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Abstract—Modern technological paradigms of learning give educators an 

ability to support the development of highly professional human resources. For 

this reason, teachers of higher educational institutions find advanced 

technologies more and more useful. Rapid introduction of cloud computing into 

pedagogical practice creates a professional need to study the technological 

capabilities of cloud-based learning services to select the best educational 

solutions among available variants. In view of this, the current article provides a 

theoretical overview of e-learning cloud architecture layers and models of its 

deployment in the education system. In order to test the adaptability of learning 

management systems (LMSs) to a collaborative distance learning model, 

research among educators of I.M. Sechenov First Moscow State Medical 

University (Russia), Prydniprovska State Academy of Civil Engineering and 

Architecture (Ukraine) and Wuxi Institute of Technology (China) was carried 

out using the Blackboard Learn LMS as a case study. This study involved 100 

individuals who tested the Blackboard Learn teaching capabilities. The 

conducted investigation allowed outlining the main advantages of the use of 

computer-based e-learning applications in the process of organizing and 

supporting the educational process. Among them are convenient means of 

processing educational content, effective educational process organization, 

effective tools for knowledge monitoring, and effective security and 

confidentiality system. The present work also shed light on the benefits of 

introducing cloud-based e-learning in higher educational institutions, as 

producers of an integrated educational product. The study confirmed that the 

introduction of cloud computing in education results in the advancement of the 

training content and can considerably improve students’ academic results due to 

updated learning technologies, concepts, and tools. 

Keywords—Cloud computing, e-learning, distance education, cloud computing 

architecture 
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1 Introduction 

In modern society, proper education is vital for business and socio-economic 

growth [1]. The pervasive adoption of various Internet services, especially social 

networks, has increased the digital literacy of the world population. Therefore, mod-

ern technological paradigms of learning, such as mobile learning, are becoming more 

popular [2]. Worldwide trends in the digital economy development have resulted in 

further technological complexity and disappearance of many traditional professions 

owing to the automation of human actions and the emergence of new personnel re-

quirements. Now, the virtual environment covers a large portion of labor relations and 

even segments of employment. As a consequence, the formation of new competencies 

and restructuring of the whole education system becomes necessary [3]. 

With the rapid rise in popularity of the Internet in educational practices, curriculum 

delivery has moved from local desktops to online applications. Recent technological 

advances have led universities to introduce innovative educational methods. New 

technologies provide higher education institutions with many interesting tools that can 

be used to improve the educational process [4]. The widespread use of technology, 

constantly updated information, the need for students to access information every-

where and the personalization of education have led to the emergence of distance 

learning, e-learning and mobile learning. Wireless technologies and mobile devices 

play an important role in popularizing these concepts [5]. 

A significant trend in universities has been the introduction of so-called Learning 

Management Systems (LMS), which are used as a common platform on which stu-

dents and teachers can interact digitally [6]. LMS not only provides academic institu-

tions with effective learning tools, but also enables the efficient organization and 

sharing of academic knowledge [4]. 

Cloud computing is among the emerging technological innovations that can dra-

matically influence the education by applying dynamic scalability and resource effi-

ciency. The cloud-based e-learning model has a scale efficiency mechanism that 

transfers the role of constructing the e-learning system to cloud computing vendors. 

This gives providers and users the possibility to build an advantageous relationship. 

For education, such a model becomes an instrument that can save a considerable share 

of expenses for providing an innovative educational process. Partnerships and cost-

effectiveness continue to be a privilege of cloud-based e-learning because educational 

institutions are responsible only for the learning process, content management, and 

knowledge delivery, while the vendor deals with construction, maintenance, devel-

opment, and management of the educational system. The cloud-based environment 

can run on a wide range of hardware devices and support the creation of next-

generation e-learning systems. Modern users do not require any special knowledge 

about cloud computing to connect their PCs or laptops to the server [7]. 

The National Institute of Standards and Technology (NIST) defines cloud compu-

ting as a model for providing networked access on demand to servers, network stor-

age, applications or services that are delivered with minimal management effort and 

interactions with service providers [8]. Cloud computing enables moving the pro-

cessing work from the local devices to data centers. The software is referred to as a 

service. The applications and data are stored on various servers that can be accessed 

through any device connected. The transparency of the cloud infrastructure provides a 
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user-centric interface. Applications are placed in scalable data centers where compu-

ting resources can be dynamically allocated and shared to achieve a meaningful econ-

omy of the needed scale [9]. The use of cloud services can lead to huge cost savings 

when purchasing and maintaining technical infrastructure and software (servers, data 

transmission lines, uninterruptible power supplies), lower the need of computer 

maintenance specialists, solve technical problems, and eliminate troubles in the engi-

neering [10]. 

Cloud computing provides a unique possibility to expand the availability of educa-

tion. Along with the emergence and application of advanced technologies, cloud 

computing provides an excellent opportunity to develop e-learning. Today, students 

and teachers can get a prompt access to numerous application platforms and web-

based educational resources through the Internet. An educational institution does not 

need to worry about creating a software and hardware environment for online educa-

tion or investing considerable amounts of money and human and material resources in 

designing an e-learning system. All these functions can be outsourced to e-learning 

cloud service providers. The cloud-based e-learning model provides a high level of 

data security through distribution of data storage, centralized management and visual-

ization of the data service [11]. 

Various educational organizations are expanding the presence of e-learning in edu-

cational practices. Since the e-learning system usually requires the purposeful use of 

networked technologies in educational processes, cloud computing is an excellent 

alternative for academic institutions that have less funds to host and operate their 

online learning systems. The benefits of cloud computing in education, especially in 

e-learning, are attracting the attention of many developers and software vendors [12]. 

Recently, many colleges, universities, and even schools are applying cloud-based 

e-learning applications in their educational process. However, many of them apply 

them as support to their main learning management systems (LMS) [13]. The intro-

duction of cloud computing into higher educational institutions’ pedagogical practice 

creates a professional need to study the technological capabilities of cloud services in 

order to select optimal educational solutions among analogs. In this regard, the pre-

sent research was aimed at testing the adaptability of cloud computing applications for 

e-learning and identifying the benefits of using systems in ensuring a quality educa-

tional process. The achievement of this goal was possible after the solution of the 

following tasks: 

• Perform a theoretical review of the layers of e-learning cloud architecture and 

models of its deployment in the educational segment. 

• Test the capabilities of the Blackboard Learn cloud platform for providing interac-

tive e-learning, creating online communities and sharing knowledge in a virtual 

environment. 

• Analyze the adaptability of the Blackboard Learn for the collaborative distance 

learning model. 

• Identify the main advantages of using the Blackboard Learn in the training process 

and during its organization. 

• Identify benefits from the introduction of computer-based e-learning for higher 

educational institutions, as producers of an integrated educational product. 
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2 Methods 

In this day and age, cloud computing has become the predominant technology that 

can propose unlimited computing for different social or business applications [14]. At 

the present stage of the educational segment development, cloud computing technolo-

gies are cost-effective services that enable the generation of the learning quality [15]. 

E-learning cloud represents a shift of innovative cloud computing technology to the e-

learning area, which thereby forms educational infrastructure with all the necessary 

hardware and software computing resources [7].  

E-learning cloud architecture can be conventionally divided into several layers. In-

frastructure layer of e-learning is located in the lowest level of cloud service middle-

ware and consists of information infrastructure and teaching resources. Information 

infrastructure includes system software, information management system, and univer-

sal software and hardware. Educational resources are formed from training materials 

developed in the traditional teaching model and are distributed throughout the educa-

tional structure. Through the use of the cloud-based e-learning model, physical server, 

storage, and network form a virtualization group – a pool of physical hosts. Software 

resource layer is formed by the operating system and middleware. Here, a variety of 

software resources are integrated to provide a unified interface for e-learning software 

developers. Specialized applications are developed based on software resources and 

embedded in the cloud, making them available for users. Resource management layer 

is the key to achieve the interaction between software and hardware resources. Ser-

vice layer has three levels of cloud computing services defined as SaaS (Software as a 

Service), PaaS (Platform as a Service), IaaS (Infrastructure as a Service). 

2.1 SaaS (Software as a Service) 

SaaS is a software licensing and delivery model that provides software products to 

customers by request [16]. Its services are hosted by a cloud computing provider and 

are composed of software applications [17]. SaaS delivers such services as e-mail, 

conferencing software, and various business applications like Enterprise Resource 

Planning, Customer Relationship Management, and Supply Chain Management [18]. 

A single application is run on the server-side, accessed by one or more runs on the 

cloud services and multiple end-users or client organizations. The most widely known 

SaaS examples are salesforce.com, Google Apps, Dropbox, MailChimp, ZenDesk, 

DocuSign, Slack, Hubspot [19]. SaaS is also considered a basic service model used to 

access the software through the cloud [20]. Artificial intelligence (AI) in SaaS is rep-

resented in the form of machine learning (ML), which is involved in Machine-To-

Human workflows [21]. The presence of AI in SaaS takes the form of hyper-

personalization. It represents custom educational content that emerged after the user 

collaborated with ML [22]. 

Cloud computing users do not affect the quality, integrity, and availability of data. 

They have to rely on security measures adopted by cloud providers [23]. Thus, cloud 

service vendors’ reputation mainly depends on the fulfillment of the Service Level 

Agreement, which they perform during operational activities. To provide the best 
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services, large organizations have a propensity to take multiple cloud application 

services, which is called the Hazy Cloud process. As a result of these actions, cloud 

service vendors are forced to lock their services sometimes, and users should simulta-

neously move from one service to another. In any case, access to services is always 

supplemented by the advent of vendor-user relationships, and both should try to im-

prove mutual security [19]. SaaS platforms provide a limited approach at the client 

end, making the server end much resourceful. In such a manner, it provides minimal 

integrated control for service-based functionality to end-users of the client [24]. 

2.2 PaaS (Platform as a Service) 

PaaS offers the consumer an electronic environment for deploying cloud infrastruc-

ture using platform-level and software-level resources such as operating systems and 

application platforms. PaaS services are mainly used because of less optimal solutions 

or results of IaaS or due to the specifications of the involved in the network IT appli-

cations [25]. In PaaS, AI acts as an accelerator in relationships between the ecosystem 

and the user [26].  

2.3 IaaS (Infrastructure as a Service) 

In IaaS cloud service vendor shares a pay-as-you-go facility to access the several 

features of network servers, computational applications, and storage over the Internet 

[27]. IaaS is an architecture that balances the number of resources allocated to service 

with actual users’ needs. For this reason, IaaS uses a load balancer, PHP, and MySQL 

servers [28]. 

In the early stages of building a cloud architecture, cloud services were offered on-

ly in three fundamental modes, i.e., SaaS, PaaS, and IaaS. Though, later emerged such 

domain-specific services as BPaaS - business process as a service [29]. In BPaaS, the 

role of AI is connected with the relationship between Education 4.0 and Cloud-based 

e-learning [28]. 

The last one, application layer, operates based on applications that integrate educa-

tional resources into the cloud-computing model and facilitate the development of 

interactive courses and distribution of learning resources. This process consists of 

content development and delivery, educational goals’ formation, and knowledge as-

sessment and management. Distribution of educational resources includes teaching 

material and information resources in digital libraries and information centers [7] 

(Fig. 1). 
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Fig. 1. E-learning cloud architecture 

*Developed by the authors based on [7] 

There are four common examples of cloud deployment models. All of them are 

presented in Fig. 2. 

 

Fig. 2. Cloud deployment models 

*Developed by the authors based on [19] 

Cloud-based e-learning provides user-centric adaptive hardware resources, compu-

ting environment, and software services. In the cloud, users can access digital services 

transparently at any time and from any place [9]. Often e-learning cloud systems take 

into account the requirements of educational institutions concerning training re-

sources’ virtualization, centralized data storage, low operating costs, scalability, flexi-

bility, and e-learning systems’ availability. Therefore, the cloud-based e-learning 

architecture includes the cloud management system, hardware and software compu-

ting resources and services offered by the cloud [22,30]. 
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Most software vendors present their services on cloud platforms. Blackboard 

Learning – is one of the brightest examples of cloud-based LMSs that deliver online 

education services. In a similar vein, open-source e-learning solutions are also hosted 

on various cloud platforms like MoodleCloud [2]. 

Since the introduction of advanced technologies and training standards based on 

learning management systems (LMS) can provide a qualitatively new level of dis-

tance learning organization, in 2019-2020, among educators of I.M. Sechenov First 

Moscow State Medical University (Russia), Prydniprovska State Academy of Civil 

Engineering and Architecture (Ukraine) and Wuxi Institute of Technology (China) 

experimental study was carried out. The goal of this investigation was to test the 

adaptability of LMSs to a collaborative distance learning model on the example of 

Blackboard LMS. For this purpose, the study involved 100 educators who were re-

quired to examine the capabilities of Blackboard Learn in the teaching process. 

3 Results and Discussion 

Blackboard Learn is an open, cloud-based education platform focused on improv-

ing the learning experience by providing online training opportunities in synchronous 

and asynchronous environments. In a synchronous environment, students and teachers 

are given the ability to interact in real time. A famous example of a synchronous tool 

is Blackboard Collaborate, where one can organize study sessions, have impromptu 

discussions, and host guest speakers. In an asynchronous environment, students can 

take advantage of the hourly generated schedule of reminders about upcoming events 

[31]. 

Blackboard Learn proposes learners to undergo three types of courses: fully online, 

hybrid or blended, and a traditional with added web components (Fig. 3). 

 

Fig. 3. Types of online courses in Blackboard Learn 

*Developed by the authors based on [32] 
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Using the Blackboard learning platform, students can check on course changes, 

complete assignments and tests, participate in discussions, launch collaborative ses-

sions, and view grades. The Blackboard Instructor mobile app allows teachers to view 

the course content, grade assignments, undergo discussions with students, and work 

with their student groups [31]. 

The conducted research on approbation of e-learning based on the Blackboard 

Learn platform revealed the following central advantages of its use in the process of 

organization and provision of the educational process: 

Convenient means of processing educational content: Blackboard Learn allows 

using ready-made educational course design templates, adding and editing text docu-

ments of any format, embedding formulas in any part of the text, uploading personal 

and YouTube videos, and supports all modern image file formats, as well as flash. 

Effective educational process organization: This distance learning system has no 

restrictions concerning its use in various courses. It provides the possibility of group 

communication via video chat, student forums, shared calendars, text chats, boards, 

etc. In addition, learning management algorithms of Blackboard Learn can be edited 

and, by setting specific parameters and sequences of courses, one can create an auto-

matic management system. 

Effective tools for knowledge monitoring: Blackboard Learn provides catalogs of 

individual and group test items and course questions. It enables tailoring the learning 

course to a particular student by collecting statistics on a variety of conducted tests. 

Furthermore, Blackboard Learn has a built-in tool for checking educational work for 

plagiarism. 

Effective security and confidentiality system: Blackboard Learn has a password 

system, and each user must log in to the system to access the course. 

The introduction of cloud-based e-learning provides the following advantages for a 

higher education institution as a producer of an integrated educational product [33]: 

• Users can run applications with a minimum internet connection configuration. 

• Absence of performance-related issues in the process of functioning of users’ com-

puters (or mobile devices) since the prevailing part of applications and processes 

are reserved in the cloud. 

• Automatical update of the software. 

• Compatibility with different file and font formats. 

• Benefits for learners – the entire learning process is online, including taking cours-

es, passing exams, getting feedback from teachers, as well as assigning and receiv-

ing projects and tasks. 

• Benefits for educators – methodological support of the educational process is car-

ried out online (preparation of tests; composition of course material; management 

of the learning content; assessment of completed tests, homework, and projects; 

sending feedback to students; and communication with learners on the forums). 

Higher educational institutions should adopt digital technologies in teaching and 

learning to enable learners to acquire digital competence necessary to stimulate inno-

vation and employment. The educational process management in universities and 

colleges should include the use of advanced interactive teaching methods based on 
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innovative digital software [3]. A more adaptive knowledge management system 

based on cloud services, if implemented, contributes to the improvement of education 

quality. Apart from this, the application of cloud computing technologies is relevant 

for the realization of the lifelong learning principle [15]. However, given the rapid 

and global deployment of next-generation mobile networks (4G, 5G, 6G), the popu-

larity of cloud computing in the educational segment will be enhanced. 

Even though e-learning is based on innovative digital technologies, it will not re-

place traditional teaching methods. At the same time, it can significantly increase the 

effectiveness of education through the application of advanced technologies, con-

cepts, and tools that provide new content, models, and teaching methods. The main 

advantages of using cloud servers in the educational process include powerful compu-

ting capabilities, high-capacity data storage, virtualization, and high availability and 

security of cloud services. The cloud-based e-learning architecture provides powerful 

computing power and a huge data storage space by locating the computing and data in 

a large number of distributed computers. In the cloud computing model, administra-

tors ensure the security of user data and, to the greatest extent possible, manage uni-

fied data, allocate resources, balance load, deploy the software, and do the reliable 

real-time monitoring [7]. 

Currently, due to lower enrollment rates and less physical presence of students in 

classes, various colleges and universities give the possibility to undergo certain cours-

es in a distance mode. Research on the adaptability of cloud-based e-learning in Ma-

laysian universities has revealed that the decision to implement this model is mainly 

influenced by the need and perceived usefulness of the technology. In the meantime, 

innovation is not significant in the intention to implement cloud-based e-learning 

Cloud computing has become appealing to many educational institutions because it 

has numerous benefits, in particular, geographic distribution and effective cost alloca-

tion related to automated systems and open-source software. The systemic communi-

cation between learners and teachers in different geographic settings enables the crea-

tion of lively and interactive learning platforms, allows active group work, and im-

plements more effective teaching methods [33]. 

Despite the rapid introduction of cloud technologies in university educational prac-

tices, there are concerns about whether these technologies are used as effective teach-

ing tools or simply as a repository of electronic documents [6,34]. Results from vari-

ous researchers indicate that although many university staff around the world use 

LMS to varying degrees, the vast majority cannot take advantage of the potential 

pedagogical benefits offered by the full functionality of the software [6]. 

The cloud computing paradigm has revolutionized the computer science horizon 

and has attracted significant attention from academia, industry, and government agen-

cies. Recent technological developments such as the Internet of Things, Serverless 

Computing, Software-Defined Networking, and edge processing have created new 

opportunities for cloud computing and formed the basis for the development of the 

digital economy. However, they have also created a need for new research strategies 

to reevaluate and improve approaches to scalability, elasticity, reliability, security and 

resilience [35]. 

12 http://www.i-jet.org



Paper—E-Learning Based on Cloud Computing 

With the introduction of cloud computing technology in higher education, a num-

ber of challenges connected with security, privacy, inadequate professionalism, and 

slow Internet connection emerge. According to a study carried out in Bangladesh [36], 

several key factors that drastically influenced the introduction of cloud computing at 

the University of Dhaka are lack of adequate infrastructure, service availability, and 

utility in education. Studies of the prospects for the use of cloud computing in higher 

education in Sudan also raise the issue of privacy and security [37]. 

The decision to introduce cloud computing into university practice is related not 

only to technological readiness but also to cultural aspects. Research towards a com-

parison between the Middle East and Europe in terms of the implementation of cloud 

computing into the educational process has explicated that European nations have a 

higher tendency to adopt advanced technologies, while the Middle East still prefer 

traditional ways of learning. As regards security issues that are yet to be solved, Eu-

rope already has special centers for this aim, while Middle Eastern countries, particu-

larly Oman and Qatar, are still dealing with security problems. In addition to that, 

cloud-based education in the Middle East is only going through its initial phase, while 

many European universities are actively introducing advanced educational technolo-

gies [38]. The decision to implement cloud-based e-learning in a particular country is 

influenced by several important factors. Among them are perceived usefulness, ease 

of use, trust, security, need, and intention to study in such a mode [11]. 

4 Conclusion 

Modern technological paradigms of learning are becoming more and more popular 

among teachers of higher educational institutions, whose activities are aimed at train-

ing highly professional personnel of the digital age. Cloud computing has a significant 

impact on the teaching and learning environment by leveraging dynamic scalability 

and resource efficiency, thereby expanding the boundaries of educational opportuni-

ties and ensuring the availability of educational services. The introduction of ad-

vanced technologies and training standards based on cloud computing establishes a 

new level of distance education organization. The present work provides a theoretical 

overview of the e-learning cloud architecture layers and models of its deployment in 

the education segment. In order to test the adaptability of LMSs to a collaborative 

distance learning model, in 2019-2020, among educators of I.M. Sechenov First Mos-

cow State Medical University (Russia), Prydniprovska State Academy of Civil Engi-

neering and Architecture (Ukraine) and Wuxi Institute of Technology (China) exper-

imental study was carried out using the Blackboard Learn application for interactive 

e-learning, creation of online communities, and virtual knowledge exchange. This 

research enrolled 100 educators who were supposed to test the teaching capabilities of 

the Blackboard LMS. Within the investigation, the main advantages of the use of 

Blackboard Learn in the process of organizing and supporting the educational process 

were outlined, namely, convenient means of processing educational content, effective 

educational process organization, effective tools for knowledge monitoring, and effec-

tive security and confidentiality system. Furthermore, the current article presented the 
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advantages of introducing cloud-based e-learning in higher educational institutions. 

The study proves that the introduction of cloud computing into the educational pro-

cess leads to positive changes in the quality of the educational content and can con-

siderably increase the efficiency of training due to updated learning technologies, 

concepts, and tools that render new teaching content, models, and methods. 

4.1 Scientific value 

Demonstrated cloud computing architecture and cloud deployment models expand 

the scientific understanding of the e-learning paradigm based on cloud-based technol-

ogy solutions. 

4.2 Practical value 

The implemented innovative solutions in the operational activities of educational 

institutions affect the quality component of the integrated educational product, there-

by providing of its competitive advantage. Since cloud computing forms the basis of 

the modern educational paradigm, the results of testing the Blackboard Learn platform 

open up new horizons for technological modernization and improvement of educa-

tional practice, being professionally interesting for the teaching and management staff 

of modern universities. 

4.3 Research limitations 

The Blackboard Learn cloud platform was tested only in the direction of exploring 

the benefits of the system in the context of educational content creation and educa-

tional practice tooling. Which is insufficient to assess the impact of using the platform 

on the quality of the educational process. Evaluation of the quality of e-learning based 

on cloud platforms requires studying the student's experience of interacting with the 

educational resource, teacher and study group in the context of the platform organiza-

tion of the educational process. Therefore, the study has demonstrated only the ad-

vantages of cloud solutions in the provision of the educational process in order to 

identify progressive innovative opportunities to improve the educational experience. 
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Abstract—Augmented Reality (AR) is one of the emerging technologies 

gradually venturing into the education field. Although AR is strongly linked to 

subjects related to Science, Mathematics, and Technology in schools and ter-

tiary education, there is no mention of AR in non-technical subjects, such as 

language. Thus, this study aims to discover the AR application trends in lan-

guage learning and the language skills prevalent in AR usage. In this systematic 

literature review, AR-related research in language learning began in 2016 and 

has continued to be on the rise. Furthermore, the preferred language skills used 

with AR technology required lower cognitive levels, such as identifying words, 

understanding meanings and spelling, and pronouncing words. Based on the gap 

indicating the rare usage of AR for more complex and critical language skills, 

such as reading and writing, this study hopes to enlighten the researchers, edu-

cators, and application developers to focus on developing AR applications for 

languages other than English, incorporate higher-order learning outcomes in the 

language learning activities, and pursue qualitative investigations. 

Keywords—Augmented Reality, language learning, technology in education, 

systematic literature review 

1 Introduction 

The rapid scientific and technological developments have changed how people live 

with technology in the 21st century. Furthermore, the growth of AR, Virtual Reality 

(VR), and mixed-reality technologies are expected to increase in the next few years. 

In a recent research by the International Data Corporation, as cited in [1] 70% of the 

companies will test immersive technologies for commercial and consumer use by 

2022, with about 25% of expected product deployment. Besides, the recent COVID-

19 pandemic has increased the number of immersive technology consumers as a new 

means of collaborating with colleagues and self-entertainment [1]. 

Other sectors were also affected by the dynamism in technological transformations. 

As such, one of the fields that could benefit from this technology is the educational 

field. New learning approaches were pursued with technological assistance to moti-

vate students’ learning, strengthen students’ understanding, and promote collaboration 

and engagement. Many technologies were utilised in education to support learning 
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and teaching. Therefore, researchers and educators conducted prolific technology-

related studies to enhance teaching and learning in various ways, such as mobile 

learning [2-4], online learning [5-7], social media [8-10], digital game [11-13], and 

augmented/virtual reality [14-16]. Due to the multiple technologies available in edu-

cation, this paper would only focus on one emerging technology, which is AR. 

2 Background 

2.1 The AR technology 

One of the emerging technologies garnering interest in educational settings is AR. 

To begin with, AR is a technology enabling users to view computer-generated objects 

overlayed with reality [17] and the live integration of virtual objects or digital and 

virtual information (graphics, sounds, and haptic feedback) in an authentic environ-

ment. The nature of AR permits user interaction with virtual and real objects in the 

same space, thus creating a new user learning experience [18].  

These objects simultaneously co-existed with real-life objects using cameras on 

mobile or head-mounted devices [17]. According to [17], the three main AR charac-

teristics include: (1) the combination of real and virtual worlds (2) real-time interac-

tions, and (3) 3-D registrations of virtual or computer-generated objects. The cameras 

in mobile and head-mounted devices served as a means for augmenting relevant in-

formation by identifying an AR application’s trigger points or markers in reality. As 

such, AR’s capabilities offered many promising future applications. 

The AR tools were accessible to major companies for creative visualisations and 

training purposes around the 1990s [19]. Additionally, the tools were basic and com-

puter-based. Nevertheless, with the initial popularisation of mobile applications 

around 2008, a few AR applications were available to users in the market. The subse-

quent increase in demand resulted in the emergence of AR tools, primarily designed 

for entertainment and marketing purposes. Moreover, Johnson, et al. [19] predicted 

that AR would venture into other sectors, such as education, as a result of the technol-

ogy’s gradual maturity and development. However, the AR’s adoption and simplifica-

tion in teaching and learning, particularly in higher education, would take approxi-

mately two to three years [19]. 

With technological advancement, AR technology was widely used with computers 

and mobile devices [20]. with a more consumer-oriented, cost-effective, accessible, 

and affordable approach to users. Past studies on AR usage in education focused more 

on Science, Mathematics, and technical subjects, in line with the subjects’ fact-based 

nature requiring models to visualise abstract concepts [20, 21]. Although several stud-

ies have discussed these subject areas, not many highlighted the language learning 

field. Therefore, this paper’s scope focused on AR in language learning. 
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2.2 The AR technology in language learning 

The integration of AR technology in education has shown many positive impacts 

on language learning. For example, studies showed that AR technology offered many 

advantages in language learning. Also, Bacca, et al. [21] reported that AR improved 

learning achievements and boosted motivation, engagement, and collaboration among 

learners. Learners’ comprehension and long-term memory retention could also be 

enhanced and developed [22]. Similarly, Diegmann, et al. [23] stated that AR could 

improve learners’ cognitive and spatial level abilities, creativity, attention, and con-

centration. Saidin, et al. [24] also revealed that AR features could improve learners’ 

visualisation skills. 

However, some researchers drew certain limitations on AR utilisation in language 

learning. Radu [22] indicated attention diversion, difficulty in using AR, ineffective 

classroom integration, and the inability to cater to high-achieving students. Further-

more, Bacca, et al. [21] stated that the most reported limitations involved maintaining 

superimposed information, paying excessive attention to virtual information, and 

considering AR as intrusive technology. In general, the most reported disadvantage 

concerned technical issues, specifically design flaws in the user interface [25-28] such 

as inconsistent responses in AR applications [25, 28], unexpected programme exits, 

delayed responses [27, 29] and inaccuracies of sensor detection [28]. As the research 

on AR integration in education is still developing, the resulting limitations could be 

overcome by fully exploring potential AR technologies with an adequate timeline for 

technological stability and maturity. 

2.3 Research questions 

A considerable number of systematic review research focused on the broad sense 

of AR utilisation in education [20, 21, 30, 31]. Although AR research reviews for 

educational purposes were discussed within the general trends, AR applications across 

disciplines, the challenges and advantages of AR utilisation, learning outcomes, and 

AR effectiveness, a systematic review of AR applications, specifically in language 

learning, remains lacking.  

Hence, the motivation to conduct this systematic review paper was in discovering 

where language learning situates in the field of AR and identifying the integration of 

common skills with AR in language learning. The investigation of AR utilisation in 

language learning proved essential in facilitating researchers to uncover potential 

learning in the study area and determining the worthiness of the research field [20]. 

This review could suggest the practical areas in which AR could be used as a lan-

guage-learning tool. Therefore, the following research questions were addressed in 

this study: 
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1. What is the distribution over time of the articles examining AR utilisation in lan-

guage learning? 

2. What are the learner types commonly selected for the research? 

3. What are the AR technology types and displayed devices used in language learn-

ing? 

4. What type of research design is applied to examine AR use in language learning? 

5. What are the learning theories applied to examine AR utilisation in language learn-

ing?  

6. What are the language skills frequently used with AR technology? 

3 Method 

Systematic reviews have been used as a scientific method to gain a comprehensive 

insight into a specific research domain and aided future researchers in bridging the 

research gap and identifying the trends in the current study. Therefore, a systematic 

review attempted to organise the relevant data matching pre-determined eligibility 

criteria in answering a specific research question [32].  

The ways of review reporting were governed by the principles of the Preferred Re-

porting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement [32] 

where researchers explained the eligibility criteria, information sources, data-

collection processes, data items, and synthesis of the results. For example, this study 

reviewed publications indexed in recognised and reputed journals to obtain an over-

view of AR utilisation, specifically in learner types, the AR technology used, research 

designs, the theories underpinning AR applications in language learning, and lan-

guage skills. 

3.1 Selection of criteria 

The scientific articles published in journals indexed in the Social Sciences Citation 

Index (SSCI) and SCOPUS databases on AR utilisation were obtained for this review. 

The two databases are widely known as reputable and highly-cited journals in the 

academic world [33] and are the main resources of many review studies. Additionally, 

the field tags of indexed articles were easily accessible and customisable based on the 

researcher’s needs [34].  

For SSCI- indexed articles, the Web of Science (WOS) was the access point in us-

ing advanced search functions, with the input search terms ‘augmented reality’, ‘aug-

menting reality’, and ‘mixed-reality’. Also, the parameters were set, whereby: lan-

guage was limited to English; document types were limited to articles and proceeding 

papers, and the time span was from 2010 to 2020. A duration of 10 years was deemed 

adequate to observe the AR trends in language learning and the contemporary use of 

AR. As such, the search yielded 70 results. 

Advanced search functions were also used in the Scopus database, with the same 

query as the WOS database, except for a slight difference from WOS. For example, 

there was no ‘Topic’ function, but ‘Topic’ in WOS was equivalent to the ‘Title, Ab-

stract, and Keyword’ function in SCOPUS. However, ‘Keyword’ in this review was 

not included in the query string to bring more validity to the results [33]. Similar pa-
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rameters were applied, whereby: language was limited to English; document types 

were limited to articles and proceeding papers, and the time span was from 2010 to 

2020. The search yielded 66 results, with the last search conducted on 25 April 2020. 

The approach to the paper selection is shown in Figure 1. 

 

Fig. 1. The systematic review process 

A set of inclusion and exclusion criteria were adopted during the systematic review 

process (refer to Table 1). Following the criteria applications, 29 articles were found 

to be relevant to the study’s purpose. 
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Table 1.  Inclusion and exclusion criteria 

Inclusion Exclusion 

Research must include empirical study. 
Must involve AR as primary or additional 

component in learning language. 

The articles present result of the application of 
AR for language learning and the instruments 

used in the evaluation of AR involved. 

Types of documents included journal articles, 

and conference proceedings, written in English  

The target language can be either in English or 

other languages. 

Articles do not address the actual application of AR in 
language learning. 

Symposium, editorial writings, meeting abstracts, book, 

book chapters, master’s theses, and PhD these, biographical 
items are excluded. 

Articles that mention the term “augmented reality” but are 

about virtual reality or other topics. 

Design of AR app, conceptual and theoretical framework 

are excluded. 

Abstract only paper 
Design-based research 

The study does not present the results clearly and the 

instruments used in the evaluation of AR. 

3.2 Conducting the review 

All the 93 articles were downloaded as full texts on computers. Two researchers 

were involved, with the first author conducting the initial review and the second au-

thor (a senior researcher) conducting the final review. Each article was examined and 

read thoroughly to determine the inclusion eligibility in the final review. The inclu-

sion and exclusion criteria presented in Table 1 were applied during this stage. Also, 

the articles were selected during the study’s discussion on AR usage in learning lan-

guage and the effects on learners when learning language skills.  

Nonetheless, the articles mentioning AR elaborated on VR instead, with no discus-

sions on the effects of using AR, design-based studies, conceptual and theoretical 

frameworks, and abstract-only papers, were omitted. The relevant information related 

to research questions were organised through Nvivo 12 Plus and Microsoft Excel. 

Also, the data collected from the articles were determined using the qualitative con-

tent analysis method, which allowed for more systematic and objective categorisa-

tions of qualitative data [20]. 

All the articles were analysed, synthesised, and presented in relevant diagrams 

based on the outlined research questions. Some of the information was derived from 

the articles with word searches to find keywords, such as paper distribution according 

to time, learner types, and research designs. However, other areas, including AR 

types, AR display devices, the theory underpinning the study, and language skills 

required more detailed and careful analysis.  

3.3 Categories 

The year of the journal publications ranged from 2010 to 2020 in this review. The 

10-year span was adequate to observe the research trends using AR, specifically in the 

direction of language learning concerning AR technology. Learner types were divided 

into five categories: pre-school or kindergarten, grade 1 to 6 (primary school), grade 7 

and 8 (secondary school), grade 9 to 12 (high school), and college or tertiary students. 

For the AR trigger types, the three categories include marked, marker-less, and loca-
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tion or GPS-based. For the AR display devices, the sub-categories were divided into 

mobile devices (smartphones and iPods), tablets, desktops or webcam-based devices, 

projectors, head-mounted devices (HoloLens), and other unspecified devices. For the 

research design, three categories were selected: quantitative, qualitative, and mixed-

method [35]. Learning theories and language skills categories were based on the paper 

and not pre-determined. The findings of the study are summarised in the next section. 

4 Findings 

4.1 What is the distribution over time examining AR usage in language 

learning? 

Based on the analysis, the number of articles published on AR usage in language 

learning gradually increased in 2016, despite a slight dip in 2017 (see Figure 2), and 

reached a peak in 2019. Johnson, et al. [19] forecasted in 2010 that the upcoming 

years (2011-2013) predicted a strong potential in AR applications for educational 

purposes compared to the previous focus on entertainment and marketing. However, 

47% of the studies using AR in education were applied in the field of ‘Science’ [21]. 

The field of Humanities and Arts, which also comprised of language, merely covered 

approximately 22% of the studies. Hence, this review supported the previous study 

concerning the lack of research reported on AR usage in language learning until 2015. 

However, companies such as Google were a precursor for AR and VR to become 

popular technologies in 2015, followed by Snapchat as the first social media platform 

to successfully integrate AR user features in the same year [36]. The platforms may 

also contribute to the increased interest in AR usage regarding language learning, 

consequently increasing the publication of articles from 2015 onwards. Other reasons 

for the increase include high AR availability, affordability, and easier operability [37]. 

Thus, more AR-related research in language learning was likely to increase in the 

future. 

 

Fig. 2. Number of articles published by year 
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4.2 What are the learner types commonly selected for the research? 

From the 29 study samples, 12 studies (41.4%) selected college and university stu-

dents as the study participants. The second highest was primary school students 

(37.9%), whereas the remaining studies involved kindergarteners (17.2%) and high 

school students (3.5%). None of the research in this study of AR in language learning 

was conducted on middle school students. The large proportion of college and univer-

sity students as study participants corresponded to previous studies [21, 38] potential-

ly due to the accessibility of mobile devices, [39], readily available samples [38], and 

the ability to give detailed and constructive feedback on the use of AR applications. 

Most of the AR applications from the study were prototypes, hence requiring feed-

back on the effectiveness and usability of the applications from matured language 

learners. 

4.3 What are the AR technology types and display devices used in language 

learning? 

This review categorised AR into three types: marker-based, markerless, and loca-

tion-based [40]. This study revealed that the marker-based type was the most common 

AR type used in language learning, with 19 out of 29 studies using a marker-based 

type. Additionally, nine of the studies used location-based AR, whereby GPS location 

was used to explore and learn the geographical-based content through real-time GPS-

positioning. For location-based AR, most of the reported studies embedded gamifica-

tion or game-based principles in language activity. Only one study used a marker-less 

type. Also, 26 of the studies used prototypes of AR applications developed by the 

researchers, while three other studies used existing AR applications in the market. 

A display type must be used to view virtual objects or information augmented in 

real life. As such, a few display types were used (see Table 2), but the types were not 

limited to one display device for one study. Four of the studies utilised two devices 

simultaneously: three studies used computer desktops and projectors and one study 

used computer desktops with HoloLens. Also, each device type was counted as one. 

Due to the occurrence of multiple devices, the total number of devices was more than 

the total number of studies. Only two of the studies mentioned generic device terms, 

which were electronic devices and devices with installed applications. 

Table 2.  Types of AR Display Devices 

AR Display Devices Total 

Mobile Devices (Smartphones/iPod) 14 

Tablet 8 

Desktop/Webcam-based Devices 7 

Projector 3 

Head-Mounted Device/HoloLens 1 

Unspecified 2 
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4.4 What type of research designs and data collection methods are applied to 

examine AR usage in language learning? 

The analysis indicated mixed-method as the most frequent research design used, 

parallel to [21]’s finding, comprising of 17 studies, followed by quantitative (eight 

studies) and qualitative (four studies) research designs. For the mixed-method design, 

the studies were generally explanatory and sequential, as the studies began with the 

quantitative method, followed by the qualitative method. Although many studies did 

not explicitly describe the use of a mixed-method, the analysis indicated that the stud-

ies executed quantitative and qualitative data collection. Therefore, this review identi-

fied the studies as a mixed-method design despite the absence of the ‘mixed-method’ 

term. 

Furthermore, the data collection methods used were categorised parallelly to a 

study conducted by Maas and Hughes [41] in which a variety of data collection meth-

ods were used from the 29 selected studies within this review. Based on Figure 3, 

questionnaires were widely used as a data collection method (20 studies), followed by 

pre and post-tests (15), interviews (11), observations (7), field notes (6), videos (6), 

and focus group discussions (5). On another note, evaluation forms, gameplay data, 

and reflection reports were implemented in two studies, whereas audio, documents, 

and pre-tests were applied in one study. 

 

Fig. 3. Data collection methods 
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In this study, 17 of the theories or concepts were only mentioned once: collabora-

tive learning, cognitive load, cognitive theory, constructivism theory, content and 

language integrated learning, context-conscious ubiquitous learning, contextual learn-

ing, drones, dual coding theory, interactional approach, learning style, manipulative 

theory, mixed reality, mobile learning, mobile-placed learning, self-determination 

theory, and self-directed learning. From the observation, eight studies did not mention 

any theories underpinning the use of AR applications. Similarly, the theory related to 

game-based learning or gamification was mentioned in eight studies. Other theories 

mentioned in the studies are depicted in Table 3. On another note, ten of the studies 

mentioned one theory, eight did not state any theory, four explained two theories, two 

explained five theories, and only one study mentioned three, four, six, seven, or eight 

theories. 

