education system. There is a consistent evolution of ICT tools 
and innovative approaches to impart quality education. At 
present, both educational institutions and students strongly feel 
that there is a need to design more innovative teaching-learning 
process in higher education. One of the recent works carried 
out by Nassr et al. [11] and Supriyatno [12] has discussed the 
challenges of imparting education during emergency time. This 
study offers an alarming situation where there is a need to 
adopt various ICT tools to impact education precisely. Another 
recent research by Wang et al. [13] has emphasized the 
collaborative learning model using Internet-of-Things (IoT). 
The work carried out by Vagarinho et al. [14] has discussed 
process-oriented learning to improvise the teaching quality 
focusing on the e-learning system. A similar direction has also 
been carried out by Pham et al. [15], where a smart education 
system using digital transformation is emphasized. Besides 
fostering and adopting the latest technologies of IoT fog 
computing and blockchain is also adopted by Chaiyarak et al. 
[16] towards evolving up with a novel smart education 
management system. Chen et al. [17] have further discussed 
artificial intelligence in an education system. According to the 
author, apart from effective content management, artificial 
intelligence could significantly help customize the learning 
management system. This fact was further advocated in 
Ciolacu et al. [18] where blended learning mechanism is 
adopted smartly towards better performance by the student. 
The inclusion of automation standard 4.0 was emphasized in 
the work of Mourtzis et al. [19] and Leal et al. [20] 

Different researchers have emphasized the approach of 
blended learning, which combines both conventional and 
electronic media to perform knowledge delivery system 
(Albano et al. [21], Boyle et al. [22], Garrison et al. [23], and 
Badawi et al. [24]). It was observed that there is creating 
adoption for blended learning in the education system since 
long term perspectives, e.g., Delialioglu et al. [25], Dzakira et 
al. [26], and Hameed et al. [27] have investigated the 
effectiveness of the blended learning methodology long back 
considering various use-cases. A current study carried out by 
Lim et al. [28] and Yuen et al. [29] have discussed the 
advantages of the same approach. 

This system is applicable for various levels of education 
among heterogeneous students’ community [30-31]. Numerous 
benefits drive this technique; its implementation has seen a 
significant increase in today's education scenario [32]. The 
hybrid model uses ICT tools to create online lecture content for 
education, and its adoption makes a web-based approach to 
teaching, learning, and research [33-35]. These ICTs are used 
in blended learning to develop the course content online, 
deliver lectures, and share the learners' generated course 
content [36-40]. It keeps the students, teachers, and research 
scholars connected regardless of time differences, geographical 
barriers, fostering better teaching and improving students' 

academic achievement [41-42]. Hence, integrating ICT with a 
hybrid model will impact higher education, increasing the 
quality of education [43-44]. 

In an outcome-based education, the teacher's role is vital in 
determining a good design to achieve the targeted learning 
outcomes [45-49]. To achieve better learning outcome 
attainment, teachers have to adopt various innovative teaching 
methods to achieve effective learning mechanisms [50-52]. The 
objective learning achievement and the impact of the teaching-
learning process can be measured based on the learning 
outcome scores secured by the students [53-54]. The higher 
learning motivation across the student's course will lead to 
better academic success [55-56].   

Another important aspect is to measure the hybrid learning 
model through the learner's interaction with the students and 
the faculties [56-57]. The learner's' interaction includes 
thinking, pairing, and sharing contents, creating a platform for 
discussions, problem solving, providing responses to others' 
perspectives, and sharing expertise [58-61].  

The next section discusses about the limitation associated 
with existing approaches. 

III. RESEARCH PROBLEM 

A closer look into the existing trend of literatures shows the 
usage of advance technologies as well as various innovative 
approach in order to offer better knowledge deliver system. 
However, there are certain prime loopholes in this regards as 
follows: 

 The emphasis is given mainly towards inclusion of latest 
technologies without assessing if they will be suitable for 
execution in any device or user’s resources. Usage of 
advance technologies also demands usage of equivalent 
supportive tools. 

 Existing studies doesn’t emphasize much into creating 
more innovation  in blending methodology. Existing 
blending methodologies are hypothetical model which are 
yet to be assessed. 

