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Abstract: Interactive learning is a pedagogical model that encourages students to be part of the lesson instead of 

passive observers, quietly sitting at a desk taking notes or memorizing information. Students interact with the 

material, each other and the teacher in an active way. The new emerging technologies that can overcome some of 

the potential difficulties in this area includes computer graphics, augmented reality, computational dynamics, and 

virtual worlds. Therefore, the manufacturing industry relies on new design concepts and methods undertake the 

challenges in integrating technologies to expedite the march towards industrial revolution 4.0.This paper reviews 

and investigates the current context of the use of interactive learning such as Virtual Reality(VR),Augmented 

Reality(AR),Computer aided design and manufacturing(CADCAM), computer graphics, computational dynamics 

and new emerging technologies that effect on students and lectures in learning and teaching environments for 

Manufacturing Engineering. Interactive learning is part of the factors that could influence the self-learning and 

regulations environments. 
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INTRODUCTION              

 

The 4th industrial revolution and the digital 

transformation are prevailing factors in the 

manufacturing industry. Therefore, digital design and 

manufacturing technologies provide a great support for 

product realization from design conception and 

engineering to manufacturing, sales and services of a 

product. Looking from the past, their developments 

and evolutions are driven greatly by other 

technological advances, such as those in materials, 

electronics, software and ICT. The real time aspect 

distinguishes the fields of human-machine system and 

human-computer interaction are strongly related [1]. 

Human-computer interaction (HCI) is a 

multidisciplinary field focused on the interfaces 

between people (users) and computers in which 

psychology and other social sciences unite with 

computer science and related technical fields with the 

goal of making computing systems are both useful and 

usable. Human-Machine Interaction (HMI) is describe 

as the interaction and communication between human 

users and a machine, a dynamic technical system. 

Emotional behaviour has been analysed base on non-

propositional movement qualities, example: amplitude, 

speed and fluidity of movement,[2]. Nowadays the 

education driven by global competition and the need 

for fast adaptation of students to the ever-changing 

market requests. The fourth industrial revolution 

(Industry 4.0) and its embedded technology diffusion 

progress is expected to grow exponentially in terms of 

technical change and socioeconomic impact. Coping 

with such transformation require a holistic approach 

that encompasses innovative and sustainable system 

solutions and not just technological ones. Interaction is 

part of nature that cannot be separated with human. 

Human interaction is an interaction between learners 
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and teacher and among learners during the learning 

process, and which may include synchronous and 

asynchronous modes and face to face and electronic 

mode. The concept of interactivity touches upon 

interplay, cooperation, or some kind of exchange 

between two or more actors, which allows for at least 

two possible interpretations: 1) either as interaction  

between a human and a machine (from a technological 

point of view); or 2) as a communication and exchange 

between people (from a pedagogical point of view) [3]. 

As stated by Bucy and Toa [4], interactivity can be 

understood as a technological feature of mediated 

surroundings where people communicate and 

exchange information and interact with technology or 

with other people through technology. Within the 

German Industries 4.0 initiative learning factories with 

focus on Industry 4.0 are emerging, the core subjects of 

Industry 4.0 as digitalization and networked production 

gained importance in the latest learning factories. The 

classification is based on the ‘Fraunhofer Layer Model 

of Industry 4.0 Value Creation, [5]. Merkel et al., [6] 

include interactive assistance systems for workers, 

real-time business intelligence and simulation tools for 

single processes and for the overall material flow 

within the concept of the learning factory for cyber-

physical production systems (LVP) 

 

 

INTERACTIVE LEARNING 

 

The interactive technology has been developed as a 

supportive tool to enhance teaching and learning process 

especially in Manufacturing Engineering Course such as 

machining technology, product design, automotive and 

aerospace where learning experience is needed as a 

competency skill. Numbers of interactive technology 

tools and mobile apps equipped with suitable software 

and application are advantages used in various branches 

of practices at present time. Examples of application of 

virtual manufacturing in area of production systems 

design is on Fig. 1 [7]. 