Table 3.  Theories/concepts mentioned in the studies 

Theories/Concepts Total 

Collaborative dialogue 2 

Computer assisted language learning 3 

Embodied learning 3 

Flow theory 2 

Game-based learning/gamification 8 

Cognitive theory of multimedia learning 3 

Mobile assisted language learning 2 

Multimedia learning 3 

Not mentioned 8 

Place-based learning 3 

Situated learning 5 

Sociocultural theory 2 

Task-based learning 2 

Others 17 

4.6 What are the language skills frequently used in AR technology? 

Language skills were generally divided into four major skills: reading, writing, 

speaking, and listening. For example, the sub-skills derived from the major skills 

include vocabulary, orthography, spelling, and pronunciation. This review portrayed 

studies assessing multiple skills simultaneously. Hence, the total number of skills 

exceeded the number of studies. It was also observed from the findings that the vo-

cabulary sub-skill was commonly used in AR technology, with 14 instances, followed 

by orthography (spelling and character recognition), with eight instances, and pronun-

ciation, with five instances. Another skill that was not language-specific but assessed 

four times in the study was collaborative learning.  

Furthermore, communication or speaking skills and grammar were evaluated in 

three of the studies. Although there were three studies using AR applications, the 

language areas were integrated, as the learners used language in daily conversations 

and demonstrated the skills in an authentic setting. Besides, the use of AR in the read-

ing skill was observed in two studies, which focused on reading given words and 
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understanding the meaning. Other skills included writing and listening, as observed in 

one study. Global skills were also identified in one study on AR usage, which was 

linguistic awareness and cultural understanding.  

Moreover, this paper discovered 21 studies using AR applications to aid learners in 

learning English, while four studies involved learning Chinese with the assistance of 

AR applications. The remaining four languages were French, Japanese, Quechea, and 

Basque, with the frequency of one study each. Hence, it was worthy to note that the 

possibility of other languages using AR applications in language learning without 

English translations represented a study limitation. 

5 Discussion 

Based on the findings, there is an increasing demand for research related to AR us-

age in language learning from 2010 to 2020. Although the use of AR in language 

learning is still new, the usage has increased from 2016 onwards. Despite the rising 

trend, the sample choice was more common in young children and university students. 

One of the possible reasons why young children were preferred in these studies could 

be that AR offered strong visualisation features important for children at a concrete 

operational stage [20].  

Since the language type or skill commonly used with AR technology was a lower-

order cognitive skill (remembering, recognising letters, understanding meanings, 

pronunciation), primary school students were the most suitable participants based on 

the on-going development of basic language skills. Besides, many language teachers 

still believed that repetition and drilling approaches were crucial to strengthen linguis-

tic foundations [43] and improve knowledge retention [44]. Moreover, previous stud-

ies [21, 30, 37] revealed that undergraduate students were the most studied sample in 

the educational technology field. Based on research conducted by the EDUCAUSE 

Centre for Analysis and Research, 95% of undergraduate students owned 

smartphones. Since most of the AR technologies used realistic mobile device plat-

forms [45] mobile learning studies have also grown due to the increase in mobile 

device ownership [19].  

Regarding AR types, most of the studies utilised marker-based types. In Arici, et 

al. [46], marker-based materials on paper were preferred, as these materials were 

simple to create and operate, with less complexity in development, as developers 

could use existing AR Software Developer Kits (SDK) to develop marker-based AR 

applications [45]. With various AR platforms in the market, such as Adobe Aero and 

ARize, people could develop personal AR applications. The tracking process of 

markers was also more reliable and accurate than the marker-less type [21, 45].  

Concerning the research design, most of the studies applied a mixed-method de-

sign, followed by quantitative and qualitative designs. Based on the findings, mixed 

methods were favoured, possibly because new AR application prototypes were devel-

oped in the studies. In designing a new technological prototype, it was prevalent to 

question the participants’ responses on the perceived usefulness and ease of use con-

cerning the product, and the attitude and behavioural intention towards the product 
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[47], as earlier studies suggested a need to apply mixed methods in AR-related studies 

[40] to counter the pervasiveness of quantitative studies. However, qualitative data 

analyses in the mixed-method research were mostly descriptive analyses of how the 

activities were perceived by learners (learner experience, perceived enjoyment, atti-

tude, and motivation). These basic descriptions aided in understanding the experience 

holistically, although the descriptions did not elaborate on the variables contributing 

to the experience. 

From this analysis, a more in-depth investigation was required to cover aspects in-

volving knowledge gain, cognitive processes, and collaboration mediated by AR 

technology. Besides, 27 studies in this review developed a new AR application, spe-

cifically for the target group. Only two studies used the readily available AR applica-

tions, which were Pokémon Go and ChronoOps (in ARIS application). With the grad-

ually increasing number of AR applications related to language learning, future re-

searchers may embark on assessing the practicality of using this application in lan-

guage classrooms and discuss the reinforcement of language skills. 

The use of theory is imperative for knowledge development and in understanding a 

certain phenomenon [42]. For example, theories can inform and explain how and why 

a particular learning approach is suitable for certain learner groups. Based on Table 3, 

although eight of the studies did not mention any theories, the development and im-

plementation of AR applications were described. The common theories used in this 

review concerned game-based learning and gamification, possibly due to the early 

adoption of AR focused on entertainment and gaming industries [19]. Thus, it makes 

sense that AR technology in education embedded gamification or game-based learn-

ing principles. The analysis revealed few studies mentioning the theories, but the 

theories did not link to the method, data collection, or analysis in the discussion. 

However, most of the articles utilised theories to conceptualise the research objec-

tives, collect and analyse data, and discuss the findings. 

Additionally, [42] suggested that many educational technology-based studies em-

phasised theoretical exemplification through theoretical insights or constructs to dis-

cuss the relationship between theory and data. Moreover, the theories in educational 

technology-based research generally revolved around the same theory. Therefore, 

there is a need to develop more theories, specifically in education, and contribute to 

theoretical advancement. The findings also reported vocabulary acquisition to be the 

preferred learning outcome in AR usage concerning learning language, as the acquisi-

tion proved to be an essential skill to be mastered before advancing to more complex 

components. Studies indicated that vocabulary mastery significantly contributed to 

users’ language proficiency [43, 48]. As such, vocabulary is a prerequisite for learners 

to understand sentences, paragraphs, and essays.  

Apart from vocabulary mastery and word identification, characters and spelling 

were the next most important skills. Mobile applications were generally able to pro-

vide learners with feedback on achievement, support in record-keeping, and algo-

rithms to make intelligent choices in repeating needed exercises[49]. Therefore, many 

AR-related past studies in language learning selected vocabulary as the language 

focus. Nevertheless, researchers should also consider the incorporation of other lan-

guage skills in the AR environment and explore the potential of AR usage to develop 
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higher-order cognitive skills. The creation of AR applications using a language other 

than English was also desired. 

6 Conclusion 

This paper presented a systematic review of utilising AR applications in language 

learning within the span of 10 years, from 2010 to 2020. A total of 29 papers were 

evaluated, encompassing a diverse range of educational levels, research designs, lan-

guage skills, and AR types specifically used in language learning classrooms. Based 

on the analysis, the number of researches in this field has increased from 2016 on-

wards, with the preferred learner types comprising undergraduates and primary school 

students. Most studies employed a mixed-method research design and questionnaires 

as the most common data-collection method, followed by pre and post-tests, and in-

terviews. Although eight of the studies did not mention theories, the process of devel-

oping AR applications was described. Game-based or gamification principles were 

also among the frequently applied theories in the reviewed papers. Most of the studies 

also used vocabulary as the skill to be integrated with AR applications, followed by 

orthography or spelling, and pronunciation. 

From this review, the apparent gaps in AR applications, specifically in language 

learning, could be identified. Many studies ([25, 26, 48]) focused on the lexical level 

of language learning requiring identification, memorisation, and lower-level cognitive 

skills. More researches should be conducted on the feasibility of AR usage applica-

tions in more complex language skills, such as critical reading, contextual written 

language, and interpreting relevant information. Future researches should also focus 

on the ‘how’ and ‘why’ of AR technology effectiveness. For example, a qualitative 

study should be implemented to uncover AR technology-related phenomenon regard-

ing cognitive processes, knowledge building, and collaboration. 

Additionally, longitudinal studies should be conducted to understand the gradual 

development of knowledge and skills [21]. The reported findings indicated the effec-

tive use of AR technology in boosting learning motivations and performance, but 

further examination was required on whether the aspect of novelty influenced the 

implementation of AR applications. The researcher could also focus on advancing the 

current theories or introducing new theories related to educational technologies. This 

study intended to enlighten future researchers on the lacking areas and strategies for 

more value-added AR research, specifically in language learning. 
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Abstract—COVID-crisis has made significant changes in the educational 

process of many countries, including the need for new management decisions 

that would solve the complex problem of accelerating the development of 

online resources for distance learning. Management, particularly in education, is 

valuable when it is able to combine both general and specific goals. Especially 

when it comes to a specific educational process for training future TV and radio 

journalists, advertisers and PR-managers, screenwriters and directors, sound di-

rectors, TV presenters, film and cameramen. The peculiarity of these profes-

sions is the combination of both creative and technological components of pro-

duction and placement of professional audio-video content, i.e. content pro-

duced by TV and radio companies, film or TV studios, advertising agencies, 

and aimed at a mass audience. One of the basic priorities in training such spe-

cialists is, first of all, the practice, which is based on the planned implementa-

tion of educational audiovisual projects and the ability to put them into effect in 

certain circumstances, including COVID-crisis caused by COVID-19 virus. 

Therefore, the aim of the article is to hypothesize how to build a productive dis-

tance educational strategy in the conditions of COVID-crisis, which specifically 

affected the quality of practical training of specialists in the field of audiovisual 

media and arts in Ukraine. 

Keywords—Distance education, management, COVID-crisis, audio-video con-

tent 

1 Introduction 

How should future TV and radio journalists, advertisers and PR-managers, screen-

writers and directors, sound directors, TV presenters, film and TV operators act if 

during the COVID-crisis, subsequent severe quarantine restrictions and forced self-

isolation it is impossible to perform previously planned training videos, what is more, 

outdoor filming or recording outside the apartment or room are banned, and all the 

creative and managerial communication is held online? These projects are the basic 

practical elements of training courses and the main ones for determining the level of 

knowledge of the subject. 
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How can educational institutions provide both quality teaching and fair assessment 

in a pandemic? First of all, we should change priorities, using the methodology of 

crisis management, acceptable for the education system, which simplifies and acceler-

ates decision-making, in particular, sometimes unpopular, but effective, until the situ-

ation stabilizes. 

In Ukraine, paradoxically, the COVID-crisis contributed to the fact that the order 

of the Ministry of Education and Science of Ukraine “On approval of the provisions 

on distance learning”, adopted in April 2013 [1], got a “second breath” seven years 

later and was elegantly “embedded” in the new document - the order of the Ministry 

of Education and Science of Ukraine “On organizational measures to prevent the 

spread of coronavirus COVID-19” of March 16, 2020 [2]. Current sociological re-

search aimed at studying the psycho-emotional state of Ukrainians during quarantine 

has found that both young and elderly people experience depression, anxiety, panic, 

fatigue and sleep disorders associated with “physical limitations (inactivity, lack of 

activity) and the lack of a sufficient number of external stimuli: new impressions, 

events, interaction with others. Life in quarantine is often a “marmot day” – a repeti-

tive monotony that leads to low mood and apathy. In addition, depression is tightly 

connected with fatigue (the higher the level of fatigue, the higher the level of depres-

sion) and sleep disorders (as well)” [3]. Most of these studies [4] concerned the situa-

tion with the so-called risk group, i.e., they focused on the adaptation of people aged 

60+ to the conditions of quarantine and self-isolation. But with each stage of the quar-

antine, the audience's infographic data “got younger” and moved to position 20+, 

especially when it came to the learning process or distance learning. 

2 Literature Review 

The idea of distance learning hasn’t appeared recently though it received its crown-

ing moment due to COVID-crisis in the whole world. More and more researchers 

address to various forms of distance education and analyse their efficient implementa-

tion [5, 6, 7]. These and other researchers allow us to consider the variants of hybrid 

learning that have been used in different countries and have proven to be effective. 

Moreover, they point at problematic aspects, including social and intercultural signifi-

cance, as distance learning and distance itself, social distance and forced long-term 

isolation caused a number of consequences, in particular, while training specialists in 

various fields of knowledge, and identified vulnerabilities in educational systems in 

different countries. 

Researchers in almost every country in the world have addressed the issue of adap-

tation of educational institutions, as well as students and teachers to the new educa-

tional realities in a pandemic. There are two main areas of consideration of this issue. 

The first is the perception of students and teachers of the situation in their country 

during the COVID-19 outbreak, for instance, in Changzhi medical college (“About 

24.9% of college students have experienced anxiety because of this COVID-19 out-

break”) [8]. Another example is taken from the University of Melbourne, where a 

research project was conducted during the pandemic and it was “based on a method 
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called photovoice, capturing their environment and experiences during COVID-19 

through photographs and descriptive text. As a result of the project, three core themes 

emerged: anxiety, precarity and gratitude” [9]. At the Central University of South 

Bihar, Gaya, students “were feeling panic due to the regular increasing number of 

Corona’s infections” [10]. 

The second thematic area of publications is the analysis of possible changes in the 

educational process, including the possibility of attracting new technologies to dis-

tance learning. This idea is proved by a science journalist from the United States Al-

exandra Witze [11], who refers to the well-known educators: “The pandemic is speed-

ing up changes in a tremendous way,” says Bert van der Zwaan, former rector of 

Utrecht University in the Netherlands, and author of Higher Education in 2040. In 

particular, the most important change is seen as “Stop treating students like customers 

and start working with them as partners in learning” [12], according to Australian 

researcher Kelly E. Matthews from The University of Queensland. Consistent with 

this thesis is the opinion of Canadian scientist Jean Slick from Royal Roads Universi-

ty [13], who believes that “The ability to adapt and improvise when necessary is a key 

to success”. Moreover, one more matter of importance is the ability of educational 

institutions to control the educational process during force majeure events and apply 

crisis management to implement innovative courses of disciplines: “Different courses 

have different characteristics, and teaching innovation must be flexible. For 

knowledge-based courses, the advantages of information technology can lead to net-

work teaching in order to help college teachers apply information technology” [14]. 

3 Materials and Methods 

3.1 Content analysis method 

Audiovisual projects of future TV and radio journalists were posted on the Tele-

gram channel of the Department of TV and Radio Broadcasting [15] during March-

June 2020. These are almost 50 original audio-video podcasts. In general, each of the 

journalistic podcasts, as well as commercials of advertisers and PR people, and audio-

visual works of cinematographers were created during distance learning when quaran-

tine restrictions were rather severe, so the authors were forced to act in accordance 

with COVID realities while arranging their records. This includes remote recording of 

interviews, synchronization with podcast characters using platforms such as Zoom, 

Skype, Google Meet and others, the use of means of protection during full-length 

filming, maintaining social distance when working with a film crew, the number of 

members of which was also limited. Thus, podcasts, videos, films and other genre 

varieties of audiovisual creative projects, which are analyzed in this article, can be 

considered as produced to some extent in special extreme conditions, corresponding 

to the order of the Ministry of Internal Affairs of Ukraine: “On approval of psycho-

logical support in State Emergency Service of Ukraine” dated 31.08.2017 N 747 [16]. 

Namely, these extreme conditions are “exceptional, special, extraordinary circum-

stances that threaten human life and health, have the impact of stress factors, are per-
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ceived and assessed as dangerous, complex, hopeless situations, and, as a result, they 

increase anxiety, emotional tension and create a traumatic effect on the human psy-

che.” 

This is also evident in the names of podcasts that have formed the basis of the con-

tent of the Telegram channel during this period: “April Fool’s Day in a pandemic”, 

“Quarantine”, “Survive in quarantine”, “Introverts vs. extroverts in quarantine”, 

“Medicine for the soul”, “Quarantine procrastination”, “Four-legged quarantine”, 

“Youth in quarantine”, “Quarantine education” and others. Each of these names 

stands for a typical situation that occurred to young people who had to change their 

perception of the creative and technological process in the media. 

Audiovisual projects of future advertisers were posted on the Instagram channel 

created specifically to show creative works (access to the channel was open until July 

2020). These are more than 40 videos of social audio-video advertisements made by 

students of the Institute of Journalism at Borys Grinchenko Kyiv University during 

March-June 2020. It is worth noting that none of the commercials was purposefully 

devoted to the coronavirus, quarantine or self-isolation. However, the most popular 

topics that brought together student advertising projects were the result of a pandemic. 

Thus, they reflect the psychological state of their authors, their efforts to find the 

appropriate “creative therapy” and expectations for help or new positive solutions. In 

general, social issues, which will be discussed below, remain relevant and requested 

by students for their creative implementation even without coronavirus. However, in 

the conditions of distance learning and home isolation, these topics have gained a 

more significant and even critical perception among young people. 

The question of using Facebook as a suitable tool in education was raised in scien-

tific world long before the COVID-19 crisis. Scientists did research on this issue and 

proved Facebook to be a powerful tool to support students’ learning [17]. Our stu-

dents also used different social networks to introduce their creative works. Audiovisu-

al projects of future screenwriters and directors, sound directors, TV presenters, film 

and cameramen, created in March-June 2020, are presented in media project “KTM-

social network” on YouTube, Instagram, Telegram, Facebook and the website of the 

Department of Cinematography and TV Arts of the Institute of Journalism [18]. In 

total, it is more than 100 author’s creative works. Among them there are 28 news 

reports, 19 tongue-twister performances, 15 promotional items, 18 photo collages, 9 

films, 6 installations, 10 TV programs and 6 sketches. All these works were united by 

the common managerial attitude. First, the creative and production process had to be 

transformed into the online one as much as possible, direct contacts between students 

and project characters had to be minimized during the production, the technological 

aspects of audiovisual project preparation had to be adhered to curricula and deadlines 

of submitting creative film and TV works. Secondly, it was essential to take into ac-

count the realities of a pandemic and review the topics of audiovisual projects that 

cannot be created during the quarantine, preserve the creative concepts of projects, 

their thematic diversity and variety, emphasize the responsibility of authors of audio-

visual projects on the technology of the approved scenarios. Such managerial attitudes 

were also used in training TV and radio journalists and advertisers. 
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3.2 Survey method 

To find out how to adapt the training process for future TV and radio journalists, 

advertisers and PR managers, screenwriters and directors, sound engineers, TV pre-

senters, film and TV operators to the conditions of the crisis, what management strat-

egies to apply, how to set priorities and values in education, etc. the authors of the 

article performed the following. First, from April to June 2020 a number of remote 

practical audiovisual projects were implemented. Secondly, in June 2020, the stu-

dents, future TV and radio journalists, advertisers and PR managers, screenwriters and 

directors, sound directors, TV presenters, film and TV operators, were surveyed on 

the organization of their audiovisual work during the quarantine. There were more 

than 200 students, among which 106 respondents [19] answered 6 questions which 

stands for more than 50% of the respondents (almost 90% of them were female) (see 

Figure 1). 

 

Fig. 1. Survey on the organization of students’ audiovisual  

work during the quarantine 

To the question “What was the purpose of your creative work?” most respondents 

(55.7%) answered: “To prove that even during quarantine you can be creative”; 

35.8% answered: “To declare yourself as a specialist” and 30.2% – “To embody an-

cient creative ideas.” (see Figure 2) 
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Fig. 2. Results of the survey on the purpose of the creative work 

3.3 Method of contrast and comparison 

Comparison and juxtaposition of disciplines, programs or courses, especially, their 

practical components are used to study the common and different features in the tasks 

of professional subjects, in particular, to create an audiovisual product. This method 

allowed us to identify common and different in the preparation of creative projects 

performed by students of different specialties: TV and radio journalists, advertisers 

and PR-managers, screenwriters and directors, sound directors, TV presenters, film 

and cameramen. 

4 Results and Discussion 

4.1 TV and radio journalism and social communications 

Among the priority topics raised in the podcasts of TV and radio journalists, there 

are three main ones: 

Self-isolation and return to “a normal lifestyle”. Quotes: “From my own expe-

rience I can say that quarantine has made me different. For the last few weeks, I have 

constantly been thinking that this time of ours – the digital age – is a huge asset for 

each of us. What would have happened to us if we had found ourselves in quarantine 

15 years ago? And now I am worried not only about how to survive in quarantine, but 

also how to return to a normal lifestyle” (Myroslava Tanska). “In quarantine, I didn’t 

even notice when I started practising book therapy. I love reading, but now, in addi-

tion to internal anxieties, there are also external stimuli, such as distance learning, 

lack of loved ones and the limited space at home which is forbidden to leave. The 

feeling of emptiness is increasing with each passing day. And books have become 

something more than just entertainment” (Vladyslava Litvinova). “Quarantine has 

radically changed our ordinary lives. I had to adapt to new conditions and learn to 

arrange my day. However, sometimes it is so difficult to get out of bed, break away 

40 http://www.i-jet.org



Paper—Management Priorities of Audiovisual Student Projects During the COVID-Crisis 

from an interesting book or series and make yourself study” (Daria Karpenko). “Self-

isolation is not a reason for degradation. It is a good opportunity to develop and do 

what you love. One can benefit from quarantine, the main thing is to be eager to do it” 

(Kateryna Kolosova). 

Distance learning and new technologies in education. Quotes: “The last bell in 

zoom! School waltz in skype! Quarantine has changed everything” (Anastasia Zub-

chenko). “Just staying at home is a challenge for me. But everything depends only on 

us. During quarantine, we could spend this time on vacation, but I decided to bet on 

my self-discipline and make up for what I could have missed” (Natalia Rur). “This is 

Andriy Vikulov. An ordinary Polish student from Ukraine. Like all of us, he woke up 

early every morning, cooked a delicious breakfast, and set off studying. However, 

quarantine abroad forced him not just to stay at home, but to find himself in a two-

week isolation without friends and relatives in the dormitory” (Myroslava Tanska). 

“In the issue we will tell you about the quarantine at Taras Shevchenko National Uni-

versity of Kyiv, about the advantages and disadvantages of distance learning and talk 

to a student who volunteered in Italy and found herself at the epicenter of a pandemic. 

And let's remember the last pre-quarantine events in March and cool student initia-

tives” (Anna Veligdan & Yulia Nalyvayko). “Although we isolated ourselves for 

three months, the student life was in full swing. Education at universities did not stop 

for a second, it just went online” (Alina Sandul). 

Ukraine and post-quarantine realities in the world. Quotes: “Hospital beds in 

dormitories, curfew and online life. These are the realities of today's Egypt, Tunisia 

and Italy. Three students from these countries spoke candidly about the way they 

spend their time in quarantine and how the coronavirus has changed their life” (Olena 

Ogonovska). “If you really want to go home, if you want to come back and see your 

relatives, it motivates you the most. And even from the island of Mauritius, where 

there is strict quarantine, you will find an opportunity to fly and see your family” 

(Margaryta Varadovska). “What will be the tourist season 2020? Will it fail? The 

World Tourism Organization has launched #TourismTomorrow with a proposal to 

postpone the holiday to the end of this year or even the next, 2021” (Kateryna Men-

tuz). “We can talk about the long journey home again and again. Behind me there is 

the border of Ukraine. We have already crossed 4 borders in 30 hours. Ahead there 

are only 14 days of quarantine” (Danylo Polsky). (see Figure 3). 
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Fig. 3. Topics of Podcasts 

4.2 Advertising and PR 

Among the audiovisual projects prepared by advertisers, the priority topics were 

the following: 

Dependence: It is primarily about the dependence on online technology, a topic 

that is constantly addressed by advertisers, even those who see their future online and 

connects their own business with web technology. The issue of youth smartphoneiza-

tion and its dependence on online communication is not new, but quarantine and dis-

tance learning have forced people to appreciate this unique means of communication 

in a limited space and time with even greater meticulousness and caution. Advertising 

slogans also testify to it: “Put down the phone and see what a beautiful world is 

around”, “Be careful, use social networks responsibly, because you never know who 

is on the other side of the screen”, “Dedicate your life to your family, not phone”. 

Sublimation: The search of one’s own “self”, self-awareness of the need to be 

oneself in times of social standards, clichés or stereotypes have always interested 

young people, which has always affected the choice of topics for commercials. How-

ever, the issues of self-importance, dignity and personal potential during self-

isolation, transformation and redirection of energy to social work and cultural crea-

tivity exacerbated the ambitions of young people. The desire for self-expression and 

self-sufficiency has become critical in social networks, online platforms and creative 

advertising projects. Slogans such as “we can do more”, “adjust yourself to your 

wave”, “leave your comfort zone”, “your life is your rules”, “do what you like, be 

yourself”, “no one can forbid you to be someone else”, “remember, you have got only 

one life and it belongs only to you”, “just believe in yourself”, “it is me who decides 
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how to live”, “do not burn out emotionally, stay in harmony”, “I like the way I live 

and look like”, “we are unique” gained new meanings during quarantine. 

Gender: The topic of gender equality, which is enshrined in the Constitution of 

Ukraine and in the new State Social Program for Ensuring Equal Rights and Opportu-

nities for Women and Men for the period until 2021 [20], has been attracting the at-

tention of social advertising for many years. The pandemic has become a clear marker 

of inequality in the world. Martha Henriques notes in the article “Why Covid-19 is 

different for men and women”: “In the US, the gender pay gap is similar, with women 

earning 85% of what men earn. In Australia it is 86%, while in India it is 75%. And 

this is worse for women of some races and ethnicities than others – in the US, for 

example, black women earn 21% less than white women” [21]. In Ukraine, the gender 

imbalance is exacerbated by the complex and unpredictable political and economic 

situation. Therefore, the slogans in student advertising on this topic (like “in any body 

you remain yourself”, “I'm just a woman who needs happiness”, “when you leave 

home, be equal”, “no stereotypes, be a woman”, “do not judge others, look at your-

self, maybe you are not like them”, “a person needs three seconds to form their opin-

ion about others, but how long does it take to judge them?”, “to be equal in Ukraine 

will be in 107 years!”) are perceived quite relevant, also considering that the commer-

cials, which are studied in this article, were prepared mainly by girls. 

Bullying: The topic of adolescent and domestic violence has recently become quite 

popular among advertisers. According to a study by the United Nations Children's 

Fund – UNICEF in Ukraine, “40% of victims of bullying do not share the problem 

with anyone, even parents”, and “67% of children have experienced bullying in recent 

months” [22]. Also, the striking fact is that “more than 1.8 million women in Ukraine 

suffer from physical domestic violence, and only 10% of them seek help”. All these 

data changed during the quarantine, when due to significant restrictions on the move-

ment of people, victims of domestic violence remained under the same roof with their 

perpetrators. Therefore, it is not surprising that the issue of bullying and domestic 

violence has attracted the attention of the largest number of students-advertisers. 

Among the advertising slogans on this topic there are the following: “I know every-

thing about my son, because I can ask”, “tell your story, do not be afraid”, “the prob-

lem is not in you, love is not manifested in violence”, “every third family in Ukraine 

suffers from domestic violence”, “don’t keep quiet about violence, tell us”, “aggres-

sion breeds aggression”, “grow flowers in your soul and don't let others break them”, 

“not every violence leaves marks on the body, there is violence in words”, “do not 

become an aggressor and do not be a victim”. 

Happiness: A person’s desire to be happy is an eternal theme of life motivation 

and demotivation, which during a pandemic and self-isolation receives new interpre-

tations and explanations, such as freedom of movement, restrictions on communica-

tion or new risks and challenges in communication. What used to seem familiar and 

natural is perceived almost as happiness during quarantine. Therefore, among the 

advertising slogans there are not only simple and well-known truths, but also a new 

perception of happiness: “happiness is when a child has parents”, “do not put off hap-

piness for later”, “happiness is our life, if not now, then when?”, “happiness is when 

parents love their children, even when they behave badly”, “happiness is near, just 
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start noticing simple things”, “happiness is something good and tender when a mother 

sings a lullaby”, “happiness is when you enjoy what surrounds you”.  

Ecology: The topic of environmental protection has been extremely relevant for 

Ukraine since the Chernobyl disaster. Therefore, advertising topics related to the pro-

tection of the ecosystem in the country remain urgent both on the professional adver-

tising media market and in student audiences. The COVID-crisis in Ukraine has 

somewhat pushed the issue of “a big city and ecology” to the background, but still 

remains perhaps the most popular among student advertising scripts and slogans, for 

instance: “become your own city, love it, respect it, learn it”, “bring the rubbish to the 

dump, give it a second life”, “respect what makes you alive!” 

Other topics: The topics that were implemented in this social audio-video adver-

tising within March-June 2020 period included less frequent issues, for example, 

AIDS issues – “they are the same as us”, “AIDS is not a sentence, it's just another 

life”; Protection of pets – “give them a home”, “pets are not garbage”; Fight against 

alcoholism and smoking, Attention while driving, Support for the elderly and orphans. 

(see Figure 4) 

 

Fig. 4. Topics of Social Advertising 

4.3 Film and television art 

The priority topics addressed by screenwriters and directors, sound directors, TV 

presenters, film and cameramen in their audiovisual projects can be grouped into the 

blocks, which are characterized by certain methods of perception of reality in the field 

of psychology, art and philosophy. 

“COVID-installation”: This block consists of short-term projects, primarily news 

about distance learning, students’ life during quarantine, new educational technolo-

gies, reviews of specialized literature and films, which have become an additional 
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source for preparing students for online classes. These are mostly illustrated works 

with graphic elements in the form of a photo collage or greeting cards. This also in-

cludes, for example, educational projects on Instagram, such as “#installation_ktm is 

back! Yusuf Karsh, Canadian-Armenian portrait photographer, is one of the greatest 

artists whose works are known worldwide” (Olena Lyskova), “Jerry Wellsman is the 

father of digital surrealism, a master of visual interpretations, one of the most promi-

nent photographers of the XX century” (Olena Lyskova, camerawoman Sonya 

Bugriy). 

“Stay home”: This block includes, for example, sketch “So, quarantine” hosted by 

Adalina Sysak, who showed how quarantine changed the life of a graduate student; 

program “How to survive in quarantine. Change of profession” hosted by Olena Ko-

nonenko, who talks about how a person can change their lives by changing profes-

sions, and also that quarantine can deprive you of work, but cannot deprive you of 

faith; program “Live broadcast with the President of Ukraine” (host Maria Madzigon) 

as a live broadcast with the President of Ukraine Petro Poroshenko during the action 

on humanitarian aid to hospitals during the epidemic. Special mention should be made 

of the KTM Challenge project, which showed that it was possible to test the 

knowledge gained during classes in the conditions of distance learning. And the name 

of this block was given due to the installation on Instagram “Stay at home and create 

masterpieces”, as well as the installation “Home, sweet home”, which together gained 

more than 500 views on YouTube. 

“Humanity”: It includes programs and movies, i.e., stories about people and val-

ues that are relevant, especially at the time when someone may doubt themselves and 

the correctness of their choice. This is the TV program “Language is the DNA of the 

nation” hosted by Elyzaveta Kushnir, which raises the issue of preserving the native 

language; TV program “Humanity” (host Lidia Kobyl), in which there is an attempt to 

understand the difference in people through the stories about autistic children; short 

feature film “Time” (directed by Maria Hromadska), which encourages thoughts on 

life and its sense; a feature film about Natasha Kampush “3096 days” (directed by 

Elyzaveta Buryak), which is based on real events on how not to lose human dignity; 

feature film “MUTE” (cameraman Vladyslav Dorofeev), short feature film “Button, 

button…” (directed by Karyna Lototska), documentary “Wolves, wolves!” (camera-

man Yuriy-Luka Savinykh) or feature film “Purification” (cameraman Vladyslav 

Pustovit), which cover important issues for young people. 

“To be continued”: This block, whose name is borrowed from the traditional final 

titles of feature films, combines TV programs and films that refer to such a simple and 

important truth as “life goes on”. TV programs “More than just a drink: coffee and 

about coffee” (hosted by Sofia Miskiv), “Beauty community” (hosted by Alina Fo-

menko), “Golden Way” (hosted by Victoria Smolovychenko), “My story” hosted by 

Alexandra Pytlik, which create a good mood, encourage creativity and the search for 

new ideas; documentary film “Underground Rivers” (cameraman Dmytro Falkovsky), 

created with love for the hometown and its history and grandeur; documentary 

“Chance” (director Stanislav Shevchenko, camerawoman Anna Bobrytska), which is 

an example of self-belief, a candid story of a young man who overcame a serious 
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illness and started the life from the very beginning; film-tale “Blooming thorns” (di-

rected by Veronica Repina) about the sacred connection of generations. 

We can’t but mention the online film festival dedicated to self-isolation and covid 

challenges [23], organized by Tymur Gayovy, a student of the Department of Cinema-

tography and TV Arts at the Institute of Journalism at Taras Shevchenko National 

University of Kyiv. The purpose of this festival was to learn what feelings quarantine 

evokes in others and what people are capable of in limited conditions. The names of 

the short films that formed the basis of the festival are quite eloquent: “How to get to 

seaside in quarantine”, “Klitschkoronavirus”, “Exit through the window”, “Self-

isolation”, “Carpe diem”, “I want pizza”, “CORONTIN”, “Stay home”, “Dreams 

come true”, “Silent night”, “Quarantine”, “Quarantine clip”, “Spring 2020”, “Korona-

virus time”, “Birds”, “The full”, “When there is nothing to do”, “How to survive in 

quarantine”, “Days on morphine”, “Coronablues”. (see Figure 5). 

 

Fig. 5. Topics of Projects 

4.4 Questionnaire results 

According to the survey conducted in June 2020, since most of the answers were 

received from future TV and radio journalists and then from advertisers and TV pre-

senters, so the most requested type of creative audio-video work was the story 

(46.2%) and program (22.6%) which, as a rule, were used in the form of online pod-

casts by TV and radio journalists and then only a commercial (24.5%) and a movie 

(15.1%), with which screenwriters and directors, sound directors, TV presenters, film 

and television operators constantly work as a type of creative work (see Figure 6). 
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Fig. 6. Survey on the type of creative audio-video work 

It was also important to find out the locations of audiovisual production in the 

COVID-crisis in March-June 2020, as lockdown in Ukraine and in many countries 

around the world provided significant restrictions on being on the street, in public 

places, especially when it came to full-scale filming, arranging and recording the 

interviews, reports, productions, selection of scenery or lighting, which was dictated 

by the implementation of selected topics. And we have the result that regardless of the 

situation in Ukraine during the pandemic, in many cases (either in Kyiv, or other 

cities and villages of the country) students managed, without violating the quarantine 

conditions, to combine almost the same percentage of audiovisual projects both at 

home and outside the apartment/house (see Figure 7). 

 

Fig. 7. Survey on the place of the recording production 

The ranking of audiovisual project topics is quite expected, given the preliminary 

thematic analysis of audio-video podcasts of TV and radio journalists, advertisers and 

PR-managers, screenwriters and directors, sound directors, TV presenters, film and 

iJET ‒ Vol. 16, No. 10, 2021 47



Paper—Management Priorities of Audiovisual Student Projects During the COVID-Crisis 

TV operators. Most young people (from 100% surveyed) in their online podcasts, 

commercials or movies tried to cover the issues of coronavirus and quarantine 

(30.4%), social and family issues (18.6%), student life and distance learning (16%), 

culture, art, music, cinema (9.8%), tourism and travel (7%), health and sports (6.4%), 

new technologies (4.8%), ecology (1.6%) and others (5.4%) (see Figure 8). 

 

Fig. 8. Survey on the topics of students’ creative works 

The results concerning the choice of online platforms for the production of audio-

visual projects and their further promotion and advertising on the Internet can be pro-

jected (according to the given answers) on most Ukrainian schools of television and 

radio journalism, advertising, PR or film and TV arts. So, when it comes to online 

platforms for the preparation and organization of video or audio recordings, inter-

views, etc., the most rated is Telegram, then in popularity - Zoom, Skype, Google 

Meet, Messenger, Microsoft Teams, Viber, WhatsApp, Moodle and E-mail. As for the 

promotion and advertising of audiovisual projects online, Telegram is second to none, 

followed by Instagram, YouTube, Facebook, Messenger, Viber, WhatsApp, Twitter 

and TikTok (see Figure 9). 
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Fig. 9. Survey on the choice of online platforms 

5 Conclusion and Future Scope 

The results of the study using content analysis of audiovisual student projects cre-

ated during the COVID-crisis, analysis of data obtained on the basis of a survey, con-

trast and comparison of tasks for planning educational projects and the specifics of 

their implementation in COVID-crisis period, as well as developed by the authors 

approaches to the adaptation of curricula in professional disciplines to the realities of 

distance education in Ukraine during the pandemic outline the priority elements of the 

management of audiovisual educational projects. This allows us to consider the possi-

bility of developing a new productive distance educational strategy, in particular, 

suitable for training specialists in the field of audiovisual media and arts. This strategy 

is focused on the implementation of practical components of the curriculum of profes-

sional disciplines related to the production and placement of creative works, audiovis-

ual student projects, and also contains new management technologies that can become 

the basis for similar critical situations. The study showed that the basis of such a strat-

egy is the following: 

• New methods of conducting practical classes: Regardless of circumstances such as 

quarantine or forced self-isolation, practical distance learning for students who are 

professionally focused on the production of audio and video content becomes an 

additional creative and managerial incentive. The production of TV, film, radio or 

advertising product during the COVID-crisis 2020 in Ukraine has received new 

opportunities, given the technological component of the educational process. The 

use of the combined online platforms and the most flexible adaptation to the educa-

tional needs of multifunctional mobile devices allows you to perform practical 
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tasks not only on the basis of university educational film, TV and radio studios and 

editing and directing complexes but also staying at home. 

• New forms and types of classes:. Distance education, especially for such disciplines 

that include practical courses on the production and technological cycle of creating 

an audiovisual product (starting with choosing a theme, scripting, filming, record-

ing, editing, audio, titration, colour correction and formatting and finishing with its 

online placement) encourages new forms and types of classes based on the princi-

ples of practical expediency, which can become the basis for training courses in the 

specialties of “TV and radio journalism”, “advertising and PR”, “audiovisual art 

and production”. 

• New goals and task settings: Motivation is an important aspect of modern profes-

sional training in the field of audiovisual media and arts. Developing each training 

course in the specialty one should take into account the relevance and practical fea-

sibility of the discipline, and the vectors of students’ interest aimed at success in 

the profession rather than getting simply a diploma. This is the ability to create a 

competitive audio-video product, aware of the available creative and technical pa-

rameters, the willingness to prove that even in difficult educational conditions, you 

can create a professional audiovisual project. All these factors should be taken into 

consideration during the further formation of the educational process for training 

TV and radio journalists, advertisers and PR managers, screenwriters and directors, 

sound directors, TV presenters, film and TV operators. 

• New technological conditions for project implementation: Students who worked on 

the creation of audio-video content, regardless of their psycho-emotional or physi-

cal condition, staying in really limited conditions, prepared the planned audiovisual 

projects, completed training courses and put into practice (even in such an unusual 

way) the acquired theoretical knowledge in professional disciplines. The survey 

showed that the shootings were performed in the same percentage proportions both 

in "home conditions" during isolation, and outside, in compliance with the re-

quirements of quarantine. 

• New thematic focus: The most common topics raised by future TV and radio jour-

nalists during the COVID-crisis were the following: self-isolation and a return to 

“a normal lifestyle”, distance learning and new technologies in education, Ukraine 

and post-quarantine realities in the world. The most popular topics of interest to fu-

ture advertisers during this period were: dependence on online technology, the 

need to remain yourself at all times, gender equality, ecology, bullying, the pursuit 

of happiness, protection of pets, the fight against alcoholism and smoking, driving 

attention, support for the elderly and orphans. Topics that have attracted the atten-

tion of future filmmakers reflect on the power and fragility of life, dignity, values, 

faith and hope. In general, audiovisual projects of screenwriters and directors, 

sound directors, television presenters, film and cameramen declare their desire to 

find their own style, using artistic techniques, including filming, editing, screen 

colouring, mixing forms and genres. Young people were most interested in the is-

sues of coronavirus and quarantine, social and family problems, student life and 

distance learning. 
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• New methods and techniques of production: Among the most rated (according to 

the survey) online platforms for creating audio content one can mention Telegram, 

then in popularity Zoom, Skype, Google Meet, Messenger, Microsoft Teams, 

Viber, WhatsApp, Moodle and E-mail. As for the promotion and advertising of au-

diovisual projects online, the championship is held by Telegram, followed by In-

stagram, YouTube, Facebook, Messenger, Viber, WhatsApp, Twitter and TikTok. 