 Existing studies doesn’t emphasize on the grasping 
capability of the student, which may differ from one to 
another student. The literatures doesn’t offer any 
framework or model which is meant for student’s with 
weak grasping capability. 

Therefore, from the above highlighted limiting factors of 
existing study, it can be said that developing a simplified and 
highly customizable tool considering the hybrid methodology 
is an emergent need. 

IV. PROPOSED DESIGN 

The proposed study presents a framework to offer a 
comprehensive knowledge delivery system prioritizing the 
students' quality and circumstantial demands. The proposed 
metacognitive proactive hybrid learning model aims to improve 
students' self-confidence and academic performance. This 
method is aggressive because of its cognitive process, ability to 
create awareness and controlling power, and proper feedback. 
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The proposed system consists of two models, which are 
discussed as follows: 

A. Metacognitive Proactive Hybrid Learning Model 

This model's prime purpose is to facilitate a knowledge 

delivery system considering both online and offline modes. It 

prioritizes the situational demand of the student to impart 

education customized to their needs. 

Online Mode

Offline Mode

Set of 60 

Students

ICT Tools

Class room

One-course Design

Effective 

Result

 

Figure 1 Metacognitive proactive hybrid learning model 
The proposed model as shown in Fig.1, is designed for one of 

the undergraduates because of a set of fifty students. This 

model is the integration of 100% web-based course content 

design using ICT tools. It will mean that content management 

is carried out using online mode while the complete course 

content is delivered in the traditional classroom teaching i.e., 

offline mode. This hybrid's advantage is that the students can 

obtain the course contents either from the online way or from 

the offline mode or both. Hence, the model ensures better 

availability of the course contents and study materials. 

Students who are slow learners are facilitated to opt for both 

online and offline classes. In offline teaching mode, the entire 

course content is delivered through the chalk and talk.  It is 

hard for them to grasp the classroom concepts only through 

offline teaching due to their lack of prior knowledge, lack of 

concentration or communication problems, and repetitive 

education. The entire course has been recorded in online 

teaching, and the Jeopardy lab tool was used to create an 

interactive application concerning the course's specific topic. 

In addition to this TED-Ed tool offers teachers a great 

platform to build their flipped class or make a new lesson 

about their videos. The ThingLink was used to embed videos 

on images, create the tag and annotations maps, or create a 

story tag. The above mentioned online contents were 

embedded into the Google sites LMS platform. Hence, the 

pre-recorded lecture videos available in the web portal will 

allow them to watch the videos repetitively to help them 

understand the concepts clearly. This online course content 

design can also help some of the students with their 

participation in intra, and inter-college level events or their 

absence from traditional classroom teaching because of health 

issues. During these circumstances, the students can get 

regular lecture updates through the online mode. The proper 

integration and synchronization between the online and offline 

course content design help the student's community improve 

their academics and thinking ability. Both surveys and offline, 

there is an evaluation process that acts as a feedback for the 

students and the teachers to understand their capacities and 

shortcomings. There are three Continuous Internal Evaluations 

(CIE) followed by one Semester End Examination (SEE) for 

each semester in offline mode. In an online way, for every 

lecture, an online quiz is conducted through the Google form.  

B. Modelling ICT Tools: 

Adopting an innovative teaching process using these ICT tools 

is not an easy step for teachers.  This is because they find it 

challenging to step out of their comfort zone, given the 

chances for failure. Hence, a good and firm step must be taken 

towards experimenting with new methods and strategies 

instead of worrying about losses. It is essential to realize that 

the new process will improve the student's involvement, 

attainment, and motivation and it is a win-win situation for 

both students and teachers. The adoption of technology-based 

innovative teaching provides active based learning and makes 

the classroom more attractive due to a fun based learning. 

Today's technology offers teachers many resources to fulfill 

the needs of modern, active students. There are many ICT 

tools are used in the proposed design, such as Google sites, 

ThingLink, Ed Ted, YouTube, Google forms, jeopardy, 

plikers, VideoNot, Screencast-o-matic, Voice Threading is as 

shown in Fig.2 

Periodic Table

Voice Threading

Youtube

Rubistar

Ed Ted

Google Sites

Jeopardy Game

Thinglink

Screencast o 

Matic

Videonotes

Google forms

Flubaroo

E-Learning 

Tools Adopted

 

Figure 2 list of ICT tools to create an online course 

The briefing of these ICT tools are as follows: 

 Google sites:  It is used for designing the course web page 

and is a structured wiki. This tool creates a platform for 

the courses and other tools mentioned above to make this 

web page more effective by aiding actions such as adding 

videos, embedding video to image and creating games, 

etc. 