 

 
Fig.1. Virtual manufacturing in practice 

 

 

VIRTUAL REALITY (VR) 

 

Virtual Reality (VR) is scientifically defined as an 

application of the computer technology to create an 

effect of interactive, three-dimensional world, in which 

objects have spatial form. Main criterion of division of 

VR system is a level of immersion of user into virtual 

environment. VR is scientifically defined as an 

application of the computer technology to create an 

effect of interactive, three-dimensional world, in which 

objects have spatial form. Main criterion of division of 

VR system is a level of immersion of user into virtual 

environment. Valvo, Licari, and Adornetto [8] used 

Virtual Reality to verify the toolpath and detect any 

collision occurred in CNC Machining. The immersion is 

achieved mostly by stereoscopic projection, giving the 

user an illusion of spatial depth. Grajewski [9] applied 

the immerse VR and the haptic technologies during the 

complex process of design and virtual prototyping of the 

manufacturing workplaces characterized with a high 

level of ergonomic quality as Figure 2. VR is widely 

used in the industry and becoming more affordable for 

end users 
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Fig. 2. Manipulation using prototype of the weld gun 

on a haptic device 

 

 

VR also has been used as a teaching methodology for 

practical design course focusing on learning about VR 

by stimulating interdisciplinary industrial projects. 

Nishizawa et al., [10] has developed a virtual game with 

interactively changeable 3D graphics to improve the 

situation of learning vector equations in 3D space in 

linear algebra as Figure 3 

 

 

 

Fig. 3. Designing an avatar for the game 

 

 

AUGMENTED REALITY (AR)   

 

During last few decades, many professionals and 

researchers have been developing pragmatic theories 

and application for the adoption of Augmented Reality 

into both academic and corporate settings. AR is more 

powerful due to the applications are through personal 

computers and mobile devices and several educational 

approaches with AR technology are more feasible. It is 

a new metaphor in computer interaction technology by 

forming changes in the field of interaction and improve 

the user experience when operating the application, [11]. 

Kose, Koc, and Yucesoy, [12] used a mobile AR tool to 

provide a supportive, e-learning material for students by 

viewing 3D animations and special-made videos to have 

more idea about a course subject. AR as a key 

technology of concept Industry 4.0 to support learning 

activities and becomes a trend in education and AR –

based methods are proven to be affective teaching aids 

for engineering course. Devedzic et al., [13] 

implemented AR learning tool to helps students to 

develop a holistic understanding of geometric shapes 

manufacturing features, part models, spaces and design 

process as Figure 4. AR is one technology that 

dramatically shifts the location and timing of teaching 

and learning process in education. Two stages of process 

were used by Ma et al., [14] in implementing AR-Based 

for CNC simulation by transferring the construction of 

correspondent point pairs between model and real 

scenes to the calculation of the affine matrix between a 

pair of 2D images. Novak-Marcincin et al., [15] as 

Figure 4 introduced the possibilities of using special 

virtual tools named augmented reality(AR) for 

manufacturing process in product manufacturing area. 

In teaching CAD Courses, [16] indicate AR capability 

as an effective tool to be used in maintenance process 

and inspection for automotive industry by providing 

user an information needed about process and procedure 

directly on the working environment. 

 

 

 

Fig. 4. Main idea of augmented reality aided 

manufacturing (ARAM) 
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COMPUTER AIDED DESIGN AND COMPUTER 

AIDED MANUFACTURING (CADCAM) 

 

The ability to design good products has always been an 

important factor for the success of a manufacturer in the 

market. In CNC machines, it is possible to produce very 

complex shape, but really needed a sophisticated CAM 

system such as MASTERCAM, FUSION and others, 

skilled users and number of time-consuming test and in 

order to obtained the best work and results. Different 

teaching methodologies and implementation of program 

in Mechanical and Manufacturing course has being 

introduced to improvise the teaching and learning 

process in CNC machining. Iqbal, Sheikh, and Abdul 

Samad [17] used CADCAM software as a feature based 

methodology in a manufacturing lab course and 

implement separated levels of learning in CAD and 

CAM, refer to Figure 5. This is to inculcate the 

knowledge in the area of CAM software for 

metrological study and data generation for statistical 

analysis. For development of product and production, 

CADCAM maintain a significant role in interaction 

activities between human and computers by  

 

simplifying an engineer’s work in collecting using and 

sharing information so that human can maximize the 

usage of their unique abilities, [18]. A CAD model of 

new solution innovative tool using CAD model was 

elaborated in CAM system program for machining this 

tool using 5-axis DMG MORI DMU 50 milling 

machine, [19]. A standard has been established entitled 

ISO14649 standard focusing in manufacturing and 

highlights the various issues for CAD/CAM vendors; 

machine control vendors and manufacturing users based 

on the ability in generating an NC tool path is now 

commonplace from CAD/CAM systems, [20]. 