To summarize the abovementioned, we may state that among the priorities for 

training such specialists as TV and radio journalists, advertisers and PR-managers, 

screenwriters and directors, sound directors, TV presenters, film and TV operators 

one should single out practice as part of the discipline. According to the study, the 

organization of practical tasks for training courses in professional disciplines for stu-

dents of these specialties can be successfully adapted to the realities of COVID-crisis 

or other similar force majeure circumstances. Research conducted by the authors of 

the article showed that the production of audiovisual projects can be included in the 

syllabus of a professional discipline initially at the stage of setting goals and tasks, 

taking into account the needs and specifics of distance learning. Such types of practi-

cal work should be planned in the curricula of specialized educational institutions, in 

particular, those that focus on training specialists in the field of audiovisual media and 

arts. Fortunately, according to the study, today there are all necessary technological 

and managerial capabilities for fulfilling it. 
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Abstract—This study derived an evaluation model that overcomes the vari-

ous problems in the evaluation of online learning effect. Firstly, the influencing 

factors in the online learning process were discussed in the paper, pointing out 

the direction to enhance the online learning effect. Next, a multidimensional eval-

uation index system was established for online learning effect. Meanwhile, the 

evaluation of online learning effect was treated as a fuzzy evaluation problem 

with multiple attributes, and an improved evaluation model for online learning 

effect was proposed based on fuzzy mathematics theory. The proposed model can 

evaluate the online learning effect effectively and enjoy a good prospect of ap-

plication. 

Keywords—Online learning effect, evaluation model, fuzzy mathematics the-

ory, educational decision analysis 

1 Introduction 

Online learning is an important teaching form in modern education. Nowadays, as 

the modern education technologies are becoming more and more intelligent, online 

learning is playing an increasingly important role in modern education [1-4]. However, 

since online learning is affected by a variety of constraints such as hardware facility, 

software system, teaching management, student self-learning, and course teaching im-

plementation, etc., the manifestations of online learning effect and enhancement strat-

egies have gradually become the focus of attention of field scholars [5-8].  

Regardless of manifestations or enhancement strategies, in relevant studies, one im-

portant link is the effective and accurate measurement of the online learning effect; 

however, since many influencing factors are involved and there are fuzzy uncertainties 

in the various types of factors, the research on the evaluation of online learning effect 

has become a key content in current relevant studies [9-10]. 

For example: with college English course as an example, Zhang evaluated and ana-

lyzed the effect of a blended teaching mode based on online open courses and proposed 

a few strategies for enhancing the teaching effect [11]. Gu et al. evaluated and analyzed 

the online learning effect of medical college students during the COVID-19 epidemic 

in China [12]. Cheng et al. constructed an online open course learning quality evalua-

tion index system and discussed its application [13]. Wang and Yao gave an overview 
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of existing studies concerning the evaluation of online learning based on knowledge 

graphs, and their paper provided a reference for subsequent studies [14]. 

Although existing literatures do have some guiding significance for the evaluation 

of online learning effect, in view of the different research perspectives of different 

scholars, the existing evaluation index systems of online learning effect are incomplete 

and imperfect, thus, there is also room for further research. To this end, this paper em-

ployed fuzzy mathematics to analyze the online learning effect evaluation problem and 

improve the evaluation index system and evaluation model, in the hopes of providing a 

good reference for the effective and accurate evaluation of online learning effect. The 

content of the paper is arranged as follows: the first part summarizes relevant research 

concerning the evaluation of online learning effect; the second part analyzes the influ-

encing factors; the third part constructs a multi-dimensional online learning effect eval-

uation index system; the fourth part establishes the multi-index fuzzy evaluation model 

of online learning effect; and the fifth part draws the research conclusion.  

2 Influencing Factors of Online Learning Effect 

2.1 Curriculum design and planning of online courses 

Whether it is online or offline teaching, curriculum design and planning are quite 

important. On the one hand, curriculum design and planning point out the right direction 

for course teaching and talent cultivation, it is not merely the course content planning, 

but a development plan for the cultivation of professional talents, therefore, it is of very 

important guiding significance. On the other hand, curriculum design and planning list 

the qualities of professional talents to be cultivated and provide a guarantee for explor-

ing the potential of professional talents. Therefore, in this sense, well designing and 

planning the curriculum is the primary task of course teaching and the basic condition 

of professional talent cultivation.  

At the same time, it should be noted that online and offline teaching are two different 

teaching modes, and each has its own characteristics. Online teaching is a useful sup-

plement to offline teaching, and it has unique features in aspects of curriculum system 

planning, course content design, course teaching scheme formulation, and teaching goal 

setting, etc. To achieve the ideal online learning effect, this paper proposes that the 

online teaching should pay special attention to the follows aspects: in terms of curricu-

lum system planning, online teaching should pay more attention to the connection be-

tween courses; in terms of course content design, online teaching needs to pay more 

attention to the sharing of teaching content; in terms of course teaching scheme formu-

lation, online teaching needs to pay more attention to the configurability of teaching 

schemes; in terms of teaching goal setting, online teaching needs to pay more attention 

to the social adaptability of the teaching goals. In summary, the curriculum design and 

planning of online courses is a very important influencing factor of online learning ef-

fect.  
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2.2 Construction of online learning platforms 

The implementation of online learning is inseparable from the support of online 

learning platforms. High quality online learning platforms are the most basic guarantee 

for the smooth implementation of online learning, and they are the most direct connec-

tion between teachers and students. Therefore, developing high-performance online 

learning platforms to better meet the requirements of online learning is a very important 

factor for promoting online learning.  

The construction of online learning platforms includes two parts: hardware facilities 

and software systems. The configuration of hardware facilities is the first thing to be 

considered for the construction of online learning platforms, only high-performance 

hardware facilities can provide good basic conditions for the construction of online 

learning platforms; correspondingly, this is also true for the software systems of the 

online learning platforms, and only by ensuring the god performance of software sys-

tems can we build online learning platforms with good adaptability. For this reason, 

advanced, stable, compatible, and high-performance hardware facilities, as well as in-

telligent, portable, upgradeable, and easy-to-operate software systems should be pre-

pared for the construction of online learning platforms. 

At present, there are quite a few online learning platforms, such as: 

mooc.chaoxing.com, MOOC, Zhihuishu.com, ke.qq.com, study.baidu.com, ding-

talk.com, yuketang.cn, and study.163.com, and these platforms have their respective 

characteristics, however, in addition to upgrading their hardware facilities, these plat-

forms also need to work on their system compatibility, upgradeability, and portability. 

For some platforms, although the hardware configuration is good enough, still, the  

incomplete platform construction might make it difficult to carry out online teaching 

activities, which also seriously hinders the improvement of the online learning effect.  

2.3 Allocation of online learning resources 

For the promotion of online learning, one necessary condition is the push and display 

of learning resources, and the push and display operations need to consider the alloca-

tion of online learning resources, that is, how to establish the teaching resource library 

of online learning, including courseware, classic cases, typical content, key knowledge 

points, content types, and the sustainable development characteristics of course 

knowledge, etc., moreover, it also includes the online learning resource time arrange-

ment, schedule planning, knowledge point association, and the hierarchical relationship 

between the content of each chapter, etc. The allocation of online learning resources is 

a complex project involving not only the relevant characteristics of the course content, 

but also the teaching status of teachers and the learning status of students, and how to 

well manage the relationships of these factors and reasonably allocate the online learn-

ing resources have a direct impact on the online learning effect, and they can also affect 

the implementation of online learning activities.  
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2.4 Online learning environment 

Online learning environment refers to two perspectives and multiple links, from the 

teacher’s perspective, it includes links of teaching preparation, teaching execution, 

teaching feedback, teaching supervision, and teaching evaluation, etc.; while from the 

student’s perspective, it includes links of pre-class preview, classroom learning inter-

action, classroom activity participation, after-class feedback, and learning evaluation, 

etc. For both perspectives, the teaching links and learning links are affected by not only 

one factor, therefore, it’s necessary to consider that whether the online learning envi-

ronment will distract the attention of teachers and students; whether there are conditions 

for online learning and continuous online learning; whether the online learning envi-

ronment be able to motivate the learning and teaching enthusiasm of students and teach-

ers; whether the online learning environment can be recognized by teachers and stu-

dents; whether online learning will take too much extra teaching time and independent 

learning time and will it be a waste of time; whether online learning will disrupt the 

teacher’s teaching plan or affect the learning status of students; whether the cost of 

online learning is too must; whether the network fees and learning equipment costs can 

meet the actual online learning conditions, etc. If the above-mentioned issues are 

properly handled, the online learning effect would be greatly improved; on the contrary, 

if the listed issues are not properly solved, it will greatly hinder the implementation of 

online learning, and thus affecting the online learning effect.  

2.5 Online learning interactivity 

The interactivity of online learning involves several aspects: first, the interaction be-

tween teachers, including the sharing of teaching content among teachers, the observa-

bility of teaching progress, the controllability of teaching tasks, and the communicabil-

ity of teaching information. Second, the interaction between teachers and students, the 

interactive communication and exchange of learning information between teachers and 

students should be ensured so that it will generate the “teaching-learning resonance”, 

realizing effective knowledge imparting and absorption, and achieving the desired 

teaching and learning effect. Third, the interaction between students, the information 

exchange between students should be ensured so that they could be able to fully share 

the learning information and interact with each other about their learning statues, and 

thus facilitating the tracking of the online learning status of students. The interactions 

of these three aspects do not exist independently, therefore, it is necessary to reasonably 

configure and allocate them to realize a rational status and provide effective support for 

the improvement of online learning effect. Generally speaking, the interactivity of 

online learning needs to consider multiple aspects such as the interaction of teachers 

and students, the information feedback, the timely sharing of teaching information, and 

the timely monitoring of teaching information.  

iJET ‒ Vol. 16, No. 10, 2021 57



Paper—An Evaluation Model of the Online Learning Effect Based on Fuzzy Mathematics 

2.6 Faculty of online learning 

The faculty of online learning is the main force for online course teaching, the faculty 

level is the most basic factor that can reflect the online teaching ability, therefore, im-

proving the faculty level is a good guarantee of online learning effect. The faculty level 

of online learning is reflected in multiple aspects: first, the teachers should have a solid 

professional knowledge reserve and good professional qualities and be able to meet the 

basic requirements of the teaching of professional courses. Second, the teachers should 

have a broad professional vision and a good ability to expand the professional 

knowledge, they should be able to impart basic knowledge to students as well as culti-

vate their innovation ability. Third, the online teaching faculty should form a talent 

team with a hierarchical structure, so that the development of online teaching could be 

sustainable. Fourth, the online teaching faculty should have certain online teaching 

qualities, certain technical skills to use intelligent modern education technologies, and 

advanced online teaching concepts. Only in this way can the online teaching have a 

more obvious networked feature, so that students could better immerse themselves into 

the online learning environment.  

2.7 Course implementation of online learning 

The course implementation of online learning is a progressive factor to ensure the 

effect of online learning, it is reflected in three aspects: the first aspect is the various 

links such as teaching tools, methods, organization, progress control, group interaction 

setting, and classroom atmosphere, etc.; generally, more intelligent teaching tools, more 

advanced teaching methods, more reasonable teaching organization, more orderly 

teaching progress control, more realistic group interaction setting, and more enthusiast 

classroom atmosphere indicate better online learning effect. The second aspect is the 

integration of online and offline courses; although they do have their respective char-

acteristics, in terms of the development trend of modern education, the development of 

online courses has become an important link of modern education, and the online and 

offline courses do not exist independently. Therefore, the online and offline courses 

should be integrated reasonably so that they could promote the development of each 

other, and such joint effort will play a positive role in promoting the effect of online 

learning. The third aspect is students’ learning attitude, interest, and self-discipline dur-

ing the online learning process; in general, better learning attitude, stronger learning 

interest, and stricter self-discipline indicate better online learning effect.  

3 The Evaluation Index System of Online Learning Effect 

3.1 Evaluation index selection 

The evaluation of online learning effect involves many influencing factors, and these 

influencing factors are often of multiple levels, types, and some are fuzzy values. There-

fore, in order to get an online learning effect evaluation index system that is close to the 
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real situation, the evaluation indexes should be selected reasonably and scientifically. 

First, the selected indexes should be able to reflect the essential problems in the evalu-

ation process of online learning effect, be able to describe the scientific problems in it, 

and have clear and rational scientific meanings. Second, the selected indexes should be 

objective, be able to reflect the real situations of online learning; situations such as 

subjective imagination or conjecture should be avoided so that the evaluation results of 

online learning effect could be more in line with the actual implementation situation of 

online courses. Third, the selected indexes should be uniform and be able to compre-

hensively reflect the online learning effect from various aspects, and not only focus on 

one single aspect. Fourth, the selected indexes should have a certain hierarchical struc-

ture and be able to describe the hierarchical logical relationship of online learning ef-

fect, so that the evaluation framework could be clearer. Fifth, the selected indexes 

should facilitate the reasonable processing of the qualitative, quantitative, and fuzzy 

information in the online learning effect analysis. 

3.2 Division of dimensions of online learning effect evaluation 

From the perspective of pedagogy development, although online learning and tradi-

tional classroom learning are two different teaching modes, their ultimate goals are the 

same, that is, to cultivate high-level talents, and improve their learning efficiency and 

quality to the greatest extent. In essence, the learning processes of the two modes have 

no fundamental difference, therefore, the evaluation of online learning effect can still 

be based on the learning process. This paper holds that, the evaluation of online learning 

effect can be divided into three dimensions according to the learning process, namely 

the pre-class preparation dimension, the classroom execution dimension, and the after-

class feedback dimension; in this way, the comprehensive evaluation of the online 

learning effect of the whole process of online course learning could be achieved.  

3.3 Construction of evaluation index system 

Based on the above analysis, an improved online evaluation effect evaluation index 

system was constructed from the three dimensions of pre-class preparation, classroom 

execution, and after-class feedback. The pre-class preparation dimension focused on 

the preparation works before the online course learning, generally, the better the prep-

aration works, the better the online learning effect. The classroom execution dimension 

focused on the content expression of teachers and students during the online learning 

process, generally, the stronger the classroom execution ability, the better the online 

learning effect. The after-class feedback dimension focused on the information ex-

change and achievement, generally, the timelier the teaching information feedback, the 

more the teaching achievement, and the better the online learning effect. The specific 

content of the online learning effect evaluation index system is shown in Table 1. 
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Table 1.  Online learning effect evaluation index system 

Evaluation index system Evaluation dimension Evaluation index 

Online learning effect  

evaluation index system 

Pre-class preparation dimension 

Complete courseware design 

Complete course content planning 

Clear course learning goal 

Rich teaching resource 

Reasonable teaching plan 

Time spent on online video watching (for 

preview before class) 

Learning platform log-in frequency (for 

preview before class) 

Completion of preview learning tasks 

Classroom execution dimension 

Highlighted key and difficult knowledge 

points 

Classroom execution is in line with 

teaching objectives and syllabus 

Ability to teach students in accordance 

with their aptitude 

Ability to adjust the classroom atmos-
phere 

Frequency and time of asking and an-
swering questions in class 

Frequency and time of online learning 

and discussion in class 

Time spent on classroom learning 

Concentration on classroom learning 

Participation in classroom learning 

Completion of classroom learning tasks 

Times of raising questions actively in 

classroom learning 

Classroom learning interest 

Classroom learning creative thinking 

Online learning absence rate 

Dissatisfaction with online learning  

Class test failure rate 

After-class feedback dimension 

Timeliness of homework submission 

Correct rate of homework 

Pass rate of course exam 

Excellent rate of course exam 

Course dropout rate 

Self-learning ability cultivation 

Practical innovation ability cultivation 

Learning feedback of students 

Answers from teachers 

Times of teaching resource downloading 

Completion of learning goals 

Satisfaction with online learning 
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4 Multi-Index Fuzzy Evaluation Model of Online Learning 

Effect 

4.1 Normalization of evaluation indexes 

The evaluation indexes of the above-established system are of various types, and the 

values of these indexes do not have a uniform dimension, therefore, in order to ensure 

the reliability and accuracy of the evaluation results, the evaluation indexes of different 

types and dimensions need to be normalized so that they could have a uniform evalua-

tion standard.  

If there are m online learning effect evaluation objects P, and n evaluation indexes, 

then the initial value of the j-th evaluation index of the i-th evaluation object P is: 
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where, 𝑣𝑗
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 represents the maximum value of the j-th evaluation index in the in-

terval; 𝑣𝑗
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 represents the minimum value of the j-th evaluation index in the inter-

val; the two values need to be selected and determined according to field knowledge.  
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After all evaluation indexes were normalized, then they had the same analysis stand-

ard, which improved the reliability and accuracy of the evaluation results of online 

learning effect.  
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4.2 Weight assignment of evaluation indexes based on entropy weight method 

and AHP  

Generally, different evaluation indexes have different degrees of importance, to re-

flect the differences in the importance degree, the weight values of each index should 

be determined. The assignment of weight values is often affected by the evaluation 

objects, the evaluation data, and other subjective and objective factors. On the one hand, 

the AHP method has the merits of simple calculation and good applicability. If the field 

experts have good evaluation experience, the obtained index weight values will be more 

accurate, but since the weight assignment is based on the experience of the experts, the 

method is relatively subjective to a certain extent [15-18]. On the other hand, the en-

tropy weight method has good objectivity, but the values of the evaluation indexes are 

usually not that accurate, which will cause certain errors in the calculation results [19-

21]. Therefore, this paper combined the two methods to obtain the weight values of the 

evaluation indexes of online learning effect from an overall perspective.  

1. Weight values of evaluation indexes based on AHP 

By referring to the opinions of experts engaging in the field of online education, the 

online learning effect evaluation indexes were judged and analyzed in pairs, and the 

judgement value qij of the i-th evaluation index with respect to the j-th evaluation index 

was obtained, then the index weight matrix Q could be established as: 
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where, the value of qij is generally scored on a scale of 1-9, and its specific meanings 

and values are shown in Table 2. 

Table 2.  Meanings of judgement value qij 

Value of qij Relationship between index i and index j 

1 The two are equally important 

3 The former is slightly more important than the latter 

5 The former is more important than the latter 

7 The former is much more important than the latter 

9 The former is extremely more important than the latter 

2,4,6,8 Middle values between two adjacent relationships 

Reciprocal Relationship between index j and index i, there is 𝑞𝑗𝑖 = 1/𝑞𝑖𝑗 

 

The index weight matrix Q was processed: 

 

( )

 
max

1, , , ,

T T

j nX X X

  = 


=

Q X Q X

X
 (5) 

62 http://www.i-jet.org



Paper—An Evaluation Model of the Online Learning Effect Based on Fuzzy Mathematics 

where, 𝜆(𝑸)𝑚𝑎𝑥 represents the largest eigenvalue of matrix Q, X represents the ei-

genvector of matrix Q corresponding to 𝜆(𝑸)𝑚𝑎𝑥. 

The index weight matrix Q was subject to consistency check, if it satisfies: 
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It indicates that the index weight matrix Q can meet the requirement of consistency 

check, then the index weight vector can be expressed as: 

 

 
1

|1 / |1
n

j j j

j

w j n X X j n
=

 
=   =   

 
W

 (7) 

If the index weight matrix Q cannot meet the requirement of consistency check, then 

it needs to be judged and analyzed again until it can meet the requirement of consistency 

check. 

2. Weight values of evaluation indexes based on entropy weight method 

If the normalized value of the j-th evaluation index of the i-th evaluation object P is 

𝑈𝑖𝑗 = [𝑢𝑖𝑗
𝑙𝑒𝑓(𝑃), 𝑢𝑖𝑗

𝑟𝑖𝑔(𝑃)], it takes: 

 
( )

( ) ( )

2

lef rig

ij ij

ij

u P u P
r P

+
=

 (8) 

The matrix is obtained as: 
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1

1

i n

i ii in

n ni nn

r P r P r P
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 =
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 (9) 

Then, under the j-th evaluation index, the feature proportion of the i-th evaluation 

object P is: 

 
( ) ( ) ( )

1

/
m

ij ij ij

i

H P r P r P
=

= 
 (10) 

The information entropy contained in the j-th evaluation index is: 

 
( ) ( ) ( )( )

1

ln / ln
m

j ij ij

i

E P H P H P m
=

= − 
 (11) 

Thus, the coefficient of variation of the j-th evaluation index can be obtained as: 

 
( ) ( )1j jG P E P= −

 (12) 
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The weight of the j-th evaluation index is: 

 

( )

( )
1

j

j n

j

j

G P
w

G P
=

=


 (13) 

3. Comprehensive weight values of the evaluation indexes 

If the weight of the j-th evaluation index obtained via AHP is marked as 𝑤𝑗(𝐴𝐻𝑃), 

the weight of the j-th evaluation index obtained via the entropy weight method is 

marked as 𝑤𝑗(𝐸𝑁𝑇𝑅𝑂𝑃𝑌), then the ultimate weight of the j-th evaluation index is: 

 
( ) ( )j j jw w AHP w ENTROPY =  + 

 (14) 

where:  represents the influence coefficient of subjective factors,  represents the 

influence coefficient of objective factors, their values can be selected according to the 

actual situation of the evaluation, and there is 𝛼 + 𝛽 = 1. 

4.3 Division of evaluation levels 

According to the actual situations, the online learning effect can be divided into dif-

ferent levels. Both too few and too much divided levels would affect the sensitivity of 

the evaluation results. Too much divided levels would result in unclear boundaries of 

evaluation results, while too few divided levels would result in too wide ranges of eval-

uation results. For this reason, under normal conditions, the evaluation results of online 

learning effect are divided into seven or five levels, which can ensure both the sensitiv-

ity and distinguishability of the evaluation results. This paper divided the evaluation 

results into five levels of excellent, good, medium, qualified, and unqualified, which 

were marked as 𝐿𝐸𝑥𝑒𝑐 , 𝐿𝐺𝑜𝑜𝑑 , 𝐿𝑀𝑒𝑑𝑖, 𝐿𝑄𝑢𝑎𝑙, and UnquL . 

4.4 Generation of the whitening weight functions 

By applying the gray system theory, the whitening weight functions corresponding 

to different evaluation levels were established, then gray cluster analysis could be per-

formed on each evaluation object. For the excellent evaluation level, its whitening 

weight function can be defined as𝑓𝑗
𝐿𝐸𝑥𝑒𝑐 (𝑥𝑖𝑗(𝑃)) = 𝑓𝑗

𝐿𝐸𝑥𝑒𝑐[0.80,0.90, −,−], generally, 

it takes 𝑥𝑖𝑗(𝑃) = (𝑢𝑖𝑗
𝑙𝑒𝑓(𝑃) + 𝑢𝑖𝑗

𝑟𝑖𝑔(𝑃)) /2, and its structure is shown in Figure 1. 
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( )( )ExecL

j ijf x P

0

1

0.80 0.90 ( )ijx P
 

Fig. 1. The structure of the whitening weight function 𝑓𝑗
𝐿𝐸𝑥𝑒𝑐 (𝑥𝑖𝑗(𝑃)) 

( )( )GoodL

j ijf x P

0

1

0.70 0.80 ( )ijx P0.90
 

Fig. 2. The structure of the whitening weight function 𝑓𝑗
𝐿𝐺𝑜𝑜𝑑 (𝑥𝑖𝑗(𝑃)) 

The corresponding calculation model is: 
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j ij ij ij
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x P




= −  


  (15) 

For the good evaluation level, its whitening weight function can be defined as 

𝑓𝑗
𝐿𝐺𝑜𝑜𝑑 (𝑥𝑖𝑗(𝑃)) = 𝑓𝑗

𝐿𝐺𝑜𝑜𝑑[0.70,0.80, −,0.90], and its structure is shown in Figure 2. 

The corresponding calculation model is: 

 

( )( )

( ) ( )

( )( ) ( )

( )( ) ( )

( )

0 0.70 0.90

10 0.70 0.70 0.80

10 0.90 0.80 0.90

1 0.80

Good

ij ij

ij ijL

j ij

ij ij

ij

x P x P

x P x P
f x P

x P x P

x P

  


−  
= 

−  


=  (16) 

For the medium evaluation level, its whitening weight function can be defined as 

𝑓𝑗
𝐿𝑀𝑒𝑑𝑖 (𝑥𝑖𝑗(𝑃)) = 𝑓𝑗

𝐿𝑀𝑒𝑑𝑖[0.60,0.70, −,0.80], and its structure is shown in Figure 3. 
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( )( )MediL

j ijf x P
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0.60 0.70 ( )ijx P0.80
 

Fig. 3. The structure of the whitening weight function 𝑓𝑗
𝐿𝑀𝑒𝑑𝑖 (𝑥𝑖𝑗(𝑃)) 

The corresponding calculation model is: 

 

( )( )

( ) ( )
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=  (17) 

For the qualified evaluation level, its whitening weight function can be defined as 

𝑓
𝑗

𝐿𝑄𝑢𝑎𝑙 (𝑥𝑖𝑗(𝑃)) = 𝑓
𝑗

𝐿𝑄𝑢𝑎𝑙[0.50,0.60, −,0.70], and its structure is shown in Figure 4. 

( )( )QualL

j ijf x P

0

1

0.50 0.60 ( )ijx P0.70
 

Fig. 4. The structure of the whitening weight function 𝑓𝑗
𝐿𝑄𝑢𝑎𝑙 (𝑥𝑖𝑗(𝑃)) 
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The corresponding calculation model is: 

 

( )( )

( ) ( )

( )( ) ( )

( )( ) ( )

( )

0 0.50 0.70

10 0.50 0.50 0.60

10 0.70 0.60 0.70

1 0.60

Qual

ij ij

ij ijL

j ij

ij ij

ij

x P x P

x P x P
f x P

x P x P

x P

  


−  
= 

−  


=  (18) 

For the unqualified evaluation level, its whitening weight function can be defined as 

𝑓
𝑗

𝐿𝑈𝑛𝑞𝑢 (𝑥𝑖𝑗(𝑃)) = 𝑓
𝑗

𝐿𝑈𝑛𝑞𝑢[−,−,0.50,0.60], and its structure is shown in Figure 5. 

( )( )UnquL

j ijf x P

0

1

0.50 ( )ijx P0.60
 

Fig. 5. The structure of the whitening weight function 𝑓𝑗
𝐿𝑈𝑛𝑞𝑢 (𝑥𝑖𝑗(𝑃)) 

The corresponding calculation model is: 
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  (19) 

4.5 Implementation of the evaluation model and the algorithm 

According to the above analysis, the fuzzy membership degree between the evalua-

tion objects and the evaluation levels could be obtained. For the i-th evaluation object 

P, assume the fuzzy membership degree of its j-th evaluation index to the k-th evalua-

tion level is 𝑓𝑗
𝑘 (𝑥𝑖𝑗(𝑃)), then its comprehensive weighted membership degree Ψk(p) 

is: 

 
( ) ( )( )( )

1

n
k k

i j j ij

j

P w f x P
=

= 
 (21) 
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If it satisfies: 

 
( ) ( )

1
maxl k

i i
k K

P P 
 

=
 (22) 

where, K is the number of evaluation levels, 1 ≤ 𝑘, 𝑙 ≤ 𝐾. 

It indicates that the evaluation level of the i-the evaluation object P is l. 

5 Conclusion 

This paper discussed the evaluation of online learning effect, and the main research 

works are:  

1. Combining with the actual situations of online learning, this paper analyzed the in-

fluencing factors in the online learning process and pointed out directions for the 

improvement of online learning effect, which provided a clear guidance for the de-

velopment of online learning.  

2. Following the scientific, objective, comprehensive, hierarchical, and operable eval-

uation index selection principles, this paper established a fuzzy evaluation index sys-

tem of online learning effect considering multiple dimensions of pre-class preview, 

classroom execution and after-class feedback, which provided a good theoretical 

support for the evaluation of online learning effect.  

3. An improved online learning effect evaluation model was established to realize the 

fuzzy evaluation and analysis of online learning effect from the perspective of multi-

attribute decision-making analysis, which provided a solid basis for the quantitative 

analysis of online learning effect. 
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Abstract—This research aims to seek strategies to enhance the teaching 

competence of university teachers in English major, which is affected by 

various factors. Firstly, the teaching competence deficiencies of university 

teachers in English major were analyzed, and the connotations of this 

competence were summarized. On this basis, a novel measurement system was 

established for such competence. Then, analytical hierarchy process (AHP) 

method was combined with Shannon’s information theory into an improved 

model to measure the said teaching competence. In addition, several strategies 

were summarized to improve the teaching competence of university teachers in 

English major. The research results provide a good guide for the teaching 

reform works of English major in higher educational schools. 

Keywords—Teaching competence, English major, colleges, competence 

measurement, analysis of strategy 

1 Introduction 

As science and technology blossom in modern society, higher education is devel-

oping towards the direction of quality education, and artificial intelligent (AI) tech-

nologies have been extensively and deeply applied in the field of higher education [1-

4]. As an important component of higher education, the English major in higher edu-

cational schools is crucial for the cultivation of English talents, especially in 21st 

century, the requirement for professional talents is becoming increasingly urgent, and 

the English major in these higher educational schools has become indispensable [5-7]. 

In order to improve the capability and level of English majors in colleges and univer-

sities, it is necessary to make sure that the university teachers in English major must 

have excellent teaching competence, and only by ensuring the competence of English 

teachers can we lay a solid foundation for cultivating senior English professionals [8-

10]. Therefore, seeking strategies to enhance the teaching competence of university 

teachers in English major has now become a hot area for pedagogical research, and 

existing research results have provided good references for enhancing the teaching 

competence of university teachers in English major. For example, targeting at the new 

teaching standards of colleges and universities, Li conducted a research on the teach-

ing reform of English major and the enhancement of teachers' teaching competence 
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[11]. Based on TPACK, Zhang discussed the strategies and ways to enhance the 

teaching competence of university teachers in English major and provided a good 

reference for the said issue [12]. Zheng discussed the teaching reform and advance-

ment of English majors in higher educational schools in the context of the "Internet +" 

era, and provided a valuable reference for strengthening the teaching competence of 

English major teachers in the new era [13]. Yao analyzed the enhancement of teach-

ing competence of normal school English major students and discussed from several 

aspects including the building of curriculum system, the construction of teaching 

practice system, and the cultivation of teacher qualities, etc. [14]. Vattøy explored the 

relationship between teachers’ beliefs in feedback exercises and students’ self-

regulation, self-efficacy and language skills during the teaching of foreign languages, 

which can be used as a reference for improving teachers’ teaching competence [15]. 

Rus explored a novel teaching method in engineering English teaching, which has a 

positive significance for improving teachers' teaching competence [16]. 

Above research findings have certain effects on improving the teaching compe-

tence of university teachers in English major. However, considering the dynamic 

features of social development, the characteristics of contemporary social require-

ments, and the different talent cultivation goals of modern higher education, it is still 

of certain necessity to further discuss the existing research results, in especial, it’s of 

important significance to create a set of appraisal systems and models to measure the 

teaching competence of university teachers in English major. To this end, this paper 

concludes and optimizes the existing research findings, establishes a novel system for 

measuring the said teaching competence combining with AHP and the Shannon In-

formation Theory [17-20], and proposes an improved model for measuring the said 

competence, in the hopes of offering a useful evidence for enhancing the teaching 

competence of university teachers in English major. In this paper, the research content 

is organized into 5 chapters. The first chapter overviews the current situations of Eng-

lish teaching in higher educational schools, and introduces existing research findings 

concerning the teaching competence of English teachers; moreover, it points out the 

deficiencies with previous research and gives the research meanings of this paper. The 

second chapter discusses the concrete details of the deficient teaching competence of 

university teachers in English major. The third chapter analyzes the measurement 

system for the said competence from multiple perspectives, and constructs a corre-

sponding measurement model. The fourth chapter explores the ways and methods to 

improve the said competence. The fifth chapter draws the conclusions. 

2 Deficiencies with the Teaching Competence of University 

Teachers in English Major 

2.1 Inadequate basic professional ability 

Inadequate basic professional ability is a common manifestation of the deficient 

teaching competence of teachers in college English major, especially in English major 

of higher vocational colleges, and this might have multiple reasons, first, compared 
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with science and engineering majors, language majors are generally in a weak posi-

tion in higher education; the benefits brought by language majors to the schools are 

not comparable to those brought by science and engineering majors, therefore in dis-

cipline construction, higher educational schools generally lay insufficient emphasis on 

the development of language disciplines or majors, resulting in that the introduction 

of English teaching talents can hardly be implemented effectively in colleges and 

universities. Overall speaking, the teacher resource of English major faculty is rela-

tively weak and insufficient, the phenomenon of temporary shortages happens from 

time to time, that is, older teachers lack of working enthusiasm as they approach their 

retirement, and younger teachers haven’t cumulated enough experience yet. Second, 

the English major hasn’t received enough basic investment from the schools, so it’s 

difficult to create good communication and training opportunities for university 

teachers in English major, as a result, their professional ability cannot be trained sys-

tematically, and their comprehensively ability cannot be improved sustainably. 

2.2 Inadequate teaching reform and innovation ability 

For the advancement of higher education, teaching reform and innovation can act 

as the catalysts; however, a few factors can restrain it, and if we really want to en-

hancing the teaching reform and innovation ability of university teachers, careful 

considerations must be given to these factors. In the implementation process of cur-

rent higher education, teaching reform and innovation is a weak link in the quality-

oriented education. Since the formulation and improvement of management systems, 

the development of social requirements, and the implementation of higher education 

are all dynamic processes, the teaching reform and innovation of higher education can 

hardly be systematized, especially for language majors such as English major, it is 

very difficult to find the right direction for teaching reform and innovation, resulting 

in that when teachers are performing teaching reform and innovation, they are aimless 

and there’s very few substantial content, therefore many teaching reform programs 

have become mere formality and end in empty talks. In this process, these teachers 

cannot obtain the results they want through teaching reform and innovation, over 

time, they have lost their enthusiasm for teaching reform and innovation, which in 

turn resulted in that the improvement effect of teaching reform and innovation is not 

obvious and sometimes it’s even weakened.  

2.3 Inadequate social development integration ability 

For higher education, the ultimate goal is to cultivate senior English talents who 

are able to meet the demand of the society. Therefore, during English teaching pro-

cess in higher educational schools, not only the software and hardware conditions of 

English education in schools are aspects that should be considered, the employability 

of the cultivated English professionals should also be taken into account. As a lan-

guage-based major, English major usually tends to lay more emphasis on the practical 

training of talents, that is, the talent training needs to combine with the actual needs of 

the society, and there is a counterpart employment problem in the talent cultivation of 

iJET ‒ Vol. 16, No. 10, 2021 73



Paper—Strategies to Enhance the Teaching Competence of University Teachers in English Major 

English majors, that is, different professional fields want different English talents, 

which makes the college English major have to consider not only the relationships 

among schools, society and institutions, but also the relationships among English 

teaching, scientific research, and social industries. These relationships can form a 

good development process, which can enhance the teaching competence of English 

teachers, as well as provide important evidences for the cultivation of English talents. 

However, judging from the current implementation mode, the teaching of English 

majors still adopts the traditional mode mostly, which is inclined to the imparting of 

theoretical knowledge, while lacking the necessary practical exercises. 

2.4 Inadequate ability for sustainable development 

Many factors can affect the sustainable development of English majors, such as 

some English teachers do not pursue to deepen their professional qualities and mean-

while their professional qualities are relatively low; some schools’ teaching manage-

ment system is incomplete and they haven’t yet formed a good reward and punish-

ment mechanism for teachers, so the teachers lack the enthusiasm and interest for 

professional development and training; the faculty of English major has inadequate 

ability, it hasn’t formed a systematic talent cultivation mechanism, and the loss rate of 

level-talent is relatively high; the teaching system of English major in higher educa-

tional schools is not sound enough, and the ability to construct excellent courses and 

update the teaching materials is adequate, etc. All these factors would affect the im-

provement of the overall quality of English teachers, especially factors such as the 

imperfect teaching system, incomplete incentive mechanism, incompetent faculty and 

unsystematic courses will have a negative impact on English teachers with relatively 

poor professional quality, their mentality of having no desire to make progress will 

become even worse, which would result in that they seriously lack of the ability for 

sustainable development. If English teachers do not have a strong ability for sustaina-

ble development, they can hardly catch up with the times or grasp the features of 

English major development, then their teaching competence would become incompe-

tent, and it’s difficult for them to cultivate qualified and high-level English profes-

sionals. 

2.5 Inadequate adaptability 

The current higher education is a modern education mode that has integrated intel-

ligence factors. In particular, with the in-depth application of AI, computer science, 

IT, Internet, and VR, the teaching process of higher educational schools requires the 

English teachers to master intelligent teaching techniques and tools, understand the 

new teaching concept, modes, methods, content, and forms under the intelligent 

teaching mode. However, how to master the teaching ideas and content under the 

intelligent education mode is a systematic project that requires English teachers to 

carry out professional learning and exercises, and only in this way can they deeply 

involve into the intelligent education mode, teach the English courses in an intelligent 

way, and adapt to the diversified requirements of the modern intelligent education 
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mode. Whereas, at present, colleges and universities haven’t done enough in this as-

pect, although they have adopted a few intelligent tools to assist their English teach-

ing, their work is not systematic and of low intelligent level, the English teachers 

haven’t truly gone deep into it, and most of their works are mere formality, which 

resulted in inadequate teaching adaptability of English teachers.  

3 Measurement System and Model 

3.1 Index selection principles 

This paper holds that, in order to obtain indices that are more practical, the selec-

tion of indices for measuring the teaching competence of university teachers in Eng-

lish major should follow these principles: 

First, the scientific and reasonable principle, that is, the indices should have clear 

and definite scientific meanings, and be able to rationally reflect the intrinsic prob-

lems of the objects to be measured. 

Second, the objective and authentic principle, that is, the indices should be selected 

based on objective actual conditions and can reflect the real measurement content. 

Third, the systemic principle, that is, the indices should have certain logical conno-

tations. 

Fourth, the complete principle, that is, the indices should be able to comprehen-

sively describe the multiple sides of the objects to be measured. 

Fifth, the transformable principle, that is, the data of the indices should be easily 

obtained for calculation and analysis.  

3.2 Construction of the measurement system 

The teaching competence measurement system should be able to examine the com-

prehensive quality and competence of university teachers in English major. This paper 

holds that, the teaching competence of teachers not only refers to their competence in 

teaching English (such as listening, speaking, reading, writing), but also includes their 

competence in teaching preparation, professional knowledge application, English 

knowledge deepening, professional knowledge transformation, and English teaching 

communication, etc. Based on the above-mentioned index selection principles, this 

paper holds that, the proposed system should be established from five aspects, that is, 

the course teaching competence, classroom teaching performance, teaching planning 

and execution, teaching reform and innovation, and teaching results. Table 1 shows 

the specific structure and content of the teaching competence measurement system of 

university teachers in English major. 
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Table 1.  Teaching competence measurement system of university teachers in English major 

Target layer Criterion layer Index layer 

Teaching competence meas-
urement system of university 

teachers in English major 

Course teaching 

competence 

Solid professional knowledge foundation 

Academic exchange 

Professional field and vision expansion 

Hotspot teaching content capture 

Classroom teach-

ing performance 

Classroom atmosphere 

Interaction in teaching process 

Correct teaching attitude 

Teaching information feedback 

Student interest motivation 

Language expression in classroom teaching 

Teaching communication 

Teaching planning 

and execution 

Reasonable syllabus 

Reasonable teaching scheme 

Complete knowledge points 

Highlighted key and difficult points 

Intelligent teaching tools application 

Modern teaching method application 

Completion of teaching tasks 

Teaching reform 

and innovation 

Excellent course responsible/participation 

Number of new teaching materials compiled 

Advanced teaching reform programs responsible 

Advanced teaching reform papers published 

High-level international academic exchange participated 

Awards of teaching demonstration courses 

Awards of teaching reform programs and papers 

Conversion rate between English teaching and scientific 

research 

Teaching results 

Pass ratio of talents cultivated 

Excellent ratio of talents cultivated 

Loss ratio of students 

Employment ratio of students 

Social satisfaction 

Awards received by students in high-level competitions 

Number of times students have been shortlisted in high-

level competitions 

3.3 Weight analysis of measuring indices 

AHP method is a simplification method for solving complex system decision-

making problems. It decomposes problems into hierarchies and constructs a hierar-

chical structure with corresponding relationships, then it compares and analyzes the 

relevant decision factors of the complex system in pairs, and establishes an im-

portance degree sequence of these factors [21-23]. This quantitative decision-making 

method is simple and practical, therefore this paper adopted it to analyze the weights 

of the measuring indices of the teaching competence of university teachers. 
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At first, based on the proposed measurement system, this paper establishes a 

judgement matrix A for measuring indices in a same hierarchy:  
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where, aij represents the score of the importance degree of index i with respect to 

index j given by evaluation experts based on a 1-9 score scale, greater aij value indi-

cates higher importance of index i with respect to index j, and there are aij =1/aji, 

aij=1. 