 ThingLink: It is used to add videos on the images to the 

collage of images related to a specific subject, create the 

tag and annotations maps, or create a story tag on the 

photos. In our course, we used to place the videos and for 

annotation tags. For example, when you discuss four-

wheeler engines, if you place the animated engine video 
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near the engine's position in the car image, it is more 

understandable than talking orally.  

 Ed Ted: With the help of this, we can create the 

customized and animated videos. This establishes the quiz 

questions in synchronization with video timing to cross 

verify the right answer for the questions, which will save 

the student's time in finding solutions.  

 YouTube: In the proposed model, we have used YouTube 

to upload lecture videos and have called those videos into 

the Google Sites virtually because there is less space for 

each user in Google sites. 

 Google forms: It is used to conduct online quizzes, taking 

course end surveys and for course registration, etc.  

 Jeopardy: It is used to create a game concerning a 

specific topic of the course. This takes a complete 180º 

turn around on the normal quizzes. In this game, students 

get the answer for which they are required to frame a 

question. This method amplifies the student's 

understanding level much better than the usual way 

quizzes are conducted. This is more fun and interesting 

for the students. 

 Plikers: It is an assessment tool that helps the teachers 

test the student's understanding level by creating an on the 

spot formative assessment without using paper or devices 

or a pencil. 

 VideoNot: It allows the teachers to synchronize their 

textual lecture notes while students watch the videos. This 

helps the students directly see the frame of content 

required in a lengthy video, and the students obtain the 

typed content.  

 Screencast-O-Matic: This is a desktop activity recorder 

that helps ti.e.students recall the faculties' activity when 

explaining any new simulation concerning design. The 

recorded video can then be uploaded to YouTube and 

virtually called in the Google Sites for future reference. 

 Voice Threading: This tool helps the faculties and 

students to share and create images, Powerpoint 

presentations, videos, and audio files, word documents, 

and PDF using webcam, text, microphone, and audio-file 

upload. 

V. RESULT ANALYSIS  

The proposed model MHM (Metacognitive Hybrid Model) 

performance is tested and measured concerning CIE marks 

Course Outcome (C.O.) attainment, progression in SEE grad 

points, and pass percentage result analysis when compared 

with WMHM (Without Metacognitive Hybrid Model). The 

proposed MHM model was deployed for the course – 'Digital 

Logic Design' of Third Semester of Electronics & 

Instrumentation Program - for one group of 50 students of 

Undergraduate in - Rastreeya Vidyalaya College of 

Engineering, Bengaluru, India. It was deployed in a flipped 

classroom environment that combined online and face-to-face 

content delivery. Another set of 50 students were taught 

through the traditional classroom, i.e., WMHM (Without 

Metacognitive Hybrid Model).  To attain eligibility for the 

regular Continuous Internal Evaluation (CIE) conducted by 

the Institution, the students must clear online assessment of 

each unit by obtaining at least 70% of the marks after 

completing each unit in both learning models. Otherwise, 

students should expose themselves to both models once again 

until he/she clears the online assessment tools with a 70%.  

For all three CIE conducted per semester, the questions are 

formulated based on Bloom Taxonomy (B.T.) and Course 

Outcomes (C.O.s). Course Outcome (CO1) refers to the 

remember & understand the combinational and sequential 

circuits, Course Outcome (CO2) refers to apply the concepts 

and implement digital logic circuits, Course Outcome (CO3) 

refers to Analyses. It evaluates the combinational and 

sequential circuits design and Course Outcome (CO4) design 

and development of state machines for specific applications. 

A. Analysis of C.O. – Attainment Statistics  

 
Figure 3 Course Outcome (C.O.) Attainment Statistics between MHM v/s 

WMHM 
The Fig.3 graph shows the average course attainment of all the 

60 students from Course Outcome -1 – Course Outcome - 4 

for WMHM (Without Metacognitive Hybrid Model) and the 

proposed MHM (Metacognitive Hybrid Model). The Course 

Outcome attainment of each student is calculated based on the 

following formula (1). 