 

 

WEB TECHNOLOGIES 

 

Recent studies have shown the urgency for future 

engineers and knowledge workers to adopt new teaching 

curricula in order to cope with the increasing industrial 

requirements. Smaill [21] used a web-based tool used 

for skills practice and summative assessment in 

electrical engineering that delivered individualized 

tasks, marks student responses, supplies prompt 

feedback, and logs student activity. Tan et al., [22] 

defined that students were very positive towards the 

incorporation of interactive authentic activities and 

found the authentic learning environment to be very 

relevant to their learning and became more engaged and 

actively involved in their learning process. These results 

show strong and encouraging support for the 

development of multimedia web-based modules that are 

grounded in authentic learning and sound design 

principles, and an innovative teaching and learning 

strategy in a technology-backed class, refer as Figure 5 

and Figure 6. A web-based application was proposed by 

Mavrikios et al., [23] for classifying Teaching and 

Learning Factories with special installations 

infrastructures that offer industrial-grade equipment and 

a modern ICT installation for the operation of both 

paradigms, either in a local or distributed mode. The 

web-based application offers a way of storing the 

knowledge, related to such installations and creates 

relations that can be easily classified.  

 
Figure 5: Lessons 

 

 

Figure 6: The YouTube Videos page 
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EFFECTS OF INTERACTIVE LEARNING  

 

Similar to the evolution and progress of technology over 

the past 100 years, change has been synonymous with 

the field of technology and engineering education [24, 

25]. Nowadays, the needs of young people who are 

skillful in and enthusiastic about science and who view 

science as their future career field. Ensuring that we will 

have such young people requires initiatives that engage 

students in interesting and motivating science 

experiences. Van Dijk, Van Der Berg, and Van Keulen, 

[26] indicated that interactive teaching will not 

automatically result in students who are more activated, 

and provided additional insight into conditions for 

successful interactive teaching but interactive teaching 

was shown to influence positively student motivation. 

Froyd et al., [27] identified five major shifts in 

engineering education and the 5th shift indicates the 

technologies (e.g., the Internet, intelligent tutors, 

personal computers, and simulations) have been 

predicted to transform education for over 50 years. A 

review by Fong, Kwan, and Wang [28] on a selection of 

the literature to contrast the value of physical and virtual 

investigations and to offer recommendations for 

combining the two to strengthen science learning. 

Students can investigate scientific phenomena using the 

tools, data collection techniques, models, and theories of 

science in physical laboratories that support interactions 

with the material world or in virtual laboratories that 

take advantage of simulations. Murat [29] investigated 

(AR) interactive technology significantly enhanced the 

development of the university students' laboratory skills. 

AR technology both improved the students’ laboratory 

skills and helped them to build positive attitudes towards 

physics laboratories. Contemporary manufacturing is 

called to encounter the increasing industrial 

requirements of production related technologies, tools 

and techniques [30]. In order to cope with the advances 

in technology, constitutes a promising factor 

considering an improving and innovative performance 

of European manufacturing [31]. However, as industrial 

education requires the direct evolvement of engineers in 

the manufacturing field, a theoretical approach inside a 

classroom would not be sufficient to meet the existing 

training criteria. Hence, the innovation of new teaching 

approaches is required, that are able to combine the 

manufacturing education and the industrial practice, 

import advanced knowledge into production, balance 

the resource-based manufacturing (labor and capital) 

and knowledge-based manufacturing (information and 

knowledge) and confirm a steady industrial growth [32]. 

Study conducted by [33, 34] suggested that a 

combination of interactive learning using AR system 

and training in VR platform was the best method in 

learning new assembly tasks. 

 

 

CONCLUSION 

 

Interactive Technology enhanced interactive learning 

aims to design, develop and describe the application of 

Information and Communication Technology in 

different educational process. Contemporary and rapidly 

changing society needs people with high digital and 

technological competences and skills. Due to this 

changes especially in the modern society when 

intelligent mobile devices become popular, the Internet 

breaks through the restrictions on time and space and 

becomes a ubiquitous learning tool. Designing teaching 

activity for digital learning and flexibly applying 

technology tools are the key issues for current 

information technology integrated education. In other 

words, the promotion of digital learning could provide 

alternative innovation of class teaching. With the 

advance of information technology and the relevant 

technologies, digital learning would be accepted by 

students and teachers. It is the goal and task of teachers 

to have students receive systematic knowledge through 

network and possess. It is to be realised that world is 

witnessing radical changes as information technology 

alters how we communicate with each other and the 

machines that serve us. The arrival of the Internet and 

mobile phones has spearheaded these changes making 

possible the vision for “anyone, anytime, anyplace” 

communication, accelerating the pace of globalisation, 

as services become affordable international 

commodities. 
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