Then, Wi, the n-th root of judgement matrix A, and λmax, the largest eigenvalue, 

were obtained as: 
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where, wi represents the weight of index i, namely: 
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Perform consistency check on judgement matrix A: 
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(4) 

where, CI is the index of consistency, RI is the index of random consistency, and 

CR is the consistency ratio. 

If there is: 

 0.1CR   (5) 

It means judgement matrix A can pass the consistency check, and the weights of 

the indices obtained based on this matrix are effective. Otherwise, the judgment ma-

trix needs to be reset to make it meet the consistency test requirements. 
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3.4 Information quantity calculation model of the measuring indices 

Suppose there are m objects to be measured, then the value of the j-th index of the 

i-th object is 𝑉𝑗(𝑖) = [𝑣𝑗
𝑚𝑖𝑛(𝑖), 𝑣𝑗

𝑚𝑎𝑥(𝑖)], 𝑣𝑗
𝑚𝑖𝑛(𝑖) ≤ 𝑣𝑗

𝑚𝑎𝑥(𝑖). According to the estab-

lished measurement system we can see that, the j-th index might be a qualitative or a 

quantitative index; if it is a qualitative index, then we can obtain the value of the in-

dex and the corresponding fuzzy membership function, as well as the value of the 

fuzzy membership 𝜃 (𝑉𝑗(𝑖)). Information axiom is one of the important theories in 

the axiomatic design theory [24-27]. According to the information axiom, the quantity 

of fuzzy information corresponding to this index is: 
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If the j-th index is a qualitative index, we need to further analyze it based on the 

type of the index, if the j-th index is a benefit-type index, then it’s normalized as: 
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where, 𝑅𝑗
𝑚𝑎𝑥  and 𝑅𝑗

𝑚𝑖𝑛  respectively represent the maximum and minimum of the j-

th index. 

If the j-th index is a cost-type index, then it’s normalized as: 
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Similarly, the quantity of fuzzy information corresponding to this index is: 
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In particular, when the value of the j-th index is an accurate value, then there is: 
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3.5 Implementation of the measurement model 

According to the connotation analysis of the teaching competence of university 

teachers in English major, a teaching competence measurement system can be con-

structed based on the index selection principles; then indices of different types can be 

normalized, and a fuzzy information quantity calculation model of the teaching com-

petence indices can be constructed as well, so as to obtain the fuzzy information quan-

tity of the corresponding indices. After that, based on the fuzzy information quantity 

of the indices of all hierarchies, the weights of each index can be considered, and the 

total fuzzy information quantity of all indices of the i-th object can be obtained as 

𝐼(𝑉(𝑖))
total

, that is: 

 

( )( ) ( )( )( )
total

1

=
n

j j

j

I V i w I V i
=


 

(11) 

If there is: 
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It means that teaching competence of the k-th object is the best. 

4 Ways and Methods to Improve Teaching Competence 

4.1 Increase basic input in English discipline and enhance the comprehensive 

professional ability of English teachers 

The comprehensive professional ability of university teachers is a crucial compo-

nent of their teaching competence, and it is also the most basic manifestation of 

whether their teaching competence can meet the job requirements of English major. 

Thus, to improve their teaching competence, the first thing is to enhance their com-

prehensive professional ability; and, to enhance such ability, good software and hard-

ware are also required to ensure the research and development of English major and to 

lay a concrete foundation for the enhancement of the comprehensive professional 

ability of university teachers. As a result, strengthen the ability of English major fac-

ulty is of very important significance. This paper holds that, to strengthen the compe-

tence of English major faculty, works of the following aspects should be done well, 

the first is to increase basic input in college English major to meet the requirements of 

the teaching of English courses and scientific research programs; the second is to 

introduce senior teaching talents and construct a competitive faculty and research 

team; the third is to construct infrastructures for English teaching and scientific re-

search, so as to offer assistance to the successful implementation of teaching activities 

and research programs. 
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4.2 Improve the teaching management system and establish a long-term 

incentive mechanism for university teachers in English major 

A sound English major teaching management system provides a surety for the 

teaching of English courses, and it points out direction for formulating teaching plans 

and schemes, as well as for implementing teaching activities and realizing teaching 

tasks; moreover, it provides standards and a basis for the appraisal of teaching and 

learning outcomes of English courses. Therefore, formulating a sound English major 

teaching management system based on actual teaching practice in universities is an 

important condition for enhancing the teaching competence of university teachers. 

Under the guidance of such system, the teaching works will have a clear orientation 

and professional development background; also, the system can clarify the teaching 

goals and direction for university teachers in English major, which also has a positive 

role in formulating personal career development plans for university teachers in Eng-

lish major. This paper holds that, formulating a sound English major teaching man-

agement system requires to take multiple factors into consideration, such as the situa-

tions of the schools, the development conditions of teachers, the student sources, the 

managerial capabilities, and the development orientation of the English major, etc., so 

that the teaching management system can be more scientific, reasonable, and objec-

tive. In addition, establishing a long-term incentive mechanism for English teachers is 

also a key consideration when building the teaching management system, and it can 

stimulate the enthusiasm and innovativeness of university teachers. 

4.3 Promote industry-university-research cooperation mechanism and 

enhance the integration ability of university teachers 

The teaching competence of university teachers is not only reflected in the ability 

to impart the knowledge listed in the text books, but also the ability to combine all 

kinds of knowledge and have a profound understanding of the discipline. In the de-

velopment process, modern higher education has attached more importance to the 

promotive relationships among the industries, the colleges and universities, and the 

scientific research, and it is making great efforts to promote the cooperative relation-

ships among the three, so that they can form a virtuous cycle, and thereby promoting 

the teaching quality and teaching level of higher education. For higher education, 

English major is playing an indispensable role in cultivating senior language talents. 

Therefore, vigorously promoting the industry-university-research cooperation mecha-

nism is an inevitable trend for English teaching. By introducing scientific research 

results and industrial development results in the development of English major, a 

good supplement could be provided for English courses; moreover, during the integra-

tion of course teaching and scientific research, new professional visions and develop-

ment opportunities could be brought to the development of social industries, and thus 

forming a mutually complementary and mutually reinforcing cooperation mode. Dur-

ing the implementation of such cooperation mode, inevitably, it will require the teach-

ers to have a solid industry-university-research integration ability, and only in this 
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way can they keep up with the pace of the times and provide continuous vitality for 

the development of English teaching. 

4.4 Strengthen cooperation, exchanges and training to improve English 

teachers’ sustainable development ability 

The sustainable development ability of English teachers is an important manifesta-

tion of their teaching competence. Per the requirement of the times, the teaching 

goals, schemes, content, planning, and tasks of English teaching must be adjusted in a 

timely manner, that is, the teaching of English courses is a dynamic development 

process; in this process, due to changes of various teaching factors and conditions, the 

teaching modes, concept, methods, forms must be changed accordingly. How could 

we adapt to such changes? Obviously, this requires English teachers to conduct self-

learning continuously, enhance cooperation and exchanges with external partners and 

institutions, actively participate in training programs organized by schools or social 

organizations, and strengthen their sustainable development ability; only in this way 

can they well adapt to various changes in the teaching situations. 

4.5 Use intelligent technologies for modern education and enhance English 

teachers’ adaptability 

As science and technology blossom in current society, various intelligent technolo-

gies have emerged, causing great changes in information transmission and communi-

cation forms. The traditional teaching mode can no longer adapt to the demand of 

higher education in modern days, many intelligent technologies have been integrated 

into higher education, and English teachers need to use these intelligent technologies 

to assist their teaching and enhance the teaching quality of English courses. In the 

meantime, during the teaching process, intelligent technologies can help with the 

preparation works of teaching activities by simulating and displaying teaching scenes 

of English courses, and they can also give timely feedback to the English teaching 

status and information, effectively formulate teaching schemes, and deepen the class-

room practical ability of English teachers, and all these are quite helpful for teachers 

to master the progress of course teaching and improve their adaptability.  

4.6 Enhance teachers' concept of advancing with the times and improve their 

teaching reform and innovation ability 

Higher education has very obvious characteristics of the times, especially the mod-

ern higher education which aims to cultivating high-level talents, its talent cultivation 

goals must be tightly connected to the development features of the times. The 21st 

century is a new era that lays great emphasis on knowledge and talents, in the devel-

opment process of this era, how to achieve high-efficient and high-quality training of 

senior professionals is an important research hotspot. To cultivate high-quality profes-

sional talents, special attention needs to be paid to the particularity of English major, 

and English teachers should be able to combine with the characteristics of the times to 
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continuously improve their understanding for the cultivation of English professionals, 

and enhance their concept of advancing with the times during the course teaching, 

moreover, they also need to actively participate in teaching reform programs of Eng-

lish talent cultivation, and explore more advanced modes for the cultivation of Eng-

lish professional talents. At the same time, English teachers also need to give some 

attentions to teaching material compilation, curriculum construction, and teaching 

theory research, and these are also helpful to enhancing the teaching reform and inno-

vation ability of English teachers, and offering aids for strengthening their teaching 

competence.  

5 Conclusion 

This paper studied a few issues with the teaching competence of university teach-

ers and analyzed its essential problems and connotations. Based on the actual teaching 

practice of English major in colleges and universities, it constructed a system and 

model for measuring the teaching competence of university teachers with a few indi-

ces of different types, realizing quantitative analysis of such teaching competence. 

Moreover, this paper proposed a few strategies for enhancing the said competent, 

providing a good reference for enhancing the teaching competence of teachers of 

other language courses. 
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Abstract—In modern education, a new format of distance learning is 

developing more and more rapidly - massive open online courses (MOOCs), 

this is especially important in times of quarantines and remote learning. The 

aim of the research is to study the attitude of teachers and students to MOOCs 

and their readiness to implement this practice in the educational process. 2145 

students and 1050 teachers of higher educational institutions of the Russian 

Federation voluntarily took part in the study. The analysis of the survey data 

was made in the STATISTICA system. It has been found that more than 30% of 

respondents have an idea of MOOCs. It has also been determined that 31% of 

students and 28% of teachers are positive about the introduction of MOOCs in 

the educational process of universities. In addition, it has been determined that 

31% of students and 23% of teachers plan to take MOOCs. Overall, the survey 

results showed a fairly good acceptance of MOOCs by respondents. From this, 

it can be concluded that in the near future, taking into account the 

reorganization of the educational process, MOOCs may become a worthy 

alternative to traditional education. It is for this that the results of this study can 

be used by the administration of the universities that have taken part in the 

survey, in order to further inform students and teachers about MOOCs. There is 

also a need to reorganize, revise, implement and provide an opportunity for 

students to study through such a form of distance learning as MOOCs. 

Keywords—Distance learning, Internet technologies, massive open online 

courses (MOOCs), е-learning. 

1 Introduction 

Distance learning provides the opportunity to create conditions for mass continu-

ous learning, free access to information regardless of time and place, all one needs to 
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have is free access to the Internet [1]. Distance learning is closely related to Internet 

technologies, their synergy creates additional opportunities for changing the content, 

methods and principles of teaching. This system expands the opportunities for obtain-

ing quality education at all levels, and also opens up new directions for a large num-

ber of people, regardless of social status, nationality and physical capabilities [2]. The 

advantages of distance learning (DL) are often called flexibility, quality, high infor-

mation content, and also cost-effectiveness. The disadvantages are the lack of direct 

contact between the teacher and the students: difficulty in assessing the quality of the 

knowledge gained, determining individual characteristics, motivation to achieve the 

desired result [3]. In connection with the active development of applications, soft-

ware, popularization of the Internet, social networks, it became logical to use Internet 

technologies to create a DL technical base [4]. It is already impossible to imagine 

education in an innovative world without MOOCs, which pose new challenges, pro-

spects and risks for DL modernization [5,6]. Besides, significant and important is e-

learning via the Internet - e-learning, which is actively used on mobile phones, com-

puters and other specialized devices [7]. This training system is well known in the 

West. A number of foreign experts claim that by 2020 the required minimum level of 

education for humanity will be higher. Due to this, the number of DL students will 

grow more than the number of full-time and part-time departments [8]. The main goal 

of the development of the DL system in the world is to enable every person, living 

anywhere in the world, to complete a course of study at any college or university, 

without reference to the place of residence. The exchange of knowledge through edu-

cational resources through the use of innovative platforms will become important [9]. 

DL technologies require further development, quality control of educational pro-

grams, as well as more investments from universities and government. 

1.1 Literature review 

Among DL technologies, the most promising and widely used is the Internet tech-

nology. After analysing the available Internet sources, databases, it has been found 

that the main forms of education in Russian Internet learning include web resources, 

virtual reality (especially used in medical universities), various video services, e-

learning, MOOCs [10,11]. The concepts of e-learning and DL are often used inter-

changeably. There are definitely points of intersection, but these are different con-

cepts, since DL can exist in off-line and online modes, and the organization of e-

learning requires the Internet and electronic resources [12-16]. In addition, e-learning 

has initially emerged as a support system for DL, but has now grown into one of the 

most actively developing areas [17]. The research of e-learning market for the period 

2015–2020 has shown that Asia ranks second in the implementation of distance learn-

ing, the first place is occupied by North America. Global reports over the past 5 years 

showed that 1.75% was income from e-learning, for example, in 2019 it was expected 

to reach $12.5 billion, which could be 8% more than in 2018 [18,19]. Russian DL has 

a number of differences from the American and European systems. The Government 

of the Russian Federation has approved the state program "Development of Educa-

tion" (No. 1642 as of December 26, 2017), which implies an increase in the number 
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of students in educational institutions who have completed DL; in 2020 - 6010 thou-

sand people. By 2025, more than 11 million Russians will be trained distantly [20,21]. 

Modern DL is impossible without the use of Internet technologies; DL is based on the 

following: web services, web pages, various sites, e-courses, software, forums, elec-

tronic libraries, virtual classrooms, MOODLE platforms, etc. [22,23]. DL in universi-

ties, as a rule, is implemented within the framework of the long-known part-time form 

of higher education. A significant difference between DL and traditional teaching 

technologies is that the former implies independent study of a discipline, which is 

organized with the help of electronic teaching materials, remote consulting, testing 

and control [24]. The world of Internet technologies is developing rapidly, therefore, 

the DL system needs to quickly respond to the conditions of the educational market 

and thus transform. The emergence of MOOCs in education significantly changes the 

view of traditional distance learning. The main MOOC's difference is the possibility 

of interactive communication between participants in the educational process and 

taking exams online [25,26]. The world learned about MOOC for the first time in 

2008 thanks to the research of the Canadian scientist George Siemens, who was en-

gaged in cognitive education. The course proposed by the researcher is based on the 

availability in time and distance of educational materials, including lectures and semi-

nars. These courses remove the need for full-time education and university entry. 

Teachers, in turn, must provide all the necessary resources (material, literature, etc.) 

as well as use them in their own professional interests [27,28]. The first generation of 

MOOCs was non-linear, student-driven and chaotic. Students had to learn everything 

on their own. However, the second category of MOOCs implies online versions of 

traditional learning formats that use a knowledge transfer model using video lectures 

in classrooms or custom-made mini-lectures [29,30]. To work with MOOCs, one 

needs to place the course on one of the existing platforms that provide technical sup-

port and free access to all the necessary educational materials, and also thanks to 

them, the relationship between students and teachers is realized, and the assessment of 

the work performed. The most popular platforms are Coursera, edX and Udacity 

[11,31]. It should be understood that MOOC implies a broader concept than online 

education, as it opens up opportunities for free education in any university that has 

this technology [32]. In addition, distance learning has a successful long-term practice 

of using the e-learning platform MOODLE (Modular Object-Oriented Dynamic 

Learning Environment), the main goal of which is to implement distance learning. 

Distance learning courses, which are developed on the MOODLE platform, consist of 

two types of electronic resources: 

• Those intended for the organization of the educational process, include educational 

materials that are used in full-time training: Lectures with presentations and text in 

electronic form; practical training materials and relevant presentations, notes, 

comments, consultations; 

• Checking the work of students, completing assignments, mastering the material, 

checking the level of knowledge and understanding of the material. Forms of con-

trol: Tests, written assignments, reports, presentations on the work performed 

[33,34]. 
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Like any other technology, distance learning has a number of learning challenges 

as a new form of learning. This is primarily due to the legislative framework. Tradi-

tional forms of education are based on the legally enshrined volume of academic theo-

retical load, while distance learning has a number of shortcomings [35]. 

1.2 Problem statement 

Throughout the world, higher education systems offer students a variety of forms 

of learning and teaching in accordance with the Internet distance learning method. 

One of these forms is MOOC, which is now actively developing. A literature review 

has shown that the attitude of participants in the educational process to MOOCs has 

not been sufficiently studied. Based on this question, this study aims to identify the 

current status of MOOCs in the Russian education system. The aim of the research is 

to determine the awareness and interest of teachers and students in MOOCs. 

According to the goal, the following tasks were set: 

1. Determining the awareness of research participants about MOOCs. 

2. Determining the attitude towards MOOC as a form of distance learning among 

teachers and students. 

3. Comparing attitudes towards MOOCs among teachers and students. 

2 Methodology 

An empirical study was developed, organized and carried out on the basis of a giv-

en goal. 2145 students and 1050 teachers of higher educational institutions of the 

Russian Federation voluntarily took part in the study. The survey was conducted 

among 5-year students aged 20 to 23 years. The criterion for this selection is ex-

plained by the fact that senior students have the greatest theoretical and practical ex-

perience for all years of study. The response rate to the questionnaires was 63%. An 

online survey was conducted (see Table 1). To compare the demand for MOOCs 

among teachers and students, the survey questions were the same for all participants. 

The survey became possible thanks to the deans of the faculties of the participating 

universities, as well as the curators of the groups. 

Table 1.  Questions of the questionnaire for teachers and students 

Question Answer (pick one answer) Purpose 

Do you know about Massive 

open online courses (MOOCs)? 

1. Yes 

2. No, but I want to know 
3. No, and not interested 

Determine awareness and 

interest about MOOCs 

How do you feel about intro-

ducing MOOCs at your univer-
sity? 

1. Positively 

2. Negatively 
3. I find it difficult to answer 

Determine the attitude towards 

the introduction of MOOCs in 
the university 

Do you have any experience of 

participating in MOOCs? 

1. Yes 
2. I plan to undergo training 

3. No, and I do not plan to 

Determine the demand for 

MOOCs 
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The analysis of the research data was carried out in the STATISTICA system. For 

convenience, some of the data have been transformed into tables. The margin of error 

is 5%, about 3% of the questionnaires have been filled in incorrectly (for example, 

some respondents have not answered all the questions of the questionnaire). 

3 Results 

Table 2 presents the results of the awareness of students and teachers about 

MOOCs.  

Table 2.  Awareness of teachers and students about MOOCs 

Answer Students N= 2145 % Teachers N= 1050 % 

Yes 34 41 

No, but I want to know 42 48 

No 24 11 

 

According to the responses, it can be seen that there are 41% of teachers who know 

about MOOCs and 7% fewer students who are aware of MOOCs. There are 6% more 

teachers who have answered "No, but I want to know" than students. It should be 

noted that among students there have been 13% more “no” answers to the question of 

whether they know about MOOCs than among teachers. These indicators show that 

more and more active participants in the educational process are interested in 

MOOCs, and those who do not know are taking the initiative to find out. The differ-

ence in answers between teachers and students suggests that the latter are not suffi-

ciently informed, which needs to be corrected, since university graduates must keep 

up with progress in order to be competitive in the labour market. 

Analysis of the answers to the questions has shown that almost one third of the re-

spondents are interested in introducing MOOCs in universities (see Table 3). 

Table 3.  Attitude of teachers and students to the introduction of MOOCs in universities 

Answer Students, N= 2145 % Teachers N= 1050  

Positively 31 28 

Negatively 12 31 

Difficult to answer 57 41 

 

The rate of a positive answer is higher among students than teachers by 3%. 

Among teachers, 31% of those surveyed have answered that they are negative about 

the implementation of MOOC and 41% are at a loss to answer. As for students, only 

12% have answered negatively, which is 19% lower than among the teachers. 57% of 

surveyed students have found it difficult to answer. Based on a comparison of the 

answers to the question about maintaining MOOCs in universities, it becomes obvious 

that students are more positive about it than teachers. It can be assumed that the per-

ception of the prospects for using MOOCs by teachers is due to the fact that they 

consider their educational programs as sufficient and reliable for high-quality teach-
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ing. In addition to another possible factor of negative attitudes towards MOOCs, is the 

lack of quality control and direct contact with teachers. At the same time, new oppor-

tunities open up for students, without special resource costs. 

Next, the results of the answers of those who have studied, who are planning, and 

who are not interested will be considered (see Table 4). 

Table 4.  Experience of participation and interest in MOOC 

Answer Students N= 2145 % Teachers N= 1050 

Yes 6 18 

I plan 31 23 

No 63 59 

 

One third of the students plan to study in open courses. Most of the surveyed stu-

dents, namely 63%, do not plan to study on these courses. Among all respondents, 6% 

of students and 18% of teachers had experience of participation. As can be seen from 

the results in Table 3, the rate of answers to the question about planning further edu-

cation among teachers is lower than among students by 9%. These results indicate 

that, although not the majority, but a significant part of the respondents are still inter-

ested in improving their professional skills and development with the help of 

MOOCs. A possible positive factor is a need for retraining. It can be argued unequiv-

ocally that the positive attitude of the respondents towards MOOC is an indicator of 

innovative thinking. 

4 Discussion 

Modern DL has a close relationship with online environment, which poses new 

challenges for universities. Further transformation of the university towards online 

education depends on the correctness of the strategy chosen by the management. The 

study has shown that the introduction of distance learning courses requires knowledge 

of its features, especially for MOOC courses. The innovations require changes in 

face-to-face training, namely the availability of courses, the distribution of resource 

costs. It is very important to ensure the integration of science and education in the 

context of distance education, including scientific developments. Traditional ap-

proaches have been studied for a long time, and mass online schools have become 

known only in 2008. The organization of effective distance learning is relevant not 

only for the Russian system, but also for the systems of countries such as the United 

States, Great Britain and Canada. Despite the positive impact of MOOC training, its 

effectiveness directly depends on the number of students; according to statistics, there 

are from 6 to 13.5% of MOOCs graduates. Such a low percentage of students indi-

cates a lack of popularization of massive online courses [36]. The present study's data 

correlate with other studies. As a result of a survey conducted in 2016, it was found 

that approximately 42% of teachers did not have information and did not have the 

skills to work with massive online courses, about 26% had superficial knowledge, 

because they were not interested in such courses [26]. The present research shows that 
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the majority of the surveyed students are interested in MOOC. Other studies have 

identified 4 main types of student interest. The criterion for determining the type was 

the desire to study in such courses. The first type includes students who prefer face-

to-face studies and have no interest in MOOCs; there are not many such students, 

only 4%. The second type includes 26% of the surveyed students who are less passive 

in using MOOC, most often this happens when there is no available information on 

the subject. The third group includes more active students, they study online in addi-

tion to full-time classes or are interested in the subject of the course. The 4th type 

includes students who actively use MOOC in the learning process to gain additional 

knowledge [37]. The study of students' MOOC preferences showed that the majority 

of the participants (72%) chose MOOC because it seemed an interesting and good 

way to gain new knowledge. Only 14% chose MOOC because it allowed them to 

acquire new skills that were relevant to their daily life, and 14% were interested in 

expanding the knowledge provided in similar courses at their college [38]. 

Overall, the students had a good MOOC experience. Over 96% indicated they 

would recommend MOOCs to their friends. Studies on the challenges of organizing 

distance learning indicate that teachers need solid leadership. Managing learners at a 

distance requires certain leadership characteristics such as vision, managing differ-

ences, and providing useful solutions in a timely manner [39]. In addition, teachers 

are under heavy pressure. They need to prepare specific courses in accordance with 

the needs of their students, manage their participation [40]. MOOC researchers have 

realized that most MOOC students leave shortly after registration. Of those who enrol 

in a course, 52% never use it and the reduction usually remains high in the first 2 

weeks of the course. Similar patterns are seen for several years. The number of new 

students increased from 2012 to 2016, by 12% [41]. Scientists also note that one of 

the main problems of MOOC is the dropout rate, with several sources indicating that 

on average about 5-15% of participants complete these courses. In addition, several 

authors have investigated problematic aspects in course design and management, such 

as, for example, MOOC pedagogical model and quality. By the way, the latest MOOC 

developments seem to be driven by commercial interests rather than pedagogical 

concerns [42]. It is believed that MOOCs can seriously compete with higher educa-

tion institutions. Modern companies offer their partner universities to conduct massive 

online training, issue certificates, etc. [43]. Analysing the experience of using distance 

learning, it should be noted that the most popular form is blended distance learning - 

when several technologies are involved in the process. A literature review on the 

development of distance higher education, including MOOCs, in China found that by 

the end of 2018, approximately 201 million Chinese people, 24.3% of those who used 

the Internet, had received online education, an increase from the end of 2017 amount-

ed to 29.7%. Of those who completed online education, 96.5% used their mobile 

phones, an increase of 19.9% over the end of 2017 [44,45]. The value of the present 

research is that the analysis of students' knowledge about MOOC has shown that the 

Russian DL market requires further modernization and an expanded campaign to 

inform potential students. 

iJET ‒ Vol. 16, No. 10, 2021 91



Paper—Internet Technologies in Distance Education 

5 Conclusion 

In general, the results of the survey showed favourable trends in the attitude of stu-

dents and teachers towards MOOC as one of the actively developing form of distance 

education. From this, it can be concluded that in the near future, this form of educa-

tion may become a worthy alternative to traditional education. The study has found 

that more than 30% of the surveyed respondents are aware of MOOCs. However, 

there are more MOOC supporters among students. This can be explained by the fact 

that the overwhelming majority of students want to find a successful job in the near 

future. The analysis of the results also showed that the experience of participation was 

higher among teachers by 18%. The reason for this indicator can be explained by the 

desire for professional development and the discovery of new opportunities. The in-

troduction of MOOC into the educational process in Russia is progressing at an accel-

erating pace. At this stage, the use of online learning technologies is not widespread 

and is typical for people with innovative thinking. University professors are better 

acquainted and have more experience with MOOCs. It is also worth noting that al-

most half of the respondents found it difficult to answer the question concerning the 

introduction of MOOCs in the educational process. For students, these courses create 

excellent opportunities, while for teachers - a number of difficulties, including such as 

competition and job loss. To compare the dynamics of MOOC development in the 

Russian educational space, it is necessary to repeat the study after some time. The 

results of this study indicate the need for more active development of MOOC in Rus-

sia in order to support and expand the distance education market. That is why these 

developments and already existing results can be used by the administration of the 

studied universities to implement the missing methodologies and provide distance 

learning based on MOOC. 
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Abstract—Total digitalization of culture requires the extensive integration 

of Web 2.0 services and capabilities into music education. The penetration of 

digital technologies is not reduced to the technologies for fixing and distributing 

musical works or the means of their broadcasting but also dramatically trans-

forms the process of creating musical works. Web 2.0 offers a new distributed 

creativity culture and provides musicians with specific opportunities to work 

and distribute creative products. The study is devoted to the integration of mu-

sic education and the services and opportunities that Web 2.0 provides to the 

mass audience (free specialized and non-specialized services), its impact on the 

quality of music education, as well as on the most important psychological pa-

rameters of students of music universities. The study involved 150 students of 

R. Glier Kyiv Municipal Academy of Music (Kyiv, Ukraine); there were three 

groups of 50 participants: two experimental groups and a control one. In Exper-

imental Group 1, training was partially integrated with Web 2.0 services; in Ex-

perimental Group 2, there was a more complete and structured integration. 

Based on the results of semester training and the objective test scores, a signifi-

cant increase in the results of experimental groups was observed (an increase by 

1.3 points in Group 1 and 2.84 points in Group 2 on a 5-point scale); Group 2 

demonstrated a more significant improvement. The subjective assessment of the 

level of involvement, motivation and anxiety showed a statistically significant 

decrease in academic anxiety in the experimental groups (2.99 and 2.01 com-

pared to 3.98 in the control group, respectively) and a statistically significant 

increase in motivation and involvement in the group with deep integration of 

Web 2.0 services (Experimental Group 2). The hypothesis of the study that deep 

integration of Web 2.0 services and capabilities into music education will in-

crease objective academic results, motivation and student involvement has been 

fully confirmed. It has also been revealed that it helps students reduce academic 

anxiety. The research results can be used as a basis for further research and in 

the course of the development of music education curricula based on online 

learning, mobile learning and the integration of music learning into a digital en-

vironment. 

Keywords—Web 2.0, music education, academic anxiety, digitalization 
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1 Introduction 

A change in the structure of music education is taking place all over the world due 

to the total penetration of digital technologies in the methods of recording and distrib-

uting musical content, as well as in the methods of creating musical works [1-4] The 

advent of Web 2.0 has blurred the very notion of musical professionalism, and the 

dissemination of content in new ways - through social networks - has changed the 

concept of monetizing knowledge and skills in this area [5,6]. The structure of the 

dissemination of musical knowledge has also been transformed, which is closely re-

lated to the availability of musical instruments and the ability to play them. Previous-

ly, this required a number of special conditions: music instrument maintenance, facili-

ties to practise and play the instrument (special rooms, soundproofing and other re-

quirements), special contact with the teacher taking into account their limited time 

and the need to organize a meeting, etc. The emergence of digital means of communi-

cation, the improvement of bandwidth and the quality of music and video encoding, 

and the dissemination of educational materials have allowed students to obtain quality 

music education outside of specialized music educational institutions [7,8]. The de-

velopment of the musical instrument emulation industry and the improvement of the 

sound quality of digital emulation (MIDI technology), as well as the emergence of a 

wide range of non-acoustic technogenic methods of creating music (electronic synthe-

sis, techno, etc.) are of critical importance in this process [9]. 

According to most researchers, achieving mastery that allows the use of musical 

skills professionally still requires mentoring and constant contact with other profes-

sional musicians. In most cases, there is a need to create groups to develop and pro-

mote musical content; thus, the communication factor in music education comes to 

the fore [10]. 

The issue of the impact of Web 2.0 on the quality of music education and the psy-

chological state of students has not been fully elaborated despite the fact that online 

learning and mobile learning in many other professional fields have been carefully 

studied for many years [11,12]. The need to study these factors in music pedagogy is 

crucial for two reasons. The first reason is the need of a musician to master the Web 

2.0 environment as a means of networking, skill development, promotion of their art 

and even co-creation on the basis of available web services [1,8,13]. The second one 

is the need to master the skills and technologies of digital music: tools for creating, 

recording, and modifying music, etc. At the very least, any person engaged in the 

musical culture professionally must be able to competently use these tools [14-16]. 

2 Literature Review 

The impact of Web 2.0 on music education has been studied from two perspec-

tives. First of all, digital transformation in the music industry is being studied [4]. 

Secondly, many researchers are considering the use of certain technologies or meth-

odological approaches related to digitalization or the use of social media in the train-

ing of musicians or in their professional activity [12].  
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Digitalization is studied as a phenomenon that has two interpretations. Digitization 

is the transformation of content, in particular, music and video content into digital 

format, which has its own characteristics. This content is gaining wider popularity and 

is changing the creativity monetization scheme. The content can be freely modified 

and distributed, which, in fact, cannot be controlled [2,17]. Digitalization is also de-

fined as the formation of a culture initially based on digital technologies. This applies, 

in particular, to the creation of music based on electronic emulation of real instru-

ments or the synthesis of computer-generated sound ensembles that make up a piece 

of music [2,13]. Digitalization also includes new methods of creating music based on 

recorded fragments (sampling) or simultaneous creation, broadcasting and combina-

tion of musical compositions to create digital works, etc. [11,18]. 

Researchers often associate the use of Web 2.0 mechanisms with the expanded ac-

cess to the means of storing, distributing and modifying musical content. In this re-

gard, projects focused on music pedagogy are of particular interest, for example, the 

creation of open data sources with built-in mechanisms for the inclusion and structur-

ing of educational content aimed at academic learning and self-learning [19]. 

An important aspect of learning based on Web 2.0 and integrated cloud services is 

a significant increase in the number of tools used in training. These refer to both emu-

lators of musical instruments that simplify the training process, and various ways to 

present information: video, audio, text, and mixed formats [9,20]. Learning often 

involves network collaboration in the educational process [1,19]. Research has al-

ready demonstrated the great potential of the methods of co-creating music or per-

forming music simultaneously through web services. It should be noted that an ade-

quate methodology for using these new learning opportunities and their integration 

into music education is being developed now [6,21]. 

The direct impact of social media on academic performance in music disciplines 

has not been properly studied, and this gap is expected to be partially eliminated in the 

present research. The research novelty and contribution are related to the study of the 

impact of the integration of Web 2.0 services and the opportunities that social net-

works provide to musicians during their studies on the academic performance and 

psychological state.  

3 Methods and Materials 

3.1 Participants 

The research was conducted at R. Glier Kyiv Municipal Academy of Music (Kyiv, 

Ukraine). There were two experimental groups (hereinafter Group 1 and Group 2) and 

a control group. Each group consisted of 50 people with an equal ratio of men and 

women (50% each). The sample is representative for the educational institution and 

provides reliable data - the statistical does not exceed p = 2.64. The study was con-

ducted during one semester of the 2019-2020 academic year. The participants be-

longed to 8 different specialties and studied at 8 different departments of the educa-

tional institution, which guaranteed the fullest coverage of different types of education 
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and curriculum content and allowed us to more accurately assess the impact of Web 

2.0 on the academic success of students of various music specialties. 

3.2 Research design 

The research hypothesis is based on the following two assumptions:1) the inte-

gration of music education with the services and capabilities provided by Web 2.0 

will significantly improve academic achievements of students; 2) it will also increase 

the quality of involvement and motivation to improve professionalism and 

knowledge. 

Group 1 was placed in the learning environment partially integrated with Web 2.0 

services. This implied the creation of a virtual community on a selected social net-

work (Facebook) and a group to communicate with the teachers of specialized sub-

jects; provision of access to shared service accounts and the ability to publish music 

and video content (YouTube, TikTok, Instagram, etc.); provision of access to the 

repository of educational content and the work of colleagues through social networks. 

Group 2 was trained based on the same program but it had deeper integration with 

Web 2.0 services. The integration included the services of Group 1 and additionally a 

structured schedule of online consultations with a teacher; scheduled private consulta-

tions with each teacher to discuss issues related to learning; access to online music 

production services; easy access to joint discussions of educational material, tasks, 

products of creativity or performance through social networking services; the possibil-

ity of getting a preliminary assessment. 

The results of the integration of education with Web 2.0 services were evaluated 

with the help of a pre-test, which was carried out before the start of the experimental 

program and a post-test, which was carried out within a week after its completion. 

The test was a standard assessment by a group of qualified teachers of specialized 

subjects in the given specialty. The assessment was given according to the 12-point 

scale accepted at the university. 

At the end of the experimental training period, there was a survey aimed at the sub-

jective assessment of some important psychological parameters of the participants. 

They were asked to rate the quality of their involvement in learning musical subjects, 

the level of motivation to continue learning and improve skills, and the level of aca-

demic anxiety on a 5-point scale. These parameters were estimated based on the re-

sults of the experiment and there are traces of the impact of partial or deeper integra-

tion of the traditional training program with the services and capabilities of Web 2.0. 

Only the participants of experimental groups were surveyed to obtain their subjec-

tive assessment of the usefulness of introducing Web 2.0 into the educational process. 

They were asked to rate 5 questions on the classic psychometric 5-point Likert scale: 

“Web 2.0 is useful for my music education”; "Web 2.0 contributes to my musical 

development and learning"; “Web 2.0 develops personal relationships and connec-

tions”; “I need more Web 2.0 services in the training program”; "Web 2.0 fosters a 

relationship with the teacher." The grades were evaluated on a scale from 0 (“com-

pletely disagree”) to 5 points (“absolutely agree”). The average value of the responses 

obtained was separately evaluated for each group. 
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Due to the need to clarify some of the results obtained, we conducted an additional 

unrepresentative and unstructured survey of some participants, which can become the 

basis for further studies and the results of which are also included in this study. 

3.3 Ethical issues 

All participants were selected from among those who agreed to volunteer. The 

conditions and objectives of the study were explained to the participants and the ano-

nymity of participation was guaranteed. No personal data were used, collected, or 

saved during the experiment. Only aggregate data collected based on learning out-

comes were evaluated; they were not associated with the personalities of the partici-

pants. Participation in the study did not affect the assessment or the quality of 

knowledge obtained in terms of the quality of mastering the standard curriculum. 

3.4 Instruments 

The statistical analysis of the data obtained during the study, as well as their visual-

ization were carried out in Microsoft Excel 2013. 

3.5 Research limitation 

Although the study is representative, it involves only one university and therefore 

its results should be extrapolated to a wider sample with appropriate limitations. In 

addition, the study did not differentiate participants by social groups, in particular, 

according to gender, origin, social status, and other parameters that could significantly 

clarify the results obtained. 

4 Results 

The results of the objective knowledge test are of particular interest in this context 

as the participants were assessed according to the traditional system after evaluating 

their musical achievements, theoretical knowledge and abilities. Thus, the uniformity 

of assessment by teachers and the three groups of participants was ensured. Signifi-

cant progress of the experimental groups compared to the control one can be observed 

in Fig. 1. The root-mean-square deviation in the results of pre-test and post-test in 

Group 1 did not exceed 0.82, in Group 2 - 0.91; thus, higher post-test scores are statis-

tically significant and not random. It can be confidently stated that the groups that 

used the services and capabilities of Web 2.0 demonstrated better results. The differ-

ence in the average post-test results of Group 1 and Group 2 also falls within the sta-

tistical error and standard deviation of the results of both groups. Thus, the higher 

results obtained by Group 2, which was trained based on deeper and more structured 

integration of learning with Web 2.0 services, are also statistically significant. Ac-

cording to these results, the first part of the research hypothesis has been confirmed. 
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Fig. 1. Comparative results of objective knowledge testing of all participant groups. 

The result of the study of some of the most important psychological parameters in 

the learning process also demonstrates a significant psychological support of Web 2.0 

for the academic achievements of emerging musicians. It should be noted that the 

average level of all the studied parameters from the perspective of the students' sub-

jective assessment of their condition turned out to be quite high. Even in the control 

group, the level of motivation and involvement significantly exceeded the average 

mark (3.79 and 3.54, respectively). However, the average level of academic anxiety in 

the control group was significantly higher compared to the two experimental groups 

and amounted to 3.98 - the highest indicator in the three groups. The highest level of 

anxiety in the group where learning was not integrated with Web 2.0 is statistically 

significant: in the three groups, the standard deviation of the indicator does not exceed 

0.54, which indicates the impossibility of a statistical error in this test. 