C.O.    ---------  (1) 

CIE is Continuous Internal Evaluation for all the three CIE's in 

a semester, LAB is laboratory marks, and E.L. is Experiential 

Learning Marks. The average of each Course Outcome, i.e., 

Course Outcome 1 to Course Outcome 4, is calculated by 

taking the mean of all the student attainment concerning 

formula (2). 

   ---------   (2) 

Where n= 1,2,3,4. 

The results analysis was computed based on Course Outcome's 

attainments and success rate.  The research results show that 

the group of students who adopted the MHM success rate 

improved by ~8% compared to the conventional teaching 

method.  MHM increases the success rate in Course Outcome-

1 (BT-1 and 2) and Course Outcome -2 (BT-3) by 18% and 

9%, respectively, which leads to the improvement of basic 
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understanding and application of technology. A minimal 

impact is observed on Course Outcome -3 (BT-4) and Course 

Outcome -4 (BT-5&6), which is less than 6% due to the more 

design aspects of the respected courses adopted. Hence the 

proposed model is well suited for the OBE system.   

B. Analysis of Grade Point Progression statistics  

 
Figure 4 Grade Point Progression statistics between MHM v/s WMHM 
Fig.4 clearly shows that the proposed model enhances the SEE 

grad points compared to WMHM. The students in grades B 

and C in WMHM are moving to grade A and B, respectively, 

using the proposed MHM, and F grades are gradually reduced. 

S is the highest grade, E is the lowest grade, and F is the 

failure.  

C. Analysis of Pass Percentage Result Analysis Statistics 

 
Figure 5 Pass Percentage Result Analysis Statistics between MHM v/s 

WMHM 
The above graph, Fig.5, shows the pass percentage analysis. 

The proposed method gives an improved pass percentage 

when compared with the WMHM 

D. Study Findings 

This survey investigates the relationship between hybrid 

metacognitive model usage in teaching and students' learning 

outcomes and satisfaction. Learning outcomes are measured 

on the students' perceived level of attainment of learning 

Outcome and the perceived quality of learning experience in 

online classes. Student's satisfactions are measured by their 

willingness to retake online courses or recommend the 

instructor of online courses taken to other students. All of the 

multi-item constructs were measured using five-point Likert 

scales. Six constructs were used to measure the data, including 

Student motivation, Student Instructor relationship, Course 

Design and Structure, Self-regulation, Learning outcomes, and 

User satisfaction. The survey was administered to 50 students 

who took up this course. 
Table 1 provides the mean, standard deviation, and 

correlation factors among the constructs. The mean and 
standard deviation is measured based on the mean and standard 
deviation of the Likert scale (1 being completely disagreed and 
5 being wholly agreed). It is observed from the survey that 
students have given positive feedback about the hybrid learning 
methodology, and analysis proves that hybrid learning adopted 
for course design and delivery is effective as compared to 
regular classroom course delivery. 

 

Table 1 shows the descriptive statistics and correlation among the constructs 

Construct 1 2 3 4 5 6 

Student 

motivation 
0.87      

Student-Instructor 

relationship 
0.53 0.91     

Course Design 

and Structure 
0.12 0.15 0.78    

Self-regulation 0.27 0.25 0.60 0.79   

Learning 

outcomes 
0.71 0.74 0.17 0.19 0.84  

User satisfaction 0.78 0.48 0.18 0.17 0.86 0.89 

Mean 3.84 3.97 3.93 3.62 3.57 3.79 

Standard deviation 0.85 0.73 0.94 0.81 1.02 1.11 

VI. CONCLUSION 

The MHM model improves the self-confidence of the students 

as well as their academic performance. This is because of its 

cognitive process's proactive nature, ability to create 

awareness, and controlling power with a proper feedback 

mechanism. The result and the feedback analysis depicted in 

Fig.3, Fig.4, Fig.5, and Table.1 describes the proposed MHM 

model, and it is likely to emerge as the predominant 

instructional model in future technical education. In addition 

to this, MHM helps the professor focus more on the modeling 

and design aspects of the course rather than introducing 

concepts in conventional classroom teaching. The cons of the 

model are that the faculties have to stretch their work 

bandwidth at the initial stage of model design 
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