The level of subjective assessment of motivation and involvement in the three 

groups is within the possible statistical error with due regard to the value of the stand-

ard deviation for each test - it does not exceed 0.61 in the study of involvement and 

0.65 in the study of motivation (Fig. 2). Only the difference between the assessments 

of Group 2 and the control group does not fall within the error. Based on this, we can 

confidently state that the deep integration of music education with Web 2.0 leads to 

an increase in students' motivation and involvement in the development of their spe-

cialty while the introduction of less deep integration may not ensure such a result. 
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Fig. 2. Subjective assessment of some psychological parameters of learning. 

The subjective assessment of the impact of the integration of music education with 

Web 2.0 demonstrates students' confidence in positive results (Fig. 3). Undoubtedly, it 

should be borne in mind that this is the subjective opinion of the respondents which is 

supported by the results of objective knowledge testing (Fig. 1). Considering the mean 

deviation for each questionnaire question, it should be noted that all of them are statis-

tically significant as the deviation for all questions does not exceed 0.69, which is 

much less than the difference between the assessments of Group 1 and Group 2 in the 

survey. Thus, we can conclude that Group 2, which received deeper Web 2.0-

integrated training, more confidently assesses the positive results of the integration. In 

addition, the assessment of the impact of Web 2.0 on learning by both groups was 

significantly above the average statistical score on the Likert scale - more than 3.0 

points were given to each parameter. 
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Fig. 3. Students' subjective assessment the quality of interaction with Web 2.0. 

Based on the research results, it can be stated that both parts of the research hy-

pothesis have been completely confirmed. 

The results related to the reduction of academic anxiety were of particular interest 

as they were not expected and included in the research hypothesis. The participants 

were asked to fill in an unstructured questionnaire and state their own views on the 

reasons for reduced anxiety. The assessments of the participants can be summarized 

as follows: 

1. Closer communication on social networks with a focus on vocational training im-

proves awareness and eliminates fear of the unknown; 

2. Students receive more personal support from fellow students and friends from oth-

er courses and areas of study; 

3. More frequent communication with the teacher and their encouragement and as-

sessment contributes to psychological comfort of learning; 

4. Students receive more objective information about difficulties and complex topics, 

as well as more tools to overcome them. 

Thus, we can say that the integration of social networks into education provides 

many additional tools to improve the quality of education. 

Further research can be focused on a more accurate differentiation of the influence 

of certain Web 2.0 forms and technologies on music education and the use of these 

elements in educational programs. It is also necessary to expand the study of the fea-

tures of the impact of the Web 2.0 integration into the curriculum from the perspec-

tive of different social groups based on gender, socio-economic status of students, 

vocational guidance and specialization, etc. This will make music education more 

effective and allow students to actively integrate into the digital environment and 

modern digital culture and economy while still being involved in the learning process. 

iJET ‒ Vol. 16, No. 10, 2021 103



Paper—Education and Music Culture in the Context of Web 2.0 

5 Discussion 

The results of the study correlate with the more limited results of the application of 

certain pedagogical techniques and technologies associated with digitalization or Web 

2.0 in the field of music pedagogy.  

The development of three-dimensional representation of information and the im-

provement of its transmission channels led to the fact that visual representation was 

proposed to be used in music education, and this approach demonstrated good results 

[22]. Visual representation is widely used on social media, in particular on music 

YouTube channels, as a means of visualizing the process of playing a particular musi-

cal instrument or visualizing the musical and melodic structure while playing a melo-

dy [23-25]. 

Specialized web applications for teaching music analysis and composition are es-

pecially effective [26]. Such specialized services and programs often provide an op-

portunity to simplify learning, for example by offering automation of the accompani-

ment, which is better and more satisfying compared to a live partner musician [23,24]. 

We did not conduct a separate analysis by specialty, but this can be considered the 

most important task for further research as current studies have proven the qualitative 

result of the use of these applications [3,7,23,24]. Their specialized and often paid 

nature can be considered a certain limitation while in our study we used only free 

applications, which also ensured the expected positive result. 

A number of researchers note the importance of using web technologies for teach-

ing and promoting musical culture, which they call “musical cultivation”. This ap-

proach is adequate given the significant role of music in the life of several social stra-

ta, including adolescents, young women, and a number of social groups of middle-

aged professionals [27,28]. The use of web content and distribution mechanisms to 

create a higher and more complex musical culture requires training and accustoming 

large audiences to the best examples of music culture. This is facilitated by the high 

interest of people who constantly use social networks in music education -at least in 

its basics [9,20]. 

All researchers devote their studies to different forms of blended music learning. It 

is almost impossible to find research related exclusively to online or mobile music 

education at a professional level. Researchers unanimously agree that professional 

training in this area requires classical classroom learning, face-to-face contact with 

teachers, mentoring, as well as direct contact with physical tools and equipped class-

rooms [15,29]. Blended learning allows students to significantly improve results and 

academic performance, and also much earlier integrates them into the professional 

and creative life. This raises the general level of musical education and increases 

musical diversity in the general cultural context [27]. 

The impact of academic cognitive load and the specifics of academic anxiety in the 

field of music pedagogy has not been properly considered despite the fact that these 

topics have been carefully studied by researchers for the natural sciences and humani-

ties learning cycle [11,30,31]. In this case, our research cannot be considered a full-

fledged study as this area has only partially been covered. However, interesting results 

have been obtained and statistically confirmed. 
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6 Conclusion 

The integration of Web 2.0 services and capabilities into music education is deter-

mined by the total digitalization of all spheres of culture and the penetration of digital 

technologies not only into the process of recording and distribution, but also into the 

process of creating musical works. Web 2.0 creates a completely new distributed 

culture of musical creativity and provides musicians with new opportunities for crea-

tivity and distribution of their creative products. The study was devoted to the impact 

of the integration of mass services and capabilities provided by Web 2.0 on the objec-

tive quality of music education, as well as the most important psychological parame-

ters of music university students and their professional development. The study in-

volved 150 students of R. Glier Kyiv Municipal Academy of Music (Kyiv, Ukraine); 

there were three groups of 50 participants: two experimental groups and a control one. 

In Experimental Group 1, training was partially integrated with Web 2.0 services; in 

Experimental Group 2, there was a more complete and structured integration. Based 

on the results of semester training and the objective test scores, a significant increase 

in the results of experimental groups was observed (an increase by 1.3 points in 

Group 1 and 2.84 points in Group 2 on a 5-point scale); Group 2 demonstrated a more 

significant improvement. The subjective assessment of the level of involvement, mo-

tivation and anxiety showed a statistically significant decrease in academic anxiety in 

the experimental groups (2.99 and 2.01 compared to 3.98 in the control group, respec-

tively) and a statistically significant increase in motivation and involvement in the 

group with deep integration of Web 2.0 services (Experimental Group 2). The re-

search results can be used as a basis for further research and in the course of the de-

velopment of music education curricula based on online learning, mobile learning and 

the integration of music learning into a digital environment. 
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Abstract—In recent years, Educational Recommender Systems (ERSs) have 

attracted great attention as a solution towards addressing the problem of infor-

mation overload in e-learning environments and providing relevant recommen-

dations to online learners. These systems play a key role in helping learners to 

find educational resources relevant and pertinent to their profiles and context. 

So, it is necessary to identify information that helps learner’s profile definition 

and in identifying requests and interests. In this context, we suggest to take ad-

vantage of the annotation activity used usually in the learning context for differ-

ent purposes and which may reflect certain learner’s characteristics useful as 

input data for the recommendation process. Therefore, we propose an educa-

tional recommender system of web services based on learner’s annotative activ-

ity to assist him in his learning activity. This process of recommendation is 

founded on two preparatory phases: the phase of modelling learner’s personality 

profile through analysis of annotation digital traces in learning environment re-

alized through a profile constructor module and the phase of discovery of web 

services which can meet the goals of annotations made by learner via the web 

service discovery module. The evaluation of the developed annotation-based 

recommendation system through empirical studies realized on groups of learn-

ers based on the Student’s t-test showed significant results. 

Keywords—Educational recommender system, learner’s annotative activity, 

learner’s personality traits, ontology, web service 

1 Introduction 

Recently, the recommender systems are presented as a new technology in educa-

tional context to deliver a learning support to learners. These advanced technologies 

are increasingly being used in educational practice and as convenient platforms for 

rigorous educational research. These systems play a key role in assisting learners to 

find educational resources relevant and pertinent to their profiles and context [16]. So, 
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it is necessary to identify information that helps learner’s profile definition and in 

identifying requests and interests [33].  

In order to generate personalized recommendations, it is important to identify in-

formation through different learner’s activities that will help to define user profile and 

find useful information and relevant resources to carry out their training [2]. Among 

these activities, we focus in our research on the annotative activity of learner because 

annotation practice is very common and omnipresent [13]. While reading, the learner 

usually uses comments, highlights and posts it to annotate the consulted resources [3; 

7]. 

In our work, we suggest to take advantage of the annotation activity used usually in 

the learning context for different purposes and which may reflect certain learners’ 

characteristics useful as input data for the recommendation process. Therefore, we 

present the architecture of an educational recommender system that bases their rec-

ommendation services on learner’s annotation traces yielded during the learning pro-

cess. The educational recommender system is composed essentially of four basic 

modules: annotation module; web service discovery module; profile constructor mod-

ule and recommendation module. The evaluation of the two principal modules (web 

service discovery module & profile constructor module) through empirical studies 

realized on groups of learners based on the Student’s t-test showed significant results. 

The rest of this paper is structured as follow. In Section 2, we give a brief overview 

on the literature of recommender systems in the educational context. Thereafter, Sec-

tion 3 presents the architecture of our system and details its principal components. 

Section 4 evaluates the two main modules constituting the architecture of the pro-

posed educational recommender system. Finally, we draw some conclusions and we 

cite certain possible directions for future works. 

2 Related Work 

Recommender systems are presented as a new technology in educational context to 

deliver a learning support to learners. These advanced technologies are increasingly 

being used in educational practice and as convenient platforms for rigorous educa-

tional research [16]. In this context, many educational recommender systems are de-

signed with different functionalities and recommendation services [33]. 

There are mainly three approaches in educational recommender systems, the con-

tent based filtering, which is based on the description of the item and works with data 

provided by learner, either implicit or explicit in order to give recommendations, the 

second approach is the collaborative filtering its principal object is to offer to the 

learner the items that are relevant to the users who are close to him in a certain way, 

and finally the hybrid filtering which combine different approaches to give a better 

recommendation and increase customer satisfaction [5; 9]. 

In order to recommend items for the target student, similarities between him and 

other learners are computed based on their common taste. This approach is called 

user-based approach. A different way to recommend items is by computing the simi-

larities between items in the matrix. This approach is called item-based approach [12]. 
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Certain works transfer the technology of recommender systems from commercial to 

educational contexts on a one-to-one basis regarding the datasets and methods used to 

deliver recommendations without taking account to the particularities of learning 

environment [15]. For instance, certain learning portals integrate recommender en-

gines to assist their users during their learning experiences [30]. In order to allow the 

recommender engines to produce an efficient recommendation, the system collects 

datasets which include such usage related data source recommendation (ratings, votes, 

tags, reads or downloads, bookmarks, etc.) and apply data analysis techniques (col-

laborative filtering, content-based filtering and hybrid filtering technologies) to help 

users find items that are likely of relevance [25; 32]. 

Table 1.  Comparative study of educational recommender systems 

Educational 

recommender 

system & 

Reference 

Data Source 

Recommendation 
Recommendation Approach Recommendation type 

  
Collabora-

tive Filtering 

Recommen-

dation 

Content-

based 

Recom-

mendation 

Filtering 

Hybrid 

Recom-

menda-

tion 

Item-based 

Recom-

mendation 

User-

based 

Recom-

menda-

tion 

Hybrid-

based 

Recom-

menda-

tion 

C-

ERSColombia 

[5] 

Learner’s profile   x   x 

MyCCAdvice 
[30] 

Students similar x     x 

View-RiPPLE 

[1] 
Elo rating system  x  x   

AnnoMathTeX 

[32] 
Consulted libraries  x  x   

KELDEC [12] 
Notes that students 

take in class 
x     x 

Ontology-based 

RS [25] 

Ontology infor-

mation 
  x   x 

BROAD-RSI 
[31] 

Social networks 
interactions  

  x  x  

Hybrid RS [9] Learner profiling   x   x 

RS-BookRoll 

[22] 

Student’s learning 

material 
 x  x   

RiPPLE [15] Personal Profile  x  x   

 

Based on these analysis techniques and data sources recommendation, we present 

in Table 1 a comparison between some education recommender systems. From this 

study, we deduce that recommendation in the learning context is more challengeable 

than in other contexts. In fact, the educational recommender systems deal with infor-

mation about students and learning activities which means that it should be personal-

ized with consideration to learner’s characteristics (level of knowledge, learning ac-

tivities, learning achievement, learning goals, learning style, personality traits, etc.). 

Thus, the posed issue concerns the data to be gathered from the user side, how to be 
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acquired and how to be analyzed to extract the needed knowledge for recommenda-

tion purposes [33]. 

In our work, we suggest to take advantage of the annotation activity used usually in 

the learning context for different purposes and which may reflect certain learners’ 

characteristics useful as input data for the recommendation process. 

3 Contribution: Annotation-Based Recommender System 

We suggest to take advantage of the annotation activity used usually in the learning 

context for different purposes and which may reflect certain learners’ characteristics 

useful as input data for the recommendation process [18; 20]. Therefore, we present 

the architecture of an educational recommender system that bases their recommenda-

tion services on learner’s annotation traces yielded during the learning process. 

 

Fig. 1. Architecture of the annotation-based recommendation system 

The architecture of the annotation-based recommender system under present dis-

cussion is shown in Figure 1 which illustrates the interaction between the various 

modules of the system along with the flow of information data. We follow, in our 

framework, a novel approach of recommendation based on learners’ characteristics 

extracted from their annotation traces yielded during learning experience [21]. 

We choose to follow learners through their annotation activities for many reasons. 

For instance, annotation is a practice which bridges between reading and writing [3] 

and constitutes the most prominent habits of active reading activity [8]. The architec-

ture of our proposed recommender system consists of four principal modules: The 

Annotation Module, the Web Service Discovery Module, the Profile Constructor 

Module and the Recommendation Module. In what follow, we describe the works 

carried out for each module of our system, and we give an overview about their basic 

functionalities. 
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3.1 Annotation module 

Through the annotation module, learner makes a set of annotative acts during his 

reading activity that will be stored in an annotation ontology [10] which is composed 

of three aspects of the annotation: 

• Physical aspect: This aspect represents the physical dimension of the annotation.  

• Contextual aspect: The contextual aspect consists of the set of attributes that de-

scribe the context of reading activity during the creation of the annotation. 

• Semantic aspect: This aspect allows us to clarify the semantic of the annotation. It 

is used to interpret the meaning of the annotation by the annotator himself or by the 

software agents. 

The relationships between the ontology’s concepts are described as follows: An 

annotation is created by the annotator with a device and has a space-temporal context 

(place and date). It is presented by a particular shape, is pointed to an anchor and 

related to an annotated content which is a part of the read document. The annotation 

contains an annotating content. The annotator is identified by name, has an age, 

speaks a native language and has some personality traits (conscientiousness and neu-

roticism) which can be accurately predicted form his annotations. 

The annotator reads a document in a specific domain that contains a set of docu-

ments and a set of reading goals. The annotation is realized through an annotative act 

which may mean one or more annotation goals. A service community satisfies one or 

several annotation goals. This service community includes one or more web services 

that realize one or several effects. The annotation undergoes one or more effects. 

3.2 Web service discovery module 

To take advantage of the success of web services on the one hand and to better ex-

ploit the semantics of the annotative activity in other, we propose in this article the 

idea of a recommender system of web services through the learner’s annotative activi-

ty. Based on a new approach presenting the student’s annotative activity as a means to 

invoke web services implicitly, the proposed recommender system tries to assist the 

reader via web services during his learning activities [14]. 

Therefore, we consider the annotation not only as a means of memorization of the 

learner’s reactions in the reading process but also as a potential source of web services 

invocation that can assist the annotator and help him to satisfy his annotation goal. So, 

from a user’s annotation, our system is able to interpret a semantics implicitly ex-

pressed which presents a need for a web service to meet annotation goals. Based on 

this extracted semantics, the annotation system discovers and invokes the requested 

web service. These new features are based on an ontology of annotation which pre-

sents the different properties of the learner’s annotative activity available to computer 

processing.  

The relations among the elements composing the semantic aspect of the annotation 

ontology can be described as the follows (see Figure 2): The reader chooses to read a 

document in a specific domain. Each domain of reading contains a set of reading 
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goals which are strongly related to the type of the read document. For example, in the 

e-learning domain, the likely goals of reading a poem are learning and understanding 

it, while the likely goal of reading a comic story is enjoyment. Motivated by this read-

ing goal, the reader begins to read and annotate the consulted document.  

The annotative activity is the result of an active reading, so this activity certainly 

helps the annotator to satisfy his reading goal. For that purpose, we present for each 

reading goal the list of annotative acts realized by the annotator in the reading pro-

cess. For each annotative act, the corresponding one or several annotation goals are 

presented. This objective represents semantics implicitly expressed by the annotator 

through the annotative act for a need for means which answer the goal of this annota-

tion. Services community represents these needed means. Thus, for each annotation 

goal, there is corresponding a service community whose goal coincides with the goal 

of the annotation [11]. 

 

Fig. 2. Matching between annotation and service community 

3.3 Profile constructor module 

Personality traits are one of the learner’s individual characteristics which exten-

sively interest educational experts. Several research works study the impact of stu-

dent’s personality on academic achievement and the learning process in general [2]. 

Further studies shed the light on the relationship between the learners’ personality and 

certain factors relative to the learning construct like: approaches to learning, learner’s 

autonomy, motivation towards achievements and academic achievement. Such works 
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conduct empirical studies that demonstrate the need to establish guidelines for incor-

porating learners’ personality traits in designing computer-based learning systems. 

The big five personality model is the best accepted and most commonly used scien-

tific measure of personality and have been extensively researched [24]. That personal-

ity is well described as five traits was discovered through the study of the adjectives 

from natural language that people used to describe themselves and then analyzing the 

data with a statistical procedure known as factor analysis that is used to reduce lots of 

information down to its most important parts. The five traits representing the main 

personality dimensions are: openness to experience; conscientiousness; extraversion; 

agreeableness; neuroticism (see Figure 3). 

 

Fig. 3. Big five personality traits 

In our prior work [23; 26], we seek the connection between learners’ annotation 

practices and their personality traits in the “pen-and-paper” context. We conducted an 

empirical study to show the implicit relation between the annotator activity and his 

personality traits [27]. Indeed, we consider group of 120 volunteers.  

The subjects selected were recruited with respect to certain criteria. In fact, the age 

of the volunteers is equal or superior to 18 and they have different occupations and 

interests. In our sample we have the two sexes (44 women and 76 men). Furthermore, 

all the selected volunteers have frequently the habit of reading and annotation of their 

documents [19]. Each subject was instructed to answer a standard Five Factor Model 

questionnaire called the NEOIPIP Inventory which is a computer-based Personality 

Inventory, able to measure people Personality Traits. Then, he obtained a feedback 

regarding his personality based on his responses. This step gives us the personality 

scores based on the Big Five Model for each volunteer [28].  

To associate personality scores to subjects’ annotative activities, we gathered anno-

tation practices for each people and we collected a simple set of statistics about their 

annotative activity. These included the following: 
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• Total Number of Annotation Act 

• Average Number of Annotation Act (number of annotation acts per a single anno-

tated page) 

• Number of Graphical Annotation Act 

• Number of Textual Annotation Act 

• Number of Reference Annotation Act 

• Number of Compounding Annotation Act (textual sign, graphic sign and reference 

sign of annotation act can be compounded together in order to express complex 

meanings of annotation) 

This set of statistics tends to characterize quantitatively the reader’s annotation 

practices. We studied the Pearson correlation between subjects’ personality scores and 

each of the features obtained from analyzing their annotative activities. 

Our findings show significant correlation of annotation practices to certain person-

ality traits (Consciousness and Neuroticism). The constructed personality profile will 

be used as input data to the recommendation module to filter and adapt the list of web 

services compiled with regard to the objectives of learners’ annotations [29]. 

3.4 Recommendation module 

The recommendation module receives a data flow from both the profile constructor 

module and the web service Discovery module. The received data is composed of a 

compiled list of the found web services with regard to learner’s objectives deduced 

via his annotation practices and his personality profile which is built by reference, 

also, to his annotation traces [17]. 

We hope refining and filtering the list of service regarding the learner’s personality 

characteristics [18]. For instance, the student with high level of Neuroticism prefers a 

web service which reacts instantaneously to display the required result. Thus, the 

system recommends the services with low response time to satisfy the learner’s per-

sonality characteristics. The filtered web services list will be sent to learner to select 

the desired recommendation for execution. The selected web service will be invoked 

and the system stores the user choice to be used later in refining process of system’s 

recommendation. So, to automate the process of deduction of the appropriate web 

service according to the learner’s personality traits, we propose to use a pattern of 

annotation.  

The proposed pattern allows the deduction of the annotation goal from its shape, 

and then based on this objective, the system interprets the web services community 

which assists the user to achieve the goal of the annotation. Finally, according to the 

learner’s personality traits (conscientiousness and neuroticism), the recommendation 

module selects the appropriate web service to be invoked by the annotator.  

The patterns are represented by an ontology that refers to the elements of the anno-

tation ontology. Indeed, an annotation pattern represents a conceptual solution to a 

problem related to the annotative activity. The annotation pattern proposes a solution 

(the semantic of the annotation) to a problem (find this semantic for a given annota-
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tion shape in a given context according to learner’s personality traits). Our annotation 

pattern is composed of five elements presented in Table 2. 

Table 2.  Annotation pattern 

Pattern name  

Problem to be solved Physical aspect 

Anchor 

Shape 

Annotated content 

Pattern context Contextual aspect 

Annotator 

Name 

Personality traits 
Conscientiousness 

Neuroticism 

Age 

Native language 

Date 

Place 

Device 

Proposed solution Semantic aspect 

Annotative act 

Annotation goal 

Service 

community 

Name 

Goal 

Effect 

4 Evaluation 

4.1 Evaluation of the web service discovery module 

To evaluate the effectiveness of the web service discovery module, we integrate 

this module in an annotation system called “New-WebAnnot” developed in the work 

of Kalboussi et al. [13; 14]. The choice of this tool is justified by the fact that it repre-

sents an annotation system offered to the learner to annotate his learning activities [6]. 

We tested the use of this system by a contribution to another classic annotation tool 

that does not provide assistance with web services for two different learners’ samples. 

The experiment lasted four reading sessions of a set of English courses. In two differ-

ent samples, 60 students (A with N1 = 30 and B with N2 = 30) had spent two sessions 

per week that lasted an hour of reading in university room equipped with computers. 

• Computers in sample A are equipped with the annotation plug-in “New-

WebAnnot” in their Mozilla Firefox web browser. 

• Computers in sample B are equipped with a classic annotation plug-in “Annozila” 

in their Mozilla web browser. 

We presented to learners of sample A six categories of web services which can be 

invoked during the annotation session to meet the goals of some annotations made by 

the learner. These services are: 
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• Dictionary service: helps explain terms 

• Translator service: helps translate text 

• Memory service: helps memorize information 

• Agenda service: helps plan tasks in the future 

• Summarizer service: helps summarize texts 

• Social network service: helps share information with others via social networking 

We asked to the learners to annotate English courses consulted in a specialized 

website which offers a free training in English [4]. The objective of this experiment is 

to test the motivation of each learner sample towards the presented annotation system. 

We try to prove that the assistance offered by our annotation system through web 

services motivates learners to annotate more the consulted documents. To measure 

this motivation, we define two metrics: 

• X: The number of annotations in a session for each learner 

• Y: The duration of the annotation session for each learner. The maximum duration 

of an annotation session is 60 min, which represents the time reserved for each 

reading session 

The choice of these two factors is justified by the fact that a learner motivated to 

annotate realizes logically a high number of annotations, and his session of annotation 

lasts more than that of an unmotivated learner. The objective of this evaluation is to 

answer the following question: Is there a difference in the number of annotations (X) 

and the duration of the annotation session (Y) between the two student samples? 

This means that we should test the following hypotheses: 

• Null hypothesis (H0): There is no significant difference in the means of X and Y 

between both samples; H0: μXA = μXB and μYA = μYB. 

• Alternative hypothesis (H1): There is a significant difference in the means of X and 

Y between both samples; H1: μXA ≠ μXB and μYA ≠ μYB. 

Through this evaluation, we try to verify the existence or non-existence of a signif-

icant difference between two samples for two variables of measure (X, Y). The statis-

tical method Student’s t-test appears as the most appropriate test the validity or non-

validity of this hypothesis. The Student’s t-test is defined as a parametric test based on 

a comparison of means for quantitative data between two independent samples. So, 

we use the Student’s t-test statistical approach to calculate the value texp. Thus, if 

texp (experimental) < tth (theoretical), there is no significant difference (H0) or If 

texp (experimental) ≥ tth (theoretical), there is a significant difference (H1). 

The results of the Student’s t-test are obtained through the tool STATISTICA in 

Table 3.  

• For the variable X: texp = 19.586 & tth = 3.496  

texp > tth⇒ rejection of the null hypothesis (H0) and acceptance of the alternative 

hypothesis (H1). So, we can conclude for the variable X (number of annotations of the 

students) that a difference between means in samples A and B at the 99.99% level is 
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very highly significant. P = 0.00021 indicates that there is one in 5000 chance of be-

ing wrong for this result. 

• For the variable Y: texp = 13.553 & tth = 3.496 

texp > tth⇒ rejection of the null hypothesis (H0) and acceptance of the alternative 

hypothesis (H1). So, we can conclude for the variable Y (duration of annotation ses-

sion) that a difference between the means in samples A and B at the 99.99% level is 

very highly significant. P = 0.00012 indicates that there is one in 10,000 chance of 

being wrong for this result. 

Table 3.  Result of Student’s t-test realized with STATISTICA 

Tests t: Classmt sample (Spreadsheet); Groupe1: A / Groupe2: B 

 Average  

A 

Average 

B 

Value of 

t 
dl P 

N Actives 

A 

N Actives 

B 

Ratio F 

Variances 
P Variances 

Number of 

Annotations 
13,608 6,283 19,586 58 0,00021 30 30 1,347 0,427 

Duration of 

session 
53,850 39,75 13,553 58 0,00012 30 30 1,616 0,211 

 

Figure 4 clearly shows the highly significant difference between the means of sam-

ples A and B for both quantitative variables X and Y. Thus, there is no intersection 

between the confidence intervals of the mean of X in samples A and B (top plot), and 

similarly for the confidence intervals of the mean of Y (bottom plot). 

   

Fig. 4. Means plots of X and Y grouped by sample 

These results proved that there is a highly significant difference between samples 

A and B for the mean of X (P = 0.00021) and the mean of Y (P = 0.00012). μXA > 

μXB and μYA> μYB. Thus, it is clear that our annotation system motivates more the 

learners in sample A to annotate than the “Annozila” tool proposed in sample B. 
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4.2 Evaluation of the profile constructor module 

To assess whether  the profile constructor module measures accurately the user’s 

traits, we integrate this module in the annotation system “New-WebAnnot” used in 

the previous evaluation, and we invited students to annotate consulted resources on 

the web via this annotation tool to achieve their reading and annotation activities. 

Next, learners were instructed to answer a standard Five Factor Model questionnaire 

(the NEO-IPIP Inventory) to obtain a feedback regarding their personality based on 

their responses. 

To show the system’s efficiency to measure accurately the scores of reader’s con-

scientiousness and neuroticism traits compared to the values determined using the 

NEO-IPIP Inventory, we applied the paired t-test to compare the scores of certain 

user’s personality traits obtained through the two different methods of measurement.  

We look to determine whether there is a significant difference between the paired 

values of scores. Both measurements are made on each subject in the selected sample, 

and the test is based on the paired differences between these two values. 

Tables 4 shows descriptive statistics of t-test measure of the difference significance 

between the paired values of learner’s conscientiousness and neuroticism traits scores 

measured with two different methods: the “New-WebAnnot” system and the Neo-

IPIP inventory. Analytical results indicate that the scores of learner’s conscientious-

ness and neuroticism characteristics obtained through the annotation system “New-

WebAnnot” did not differ significantly (Sig1 = 0,72 > 0.05; Sig2 = 0,53 > 0.05) ver-

sus the scores measured using the Neo-IPIP inventory.  

Table 4.  A t-test measure of the difference significance between the paired  

values of Conscientiousness and Neuroticism scores 

 Conscientiousness scores Neuroticism scores 

Scores measured 

with 
Mean Std. Dv. t-value p-value Mean Std. Dv. t-value p-value 

“New-WebAnnot” 

system 
25,78 4,90 - - 64,66 6,74 - - 

Neo-IPIP inventory 26,50 20,25 0,36 0,72 63,37 21,16 0,63 0,53 

 

We show that the neuroticism trait is negatively correlated to the different annota-

tion features considered in our study. This result clearly indicates that learners with 

high level of emotional stability are more productive of annotation traces which re-

flect their deep reading of textual material. Thus, those who have low score of neurot-

icism are more stable and they have the ability to focus more on their current activi-

ties and they can deal with reading materials qualified with high level of complexity. 

Finally, we are interested to evaluate the system’s performance to compute accu-

rately the learner’s scores of conscientiousness and neuroticism traits compared to the 

values determined using the NEO-IPIP Inventory. So, we applied the Pearson Product 

Moment Correlation to measure the linear correlation between the traits scores ob-

tained through the two different systems. We also measure the root-mean-square error 

(RMSE), which are the root mean squared differences between predicted values 
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(measured with New-WebAnnot system) and observed values (measured with Neo-

IPIP). 

Given that correlations are significant for both consciousness and neuroticism traits 

and the lower values of RMSE, we show that the regression models for the considered 

personality traits is well-fitting and the predicted values close to the observed data 

values which means that there is no significant difference between the scores of user’s 

personality traits computed using the “New-WebAnnot” system and those measured 

using the Neo-IPIP inventory (see Figure 5). Thus, the experimental results show the 

efficiency of the “New-WebAnnot” system to measure conscientiousness and neuroti-

cism with reasonable accuracy using digital annotation activity. 

  

Fig. 5. Scatterplot of Neuroticism and Conscientiousness  

5 Conclusion and Future Work 

In this paper we presented a new approach of an educational recommender system 

which refers to learners’ annotations activities to implement personalized recommen-

dations. We explained the architecture of our recommendation system consisted es-

sentially of four basic modules: annotation module; web service discovery module; 

profile constructor module and recommendation module.  

The evaluation of the two main modules (web service discovery module & profile 

constructor module) through empirical studies realized on groups of learners based on 

the Student’s t-test showed significant results. Our prior works show plainly the op-

portunity to consider annotations to extract certain learners’ characteristics (personali-

ty traits and learning goals) with regard to learning context (reading materials). 

Actually, the current system constitutes a proof of concept tested with a set of 30 

learners of computer science. This could entail some bias in the learners’ profile. As 

additional work, we will try to extend the evaluation tests to a large number of learn-

ers with more heterogeneous profiles. Finally, as future work, we expect taking ad-

vantage of the combination of learner’s personality and his annotation goals which 

may guide our recommender system to derive other learning parameters. 
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Abstract—In science, technology, engineering, and mathematics (STEM) 

for instance, interdisciplinary studies have noted positive correlation between 

spatial-visualization (SV skills) and mathematical problem solving. Most of 

these studies sharing a link between SV skills and problem solving were contex-

tualized in urban settings and only a few in rural settings. However, the current 

investigation examines how rural-based pre-service teachers apply their SV 

skills in problem-solving in a South African university, in the context of vector 

calculus. One hundred rural-based pre-service teachers in a second-year vector 

calculus class at University of Zululand (UNIZULU) were randomly selected 

into control and experimental groups. MATLAB was used as a dynamic visual 

tool to analyse how research participants applied their SV skills. A mixed 

method approach was employed in data collection (quantitative and qualitative). 

Our findings revealed that the rural-based pre-service teachers’ SV skills corre-

late with their problem-solving skills in vector calculus. 

Keywords—Cognitive skills, problem-solving, Spatial visualisation, vector 

calculus, visual-analyser 

1 Introduction 

Majority of educators and learners have limited to no formal training in e-learning 

of mathematical content and pedagogy, or mathematical epistemology. Consequently, 

there is a need for research in mathematical learning, particularly to address the needs 

of learner-teacher centeredness. In response to such need, the current research pre-

sents the analysis of how rural-based pre-service teachers apply their spatial visualisa-

tion (SV) skills in problem-solving in vector calculus. There is number of disconnect-

ed previous studies [61, 81] (difficulties with integral calculus are related to poor prior 
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knowledge of trigonometric identities); a textbook on vector calculus [19, 45], 

regarding difficulties in solving physics problems using multiple representations [37, 

34, 29, 67]. In addition, previous analyses of how rural-based students generally apply 

spatial-visualisation skills in problem solving suggests various factors. For instance, 

evidence supports the claim that poor family social economic status (SES) hinders 

cognitive development [56]. Hence, students from lower SES backgrounds have less 

SV skills and weaknesses regarding problem solving. Others state that SV skills and 

problem solving of 6-8-year-old students can be enhanced through spatial activities 

(e.g., arrangement of cube boxes) [8]. 

One may immediately ask how this study adds to and differentiates itself from the 

extant literature. Thus, questioning learning and technology nexus: First, we extend 

the existing literature by considering student learning through the dynamic computer 

environment of MATLAB. Second, we consider learning through MATLAB in the 

context of mathematics, not physics as is commonly the case. Third, we investigate 

the topic of collegiate vector calculus. While mathematical learning in respect to uni-

versity students is growing, it remains far eclipsed by research involving younger 

students. Additionally, only a handful of studies seem to consider student learning 

above college algebra or trigonometry. Fourth, we look specifically at a population of 

university preservice teachers, who may be teaching some calculus concepts in their 

future employment and not at math, science, or physics majors who may have very 

different uses for this type of technological environment in their future careers. Fifth, 

although most research regarding student learning through dynamic technology tools 

is performed in more affluent settings, we consider university students in a high pov-

erty, rural region of South Africa – students with limited exposure to instructional 

technology before entering college and limited experience with math-specific tech-

nology in college. Altogether, these dimensions situate this study in the literature and 

their total demonstrates a need for additional research.  

Jointly, in response to the focus on the advantages of new technologies may con-

tribute to the learning process and how this is proofed, the current study thus reflects 

on use of MATLAB in augmenting and enhancing student learning. It thus examines 

how the MATLAB changes the method of teaching and learning.  

2 Literature Review 

Based on the aforementioned studies and theoretical perspective on spatial visuali-

sation [63, 65], the authors of the current study examine a range of conceptual under-

pinnings for; a) SV skills and problem-solving, b) the fact that spatial ability supports 

mathematical aptitude, c) visual interactions and mental rotations, and d) the role of 

SV skills in problem-solving in vector calculus. This study: examines a less frequent-

ly researched population (college students); using a technology tool (MATLAB); in a 

less common manner (mathematics rather than physics); in an infrequently investigat-

ed topic (vector calculus); pertaining to preservice teachers in a high-poverty, rural 

region of South Africa who may be teaching some of these concepts in the future 

more so than practitioners of vector calculus; through the lens of SV skills. Very lim-
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ited extant research specifically applies simultaneously to all these dimensions. Thus, 

connections – some tenuous – a must be made with research regarding other popula-

tions and topics, and skills in order to better understand this nexus of these dimen-

sions. This review of the literature attempts to make some of these connections and 

weave a cogent argument. 

2.1 Spatial visualisation, problem-solving and rural influence 

Recently, various researchers [6, 21, 28, 35, 51, 66] associated spatial visualisation 

(SV) as a reflection or measurement of intelligence and problem-solving. It has been 

asserted that “spatial visualization is the ability to manipulate an object in an imagi-

nary 3-D space and create a new representation of the object from a new viewpoint” 

[52]. Others [10, 42,] found SV to be a powerful tool for problem-solving. 

There seems to also be some disconnected and potentially contradictory evidence 

that can yet be woven together to suggest that illustrations facilitate a better under-

standing of problem solutions [11, 25, 38]. In the context of integral calculus, re-

searchers investigated the types of cues – often in the form of illustrations – students 

employed to recognize the need for integration and the difficulties students encoun-

tered with setting up and evaluating integrals [38, 37]. Researchers [38, 37, 44] have 

defined problem-solving in vector calculus as a cognitively challenging task that in-

volves a mathematical problem/situation – often visualized through an illustration – 

for which a solution is not readily known. 

Vector calculus is, by nature, a description of space figures and, hence, the study of 

which requires spatial reasoning. Consequently, abilities related to interpreting vari-

ous representations and switching from one vector coordinate system to another are 

considered very important in problem-solving. Thus, it is presumed that a correct 

interpretation and creation of representations promotes problem-solving in vector 

calculus [46 61]. 

Although considering populations and mathematical contexts markedly different 

from the preservice college students and vector calculus in this study, numerous stud-

ies have attempted to establish how SV ability supports mathematical aptitude and to 

connect cognitive skills, mathematical processing, and mathematical aptitude [8, 36, 

41, 59]. For instance, it is evidenced that the development of “arithmetic sense” and 

spatial thinking are closely linked [40, 49]. Additionally, it is claimed that early spa-

tial intelligence predicts children's performance in mathematics [8, 36, 41, 59] and 

that children with better visual relationships develop stronger mathematics abilities in 

the lower grades [21, 59]. Another study with three-year-olds found evidence that 

spatial skills were even more important than early mathematics skills in predicting 

mathematics achievement at the age of five [17]. Contradicting others [17, 64], it was 

noted that the level of SV is independent of gender [50]. 

Others have [17, 9] directly link family social economic status (SES) and chil-

dren’s mathematics achievement to the family’s geographical settlement. Research 

[56] further the notion by hypothesising that poor family SES affect children’s cogni-

tive development. Hence, it is argued that students who grow up in high-poverty rural 

settlements perform more poorly in cognitive activities such as SV skills and problem 
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solving compared to their more affluent counterparts. Thus, it is worth inquiring as to 

whether one’s environment has direct correlation with spatial reasoning, cognitive 

skills, and mathematical aptitude and if any effects remain through collegiate learn-

ing. 

Research indicating that SV skills is trainable through activity such as mental rota-

tion tasks [8, 57] provides encouragement regarding the potential enhancement of the 

cognitive skills of students from low SES. Researchers [57 17] maintain that children 

from higher SES develop stronger arithmetic abilities in their early stages through SV 

interactions. 

Of the numerous spatial skills studied, mental rotation has seemingly gained most 

attention from researchers [8, 57]. Mental rotation is defined as the ability to rotate, 

manipulate, and visualise 2D or 3D, either physically or mentally. Individuals’ spatial 

reasoning ability is measured using cognitive tasks such as mental rotation [48, 47], 

mental paper folding [47] and Purdue visualisation rotation [23]. Subsequently, indi-

viduals who score high on these tests are arguably considered to have better spatial 

reasoning. Some [17, 8] advance the notion that mental rotation skills are a predictor 

of children’s mathematics achievement (rotation of 2D or 3D objects).  

While mental rotation has been widely used in studying SV skills because it is 

thought to tap into a key aspect of such abilities [17, 8, 26] the precise relationship 

(i.e., mechanism) between mental rotation and visual spatial abilities is still unknown. 

It [62] has been found that four-year-olds who created complex block structures rep-

resenting a play theme (such as a castle, PlayStation, and space station) demonstrated 

greater knowledge of mathematics and achieved higher grades in both middle school 

(seventh grade) and high school. The analogy of physical rotation of 2D or 3D shapes 

and mental rotation has made it conceivable to use varying degrees of rotation, accu-

racy, and time-to-completion as measures of individual differences in mental rotation 

ability.  

2.2 The MATLAB as a pedagogical in vector calculus 

Educators, learners, and parents by default ought to comprehend through CAT, a 

form of e-learning; what their children learn, particularly in respect to geometry con-

tent and pedagogy, or geometry epistemology the learners demonstrate. Dynamic 

software such as the MATLAB (Matrix LABoratory) can afford the opportunity to 

enhance mathematical cognition [39]. The current research adapts MATLAB because 

MATLAB performs a wide variety of plots and curves, including 2D plots, 3D plots, 

3D surface plots, and allows the user to efficiently manipulate vectors and matrices. 

The authors of the current research use MATLAB to provide an interactive teaching 

and learning environment allowing the user to perform a range of mathematical activi-

ties from simple arithmetic to more complex investigations such as Reiman integrals. 

The choice for employing MATLAB in this study was also anchored upon previous 

studies [32, 3, 16, 15], who noted that static drawings of a solid region on two-

dimensional paper contributes to students’ difficulties in interpreting static diagrams 

representing three-dimensional geometric objects. Consequently, sketching 3D solid 

figures is cognitive demanding and requires high SV skills.  
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Vector operations, such as addition, subtraction, multiplication, dot and cross 

products, gradient, divergence, and curl, form the basis of vector calculus. Force, 

electric fields, momentum, and magnetic fields are just a few examples that can be 

represented by vector diagrams. Altogether, this evidence why vector calculus is often 

considered to be a very visual subject demanding students’ high SV reasoning in 

problem-solving. For instance, vector operations such as gradient of a vector, curl, 

and divergence by their definitions require SV skills and analytical reasoning in per-

forming related tasks. For instance, the vector operator curl of the vector �⃗� represent-

ed as ∇�⃗� measures how much a vector field circulates around a given a point as given 

in the illustrative example 1. Illustrative example 1; With the aid of sketch evaluate 

the curl of the vector function �⃗� = −𝑦𝑖 + 𝑥𝑗 . We first of all calculate the determinant 

to represent the curl.  

𝐶𝑢𝑟�⃗� = ∇ × �⃗� =

[
 
 
 

𝑖 𝑗 𝑘
𝜕

𝜕𝑥

𝜕

𝜕𝑦

𝜕

𝜕𝑧
−𝑦 𝑥 0 ]

 
 
 

= 2𝑘 

Hence, the 𝐶𝑢𝑟�⃗� = ∇ × �⃗� = 2𝑘 can be represented as shown in Figure 1(a) and 

1(b) 

  

(a) Figure-a shows the curl of the vector function �⃗⃗⃗� = −𝒚𝒊 + 𝒙𝒋 

 

(b) Vector function 𝑭⃗⃗⃗⃗ = −𝒚𝒊 + 𝒙𝒋 generated using the MATLAB 

Fig. 1.  

Figures 1(a) and 1(b) show a free hand sketch and MATLAB display of the vector 

equation  𝑭⃗⃗⃗⃗ = −𝒚𝒊 + 𝒙𝒋 respectively. From observation, MATLAB shows many vec-

tor fields and depicts the exact direction of the vector equation.  

The choice for MATLAB in this study has largely been informed by the fact that 

studies have adequately proven that dynamic software, like MATLAB and its com-

puter environments is positively linked to students’ increase in SV and mathematics 

problem-solving [34, 8, 14]. MATLAB’s interactive graphical user interface (GUI), 

animation, and graphics visualisation capabilities are connected to students’ cognitive 
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development and growth in mathematical reasoning, logical reasoning, and problem 

solving [5, 43]. A growing body of literature from both mathematics and physics 

education reveals that students struggle with vector operations such as vector arithme-

tic, dot and cross products, gradient, divergence, and curl, which are the fundamentals 

when learning vector calculus [12]. Therefore, we anticipate that the use of the 

MATLAB as a pedagogical tool for teaching and learning in a traditional classroom 

would enhance students’ SV skills and problem-solving in vector calculus. 

3 Theoretical Framework 

Authors [1, 2] define visualisation as, “the ability, the process and the product of 

creation, interpretation, use of and reflection upon pictures, images, diagrams in our 

minds, on paper or with technological tools, with the purpose of depicting and com-

municating information, thinking and developing previously unknown ideas and ad-

vancing understandings.” Different theoretical frameworks (models - in this research 

theoretical framework and models are used interchangeably) have been used to ex-

plore the way in which spatial visualisation influences problem-solving [1, 63]. For 

instance, Duval’s [13, 14] semiotic theory proposes cognitive processes for interpret-

ing mathematical symbols. This current study employs the Visual-Analyser (VA) 

model developed by Zazkis [63], to explore the role of spatial visualisation in prob-

lem-solving in vector calculus. The VA model views visual and analytical cognition 

as both iterative and complementing each other in the problem-solving process. As 

suggested by the model, the process begins with an act of visualisation, 𝑉1  which 

could be any visual representation (drawing, image on the computer screen or mental 

image). Using the model, the image may be analysed during stage 𝐴1 which consists 

of some sort of coordination of the objects and processes constructed in step 𝑉1. This 

analysis may lead to new constructions. In a subsequent act of visualisation, 𝑉2, the 

student returns to the same “picture” object used in  𝑉1, but as a result of the analysis 

in 𝐴1, the picture may change. As the sequence is repeated, each act of analysis is 

dependent on the previous act of visualisation. 

While various learning technologies have mushroomed as characterized by the lit-

erature review and substantiated by the theoretical review, there remain opened ques-

tion: Thus, altogether, while extant research evidence that learning enhancement 

through technological tools does help, there are still questions in many disciplines 

regarding the adoption of learning technologies. 

3.1 Research questions 

In respect to (A) pre-service teachers’ participants at the (B) research university 

situated in a high-poverty, rural region of South Africa, with (C) a control group expe-

riencing lectures and the experimental group experiencing MATLAB-based learning 

activities (D) in the context of vector calculus: 1. Do the different learning experienc-

es lead to differences in student work regarding visual and analytical cognition (e.g., 

number of observable occurrences, frequency of iterations, and the complementary 

nature of the two)? 2. Does differences from #1 lead to: stronger SV skills, deeper 
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mathematical understanding, greater conceptual understanding, and better problem 

solving? Examining these questions in South African rural schools has thus become 

relevant. Compelling even the public to take more elementary roles in educating their 

children. For instance, as educators and parents work with their children, both may 

observe several mathematical content issues that may increase learners’ performance 

in a way different from before through CAT. The current research highlights the fact 

that geometry content and pedagogy, or geometry epistemology are not the same 

through CAT and particularly in virtual environment. Thus, assisting all to best assist 

students. 

4 Methodology 

The research adopted Duval semiotic theory proposes cognitive processes. A re-

sponse to the research leads to number of research questions. Together with theoreti-

cal framework and research questions, there are number of methodological steps: The 

research randomly sampled 100 preservice teachers in second year vector calculus 

class in a South African university located in a high-poverty and rural region of the 

nation. Almost all the participants (N = 94) were also from high-poverty, rural regions 

in South Africa. While primarily homogeneous on race (all Black South African), 

ethnicity (heavy Zulu influence) and socioeconomic status, the participants were het-

erogenous on academic performance levels, mathematical performance in the respec-

tive class and in previous classes, and gender. These participants were separated into 

an experimental group (N = 50) and a control group (N = 50). A mixed method ap-

proach was employed in the study. A pre-test was administered to determine and 

compare the baseline for each group. As later revealed in the findings, both groups 

were of very similar ability levels at the outset of the study. The groups were taught 

by the same researcher for three weeks on the vector calculus topics: addition and 

subtraction of vectors, dot and cross products, curl and vector integration. For the 

control group, lessons were taught using the traditional approach using textbooks and 

chalkboard, and 3D shapes associated with vector integration were drawn on the 

board and explanations were given. However, for the experimental group the dynamic 

visual tool MATLAB was employed as a pedagogical tool in lesson delivery. The 

same instructor was employed for both the control and experimental groups to main-

tain some consistent characteristics. For instance, although the instructional strategies 

were different between the groups, the instructor/student interaction and dynamic 

would be more consistent than not. Additionally, employing one instructor ensured 

that the proposed content for each group was covered as intended. 

It is important to further explicate the significant differences in the instructional 

methodologies between the two groups. While the content covered in the two groups 

was as identical as possible, the control group experienced lectures with the aids of 

static diagrams. For the experimental group, the first week involved training on the 

usage of the MATLAB by the researcher. In the following two weeks, instruction was 

provided through lectures accentuated with dynamic applets in MATLAB and learn-

ing was experienced through activities developed to be investigated through 

MATLAB use. Comparatively, the control group experienced three weeks of lectures 
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involving static diagrams through which to visualize the content. Thus, there are nu-

merous variables which cannot be disaggregated from the differences in the treat-

ments. It is not simply that one group used MATLAB and the other did not. Rather, 

the group which used MATLAB also experienced learning through carefully designed 

learning activities rather than the lecture, practice, homework cycle. Notably, neither 

group experienced collaborative learning in this project. This was purposely planned 

in this manner so to eliminate this as another possibly confounding variable.  

Both the pre-test and post-test were provided on paper and completed with pen or 

pencil. No use of MATLAB was allowed in completing these tests. Data was collect-

ed quantitatively through a pre-test and a post-test and qualitatively through content 

analysis of student work on the test items. The statistical method, independent sam-

pled t-test was employed to determine whether there was significant difference be-

tween the results from the groups. The analysis involved considering by a brief cogni-

tive skill each item strives to examine, the problem-solving skills (i.e., conceptual 

understanding, procedural skills, and factual knowledge) demonstrated by the student, 

and the type of coordination processes involved in the problem-solving situation. The 

pre-test (same as post-test) consisted of eight items. 

In the following reporting, student work is coded as CGxxx or EGyyy, with CG 

and EG denoting whether the student belonged to the control or experimental group 

respectively. The numerals xxx and yyy denote the participant. It is important to rec-

ognize that only a few exemplars are provided from the collected and analyzed work 

of the 100 participants. Providing significantly more examples would be both volumi-

nous and pedantic. 

4.1 Laboratory activities 

Students in the experimental group were given one-week training on the usage of 

the MATLAB by the researcher followed by activities relating to vector calculus such 

as generating and viewing isometric blocks from different angles, plotting vector 

fields, and many more (as illustrated in Figures a, b and c). 

  

(a) Figure-a shows the curl of the vector function �⃗⃗⃗� = −𝒚𝒊 + 𝒙𝒋 

 

(b) Vector function 𝐅⃗⃗⃗ ⃗ = −𝐲𝐢 + 𝐱𝐣 generated using the MATLAB 
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(c) Isometric view of blocks. 

Fig. 2. A worksheet presented by student (EG014) from the experimental  

class who used the MATLAB to generate cube boxes. 

In activities 1 and 2, the students in the experimental group used MATLAB to gen-

erate and rotate 3D shapes (e.g., such as a cube). The aim was to visualise, view 3D 

figures from different angles and make their own conjectures about the properties of 

3D shapes. These activities (i.e., refer to Figures a and b) are presumed to have direct 

link with students’ cognitive reasoning such as problem solving. 

Activity 3 

 

Fig. 3. A worksheet presented by student (EG015) from the experimental  

class run the code given to generate vector field. 

The aim of activity 3 was to equip the experimental students on how to use 

MATLAB to generate vector field from any given vector equations (refer to Figure 3). 

This contributes to their ability to visualise a vector field and perform vector opera-

tions such as additions of vectors, flux, and cross product. The practical assistance of 

MATLAB to generate a vector field from a vector equation was aimed at improving 

the students’ understanding, confidence, and visual reasoning. Furthermore, the use of 

MATLAB was planned to equip the students to visualise or sketch a correct vector 

field and give correct interpretations of the vector field drawn. 
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5 Findings 

Question 1 requires participants to match the equations with their respective 

graphs. This question was designed for students the need to employ visual and analyt-

ical cognition both iteratively and complementarily in ways which would be observa-

ble through their work and sought to examine the participants’ SV skills and factual 

knowledge. Table 1 provides the percentage correct scores by both groups before the 

teaching experiment. 

Table 1.  The analysis of question 1 in percentage before the teaching experiment. 

Question Percentage scored by the control 

group (%) 

Percentage scored by the exper-

imental group (%) 

1.1 
𝑥2

𝑎2
+

𝑦2

𝑏2
+

𝑧2

𝑐2
= 1 28 28 

1.2 𝑧 = 𝑥2 + 𝑦2 29 27 

1.3 𝑥𝑦 = 3 73 71 

1.4 𝑦 = 𝑥3 74 72 

1.5 𝑥2 + 𝑦2 = 3 28 28 

 

Fig. 4. The solution presented by CG005 

Figure 4 shows the solution presented by CG005 and some of the general concerns 

raised. For instance, CG005 raised the concern that, since s/he did not often work with 

these algebraic equations, s/he found it difficult to match them to their respective 

graphs. S/he further claimed that “it is not easy to memorise all the equations and their 

graph functions.”  

Question 2a was meant to evaluate how participants integrate spatial-visualisation 

skills and analytical reasoning in sketching vector diagrams articulating correct repre-

sentations of vector magnitude, direction, and interpreting vector correctly. This 

schema was used to consider the solution presented by the student CG0012.  

134 http://www.i-jet.org



Paper—Analysis of Rural-Based Pre-Service Teachers Spatial-Visualisation Skills in Problem Solving... 

 

Fig. 5. Student CG012’s solution on graph functions 

Table 2.  Analysis of the Visual-Analysis in the solution by CG012. 

Visual Analysis 

V1. Question 2.1a vector field sketch Analysis 

V2. Visual step: setting the Cartesian plane  A1. Algebraic step: reading the vector function 

V3. Represent the vector in the 𝒚-axis  
A2. Read the vector function �⃗�(𝑥, 𝑦) = 𝑥𝑗 on 

the 𝑦-axis. 

V3. Sketch for vector field  
A3. Error. Wrongful vector field representation 

for both positive and negative 𝑦-axes.  

V4. Sketch shows magnitude and direction. 

A4. Error. The magnitude of the vector field 

drawn is the same even as they further away 
from the origin. 

 

The solution presented by participant CG012 in Table 2, indicates that s/he was 

able to adhere to factual knowledge by recalling that the vector value �⃗�(𝑥, 𝑦) = 𝑥𝑗 is 

in the y-axis. However, s/he was unable to recall that the length of the vector repre-

sents the magnitude. (The visual representation of the vector field must show an in-

crease in length as the vector field is further away from the origin of the 𝑥𝑦 plane.) 

This error showed a lack of both conceptual understanding and factual knowledge. 

This demonstrated that CG012 did not use visual and analytical cognition iteratively 

to refine each other.  

Responses from another participant, EG012, on sketching vector field for the vec-

tor equation �⃗�(𝑥, 𝑦) = 𝑥𝑗 (refer to Table 2) included: “vector field lines are not to get 

closer to each other”, “the same distance is maintained between vector field lines”, 

and “vector field lines move in upward directions and downwards in the Cartesian 

plane.”  

Question 2.1b examines participants’ ability to convert word problems to algebraic 

equations. This question was again designed to observe participants’ use of visual and 

analytical cognition. While most students did not attend to question 2.1b, the respons-

es from CG022 included: “I found it difficult to write mathematics word problem” 
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and “I normally ignore word problem because it is too challenging” (refer to Figure 

6).  

 

Fig. 6. CG022’s solution for the word problem 

Table 3.  Analysis of the Visual-Analysis in the solution of CG022. 

Visual Analysis 

V1. Question 2.1b  

Visual step: Wrongful representation of vector diagram 

to the question  

A1. Algebraic step: wrongful writing of equation. 

A2. Wrongful vector calculation. 

 

From the solution presented and the table of visual-analysis (refer to Figure 6 and 

Table 3), the CG022 failed to represent the word problem. This led to his/her inability 

to write the correct equation. This was interpreted to mean that s/he most likely lacked 

the conceptual understanding and spatial-visualisation skills required for the sketching 

and writing of the vector diagram for the word problem (refer to Figure 6).  

Question 2.2a and 2.2b asked participants to convert the Cartesian coordinate 

(𝑥, 𝑦, 𝑧)=(1, √3, 2) to cylindrical coordinates, a process again requiring both visual 

and analytical cognition iteratively and complementarily. To provide a solution for 

2.2a, procedural skills are required. This ‘routine type of question’ required partici-

pants to write the cylindrical coordinate equations, substitute the Cartesian coordinate 

points, and compute the cylindrical coordinates. Question 2.2b (sketching the cylin-

drical coordinate points calculated in question 2.2a) required students’ SV skills. This 

scheme was then compared with the solution presented by participant EG009. 
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Fig. 7. EG009’s solution for the conversion of the Cartesian coordinate (𝑥, 𝑦, 𝑧) = (1, √3, 2)  

to cylindrical coordinates and a graph in cylindrical coordinates. 

Table 4.  Analysis of the Visual-Analysis in the solution by EG009. 

Visual  Analysis 

2.2a & 2.2b conversion between Cartesian to 

cylindrical coordinate system. Visual steps 
Algebraic steps 

2.2a Numerical register: copying the equation 

and substituting into the cylindrical coordi-

nate equations. 

A1. Coordinate points were substituted in the cylindrical 

coordinate equations 𝑟2 = 𝑥2 + 𝑦2, 𝑛𝜃 =
𝑦

𝑥
 , 𝑧 = 𝑧 . 

A2. Calculation computed and cylindrical coordinates was 
found. 

2b. V1. Geometric register: Set up the 

𝑥, 𝑦, and 𝑦 plane. 

A3. Algebraic register: Coordinate points plotted on the 

𝑥, 𝑦, and 𝑦 plane correctly. 

V2. Joining the cylindrical coordinate points 
correctly to form the 3D shape. 

 

 

Figure 7 and Table 4 indicate that participant EG009 correctly employed procedur-

al skills (e.g., analytical step substituting into the cylindrical equations correctly). 

Conceptual understanding was demonstrated by the student producing a correct con-

version between geometric and algebraic registers. It can be interpreted that partici-

pant EG009 demonstrated coordination between spatial and analytical thinking.  

In providing the solution for question 3.1 the student had to apply his/her spatial-

visualisation skills, conceptual understanding, and procedural skills. S/he needed to 

find 𝑥, 𝑦, and 𝑧 intercepts from which s/he could write the cartesian coordinate points; 

this required both conceptual understanding and procedural skills. Furthermore, set-

ting up the 𝑥, 𝑦, 𝑧 cartesian plane and plotting cartesian coordinate points to form a 

tetrahedron 3D shape required spatial-visualisation skills. This scheme was then used 

to analyse the solution presented by participant EG043. 

iJET ‒ Vol. 16, No. 10, 2021 137



Paper—Analysis of Rural-Based Pre-Service Teachers Spatial-Visualisation Skills in Problem Solving... 

 

Fig. 8. EG043’s solution for sketching the 3D shape of the  

algebraic equation 2𝑥 + 𝑦 + 𝑧 = 8 in the D E 

Table 5.  Analysis of the Visual-Analysis in the solution by EG043. 

Visual (V) Analysis (A) 

3.1 Multivariate calculus  Visual steps  Analysis 

V1. Numerical register: find the coordinate 
points for plotting the graph of the equation 

2𝑥 + 𝑦 + 𝑧 = 8. 
A1. Algebraic register: Calculation of 𝑥, 𝑦, and 𝑦 intercepts. 

V2. Geometric register: Correct setup of the 

𝑥, 𝑦, and 𝑦 cartesian plane. 

A2. Calculation of 𝑥, 𝑦, and 𝑦 intercepts and writing the 

coordinate. 

V3. Sketch of the coordinates points to form 

the 3D shape. 

A3. Coordinate points indicated on the 𝑥, 𝑦, and 𝑦 plane 

correctly. 

 

Question 3.2 required participants to first recall (factual knowledge) that the equa-

tion ℎ(𝑥) = 2𝑥 is a straight-line graph and 𝑔(𝑥) = 𝑥2 is a parabolic graph and sketch 

or visualize the region bounded by the two function graphs (spatial-visualisation 

skills). This was to be followed by writing the double integral equation for the region 

bounded by the graph functions and computing the area which required both concep-

tual understanding and procedural skills. This scheme was then used as guide in ana-

lysing the solution presented by CG016. 
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Fig. 9. CG016’s solution for sketching the graph of the region 𝑅 bounded by ℎ(𝑥) = 2𝑥 and 

𝑔(𝑥) = 𝑥2, and evaluating ∬ (𝑥 + 2𝑦)𝑑𝑦𝑑𝑥
𝑅

 along the 𝑅 in the interval 0 ≤ 𝑥 ≤ 2. 

Table 6.  A scrutiny of the Visual-Analysis in the solution by CG016. 

Visual (V) Analysis (A) 

 3.1 Question on Double integral Visual steps Analysis  

 V1. Conversion: Algebraic registrar to geo-

metric registers: ℎ(𝑥) = 2𝑥 and 𝑔(𝑥) = 𝑥2. 

 A1. Treatment of algebraic functions ℎ(𝑥) = 2𝑥 and 

𝑔(𝑥) = 𝑥2 is equated to zero find their intersection. 

V2. A correct sketch of 𝑔(𝑥) = 𝑥2 but incor-

rect representation of the linear graph ℎ(𝑥) =
2𝑥. 

A2. Error: Incorrect setup of the double integration. 

A3. Incorrect calculation and appear not sure.  
A4. Unable to calculate the intersection of the two func-

tions ℎ(𝑥) = 2𝑥 and 𝑔(𝑥) = 𝑥2 correctly. 

 

Finally, the last question 3.3 required a sketch or imagery of the 3D cube shape 

(spatial-visualisation skills) and one had to recall that the dimensions of a cube are 

equal (i.e., factual knowledge). This is followed by writing the triple integral equation 

and computing the mass and as such requires students’ conceptual understanding and 

procedural skills. This scheme was used to analyse the solution presented by EG036. 
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Fig. 10. Student EG036’s solution for the calculation the  

mass of a cube with density of 𝑓(𝑥, 𝑦, 𝑧) = 𝑡𝑧 

Table 7.  A close scrutiny of the Visual-Analysis in the solution by EG036. 

Visual Analysis 

Q.3.3 Triple integral  
Visual steps 

Analysis steps 

V1. Conversion from Algebraic to geo-

metric register. 
A1. Treatment in algebraic register. 

V2. Correct sketch of cube in the 𝑥, 𝑦, 
and 𝑧 plane 

A2. Assigned correct dimension to the cube. 

A3. Generate triple integral.  
A4. Correct substitution of lower and upper limits.  

A5. Correct calculation of the volume of the cube. 

 

Based on the analysis (Table 7) and the solution presented, participant EG036 (re-

fer to Figure 10) demonstrated a high sense of smooth coordination between visual 

and analytical reasoning. By sketching correctly, a 3D cube figure and indicating the 

dimensions to represent the problem situations, factual knowledge was demonstrated. 

Furthermore, s/he demonstrated both conceptual knowledge and procedural skills 

having correctly generated the triple integral equation, indicated lower and upper 

limits, and performed the calculations of the volume of the cube.  

8a and 8b give a summary of the group statistics and the independent sample test of 

the pre-test. 

Table 8.  a: Group statistics on pre-test 

Pre-Test 

Score 

Group N Mean Std. Dev Std. ErrMean 

Control Group 50 14.62 3.78 .535 

Exp Group 50 15.40 3.65 .516 

 p< 0,05 
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 The pre-test was administered to 100 rural-based pre-service teachers constituted 

of control (N=50) and experimental groups (N=50) as indicated in Table 8a. The 

mean pre-test score of the control group (�̅� = 14.62, 𝑆𝐷 = 3.784) and that of mean 

pre-test score for the experimental group (�̅� = 15.40, 𝑆𝐷 =  3.648). An independent 

sampled test was further carried out to see whether there was significant difference of 

the pre-test score between the two groups (refer to Table 8b).  

Table 8.  b: Independent Sample Test for assessing the baseline of the groups 

 

Levene's Test 

for Equality of 

Variances 

t-test for Equality of Means 

F Sig. T Df 
Sig.  

(2-tailed) 

Mean 

Diff 

Std. Err 

Diff 

95% confidence 

interval of the 

Diff 

Lower Upper 

Pre -
Test 

Score 

Equal variances 

assumed 
.51 .48 -1.05 98 .29 -.78 .74 -2.26 695 

Equal variances 
not assumed 

  -1.05 97.9 .29 -.78 .74 -2.26 695 

T-Value significant at 𝑝 < 0.05 

From Table 8b, the mean difference between the groups was 0.78 with a t-value 

1.05. However, the 𝑝-value (2-tailled) was 0.29 (𝑝 > 0.05); hence, we have reason to 

conclude that there was no significant difference between the mean pre-test score of 

the control group and the experimental group. This meant that control and experi-

mental groups were both on a similar baseline before the teaching experiment (treat-

ment). 

Table 9.  a: Summary of group statistics and the Independent  

Sample Test on the post-test. 

Post-Test Score 

Group Number Mean Std. Dev Std. ErrMean 

Control Group 50 22.20 3.169 .448 

Exp Group 50 29.12 3.274 .463 

 

From Table 9a, the mean post-test score of the experimental group was (�̅� =
29.12, 𝑆𝐷 =  3.27)  and the mean post-test score of the control group  (�̅� =
22.20, 𝑆𝐷 =  3.169 ). This showed there was an increase in achievement test after the 

two teaching experiments (i.e., the use of MATLAB as a tool in teaching and learning 

versus a traditional lecture-based teaching approach) compared to the baseline as-

sessment test (pre-test) which was for the control ( �̅� = 14.62, 𝑆𝐷 =  3.78) and for 

the experimental group (�̅� = 15.40, 𝑆𝐷 =  3.65). An independent sample test was 

further carried out to find out whether there was significant difference between the 

groups (see Table 9b).  
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Table 9.  b: Independent sample test for achievement test on vector calculus (Post-test) 

 

Levene's Test 

for Equality of 

Variances 

t-test for Equality of Means 

F Sig. T Df Sig.  

(2-tailed) 

Mean 

Difference 

Std. Error 

Difference 

95% confidence 

interval of the 

Difference 

Lower Upper 

Post -
Test 

Score  

Equal 

variances 

assumed 

.239 .626 -10.739 98 .000 -6.920 .644 -8.199 -5.641 

Equal 

variances 

not as-
sumed 

  -10.739 97.895 .000 -6.920 .644 -8.199 -5.641 

T-value significant at 𝑝 < 0.05 

Table 9b shows a mean difference of 6.920 between the groups and the 𝑝-value 

0.00. The 𝑝-value was lower than the T-value significant (𝑝 < 0.05) in favour of the 

experimental group. The inference was that MATLAB facilitated student cognitive 

activities in the course while performing the laboratory activities as such generating 

geometric figures, rotating, and viewing them from different views, generating vector 

fields, etcetera. Also, it means the laboratory activities mediated coordination between 

spatial-visualisation and vector calculus achievement. Thus, MATLAB promoted the 

performance of the experimental group in vector calculus achievement test. Hence the 

use of this dynamic computer environment in teaching and learning in traditional 

classrooms enhanced mathematics problem-solving skills and achievement. 

6 Discussion 

Prior to considering other results of this research, it is important to return specifi-

cally to the visual-analysis model [63] supporting this study. General comparative 

observations between the work performed by students in the control group versus the 

experimental group can be made. First, students in the experimental group demon-

strated a greater number of observable occurrences of both visual and analytical cog-

nition. For instance, while many control group students exhibited one to three occur-

rences of each (e.g., A1, A2, A3 and V1, V2, V3, with means of A = 2.38 and V = 

2.56 occurrences respectively), many experimental group students exhibited three to 

five occurrences of each (e.g., A1,A2,A3,A4 and V1,V2,V3,V4, with means of A = 

4.38 and V = 4.19 occurrences respectively). Second, a greater frequency of iterations 

occurred in the work of experimental group participants (e.g., V1-A1-V2-A2-V3-A3-

V4-A4) than for the control group (e.g., V1-A1-V2-A2). Third, far more often, the 

work from participants in the experimental group demonstrated observable occurrenc-

es in which visual and analytic notions complemented each other, building to spatial-

visualization (SV) skills and conceptual understanding. In contrast, the work from 

control group participants and the experimental group demonstrated a greater fre-

quency of observable occurrences in which visual and analytic notions competed and 
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confounded each other, leading to errors regarding fact-based knowledge with limited 

conceptual understanding. Thus, for the experimental group, visualisation and analy-

sis seemed to coordinate when solving mathematical tasks, leading to deeper SV skills 

and mathematical understanding.  

The study set out to analyse how rural-based pre-service teachers apply their spa-

tial-visualisation skills in problem-solving in vector calculus. The participants were 

randomly separated into control and experimental groups of equal size and similar 

ability (according to the pretest). Each group took the same pre-test prior to the teach-

ing experiment and the same post-test after the teaching experiment. The tests were to 

determine the participants’ conceptual understanding, procedural skills and factual 

knowledge required in vector calculus problem solving. In addition, guided by the 

visual analysis model from Zazkis [63], the participants’ ability to coordinate between 

visual and analysis in solving vector calculus problem was analysed by closely scruti-

nising the solution presented. 

Question 1 (refer to Figure 5) required participants to match some selected equa-

tions associated with vector calculus problems with their respective graphs. This re-

quired both students’ conceptual understanding and factual knowledge. However, our 

findings revealed that participants struggled to link algebraic function to graph. From 

this perspective, rural-based teachers’ inability to recall or sketch graph functions that 

are associated with vector calculus problem may be due to poor spatial reasoning 

skills. Interestingly, the computer dynamic environment plays a significant role in 

these conversions. By using MATLAB, the experimental group did not only become 

more familiar with 3D geometric shapes (such as; planes, 3D shapes such as ellipsoid, 

cone, cube, hyperboloid, and many more) but they were able to generate and display 

them on the screen.  

Table 10.  The analysis of question 1 in percentage after the teaching experiment. 

Question Percentage scored by the control 

group (%) 

Percentage scored by the exper-

imental group (%) 

1.1 
𝑥2

𝑎2
+

𝑦2

𝑏2
+

𝑧2

𝑐2
= 1 56 75 

1.2 𝑧 = 𝑥2 + 𝑦2 64 87 

1.3 𝑥𝑦 = 3 69 89 

1.4 𝑦 = 𝑥3 72 95 

1.5 𝑥2 + 𝑦2 = 3 74 94 

 

In comparing results in Tables 1 and 2, there was significant increase in the scores 

for both groups. This means that students gained from both approaches. However, it 

appears that the experimental group experienced greater gains. The findings aligned 

with the claim by some researchers [2, 4, 30, 54] that dynamic visual tools (such as: 

CAS, MATHEMATICA, and MATLAB) could enhance mathematics achievement. 

From the statistical results obtained from scrutinising rural-based pre-service teach-

ers’ conceptual, procedural, and factual knowledge through the solutions and com-

ments they provided, we have reason to support the claims by those authors [2, 4, 30, 

54].  
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Question 2.1a: How do rural-based pre-service teachers apply their spatial-

visualisation skills in problem solving? It was found that even though the participants 

had encountered some fundamentals of vectors in high school, they had difficulty in 

handling fundamental vector operations (such as sketching and describing vector 

diagrams and addition and subtraction of vectors (refer to Figure 6) in college. An 

implication from previous work [22] is that, even though vector tasks require high 

spatial-visualisation skills. This may further explain why less attention is paid to 

graphical functions. The theory further elaborated that, while analysis starts with co-

ordinates of an object (visualization), as it continues richer visuals are formed which 

help in problem-solving situations. Conversely, lack of coordination between visual 

and analysis results hinders problem-solving situations.  

Question 3: How do rural-based pre-service teachers apply the spatial-visualisation 

skills in solving integral calculus? From excerpts from the work of participant EG036, 

it can be deduced that some students are more comfortable performing routine task 

such as working with mathematics equations but feel reluctant or unable to work in 

the context of function graphs. They struggle in switching between registers (e.g., 

geometric register to algebraic register) perhaps, as hypothesised [53], because this 

may be too cognitively demanding. This connects with previous [24, 55] assertions 

that students are reluctant to work in geometric registers. Furthermore, it seems that 

the participants in this study who were able to draw a correct sketch (3D shape of 

cube) to represent the problem also accurately wrote the integral equation and per-

formed the integration procedure (refer to Figure 10). However, the respective diffi-

culty observed when this process was reversed provides support to researchers [60] 

(2003) claim that students’ difficulties in problem-solving is born from their inability 

to meaningfully visualise mathematical concepts and manipulate and interpret geo-

metrical shapes. Hence, all the study participants who accurately used a sketch to 

represent the question tended to present the correct solution. While we, therefore, 

conclude that the dynamic visual environment, MATLAB, can significantly enhance 

conceptual understanding, procedural skills, and factual reasoning, the exact mecha-

nism explaining this association between visual and analysis was not accounted for in 

the scope of this research study. 

Conclusively, the evidence revealed strong nexus between learning and MATLAB 

in current scenario. Thus, there is the need to augment learning through MATLAB 

being critical for the knowledge development. 

7 Limitations 

The limitations of this study are numerous. Among others, we cannot guarantee 

that other populations – even from other high-poverty, rural universities – would 

produce similar results to this study. We are currently unwilling to generalize beyond 

our research population. However, we are glad to see such positive results from the 

experimental group with limited involvement with MATLAB. 

This study did not analyse the data in respect to individual student past mathemati-

cal performance. For instance, while we see that generally the group using MATLAB 
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gained more in SV skills and mathematical understanding, we do not know if result-

ing changes were greater for some sub populations of these students than others (e.g., 

lower versus higher performing students).  

We did not survey participant familiarity with technology prior to this study. We 

assumed that this was relatively homogeneous throughout the entire participant popu-

lation, since, for a couple years prior to this study: (A) they had all attended the same 

university, (B) under the same pre-service teacher program of study, and (C) had 

taken a very similar path of courses requiring similar uses of technology. However, 

technology ability may have been more heterogeneous than assumed.  

Additionally, regarding replicability, we cannot guarantee that other instructors 

would have similar results. We recognize that there are numerous factors at play in 

the instructor/student relationship which play roles in student experiences and learn-

ing.  

Last, there were many conjoined variables which could not be disaggregated. For 

instance, it is possible for “high-poverty” and “rural” to be disjoint variables with 

each having different effects on student use of technology, SV development, and 

mathematical development. This is left for future research.  

8 Conclusion 

The evidence establishes strong nexus between learning and MATLAB as a new 

technology. This is because, from the above, the empirical evidences gathered from 

the pre-test, post-test and content analysis revealed that most of the rural-based pre-

service teachers have challenges ranging from their inabilities to: visualise and sketch 

space figures, translate between graphic and algebraic representation in 3D, sketch 

and describe vector plots, translate vector word problems into algebraic equation, 

perform vector operations, and set up double and triple integral of vector equations. 

From the statistical evidence gathered, the use of MATLAB as a dynamic visual tool 

supporting and building spatial-visualisation skills can enhance problem solving and 

achievement in the context of vector calculus. This substantiates the interrelationships 

between dynamic visual tools, problem-solving skills, and achievement. Hence, we 

can conclude that the use dynamic computer technology can be successfully and pro-

ductively employed in rural-based universities in enhancing mathematics problem-

solving skills, achievement, and spatial-visualisation skills. 
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Abstract—Active learning is a learner-centric instructional method that uses 

discussion, role play, collaborative problem-solving based approaches to engage 

students with the course materials. However, due to the pandemic, active learn-

ing activities take place over multiple learner-centric technologies, as class-

room-centered activity design is no longer possible. This study explored the 

success stories of active learning in disadvantageous educational contexts, par-

ticularly in Arab regions. After examining the theory, models, and various 

learner-centric technologies of pre-pandemic active learning designs, this study 

proposes 25 emerging technologies to support 19 active learning strategies re-

garding learning activity design in new education normal. The three-fold find-

ings are related to designing active learning activities in new education normal, 

enhancing less practiced active learning strategies, and bridging the gaps in pre-

and post-pandemic active learning activity design using learner-centric technol-

ogies. 

Keywords—Active learning, interaction design, learner-centric technology, 

new education normal, pedagogy 

1 Introduction 

1.1 New education normal 

The term new normal is used to describe the havoc everywhere and poses new 

challenges in the education system. The new normal in education has been raised due 

to the disruption that the covid-19 pandemic has brought. Since the covid crisis struck 

and campus institutions were forced to close, students continued their education using 

interactive digital platforms like GoogleMeet, Cisco WebEx, Zoom, and skype [1]. A 
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report published by Commonwealth shows that, after the covid crisis struck, which 

forced campuses to close with implications for millions of students, 31 open universi-

ties listed in the Commonwealth have enrolled over 5 million students [2]. The new 

normal in education has shown greater attention to distance learning using various 

pedagogical methods. Commonwealth reported "no significant difference in outcomes 

between distance and traditional classroom instruction, yet there is a lingering percep-

tion, especially in the developing world, that distance education is not as effective as 

class-based education" [2]. Besides, it has been extremely challenging for educators to 

assess how active students are in the classroom while attending classes remotely.  

1.2 Active learning as an instructional method in higher education 

In general, active learning refers to a broad range of behaviors and activities, in-

cluding reading, writing, discussion, question-posing, and problem-solving, that help 

in transmitting knowledge. The advantages of active learning in higher education 

classes include increasing students' engagement, developing collaborative skills, en-

hancing critical thinking, sparks creative thinking, and fostering real problem-solving 

skills. Moreover, the cone of learning (refer to Fig. 1) clearly distinguished between a 

passive learner and an active learner [3]. It is found that active learning achieves 70% 

to 90% of what he/she intends to learn while a passive learner achieves 50% [3]. It 

can be said that most mobile, distance and seamless learning technologies used by 

teachers and learners to support active learning classrooms are developed to achieve 

50% to 70% of the knowledge. In order to achieve the purpose, to date, many strate-

gies have been used. Determining the appropriate strategy could be challenging for 

the teacher as it depends on many associated factors such as curriculum, course con-

tents, technologies, and the pupils. Many instructors prefer to have a combination of 

multiple strategies for increasing the learning outcome and interaction.  

 

Fig. 1. The cone of learning [3] 
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1.3 Research questions and contributions  

This study investigates the active learning pedagogies, practices, and learning-ing 

outcomes across the disadvantaged educational contexts, emphasizing the Arab re-

gions. This paper addresses three research questions [4].  

• RQ1: How active learning pedagogies in higher educational settings have been 

affected by the pandemic?  

• RQ2: How active learning strategies have been implemented using learner-centric 

technologies in disadvantageous educational contexts.  

• RQ3: How to bridge the gaps in pre-pandemic and new education normal active 

learning activity design by connecting learner-centric technologies with strategies? 

Moreover, in this paper, we connected distance educational tools and technologies 

that could impact post-pandemic higher education in terms of classroom design, re-

thinking, and learning measurement. Furthermore, we studied various applications 

and systems such as Kahoot, Socrative, LFO panel, Inter-Note, Brainwriting, WeChat, 

Youtube, Zoom breakout room, Edmodo, Plickers, and DojoIBL could be useful in 

enhancing active learning. This study could help higher institutions in Asia lead stu-

dents to perform better while taking online classes and engaging teacher-given activi-

ties in distance education. 

2 Literature Review on the Active Learning Practices in 

Disadvantageous Educational Contexts  

Active learning methods have not just been tested in advantageous educational 

contexts (such as US, EU, and the UK), it has also been used in disadvantageous con-

texts such as the Arab regions. In this section, a survey is reported on active learning 

practices across Asia-pacific and Arab-regions. The survey uncovers information on 

the learning technologies and methods used to support active learning in the class-

room.  

In Jordan, applying active learning strategies using the learning management sys-

tem (Moodle) and interactive whiteboard can improve students' achievement in a 

computerized kids program [5]. Moreover, a study is conducted about Syrian refugees 

residing in Jordan that adopted blended learning as the instructional method [6]. Ed-

modo is a tool that has been used across many higher educational institutions in Arab 

regions. For instance, in Saudi Arabia, using Edmodo through mobile devices posi-

tively impacts students' learning and access to information. In addition to activating 

all Edmodo features to increase its impact on the educational process [7]. In Egypt, 

using active learning through Edmodo effectively teaches English for specific purpos-

es in general and, in particular, in oral communication skills such as accurate pronun-

ciation, fluency, and elocution [8]. Edmodo also has been used to apply e-project and 

role-playing strategies through the SOPC (Small Private Online Course) model. In 

Saudi Arabia, it is found that, first, using e-project using Edmodo leads post-graduate 

students to improve their research skills through digital resources; second, using role-
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playing through Edmodo could improve the practical skills among group learning and 

support interactivity among the learning group [9]. In Saudi Arabia, augmented reality 

technology is suggested to be an effective technology for enhancing active learning. 

Because one study found that AR benefits in using multimedia and it can create a 

relation between the digital devices' camera and presenting the knowledge and skills 

unfortunately still, there is a need to improve teachers' competencies in practicing 

augmented reality application through active learning activities in the various learning 

contexts [10]. Furthermore, using motion graphics is a good chance of practicing 

active learning [11] (Abdel-Hameed, 2019). Active learning through an e-learning 

environment based on instructional models improves female students' digital story 

skills. It is because active learning through an e-learning environment enables stu-

dents to practice the learning activities, share their own opinion, discuss their ideas, 

collaborate with other students, practice the practical learning activities, improve their 

responsibilities toward their self-learning, and encourage the students to search for the 

new experiences that they have to learn [12]. 

3 Mapping Impactful Learning Technologies with Strategies to 

Design Active Learning Activities  

This section aims to map some of the promising and impactful learning technolo-

gies that can be used to support active learning design under pandemic and post-

pandemic education (i.e., new education normal). First, we discuss some impactful 

learning technologies and their usage in active learning activity design in new educa-

tion. After that, we map twenty-five learner-centric technologies with active learning 

strategies.  

• ARIS: The gaming software ARIS developed by UW Madison is a promising tool 

that could help students in responsive active learning. The gamified environment of 

the ARIS system (refer to Fig.2) provides fun opportunities for learners to develop, 

practice, and improve coping skills for potentially stressful, unfamiliar, complex, 

or controversial situations.  
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Fig. 2. Learning environment ARIS system  

• Edmodo: Edmodo is a computer-mediated environment that can be used to support 

active learning in a traditional classroom. The Edmodo platform uses social net-

work sites such as Facebook and Twitter to connect and interact with one another, 

share ideas and opinions, and fluidly gather feedback.  

• Socrative: This tool is advised to support several activities in a classroom where 

students have their smartphones. Because this platform uses smartphones to visual-

ize students’ understanding, provides instant feedback, and creates personalized in-

teraction activities to engage students in the classroom. 

• Kahoot: The Kahoot platform could be used by the teachers who aim to use vari-

ous digital games (that is, game-based learning activities) for their classroom. Ka-

hoot platform contributes to students’ learning, including creating and integrating 

appropriate content inside Kahoot and providing students with timely feedback and 

game-play strategies [13]. 

• Plickers: Plickers is widely used as an active learning tool for formative assess-

ment in K-12 and Physical Education Teaching Environment (PETE) profession-

als. Hence it is suggested for the teachers who aim to use formative assessment in 

the classroom. 

• Zoom: Zoom has shown great promises to the teachers and students regarding con-

tent delivery, active participation in discussions, video chat, and screen sharing. 

The analytics of Zoom is capable of ranking top-participants by meeting minutes. 

This tool is suggested to those who aim to use brainstorming in their classrooms. 

Also, this is effective for the instructors who aim in live-monitoring the class. 

• Tokiwa Tool: One of the research tools is Tokiwa tool[14], developed to assist 

active learning activities. This tool can be used as a plugin of Sakai is to enhance 

students’ motivation while students are learning in the absence of a lecturer [14]. 

• BLOSSOMS Interactive Video Platform: Interactive videos could be used as an 

active learning technique to increase students’ performance and motivation. For in-

stance, one study [15] suggested that BLOSSOMS (Blended Learning Open Source 
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Science or Math Studies) developed by MIT (Massachusetts Institute of Technolo-

gy) could be used along with active learning strategies to assist the teaching and 

learning of thermodynamics. On the contrary, this platform could be used without 

an active learning strategy to teach the thermodynamics energy conversion course, 

yet, students’ performance could be enhanced [16].  

• MALL Tools: For foreign language learning programs, MALL (Mobile Assisted 

Language Learning) tools, including messaging services, could be used. Messaging 

apps such as WeChat in the EFL (English as Foreign Language) context could en-

hance students’ English proficiency and motivation [17].  

• LFO Panel: In addition to the existing tools, we developed the LFO (Learn From 

Others) Panel, a tool for experiential learning, known to be a rather complex form 

of active [18], [19]. This tool is mainly used for language learning classrooms 

where teachers intend to teach foreign vocabulary. This tool uses learning analytics 

to identify authentic logs and suggest one learner’s authentic learning logs to other 

learners. Figure 3 shows the interface on the LFO Panel. 

 

Fig. 3. The LFO Panel 

Although several tools are developed, no one tool fits in all situations. Each of the 

tools has limitations for supporting multiple strategies. Therefore, further research and 

developments need to be conducted. In this study, we used the spectrum of some 

active learning activities arranged by complexity and classroom time commitment 

prepared by Chris O'Neal and Tershia Pinder Grover of Centre for Research on Learn-

ing and Teaching, the University of Michigan for mapping the popular strategies with 

emerging technologies. 
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Fig. 4. Mapping impactful learning technologies with active learning strategies  

4 Findings 

In this paper, we explored three critical aspects of higher education, namely, how 

active learning pedagogies have been affected by new education normal, the success 

stories of technology-supported active learning practices in the disadvantageous edu-

cational contexts, particularly in Arab regions, and a way to connect impactful tech-

nologies with active learning strategies, even under- and post-pandemic education. 

The findings of this study indicate that,  

• Concerning RQ1: In disadvantageous educational contexts, active learning strate-

gies have shown significant successes in bringing better learning outcomes. How-

ever, only a few institutions have stepped forward to use this instructional method.  

• Concerning RQ2: In during and post-pandemic education, active learning will help 

to a certain extent with the acquisition of learning outcomes related to skills be-

longing to university undergraduate academic abilities [4]. In new education nor-

mal, teachers find it challenging to remotely measure students' emotions, motiva-

tions, and learning outcomes.  

• Concerning RQ3: To bridge the gaps in activity design between pre-pandemic and 

new education normal, learner-centric applications such as Kahoot, Socrative, LFO 

panel, Zoom's breakout room, Edmodo, and Plickers are recommended. In this re-

gard, it is suggested that more research need to be conducted to develop a suitable 

technological framework for enhancing less practiced active learning strategies 

such as pause for reflection and role-playing [4]. 

In new education normal, students and teachers may have to face several challeng-

es. These challenges include overwhelming technologies, working with a group using 
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technologies, before-and-after class activity design. Unfamiliar technologies could 

remain a challenge for both teachers and students. For students, distractions related to 

multiple activities (i.e., whiteboard activities, video screen sharing, chat window, 

consult with teaching assistant) could be a key factor. For teachers, the evaluation of 

active learning activities could be challenging.  

5 Discussion 

In higher education, active learning is used as a learner-centric instructional meth-

od that primarily aims to engage students fully in their education by exploring, think-

ing, creating, discussing, sharing, and reflecting on what they have learned. This in-

structional method could lead to deeper engagement and understanding than the stu-

dents who sit passively in the class and listen to the instructor's lecture. In both advan-

tageous (i.e., US, UK) and disadvantageous (i.e., Arab countries), active learning 

techniques have been adopted to boost achievement. However, as engaging students 

in hands-on activities, collaborative works, and discussion are the key, it is hard to do 

when universities are closed due to pandemic. Therefore, these activities need to be 

done over learner-centric technologies in new education normal.  

In this paper, we connected twenty-five learner-centric technologies with nineteen 

active learning strategies. The nineteen strategies are- pause for reflection, writing 

minutes paper, self-assessment, group discussion, think pair share, informal groups, 

triad groups, peer review, groups evaluations, brainstorming, case studies, hands-on 

technology, interactive lecture, role play, active review sessions, jigsaw discussion, 

inquiry learning, forum theatre, and experiential learning. These nineteen strategies 

are chosen from work by Chris O'Neal and Tershia Pinder Grover of Centre for Re-

search on Learning and Teaching, University of Michigan. None of the twenty-five 

learner-centric technologies were primarily designed for triad group and forum theatre 

activity design based on our analysis. Therefore, we discuss more on these two strate-

gies.  

Triad groups is an active learning strategy that promotes higher-order thinking 

through generating ideas, answering exams, or solving problems. The teacher in this 

strategy has to prepare the learning material, ask learners to form groups of three 

learners and assigns one role (either reader, recorder, or checker) for each learner in 

the group. The reader's role is to read carefully and to learn about the tasks and mate-

rials. The recorder's role is to write down all the group members' good ideas and write 

the final answer that the full group members agreed upon. The checker's role is to 

ensure that all group members contribute to the discussion and share in the final an-

swer. Although using the triad group helps teachers ensure that all learners understand 

the learning, it enables teachers to stop spreading the misunderstanding that may hap-

pen in some groups with the rest of the learners. Still, using a triad group is a chal-

lenge in a class that enrols large numbers of learners. Managing many triad groups 

through web learning communities requires highly qualified teachers, specific time 

for giving the class, a long-time of management before and after the class, stable and 
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high-speed connection to the internet resources, and not easy and not available all the 

time. 

Forum Theatre is an active learning strategy that can be applied through web learn-

ing communities. The teacher in the Forum Theatre modifies the learning situation, 

learning objective, or the learning problem to be a dramatic sketch that acts out possi-

ble solutions, understanding the learning context, or achieving the learning objectives. 

The steps of applying Forum Theatre as a teaching technique: (1) Develop a Script: 

Learners have to develop a script based on their prior experience, and the primary 

goal of this activity is to train learners to develop scripts that include the learning 

materials. (2) Anti-model Play: After revising the script, learners acted in the script. 

Learners, while acting the scripts, focus on achieving the learning objectives. (3) The 

Forum: in this stage, teachers have to open a discussion with the learners. The discus-

sion should include possible solutions proposed while acting the script. The teachers 

also asked the learners to present the main ideas of what they have seen. (4) Interven-

tion Play: The learners, after finished acting the learning materials, discuss the main 

ideas and related details of the learning objectives. Each student should present the 

central role of one of the characters the act in the learning theatre. Besides, some 

learners joined the scene as a new character [20]. Forum Theatre, as an active learning 

strategy, also has some disadvantages. Although the forum theatre strategy is a suita-

ble strategy for teaching moral issues and many various topics, it is challenging to use 

it to improve engineering majors. Also, preparing a script for forum theatre is another 

challenge for teachers who will use this strategy to overcome it. 

6 Conclusion 

The pandemic forces worldwide to shift from conventional teaching and learning 

methods to digital learning. Although preparing students to master the 21st-century 

skills needed to use a more active learning strategy, using active learning strategies 

within the digital learning communities is challenging. International Research and 

Training Centre for Rural Education (INRULED), UNESCO, contributes to the cur-

rent educational system with a scientific report that discussed active learning guidance 

in new education normal. Because learning is a complex human activity, only provid-

ing guidance sometimes does not work. Designing an active learning course is re-

quired for students to obtain higher quality in their academic performance. 

Designing a suitable learning activity following student-centred activity design 

principles' guidelines remains a challenge that teachers face. Using virtual labs for 

improving learners’ abilities to conduct a scientific experiment in Science major can 

help students understand the scientific experiment, but still, learners need to deal with 

exponential tools in the science labs. Teaching arts, dealing with musical instruments, 

or drawing tools are also the big challenges in new education normal. Therefore, our 

study has connected various educational tools and technologies that could impact 

post-pandemic higher education in classroom design, re-thinking, and learning meas-

urement. Although active learning enables students to practice the learning activities, 

share their own opinions, discuss their ideas, and collaborate with other students, 
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designing an active learning model that could balance real space, virtual space, and 

hybridized learning interaction is necessary. 
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9 Appendix 

In this section, we provide the list of web technologies that have been explored 

within the scope of this article.  

https://www.jigsaw.org/  

https://www.peergrade.io/  

https://www.peerstudio.org/ 

https://www.peerceptiv.com/how-it-works/ 

https://www.futurelearn.com/info/courses/teaching-for-home-learning-secondary-

science/0/steps/75741 

https://www.classdojo.com/toolkit/thinkpairshare/ 

https://tomato-timer.com/ 

https://miro.com/miroverse/category/workshops/virtual-fishbowl-discussion/ 

https://evernote.com/ 

https://simplenote.com/ 

https://fielddaylab.org/make/aris/ 

https://wisc.pb.unizin.org/teachingwithtech/chapter/active-learning-models-

approaches/ 

https://www.edmodo.com/ 

https://www.socrative.com/ 

https://kahoot.com/ 

https://get.plickers.com/ 

https://blossoms.mit.edu/mit_blossoms_initiative_math_science_video_lessons_hi

gh_school_students 

https://animoto.com 
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Abstract—The purpose of this article is to demonstrate the feasibility and 
effectiveness of a systematic approach to the formation of professional compe-
tence of students in higher educational institutions. The study has been conduct-
ed at the S. Seifullin Kazakh Agro Technical University with the participation 
of 126 master students (2 groups) of the specialty “Vocational Education”. Us-
ing a complex of theoretical, empirical and statistical methods, it was possible 
to show the ways to increase the effectiveness of the educational process. The 
basic principles for the training of students were formulated as: 1) systematic 
approach to the formation of professional competence together with organiza-
tion and implementation of the educational process; 2) program-targeted for-
mation of the indicative basis of the upcoming professional activity, and 3) cre-
ating a competency model of the corresponding specialist as a hierarchy of the 
student’s professional competency system, its subsystems, and supersystems. It 
is recommended that Kazakhstan universities should improve tools and proce-
dures for assessing and monitoring students’ level of knowledge, as well as cre-
ate new programs for developing students’ professional competencies to ensure 
their successful employment. The further research on the matter may be the sys-
tematic comparative study of contemporary teaching methods and techniques to 
determine the most productive ways to prepare future professionals. 

Keywords—Learning efficiency, professional competence, specialist readiness, 
systematic approach, teaching techniques, vocational education 

1 Introduction 

Higher education has undergone significant changes recently. Globalization and 
technological changes are forcing educational institutions to engage in innovation and 
comprehensive quality improvement [1], including the personalization of content and 
services to adapt the education for the students with different needs, abilities and 
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requirements [2]. The global economy becomes exceedingly demanding of the human 
capital, requiring the workers to have high emotional intellect, constantly develop 
their knowledge and professional skills, as well as demonstrate flexibility and a mul-
tidisciplinary approach to problem-solving [3]. 

Requirements for the quality of education, which grew up in the context of its re-
structuring and integration into the world community, significantly change the level of 
social expectations in relation to the effectiveness of the whole complex of higher 
education. The transition to competency-based education is a natural step in modern-
izing the system of higher professional education, which allows us to resolve the con-
tradictions between the requirements of the state and the employer for its quality, 
developing labor markets and actual results [4]. Currently, specialist training is de-
termined by two factors: 1) the general philosophical level, depending on the histori-
cal era, its environment and civic education, and 2) the level of professional education 
of the graduate, due to the quality of training appropriate to one’s time, and the reali-
zation of the possibility of continuous training [5]. Professional competence is the 
acquired quality of a person, which is determined by the student’s level of profession-
al knowledge and skills, which further provides the graduate of a higher educational 
institution with demand in the labor market, social adaptation in society, self-
realization and self-sufficiency [6]. It should be noted that to achieve the professional 
competence of students the knowledge and skills acquired in the university per se are 
not enough. It is necessary to learn how to apply them easily in professional activities 
and build necessary inner confidence in the quality of one’s knowledge and skills [7]. 

Ye. V. Borisova [8] denotes two steps to the formation of effective professional 
competence of students: 1) expanding the interdisciplinary component in the structure 
of curricula, i.e., to include educational material from other areas of scientific 
knowledge and practice more widely, indicating the possibilities of use, and 2) creat-
ing the concept of introducing professional competency-based elements in all educa-
tional areas of the curriculum. Thus, the author presented requirements for the cur-
riculum, focused on student competency, and not on the reproduction of the material. 
In the process of obtaining knowledge and skills under such a program, educational 
activity acquires research or practical search character.  

The student’s professional competence is defined as a dynamic system and as a set 
of competencies, socially and professionally significant personality traits, as well as 
certain systemic representations that ensure the student’s readiness with a conscious 
responsibility to carry out professional activities subject to its continuous improve-
ment and development [9]. Consideration of professional competence and its constit-
uent components (competencies, personal and professionally significant qualities, and 
systemic representations of the student) as systems allows us to build an appropriate 
model and logical scheme for their implementation (Figure 1). 
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Fig. 1. Model of a student’s professional competency formation system 

Based on Figure 1, the professional competence of university students is formed in 
five stages: 
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1. Planning the acquired competencies according to the requirements of standards, 
legislation, society, economy, market, etc. 

2. Stating the purpose of education as a system-forming factor. 
3. The implementation of the educational process based on a systematic approach in 

appropriate pedagogical conditions, with the necessary support and with the man-
datory monitoring. At this stage, the educational process is an independent system, 
which serves as the basis and means of the formation of skills. “Entry” to this sys-
tem implies all that is necessary for the educational process: the teacher’s compe-
tence, the availability of properly equipped premises, technical facilities, a curricu-
lum, teaching materials, etc. “Exit” reflects the results of educational, research, 
practical and other activities of students, so as the outcomes of the educational pro-
cess and their assessment. “Feedback” is a mechanism for the active interaction of 
participants in the educational process. 

4. In the process of implementing target programs, as well as relevant technologies 
and methods of training, education and development, the necessary competencies, 
professional competence, personal and professionally significant qualities, compe-
tencies of a systematic approach and systemic representations of students are 
formed, the whole set of which is the so-called indicative basis of the upcoming 
professional activities of students. 

5. The set of competencies, as well as personal and professionally significant qualities 
and systemic representations of the student, form the basis of the professional 
competence of a university graduate. 

In this case, there is a hierarchy of a holistic system of vocational education. A su-
persystem of a higher order in this hierarchy is the sphere of the professional activity 
of a graduate of a higher educational institution. 

When developing the educational process, it is very important to choose the neces-
sary techniques and training methods. To improve the quality of higher education, the 
most productive seems to be a systematic approach characterized by the following 
features: 

• Dominated by a ternary or conjunctive logic. 
• Focused on the goal to be achieved (purpose). 
• Relational and global. 
• Oriented by the present and future (prospective). 
• Open to the diversity of realities and the plurality of solutions. 
• Embracing the emergence of novelty and invention [10]. 

The systematic approach changes the methods of producing theoretical knowledge, 
the scheme of cognitive movement in an object, re-discovering the subject of research 
and the way it is described; changes the structure of knowledge about the subject, the 
conceptual structure of science and the style of scientific thinking. This is a methodo-
logical direction in science, the main task of which is to develop methods for the 
study and construction of complexly organized objects – systems of different types 
and classes. 
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Among the important tasks of the systematic approach are: 1) the development of 
means of representing the studied and constructed objects as systems; 2) the construc-
tion of generalized models of the system, models of different classes and specific 
properties of systems; 3) study of the structure of theories of systems and various 
system concepts and developments. 

Learning based on a systematic approach implies the organization of the educa-
tional process in such a way as to comprehensively develop students’ general and 
special (professional) abilities. The university should provide the graduate with 
knowledge and skills that guaranteed to help him in solving the basic functional tasks 
of professional activity in the future. Having analysed the relevant scientific literature, 
we can identify six components of a system of professional competence as: 

1. Competence in personal qualities. 
2. Competence in goal setting. 
3. Competence in motivating others and self-motivation. 
4. Competence in developing a program of activities and making managerial deci-

sions. 
5. Competence in the field of informational basis of activity. 
6. Competence in the organization of practical activities. 

The value of the system approach is that it allows to study each element individual-
ly, compare them, determining the similarities and differences, the relationship be-
tween them, the dynamics of development of each one separately and the entire sys-
tem. At the same time, the system-forming factor for constructing the model of this 
system is primarily the goals, which, in relation to each element, can be different. This 
allows to update and consider various aspects of the functioning and development of 
system components. 

In the process of a systematic study of a specific professional situation, students are 
required to use not only the acquired knowledge and skills but also go beyond the 
framework of the relevant discipline (disciplines) with coverage of the external (rela-
tive to the situation being studied) environment. In such cases, it is advisable to use a 
systematic approach that promotes a holistic knowledge of the studied objects and the 
environment, actively develops systemic representations, as well as skills and system-
ic thinking of students [11]. 

European higher education is moving “from the concept of qualification to the 
concept of competence,” and the same trend can be observed worldwide [12], [13]. 
Competence becomes a more accurate concept [14], [15]. A set of acquired compe-
tencies is integrated into the concept of “professional competence,” which is a per-
sonal quality of a highly qualified graduate [16], [17]. Professional competence is 
often defined as the ability of an expert to solve a certain class of professional prob-
lems [18]. A competency-based approach has certain impacts on the system of 
knowledge assessment with a focus on students’ employment prospects [15]. At the 
same time, the emphasis is now shifted from controlling how well particular subjects 
are mastered, to monitoring the development of competencies required for work [19], 
partly due to the fact that the level on which particular competencies are formed often 
depends on the student’s personality [20]. 
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In the face of technological progress, according to B.Z. Turayev and T.E. Delov 
[21], a modern specialist should have extensive knowledge in the field of computer 
science, know the basics and prospects of new information and communication tech-
nologies, have practical skills in using modern technical means of information and 
communication systems, be able to evaluate information resources for making profes-
sional decisions. This is also the opinion of M.V. Sleptsova [22], who studies the 
formation of students’ social competence in a virtual educational environment, and 
O.I. Vaganova [23], who studies the formation of competence in the mastery of mod-
ern educational technologies at the university. A.R. Masalimova and V.G. Ivanov [24] 
study the conditions for the preparation of competitive specialists with well-formed 
professional competencies in the framework of the interaction “production” – “educa-
tional institution”. They emphasize that the problem of the organic combination of the 
needs and production of society with the level of development of a vocational school 
is very important. 

Thus, the actual problem of the higher education system is to determine effective 
methods for acquiring professional knowledge and skills of university students, which 
is due to the need to train competitive specialists that meet the requirements of the 
modern labour market. 

2 Materials and Methods 

The study used a set of theoretical and empirical methods. To achieve the goal of 
the article there were used such theoretical methods as studying new subject literature, 
analysing and synthesizing the data obtained from it, modelling and designing. Ob-
servation, conversations with students, analysis of the results of their activities, ques-
tionnaires, interview – these are empirical methods that have made it possible to iden-
tify the main trends in the process of forming professional competence of students in 
higher educational institutions based on a systematic approach. Also, when processing 
experimental research data, methods of mathematical statistics were used. 

The research took place in three stages: 

1. Analysis of the current state of the problem in the framework of pedagogical theory 
and practice. 

2. Definition of the basic methods and techniques for achieving the effectiveness of a 
systematic approach to the organization of the learning process. Processing and in-
terpretation of the data. 

3. Systematization of research results and formulation of conclusions. 

The study was conducted with the participation of 126 master students of the spe-
cialty “Vocational Education” in S. Seifullin Kazakh Agro Technical University dur-
ing the 2018–2019 academic year. Students were divided into two groups: experi-
mental (64 people) and control (62 people). During the year, undergraduates from the 
experimental group were included in the learning process aimed at formation of pro-
fessional competence based on a systematic approach. The control group was trained 
according to the educational program 6M012000 “Vocational Education”. 
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The implementation of the student’s professional competency formation system 
was carried out through targeted programs such as: 1) vocational training; 2) profes-
sional socialization; 3) the development of personal and professionally significant 
qualities; 4) the development of systemic representations; 5) the formation of compe-
tencies in a systematic approach. Thanks to the last two programs, opportunities were 
created for students to develop systemic ideas, skills, and systems thinking and a 
systematic approach in ongoing and upcoming professional activities. The presence of 
certain systemic ideas and systemic thinking among students is an important invariant 
and a key reserve of the professional competence of a future specialist. 

In the educational process, along with the traditional ones, the methods of active 
learning and the methods of the system approach developed by us were also used, in 
particular, the method of systemic structuring, study and minimized presentation of 
information about the subject in question and the method of a systematic study of 
specific situations (problems). The essence of the methods of systemic structuring, 
study and minimized presentation of information about the object in question, as well 
as the method of a systematic study of a specific situation (problem) is as follows: 

1. With a comprehensive study of the object (problem) are carried out: analysis; mod-
elling; identification and accounting of the initial and changed conditions for the 
functioning and development of the object; identification and accounting of influ-
encing factors; identification and accounting of the consequences of exposure to 
conditions and factors; the study of various issues related to the object, methods of 
its study and ongoing activities; monitoring the process and results of the study; 
identification, study and resolution of problems; prediction of the state of the ob-
ject; synthesis; generalization, etc. 

2. The object is studied twice: first in the initial conditions (in a static state), and then 
in modified conditions (in a dynamic state). 

3. These methods are used not only in relation to the studied objects (including vari-
ous disciplines) but also for the study of professional competence. In such cases, 
they allow to identify the effectiveness of the formation of professional compe-
tence in the development of the studied disciplines. 

4. These methods contribute to the assimilation of the proposed types of activities and 
actions, as well as their corresponding ways of thinking, which can constitute an 
indicative basis for the effective achievement of the goal (s) and solving the tasks 
of the upcoming professional activity. All this significantly increases the competi-
tiveness of the future specialist. 

5. The use of cognitive and other methods contributes to the development of systemic 
representations, abilities, and skills of systemic thinking and a systematic approach 
in the ongoing and upcoming professional activities. 

6. These methods contribute to the development of synthetic thinking, as well as a ho-
listic knowledge of the studied objects and the surrounding reality. 

7. These methods develop the subject's ability to form informed proposals for making 
managerial decisions. 

As current study has shown, the method of a systematic study of a specific problem 
situation significantly complements and develops the well-known case-method, al-
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lowing to obtain much more interesting and significant results. The indicative basis of 
the professional activity of the future specialist as a system includes ideas about the 
relevant state policy and strategy of the state, about the relevant industry, state, and 
international programs, about the legal support for their implementation, actual prob-
lems and ways to solve them, about the “subject” area, including the future state of its 
objects, about the main provisions of theory and practice, about goals (including stra-
tegic), new principles, content, functions, plans, methods, tools, requirements, condi-
tions, features, resources, etc., as well as the required competencies, skills, abilities 
and ways of thinking, assimilated by the subject, ensuring the willingness to carry out 
this activity effectively. 

3 Results 

At the end of the 2018–2019 academic year, students of both study groups were in-
terviewed about their willingness to engage in professional activities in the future. 
Young people were asked only one question: “As far as do you feel ready to work in 
your specialty (in percentage terms)?”. Then, after the end of the academic year, 
teachers who worked with students from the experimental and control groups were 
interviewed. They were asked the question: “As far as are the students ready to work 
in their specialty (in percent)?” 

The employers who recruited students from research groups for a job by profession 
were interviewed in November–December 2019. They were asked the question: “How 
much the education of students meets professional requirements (in percent)?” 

Table 1.  The level of readiness of graduates to work in the specialty (%) 

Groups 
Respondents 

Students Teachers Employers 
Min Max Min Max Min Max 

Experimental group  75 95 81 94 68 85 
Control group  53 68 76 85 48 60 

 
In the control group, the results of the study showed that teachers rated students’ 

professional competence much higher than the students themselves – the difference in 
the minimum value is 23%, and in the maximum – 17%. The difference between the 
results of the survey of teachers and employers was significantly larger: 28% (min) 
and 25% (max) in favour of the former. And the difference between the results of the 
survey of students and employers is very small: min – 5% and max – 8% in favour of 
the former. This shows that they almost equally determined the conformity of educa-
tion and professional requirements. 

In the experimental group, percentages are much higher than in the control group. 
The maximum value of students and teachers is more than 90%. Also in the experi-
mental group, the level of professional competence was highly appreciated by the 
students themselves: 

 

170 http://www.i-jet.org



Paper—Formation of Professional Competence of University Students Based on a Systematic Approach 

• Compared with teachers: min – by 6%, max – by 1%. 
• Compared with employers: min – by 7%, max – by 10%. 

As for teachers and employers, here the regularity has been preserved. The teachers 
rated the willingness to work by profession on students of the experimental group at 
13% (min) and 9% (max). 

If we compare the data obtained as a result of the study (Figure 2), we can specifi-
cally determine the effectiveness of the formation of professional competence of mas-
ters based on a systematic approach. The highest level of readiness and greater com-
pliance with the requirements of the labour market of students in the EG were recog-
nized by all groups of respondents. So, students determined the effectiveness of train-
ing at the level of 22% (min) and 27% (max), teachers – 5% (min) and 9% (max), 
employers – 20% (min) and 25% (max). 

 
Fig. 2. Increasing the effectiveness of the formation of professional competence based on  

a systematic approach in the experimental group compared to the control group 

Thus, the results of the study show that students of the experimental group feel 
more confident in their abilities and knowledge after graduation than graduates of the 
control group. They are ready to start work in their specialty, as they have all the 
necessary knowledge, skills and abilities for this. Based on the data collected, this is 
noted by their employers. 

The next stage of the study was conducted 6 months after graduation. This period 
is not enough for any fundamental change to occur in the level of competencies de-
veloped while studying at university. However, it is sufficient time for finding a job. 
A survey of graduates from S. Seifullin Kazakh Agro Technical University assessed 
the success of their employment. This made it possible to estimate the impact of pro-
fessional competencies and their components on employment. The respondents were 
126 graduates and their employers. The survey was conducted remotely by sending a 
questionnaire by e-mail. 

Graduates of the experimental and control groups were asked to agree or disagree 
with the statements in the questionnaire (Table 2), which were built in accordance 
with Maslow's hierarchy of needs [25]. 
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Table 2.  The list of statements to evaluate the employment success  
of university graduates, and their answers 

№ Statement 
Experimental group (N = 64) Control group (N = 62) 

Agree Disagree Agree Disagree 
1. You work in your degree field 64 0 62 0 

2. Your salary is (or above) the  
industry average 38 26 30 32 

3. You are satisfied with your salary 49 15 24 38 

4. You are satisfied with your working 
conditions 43 21 22 40 

5. You feel as a part of the team 52 12 26 36 

6. You enjoy working with your 
colleagues 53 11 28 34 

7. You get support from your  
colleagues 59 5 29 33 

8. Your colleagues respect you 60 4 28 34 

9. Your management and team  
approve your work 60 4 20 42 

10. You enjoy your work 63 1 24 38 

11. 
You feel you have realized your 
potential at this stage of your  
competencies development 

63 1 14 48 

 
The questionnaire results (as a percentage) are shown in Figure 3. 

 
Fig. 3. Successful employment of graduates of the experimental and control groups 

The data in this diagram indicate that the graduates of the experimental group rated 
the success of their employment higher than the respondents in the control group. The 
presence of work by received profession, competitive salary, and satisfied profession-
al needs are indicators of a high level of competence of graduates. 

At the same time, the assessment of the professional competence of graduates was 
given by their employers. The list of statements used to determine the level of profes-
sional competence (Table 3) was based on recommendations of the Council of Europe 
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[26] that identify main competencies and focus on the ability to adapt to the work 
environment. The evaluation procedure was the same as for graduates – questionnaire. 

Table 3.  The employer’s determining the professional competencies of university graduates  

No Statement 
Experimental group (N = 64) Control group (N = 62) 

Agree Disagree Agree Disagree 
1. Employee is prone to conflict 4 60 14 48 

2. Able to make decisions and take 
responsibility for them 55 9 38 24 

3. Enjoys working in a team 59 5 36 26 

4. Had warnings and penalties for mis-
conduct 6 58 10 52 

5. Demonstrates racism or other forms of 
discrimination 0 64 0 62 

6. Afraid of change 4 60 15 47 
7. Tolerant of their colleagues 54 10 42 20 

8. 
Respects all members of the team 
regardless of their education,  
nationality, age, position 

55 9 44 18 

9. Fluent in a foreign language 34 30 20 42 
10. Expresses their ideas clearly  51 13 42 20 
11. Can defend their point of view 48 16 36 26 
12. Is good at IT technologies 50 14 39 23 

13. Initiates positive changes in the com-
pany 35 29 30 32 

14. Able to structure and organize infor-
mation 60 4 38 24 

15. Proficient in working with databases 41 23 25 37 
16. Able to use critical thinking 55 9 31 31 
17. Able to use system thinking 58 6 32 30 
18. Constantly seeks to improve themself 58 6 41 21 
19. Strives for career growth 64 0 45 17 

20. Participates in professional develop-
ment programs, trainings, workshops 58 6 15 47 

21. Proficient in subject matter 60 4 33 29 
22. Knowledgeable 59 5 41 21 
23. Has necessary practical skills  54 10 25 37 
 
The results of a survey of employers (as a percentage) are shown in Figure 4. 
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Fig. 4. Assessment of professional competence of the experimental and control groups 

The data in this diagram indicate that the professional competence of all graduates 
participating in the study is high, but employers rated the knowledge, skills, and abili-
ties of participants in the experimental group higher. All former students of the exper-
imental research group are recognized as such that seek career growth. None of the 
126 graduates participating in the study showed any racism, xenophobia, or other 
forms of discrimination in 6 months of work. 

Thus, the results of the research show that there is a strong relationship between the 
level of students’ professional competence and the success of their employment. 
Within this approach professional competencies are perceived not as a sum of subject 
knowledge and skills, but as an integrated value of acquired abilities based on the 
knowledge and skills acquired at university. 

4 Discussion and Conclusion 

The data from Table 1 indicate that classical education does not match the labour 
market. And the requirements for graduates are increasing every year. Professional 
qualities are the capital of the student, which is formed in the process of obtaining 
higher education. Therefore, the forms and methods of teaching are of great im-
portance in the process of forming professional competence. The study showed that 
the minimum level of readiness of graduates to work in the specialty was determined 
by employers, evaluating students in the control group – 48%. The maximum level 
was determined by students of the experimental group – 95%. Thus, the jump in re-
search indicators from the worst to the best is 47%. This suggests that the effective-
ness of the formation of professional competence based on a systematic approach is 
quite large. General to this was the fact that in recent years at S. Seifullin Kazakh 
Agro Technical University have been created experimental facilities for practical 
training, increased the duration of internship from 3 to 7 or 8 months, initiated the 
reforms of the educational system that aimed at the integration of scientific, educa-
tional, and practical components. During the study, difficulties often arose with the 
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material providing university. In the conditions of modern rapid technological pro-
gress, most of the techniques require the availability of special equipment, special 
classrooms or situational centres. In the event of a lack of equipment, there were used 
available methods to maximize the involvement of students in the learning process.  

The findings suggest that the employment prospects of university graduates will 
increase with a higher level of professional competencies. This can be achieved only 
by transforming the learning process and providing students with more opportunities 
to gain practical skills. 

It should be noted that the study is based only on a limited sample of respondents, 
so the conclusion about the level of professional competencies in the entire system of 
higher education in Kazakhstan may be questioned. However, it can be safely con-
cluded that to increase the level of students’ professional competencies, Kazakhstan 
universities should not only restructure the content and training technologies aimed at 
achieving the expected results but also improve tools and procedures for evaluating 
these results and the procedure for individual student assessment. Employers have 
different requirements, although educational institutions award standard diplomas 
(state recognized). At the same time, universities often copy the content of education-
al programs from each other, which demonstrates a lack of a unique approach. There-
fore, programs for developing students’ professional competencies should be created 
with a focus on competencies ensuring successful employment. For educational activ-
ities to be productive, it is necessary to alternate and combine teaching methods, di-
versify the structure and type of classes. It is necessary to interest students – to allow 
them to gain knowledge, and not just to hear and record them. This is precisely the 
advantage of a systematic approach: teaching on its basis is interesting for students 
since it is diverse, comprehensive and effective. 

The following basic specific principles for the training of future specialists based 
on a systematic approach were formulated: 

1. Systematic formation of professional competence of a future specialist. 
2. Systematic organization and implementation of the educational process. 
3. Program-targeted formation of the indicative basis of the upcoming professional 

activity as the “core” of professional competence of a graduate. 
4. Systematic formation of professional competence. 
5. Placing the student in the context of professional competence of the corresponding 

specialist. 
6. Building the hierarchy of the student’s professional competence system, its subsys-

tems, and supersystems (the model of competence). 

The problem requires further research. The next step in this direction may be the 
study of different teaching methods and techniques in universities to determine which 
one is most productive in the formation of students’ professional competence. 
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Abstract—The article considers aspects of the dual education system which 

are implemented in advanced higher education institutions of the Republic of 

Kazakhstan. The ranking of the best universities for the implementation of the 

dual education system is analyzed within the framework of previous studies on 

the matter. It is noted that in the system of dual education a significant role is 

given to the formation of the personality of the specialist. It is emphasized that 

dual education is aimed at raising awareness of students' educational and pro-

fessional activities. The main competences of the student at different levels 

(practical training, content and structure of educational programs, level of mu-

tual trust, level of adaptation to the work process, level of learning motivation, 

level of precision in understanding the profession, level of standardized train-

ing) are described. The importance of practical orientation of the education sys-

tem based on acquired competences (solving real production problems, reform-

ing research work, participation in scientific and practical conferences) is em-

phasized. Recommendations on the process of introducing dual education are 

provided and models for classification of professional development resources, 

components of conceptual model, principles of formation of the structure and 

content of the educational programs, indicators of professional skills and ones’ 

development are offered. 

Keywords—Competences, cooperative learning, dual education, educational 

models, macro environment, vocational education 

1 Introduction 

The modern world economic space is actively seeking and introducing the most 

prestigious technological processes in all industries. Investments in the technological 

upgrading of their enterprises are absolutely justified because the introduction of new 

technologies into the world production confidently expands and monopolizes the 

market of sales, increases the volume of its production, lowers logistic costs and in-

creases its profit, justifying its investments in new technologies. The labor market 

responds immediately to the needs of commodity producers by offering vacancies 

driven by a broad set of competency requirements for its participants. 

The problem of modern education is the separation of theoretical knowledge that a 

student receives in higher education and from the industrial reality that young people 
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face after graduation. Even the most talented student is not ready to tackle the chal-

lenges that new work poses to one. This is due to the fact, that the theory, taught in 

high school, always remains only a set of terms and formulas, if it does not corre-

spond to practice. In the recent years, with a gradual expansion of information econ-

omy model to developing countries, the problem has become more urgent due to the 

constant adoption of new technologies as a requirement at all careеr levels [1]. There-

fore, it is a primal necessity to eliminate the lack of connection between theory and 

practice, as well as to help the students to develop their emotional intellect (leadership 

and communicative skills), which is also possible only through practice-oriented edu-

cation [2]. Another important aspect is the opportunity to gain intercultural communi-

cation competence [3] when learning from foreign professionals (including the gradu-

ally developing digital communication inside the corporations). 

Thus, the vocational education system is mobilized. In order to update its direc-

tions, it is necessary to introduce substantive aspects of education provision, that is, to 

update the content of practice-oriented educational process, focusing on the effective 

content of competences, which puts educational organizations in a difficult situation 

that does not allow to respond adequately and quickly to changes that are coming 

forward specialists [4]. This has long been addressed by European higher education 

institutions, which offer an effective way of training young highly qualified profes-

sionals, namely the introduction of a dual training system. 

Dual training is one of the most successful models of cooperative learning and 

practice. It is a system in which students spend part of their study time at the produc-

tion where they will work: in parallel with the academic studies, they go to a specific 

company or firm, where they gain practical experience (vocational training). Thus, the 

theoretical knowledge gained is supported by practical work in the enterprise. 

The theoretical and practical aspects of dual education systems have been studied 

theoretically and practically by a number of scholars. F. Hermann, C. Korunka, M. 

Lueger and D. Weismeier-Sammer [5] studied an intrapreneurship education in the 

dual education system. M. Bakator, S. Borić, D. Radosav and G. Radić [6] presented 

an innovative model of dual education through student-organization networks.  

K. Oganisjana, A. Svirina, S. Surikova, G. Grīnberga-Zālīte and K. Kozlovskis [7] 

studied the problem of engaging universities in social innovation. M. Gessler and S. 

Peters [8] worked on the study of implementation of dual training programs through 

the development of boundary objects. J. L. Goeke, K. J. Mitchem and K.R. Kossar [9] 

wrote about redesigning special education teacher preparation: challenges and solu-

tions. O. V. Galustyan, V. A. Kirik and N. Mazáčová [10] analyzed how the prepara-

tion of future teachers benefits from the partnership between universities and schools 

via project activities during students’ pedagogical practice, with the university assum-

ing the role of mentor. V. Spasenović [11] analyzed implementation possibilities, 

prerequisites and challenges of the dual education system. O. Valiente and R. Scan-

durra [12] reviewed challenges to the implementation of dual apprenticeship in OECD 

Countries. 

F. S. Azevedo [13] offered an inquiry into the structure of situational interests. The 

state of dependence of economy and business on dual education was described by M. 

Bogdanović, M. Vetráková and S. Filip [14]. The results of dual education were char-

acterized by M. Boroš, A. Veľas, K. Kampová and T. Loveček [15].  
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M. M. Alajmi [16] proposed to analyze the impact of E-portfolio use on the devel-

opment of professional standards and life skills of students an algorithm for forming 

an individual trajectory of learning in the distance learning system. L. Darling-

Hammond, L. Flook, C. Cook-Harvey, B. Barron and D. Osher [17] wrote about im-

plications for educational practice of the science of learning and development. L. 

Didukh, R. Gurevych, M. Kademija and V. Kobysia [18] presented an experience of 

preparation of competitive specialists in the conditions of the implementation of dual 

education in high education institution. N. Kulalaieva and S. Leu [19] described the 

work-based learning involving the dual education elements. S. Wichitsathian and D. 

Nakruang [20] worked on knowledge integration capability and entrepreneurial orien-

tation. Comparative characteristics of dual education at different universities are pre-

sented in the works of M. Pogatsnik [21] (general and economical analysis); K. H. 

Hahn and A. Puksas [22] (Lithuanian and South Korean universities); J. Belas, B. 

Gavurova, M. Cepel and A. Kotaskova [23] (Slovak University); and O. Fatoki [24] 

(South Africa).  

The implementation of dual education in Kazakhstan started in 2013 and proved it-

self successful. Scientists have identified industries with a small number of staff (ag-

riculture, transport, metallurgy and mechanical engineering, oil and gas and chemical 

production), and educational institutions where they can prepare. To date, an organi-

zation has been set up in the country to carry out and coordinate work in this area 

(Dual Training System Methodology Department), develop typical curricula and edu-

cational programs in specialties, the novelty of which is that more than 40-50% of 

study time is spent on production practice. 

Starting from 2020, it is planned to reimburse the mentors involved in the training 

of personnel for dual training, their expenses on the remuneration of the mentor, ex-

penditures within the framework of per capita financing at the expense of the state 

educational order. In order to improve the quality of training with technical education 

and professional, post-secondary education will be introduced the mutually beneficial 

stakeholder partnerships (networked education, industry clusters, patronage of large 

and medium-sized business entities over schools, student relations) [25].  

The relevance of the research is determined by the complex problem of the modern 

system of vocational education in Kazakhstan and other states striving to be among 

developed countries – the question of the mismatch of knowledge caused by a situa-

tion when the demand for educational services is formed by their direct consumers 

instead of employer companies or government [26]. Employers express a high need 

for competent and socially mobile professionals, adaptable to non-standard condi-

tions. In order to provide this kind of preparation and close the gap between theory 

and practice, the system of dual education in higher education institutions is used. 

2 Materials and Methods 

Our study implements theoretical analysis of the dual education system based on 

information analytics of advanced higher education institutions of the Republic of 

Kazakhstan [27], as well as two major documents in the legislative system of Kazakh-

stan concerning the dual education system: Decree of the Government of the Republic 

of Kazakhstan dated December 27, 2019 No. 988 “On approval of the State program 
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for the development of education and science of the Republic of Kazakhstan for 2020 

- 2025” [28] and Order of the Minister of Education and Science of the Republic of 

Kazakhstan dated January 21, 2016 No. 50. “On the approval of the Rules for the 

organization of dual training” (as amended on September 11, 2018) [25]. 

3 Results 

Using the national rating, we have selected the best universities in Kazakhstan for 

their annual ranking to analyse. This information has helped us to summarize the 

process of introducing a dual education system in the country and to develop recom-

mendations for universities that are planning to implement it. Table 1 shows how dual 

education is used in Kazakhstan leading multidisciplinary universities.  

Table 1.  Dual education at the best multidisciplinary universities in Kazakhstan 

University The procedure for proceeding Partners 

Al-Farabi Kazakh 

National University 

In programs the overwhelming amount of credit 

(~ 90%) is allocated to the professional block of 

disciplines, which, in turn, consists of the STEM-
forming module (STEM – Science, Technology, 

Engineering, Mathematic), basic professional 

(mandatory) modules, the module of individual 
educational trajectories and an interdisciplinary 

module. At the same time, only 25% of credits 

are allocated to the elective modules of individu-
al educational trajectories, which allows to 

increase the basic vocational training. 

TarGPI and NIS (Taraz) 

L.N. Gumilyov 
Eurasian National 

University 

Dual education at university was introduced in 

the specialty "5V071700 – Heat Power Engineer-

ing". During the entire academic year, students of 
2, 3 and 4 years are taught one by one, first at the 

university and then at the production. One of the 

courses is obligatory to be done at the enterprise 
or university: for example, in September students 

of 2 and 4 years are taught at the enterprise, and 

of year 3 – at the university, and in October they 
change places. 

A corporation of Eurasian Energy 
Corporation JSC, which is a part of 

ENRC 

E.A. Buketov Kara-

ganda State Univer-
sity 

Dual training in the specialty "Transport, 
transport technology and technology". Over the 

past 3 years, about 1500 grants have been award-

ed by the state in this specialty. 

Agromashholding JSC Sary-Arka 
Autoprom LLP (Kostanay), Ka-

zakhstan Carriage Building Com-

pany LLP and Tulpar-Talgo plant 
(Astana), Pavlodar Machine-

Building Plant JSC. Network 

cooperation agreements have been 
drawn up with Agromashholding 

JSC and Sary-Arka Avtoprom LLP 

(Kostanay). 

M. Auezov South 
Kazakhstan Univer-

sity 

 

The university created educational-scientific-

industrial complexes (USIC) on basis of leading 

industrial enterprises of the country, with modern 
technological equipment and the help of leading 

specialists. 

KazFosfat LLP, Petro Kazakhstan 
Oil Product LLP, Shymkentcement 

JSC, Melange LLP, Ontustik 

Munai Gas LLP, etc. 
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Table 2 demonstrates the implementation of dual education at the Kazakhstan 

technical universities.  

Table 2.  Dual education at the best technical universities in Kazakhstan 

University The procedure for proceeding Partners 

Satbayev University 

Dual training program "Construction". In the first stream of 
dual education, builders are trained (already have practical 

experience, but do not have a higher technical education). 

Office workers with higher education are trained in other 
specialties but are planning to work in the construction 

industry in the future. Also, under this program, employees 

with secondary specialized education (college) can study, 
although the term of study will not be two, but three years. 

BI-GROUP 

Kazakh-British 

Technical University 

Dual system of education is based on the principle of 30% 

theory / 70% practice. 

Oil refineries in Kazakh-

stan (Atyrau Refinery, 
Petroleum Refinery, 

PetroKazakhstan), 

Romania (RomPetrol), 
etc. 

Karaganda State 

Technical University 

Constant interaction with the enterprises that are part of the 

corporate university ensures the internship of students with 
their subsequent employment at the same enterprises. 

Considering the requirements of specific industrial enter-

prises and involving their production base, continuous 

systematic work with enterprises gives positive results in 

terms of training specialists. At the same time, the need for 

specialists at the enterprises of the region for 2014–2019, 
confirmed by agreements, is 3123 people. 

1007 employment con-
tracts were concluded 

with 80 enterprises of 

Central Kazakhstan. 
Over the past five years, 

KSTU has trained and 

employed 1096 special-
ists at existing facilities 

in the Karaganda region 

alone. 

 

Table 3 summarizes how dual education is represented in the humanities and eco-

nomic field. 

Table 3.  Dual education at the best humanities and economics universities in Kazakhstan 

University The procedure for proceeding Partners 

KIMEP University 

Considering the key trends in the 

transport and logistics industry, the prob-

lems and realities of staffing requirements 
in regional labour markets, the quality of 

training for the transport and logistics 

industry and the interaction of employers 
with educational institutions with qualifi-

cations of specialists were discussed. 

JSC NC KTZ - “Centre for the assess-

ment and development of railway 

personnel”; Air Astana JSC; NMSK 
Kazmortransflot JSC; JSC "Kaz-

temirtrans"; SCAT Airlines JSC; RSE 

"Aktau International Sea Trade Port"; 
Kaztranservis JSC, Lokomotiv JSC, 

Globalink Logistics Group. 

Karaganda Economic 
University of Kazpo-

trebsoyuz 

The information is recorded only in colleges run by the university. 

Almaty Management 

University 

The university provides training for 

specialists in the educational program of 

the specialty "5B050600 – Economics". 
Students in the learning process use the 

following software products and pro-

gramming languages: SPSS, Statistica, R, 
Python, MS Project, MS Power Query, 

Raimbek Bottlers LLP, LLP "Danone 

Berkut", LLP "Kazakhstan Carriage 

Building Company", KazAtomProm 
JSC, Almaty Heating Networks LLP, 

KEGOC JSC, Foodmaster LLP, Kosta-

nay Minerals JSC, JSC FRP "Damu", 
Aksay nan LLP, Eurasia Food Corpora-
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MS Power Pivot, MS Power BI, 1C, 
Project Expert, Audit Expert. 

tion JSC, Alma Tses LLP, JSC NK 
“Kazakhstan Temir Zholy”, Air Astana 

JSC, LP "Promtehservis Kazakhstan", 

Aydin LLP confectionery company, 
JSC "KazTransGas", Kazpost JSC, JSC 

"KEGOC", Maslodel LLP, Sinooil LLP 

and others. 

 

Table 4 shows the programs introducing dual education at the art universities. 

Table 4.  Dual education at the best art universities in Kazakhstan 

University The procedure for proceeding Partners 

Kazakh National 
University of Arts 

The possibility of introducing "dual education" for one of 

the largest departments of the university - the department 

of "Acting Art and Director", namely for the training of 
specialists in a unique profession: drama theatre actor and 

director. In the specialty 5B040700 Acting, only 5% is 

allocated to the share of professional practice. For the 
second year, 50% of the time is freed for teaching practi-

cal subjects in the specialty and service subjects (in total). 

The main problems begin in 3-4 courses.  

Future actors who have 
learned the basics of 

acting in the first two 

years, most unjustifiably 
remain in the same student 

audiences. Work on the 

role, on the play, takes 
place in a virtual format. 

Kazakh National 

Academy of Chore-

ography 

There is no official information. 

 

Table 5 shows how dual education is currently used in medical universities. 

Table 5.  Dual education at the best medical universities in Kazakhstan 

University The procedure for proceeding Partners 

Asfendiyarov Kazakh 

National Medical Uni-
versity 

The decision of the management of KazNMU to 

transfer interns to a practice-oriented system of 

education in the internship has been made for about 
5 years already. By now students have fully been 

studying the general subjects, acquiring basic 

knowledge in the specialty, also they have a founda-
tion in the core disciplines that form the professional 

knowledge and skills. 

The practical training bases 

are more than 23 medical 
institutions of the Republic 

of Kazakhstan and 7 medi-

cal institutions of the 
Almaty region. 

Semey Medical Universi-

ty 

At the level of the medical baccalaureate. Summer 

professional practices are also provided, however, 

their volume is insufficient for the quality training of 

the future doctors. 

There is no official infor-

mation. 

 

Finally, Table 6 summarizes the implementation of dual education at the leading 

Kazakhstan pedagogical universities. 
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Table 6.  Dual education at the best pedagogical universities in Kazakhstan 

University The procedure for proceeding Partners 

Abai Kazakh Na-

tional Pedagogical 

University 

In 2018-2020, the State budget grant project of the 
"Migilik el" foundation (education of the XXI century, 

fundamental and applied research in the humanities) was 

won on the topic AR05134253 – "Dual-oriented educa-
tion as a condition for improving the professional training 

of the future teacher". In 2018-2019 first-year undergrad-

uates of the specialty 6M010300-Pedagogy and Psychol-

ogy were introduced to the subject "Integration of the 

activities of a school-college-university". In the academic 

year 2018-2019, the subject “Fundamentals of dual train-
ing” was introduced for the specialty 5B010200-

Pedagogy and elementary education; and in the specialty 

6D010500-Defectology – the subject “Dual training in the 
training of defectologists”. 

There is no official infor-

mation. 

Kаzakh National 

Women's Teacher 
Training University 

Intensification of work on the introduction of programs of 

additional and dual education. 

There is no official infor-

mation. 

Kostanay State 
Pedagogical institute 

Curricula have been developed for the educational pro-
grams "Informatics" and "Informatics, robotics and de-

sign". On January 20, first-year students of these pro-

grams began to study the disciplines of "Educational 
Robotics".  

The training is provided 

both by the academists 
and the Ozat teachers 

during practical classes. 

 

In the organization of practice-oriented training, universities recommend using the 

following methods of its implementation: 

1. Strengthen the block of practices (increase the amount of study time allocated to 

educational, industrial, research and undergraduate practice). 

2. Involve specialists, leading professionals in the educational process in the universi-

ty: teachers-mentors, teachers-innovators in the relevant subject areas. 

3. Apply innovative teaching technologies, that include the solution of students' pro-

fessional problems in course of their theoretical training. 

4. Increase awareness of the chosen profession and its significance. 

Involve students in innovative forms of work on the solution of scientific and prac-

tical tasks within the framework of student scientific societies, business incubators, 

research and production associations, etc. 

4 Discussion 

The process of introducing dual education has been going on for several years in 

Kazakhstan. In addition to the state, the business community is actively involved in it. 

This is driven by the needs of the business itself, which is in dire need of up-to-date 

skilled personnel. To get them, businesses provide universities with training for their 

staff and technical facilities. During the years of the dual education program, a certain 

number of positive results have been achieved. The order of recruitment of young 
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professionals has changed in the regions. In general, the country's personnel reserve is 

now experiencing an influx of fresh forces. 

Processes of dualization learning are carried out in modern educational environ-

ments, characterized by tendencies towards unification under the influence of in-

formatization and globalization, which leads to the introduction of the concept of 

"integrative macroenvironment of vocational education". The conceptual model of an 

integrative vocational education macroenvironment includes levels of integration, 

components and properties of the environment, its functions in self-development, as 

well as variational vocational-developmental resources. The integration occurs at the 

methodological, structural and functional, substantive levels (Table 7). 

Table 7.  Components of conceptual model 

Level Components 

Methodological 
Synthesis of systemic, synergetic, personality-activity, ecological-
psychological, competence approaches 

Structural and functional 

The micro environ-

ment of individual 

educational organi-
zations and their 

structural units. 

The meso environment 

of general, professional 
and additional education. 

The macro environment as an 

open global system where 
subsystems exchange infor-

mation and resources are 

transformed under the influ-
ence of integration processes. 

Substantive 
Association of varied professional development resources, relationships be-
tween which are cooperative. 

 

It is important to remember that the modern macroenvironment integrates the edu-

cational resources of general, professional and additional education. Dedicated sub-

systems are integrated within their functional purpose. Internal links connect the sub-

systems and resources of an educational environment into a single system. In order to 

successfully develop professional skills while introducing dual education in higher 

educational institutions of Kazakhstan it is necessary to adhere to the principles of 

formation of the structure and content of the educational program (Figure 1).  
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Fig. 1. Principles of formation of the structure and content of the educational program 

The structure of the integrative macro-environment of vocational education con-

tains material, technical, content-methodical and social-communicative components. 

The material and technical components are a set of substantive and material condi-

tions of the environment. The content-methodical component includes technological 

mechanisms for creating conditions for the dualization of education. The social-

communicative component defines the interaction of the subjects of the educational 

process and the management aspects of the organization of dual learning. 

The integrative macro vocational education environment is characterized by the 

properties of integrativeness, discretion, hierarchy, integrity, variability, intensity. 

Dual education in the conditions of an integrative vocational education macroenvi-

ronment is based on the implementation of the principles of continuity, integrity, 

systematicity, variability, resource availability of the environment. System-forming 

principle is the principle of continuity, which allows you to consider the development 

throughout life. As a result of the introduction of the dual system, such indicators of 

professional skills of a specialist will increase (Figure 2).  

An agreement 
between an 

enterprise and a 
training 

organization

Joint selection of 
candidates

Compliance with 
the needs for 

specialist 
competence

The training 
carried out by the 
university and the 

enterprise

iJET ‒ Vol. 16, No. 10, 2021 187



Paper—Development of Professional Skills in the Context of Higher School Dual Education 

 

Fig. 2. Increasing indicators of professional skills 

The chart shows indicators of professional skills development before and after en-

gaging students in the production process (Figure 3). 

 

Fig. 3. Indicators of professional skills development 
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As a result of passing industrial practice in the system of dual education, the stu-

dent must acquire the following professional skills: 

• Readiness for communication, teamwork, cooperation with colleagues 

• Ability to find effective solutions of organizational and managerial issues in non-

standard situations and willingness to be responsible for them 

• Ability to use current legal normative documents in the field of profession 

• Willingness to show respect for another culture, to moral and legal norms of socie-

ty, responsibility for maintaining partnership, trusting relationships 

• Ability to use scientific knowledge in solving practical problems arising in course 

of professional activity 

• Mastery of basic technologies, methods of finishing and development of technolog-

ical processes 

• Ability to organize production quality control and documentation 

• Applying methods of quality control of technological processes in production 

• Readiness for organization of workplaces, selection of their technical equipment, 

proper placement of technological equipment 

• Ability to monitor compliance with technological discipline and eco-safety 

• Ability to freely choose types and forms of activity, free pricing policy 

• Competitiveness of market entities with different forms of ownership 

• Self-regulation of economic activity 

• Economic compliance 

• Self-financing 

• The principle of contractual relations 

The collaboration of higher education institutions and enterprises in the implemen-

tation of dual-technology training should be based on the competences that will be 

produced for the student as a result of the internship (Figure 4).  

 

Fig. 4. The main practical competences 
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In order to create an integrated macro vocational education environment, it is nec-

essary to make a classification of the varied professional-developmental resources of 

an integrative macro vocational education environment, which includes:  

1. Program-technical resources (technical and related software tools to support the 

educational process and its automation, as well as the continuous development of 

information and technical infrastructure of the environment).  

2. Informational-educational resources (single educational environment: search and 

reference systems, educational portals, electronic libraries, simulators, training 

programs, multimedia tools and other electronic resources). 

3. Social-communicative resources (creating an educational network, integrating tele-

communication resources and network communities to facilitate interaction be-

tween participants of the educational process). 

4. Scientific-methodological resources (opportunities for participation in conferences, 

symposia, seminars; advanced training in distance learning). 

5 Conclusion 

The conducted research allows to formulate a conclusion about the determinative 

influence of the integrative macro environment of vocational education on the duali-

zation of education. Such macro environment is characterized by integrativeness, 

discretion, hierarchy, integrity, variability and intensity. Its conceptual model involves 

the synthesis of systemic, synergetic, personality-activity, ecological-psychological, 

competence approaches, as well as varied professional development resources which 

demonstrate its integration at the methodological, structural, functional, and substan-

tive levels. The implementation of dual system in the universities is based on 

strengthening the block of practices, involving specialists, applying innovative teach-

ing technologies, increasing professional awareness of the students and involving 

them in the solution of scientific and practical tasks. The positive effects of such im-

plementation are substantial improvement of the practical training of specialists, the 

content and structure of educational programs, increasing mutual trust, better adapta-

tion to the work process, increasing learning motivation, and precision in understand-

ing the profession, and the quality of standardized training. Prospects for further re-

search are related to the generalization of the results obtained, and their implementa-

tion in the practice of educational organizations. 
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Abstract—The aim of the research is to find out the effect of applying class-

room assessment techniques (CATs) on both mathematical and logical thinking 

among fourth-grade scientific students. In pursuit of the research objectives, the 

experimental method was used, and the quasi-experimental design was used for 

two equivalent groups, one control group taught in the traditional way and the 

other experimental taught according to the techniques of classroom structural 

evaluation. The research sample consisted of (44) students from the fourth sci-

entific grade who were intentionally chosen after ensuring their equivalence in 

several factors, most notably chronological age and the level of mathematics, 

and they were distributed equally among the two groups. To implement the re-

search, three tools were built, represented in the teacher's handbook for apply-

ing the class formative assessment, the mathematical reasoning test, and the 

logical thinking test. The two researchers applied the experiment in the first se-

mester of the academic year (2019/2020) AD. The two researchers applied the 

techniques of class formative assessment to the experimental group, while the 

control group studied according to the usual method, and then the mathematical 

thinking test and the dimensional logical thinking test were applied. On the ex-

perimental and control groups. The results showed that there were statistically 

significant differences between the mean scores of the two groups on the math-

ematical thinking test, and there were also statistically significant differences 

between the mean scores of the two groups on the logical reasoning test. The 

size of the effect of applying the class formative assessment on both thinking 

was calculated, and it appeared that it had a clear effect on both mathematical 

thinking and logical thinking. In light of the results, the two researchers recom-

mended a number of recommendations. 

Keywords—Formative classroom assessment techniques CATs - Mathematical 

thinking - Logical thinking – Mathematics 
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1 Introduction 

Learning mathematics is one of the pillars of this era, especially in light of the 

trends of STEM, and the subject has evolved in recent decades, which resulted in the 

transition to learn important implicit skills such as different thinking skills[1, 2]. 

However, the educational reality reflects the low levels of logical and mathematical 

thinking skills among students. For example, TIMSS tests or recent trends in the 

teaching of science and mathematics decrease the level of mathematical logical think-

ing skills and associated abilities and thus their overall scores[3], and many studies 

have also shown the low level of these two thinking among students. The Assessment 

is one of the pillars of the educational process, and affects all its elements and is af-

fected by them. It is also a systematic process to collect data about students' levels and 

information that they possess, and thus can judge students' progress and the extent of 

their attitudes towards achieving educational goals[4, 5]. Educational studies and 

research have indicated that there is a clear positive effect of formative assessment on 

student learning in the case of using it properly by teachers [6-8]. Hence, the need 

arises for the existence of a type of assessment that differs from the usual, such as 

tests, asking questions, etc. Indeed it's called assessment for learning, not an assess-

ment to learning. Here, one of the research problems appears, as it is, and despite the 

proven effectiveness of the strategies and methods of formative classroom assessment 

in the teaching-learning process, especially in mathematics, this is what has been 

proven by many studies, including. However, this type of strategy that combines 

teaching, learning, and assessment, and works as a bridge between goals and 

achievement is still absent from our classes. As the actual assessment needs to change 

in the teaching practices of teachers so that those practices depend on problem-

solving, investigative methods, and self-learning, instead of traditional practices that 

are based on indoctrination and memorization and which depend on the centralization 

of the educational system around the regular tests, and the pressure they cause for 

students, and a decrease. In their achievement levels, then students find it difficult to 

learn mathematics, as these tests depend on students ’recovery of mathematical prin-

ciples and laws, thus weaken their ability to solve mathematical problems, and their 

mathematical thinking skills decline . Numerous studies also confirmed the lack of 

awareness of mathematics teachers of formative classroom assessment techniques that 

are based on the structural curriculum, the problem of current research is to use the 

methods of constructive classroom evaluation for the first time to the best 

knowledge[9]. The two researchers investigate its effectiveness on mathematical and 

logical thinking, and the research problem is also evident in its endeavor to answer the 

following questions: What is the effect of applying the classroom formative assess-

ment on the mathematical thinking of fourth scientific students? What is the effect of 

applying CATs on the logical thinking of fourth science students? 
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2 Importance of Research 

The theoretical importance deals with a new type of teaching strategy that com-

bines teaching and evaluation at the same time, namely the Classroom Formative 

Assessment (CATs). The research adopts formative evaluation, which has proven to 

be an evaluation for learning rather than an evaluation of learning. The research en-

riches the educational library with a topic that is rarely discussed and rarely found 

(according to the researchers' knowledge). The research deals with the effect of class-

room assessment on two important variables in mathematics, which are logical think-

ing and mathematical thinking. Clears the confusion between the concept of mathe-

matical and logical thinking by presenting an overview of each. As for the applied 

research, two tools are presented, namely the logical thinking test and the mathemati-

cal thinking test, as they are expected to be used in future research. Researchers may 

also rely on them in preparing similar tools. And teachers are encouraged to adopt 

new methods of teaching and evaluation at the same time and in light of the construc-

tivist theory. The research also draws the attention of educators and mathematics 

curriculum developers to the importance of mathematical and logical thinking in the 

subject of mathematics and the necessity of adopting modern and effective methods 

for their development. The importance of applied research is also evident from its 

application to fourth-grade students and its attempt to facilitate the learning of math-

ematics. Finally, the research helps in determining the level of mathematical and logi-

cal thinking among students of this stage, which is part of the evaluation process on 

which educational reform is based, by identifying its reality and the extent of its 

achievement of the desired goals. Accordingly, to verify the objectives of the re-

search, the following hypotheses were developed: “There are no statistically signifi-

cant differences at a level of significance (0.05) between the average scores of the 

experimental group students on which the CATs were applied and the average scores 

of the control group students that were studied and evaluated according to the usual 

method in the mathematical reasoning test. "And "there are no statistically significant 

differences at a level of significance (0.05) between the average scores of the students 

of the experimental group on which the CATs technique was applied and the average 

scores of the students of the control group that were studied and evaluated according 

to the usual method of the logical reasoning test." As for the limits of research, they 

are defined by the human limits, and they are students of the fourth scientific grade of 

the Directorate of Education Rusafa First. And the spatial boundaries were Al-Istiqlal 

Secondary School for Girls affiliated to the Rasafa First Education Directorate. And 

the temporal boundaries where the research was applied in the academic year 2019-

2020 AD, the first semester. And finally, the objective limits, which are the tech-

niques of classroom formative assessment CATs (independent variable), mathemati-

cal thinking, and logical thinking (two dependent variables), and for the second and 

third chapters of the mathematics textbook for the fourth scientific grade 11F of 2018.  
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2.1 Research terms 

Formative assessment: It is "a continuous and traded process used by both teachers 

and students during teaching that provides applicable feedback that is used to enhance 

an ongoing educational learning process to improve student achievement of intended 

goals" [10-13]. It is known procedurally in the research "It is a method that links the 

three elements of the educational process, teaching, learning, and assessment through 

the application of methods and strategies for immediate continuous evaluation, which 

aims to determine what needs to be strengthened or modified in the design of the 

lesson and contributes to improving students' achievements and achieving goals by 

providing instant feedback". Classroom assessment techniques CATs: These are class 

activities that take place inside the classroom and do not have grades for providing 

teacher feedback regarding what students have absorbed and did not understand in the 

studied content to control the educational situation before completing the course and it 

allows students to think about what they have learned[14]. It is known procedurally in 

the current research as "employing some activities, strategies or techniques to assess 

students' learning first-hand throughout the class, which is part of the learning pro-

cess, as it directs for the better, stands for the weaknesses and strengths of students 

and is continuous throughout the learning period". Mathematical thinking: It is a pro-

cess in which the learner searches for meaning from a situation or experience related 

to mathematical content. It is thinking usually associated with areas of mathematics 

where the elements of experience are represented in numerical forms, symbols, or 

mathematical concepts, and it is the most comprehensive type of thinking[15, 16]. It is 

procedurally defined as "enabling the student to practice specific mental skills, relying 

on symbols, relationships, mathematical laws, numbers, curves, and others to arrive at 

a mathematical problem, and it is measured here by the test prepared for it". Logical 

thinking: The student can make logical judgments and logical classification and rea-

soning, and it includes several skills including inference, induction, and deduction[17, 

18]. Procedurally defined here as "thinking practiced by students to examine the data 

and information provided to them to obtain answers or expected results. It is measured 

here by a logical reasoning test prepared for this purpose". 

3 Theoretical Background and Previous Studies 

3.1 Formative classroom assessment techniques 

Evaluation is a necessary process to ensure the success of the educational process, 

as it is the only way to know the pros and cons of this process, which pushes it for-

ward and thus the pursuit of new methods of evaluation has become an urgent need in 

light of recent educational developments, especially in mathematics, and the good 

classroom evaluation environment is that environment in which the evaluation is 

applied from To emphasize and follow up on the continuous improvement of students' 

learning, which is an evaluation for learning and not a post-learning evaluation. It 

occurs during the teaching and learning processes and works to include activities that 
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ensure the direct and in-depth participation of students in their learning and increase 

their confidence and motivation to learn[19, 20]. The classroom evaluation is one of 

the foundations of the evaluation and it is an introduction to the constructive evalua-

tion, and it is how the teacher obtains the information that helps him in directing his 

thinking and sharpening it during the teaching process and contributes to preparing 

him for future class activities or identifying difficulties or problems that students face 

during learning[1[21]1].To emphasize the meaning of classroom formative assess-

ment, we point out that it arose as a result of the emergence of the interactive style in 

the teaching and learning processes, which is called the “constructive approach,” 

which is an approach based on the classroom formative assessment as an educational 

process that employs and uses the information you provide to support both teaching 

and learning. The constructivist curriculum was established in the light of Vygotsky's 

socio-constructivist cultural theory, and this theory indicates that knowledge is ac-

quired through interaction with the students' social and physical environment, and 

those interactions reach their maximum when students present explanations, explana-

tions, expectations, proofs, and analysis related to the content they learn and among 

peers on question-posing strategies, Listening, reflecting deduction, and active and 

continuous feedback. Techniques of classroom formative assessment: It refers to all 

the steps, methods, and methods used to apply an effective class formative evaluation 

process[22]. As the techniques of classroom formative assessment are effective activi-

ties through mini-situations that are used immediately in the classroom, and each 

technique is an activity designed to help the teacher to obtain sufficient information 

about the student’s understanding through feedback, and it ensures the monitoring of 

the learning process, which facilitates making decisions to design and develop both 

teaching and learning [23-25]. Based on the proven importance of formative assess-

ment practices in learning environments, Ten US states have ratified a set of stand-

ards, which are learning outcomes, as this standard includes sub-criteria such as link-

ing the topic of the current lesson with previous or future learning, providing learning 

outcomes for students, formulating those results, and clarifying their relevance to the 

topic of the lesson. Success criteria, as this criterion involves the learners' participa-

tion in setting success criteria, their relevance to learning outcomes, their relevance to 

all student levels, especially the lower ones, their relevance to all learning activities 

and tasks, and their proper linguistic formulation. Inferring evidence and indicators of 

student learning through tasks and activities, including the correlation of tasks and 

activities with learning outcomes, clarity, and the teacher reviewing students ’work to 

see their progress, and employing learners’ responses in adapting teaching. Generat-

ing evidence about student learning using questioning strategies, ie choosing an ap-

propriate time to ask questions to assess learners ’progress, waiting time, using ques-

tions to obtain evidence related to student learning, using students’ responses to elicit 

their achievements, and adapting teaching[26]. Feedback sessions that are presented 

during questioning: in the sense of asking questions to encourage students to partici-

pate, and to progress in teaching in light of students' responses. Descriptive feedback, 

includes providing individual, descriptive feedback to the student, and providing op-

portunities for learners to use or apply that feedback. Peer evaluation: allowing stu-

dents to evaluate their peers, the clarity of the evaluation tasks, the effect of peer 

198 http://www.i-jet.org



Paper—The Impact of CATs on Mathematical Thinking and Logical Thinking Among Fourth-Class... 

evaluation on students' achievement, the organization of the tasks of this evaluation, 

and the criteria used by students in this evaluation. Self-evaluation, meaning allowing 

students to self-assess their learning, the clarity of the assessment tasks, the organiza-

tion of those tasks, and the impact of that evaluation on students ’achievement and the 

development of teaching processes, and the criteria used by students to evaluate them-

selves. Cooperation, that is, the participation between the teacher and students in the 

educational situation, the cooperation between the students one another, the teacher 

benefiting from the reactions and questions of the students to deepen the learning, the 

search for different opinions among the students, and the strengthening of the stu-

dent’s confidence as capable of learning. The use of evidence to design instruction 

includes methods of collecting evidence for learning related to the outcomes of that 

learning in the classroom, inference and analysis of evidence, and teaching rede-

sign[27]. 

3.2 Mathematical thinking 

Mathematical thinking is an organized process that the student's mind performs if 

he faces a mathematical problem that challenges his ability so that he cannot find a 

present solution to it, which leads the student to think about the problem and review it 

and arrange his previous mathematical experiences after that, and then he searches for 

a final solution to that problem. It is a thinking that obliges a person to face mathe-

matical problems and tasks in an attempt to solve them and through which this person 

depends on many factors related to the mental processes through which the solution 

process is performed and the logical operations that lead to solving the various types 

of mathematical operations necessary to solve a problem or answer a mathematical 

question[28, 29]. Mathematical thinking skills: The skill is a specific performance in a 

situation with mastery and mastery, and this requires training and training as often 

accompanied by behavioral changes in performance. The skills differ according to 

different researchers, educators, and mathematicians, and thus the most important 

mathematical thinking skills are guessing or intuition - deduction - generalization - 

expression in symbols - modeling - mathematical proof - formal logical thinking [30-

32]. 

3.3 Logical thinking 

Logical thinking is considered as thinking practiced by the individual when he 

wants to know the causes and causes behind a particular problem. It is an individual 

mental activity aimed at making a decision or reaching a solution to a problem, and it 

is a process that takes place to reach results through knowing specific introductions. 

Logical thinking in mathematics is thinking that occurs as a result of the existence of 

an incentive for the learner to bring the knowledge and previous mathematical experi-

ences that he has and employ them in solving a problem by treating the assumptions 

given to reach a determination of all the results that will result from this treatment, 

and studying the existing relationships between the data elements to infer other rela-

tionships Reaching correct mathematical conclusions and opinion[33-36]. Logical 
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thinking skills and patterns: Proportional inference requires the individual to be able 

to infer the nature of the proportional relationship between more than one element by 

using proportion and proportion. As for controlling variables, it requires the individu-

al to be able to isolate the factors that affect a particular phenomenon from among a 

group of factors that he identifies. Whereas associative inference requires the individ-

ual to be able to study the quantitative relationships between the elements of the group 

or groups and determine the proportions of each, then compare the proportions and 

finally give certain probabilities. And finally, generative reasoning, which requires the 

ability of the individual to deal experimentally or theoretically to make the largest 

possible number of connections between the elements under study, provided that the 

links are organized and coordinated and not random or duplicate. 

3.4 Literature review 

The studies related to the formative classroom assessment techniques are presented 

in order from oldest to newest as follows: Plybour's aimed to test the effectiveness of 

integrating formative assessment in the teaching of physics and its impact on the de-

velopment of concepts and the students ’attitude towards science[37]. Several activi-

ties have been used to implement teaching by integrating formative assessment such 

as (ascertaining the concept - self-learning - peer participation - hands down strategy - 

pens down - feedback). The researcher used several tools, as it applied pre-and post-

evaluation tests to find out the extent of acquisition and development of scientific-

physical concepts for the units of force and the equations of motion. She also used 

interviews and questionnaires with open-ended questions to know students' attitudes 

about integrating formative assessment into teaching on 55 pre-university students. In 

the US state of Michigan. It found that integrating formative assessment into science 

classes from the beginning of the lesson to the end leads significantly to the acquisi-

tion and development of students 'physical concepts, and the study also confirmed 

students' preference for integrating formative assessment activities during the teaching 

and learning of physics. Al-Azizi, 2016 aimed at identifying the effectiveness of using 

formative evaluation in improving the academic level of thinking skills and scientific 

research courses among university students[41]. The sample consisted of (50 stu-

dents) from the first-year students in the College of Business Administration at Shakra 

University. It was based on the quasi-experimental approach, in which two equal 

groups were chosen, a control group, and studied using the usual method, and an 

experimental group was studied using the formative evaluation. An achievement test 

was applied to both groups before and after teaching, and the tool was an achievement 

test in thinking skills and scientific research. The study demonstrated the superiority 

of students of the experimental group who studied the thinking skills and scientific 

research course using the formative assessment over the control group students who 

studied the same course using the usual method of academic achievement. The study 

also recommended the necessity of applying formative evaluation strategies within the 

classroom at all school levels. Bani Hamad and Al-Barakat (2018) sought to identify 

the quality of formative assessment practices in classroom settings to learn physics in 

the basic education stage in Jordan. The sample included (20) male and female teach-
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ers, who were randomly selected. To achieve the objectives of the study; The two 

researchers designed a tool represented by a verbal rating scale for the classroom 

observation, where the rating scale consisted of ten criteria for the quality of forma-

tive evaluation practices, and each criterion consisted of a set of performance indica-

tors, and the number of indicators as a whole reached 38 indicators that reflect forma-

tive evaluation practices. The results showed that the degree of quality of formative 

evaluation practices did not reach a high level, but rather, all of them were distributed 

within a low degree of practice. That is the absence of employing quality criteria for 

formative assessment in physics learning environments. This confirms the urgent need 

to implement these practices, which was recommended by the study. The current 

research has benefited from the above studies in developing an intellectual framework 

on the classroom structural assessment and its importance, especially in mathematics. 

And choosing the appropriate experimental design, which is an experimental design 

based on two equivalent groups (an experimental group and a control group). And 

contribute to the objective interpretation of the research findings. Finally, learn about 

many books, scientific journals, and sources that enrich the current research 

4 Research Methodology and Procedures 

The research relied on the experimental method that applies the research experi-

ment to two groups, one of them is control and the other is experimental. The research 

used the semi-experimental design with partial control of two equal groups, a control 

group and an experimental one due to the suitability of this approach for the research, 

as the research studies the effect of one independent variable (classroom formative 

assessment techniques) on two dependent variables, which are mathematical thinking 

and logical thinking as shown in Table (1). As for the research community, it was 

identified as fourth-grade students in the First Rusafa Education Directorate. The 

research sample was chosen by the intentional method from Al-Istiqlal Secondary 

School for Girls, then it was divided into two groups, the control group, which studied 

traditionally, and its number (22) students, and the experimental group studied by 

applying the techniques of formative classroom assessment, their number (22). The 

parity of the two research groups was adjusted according to several variables, which 

are (chronological age, previous year's grades in mathematics, the mathematical rea-

soning test, the logical reasoning test). The indicated variables were chosen after ob-

taining the information about the two research groups, i.e. the chronological age and 

the previous year’s grades in mathematics. From school records, the students ’equiva-

lence in terms of mathematical thinking and logical thinking was based on the grades 

of these students in the pre-applied mathematical thinking and logical thinking tests, 

after testing them, correcting their answers and determining the grades of each of 

them. The parity of the two research groups was also ascertained by comparing the 

mean scores of the experimental and control groups using the t-test for two independ-

ent samples, as it became clear that the calculated t value reached (1.44), meaning that 

it is less than the tabular value of T, which amounted to ( 2) In the research variables, 
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which means that the two research groups are equivalent concerning the variables 

(mathematical thinking and logical thinking) as in Table (2). 

Table 1.  Experimental Design for Research 

Post application Independent variable Previous application Groups 

Post-application 
of mathematical 

thinking test, 

logical thinking 
test 

Application of formative classroom 
assessment techniques Previous application of the math-

ematical reasoning test, logical 

reasoning test 

Experimental 
group 

Teaching by the traditional way Control group 

Table 2.   Statistical data for equivalence of research groups (T-test) 

Variables Groups 
Number of 

students 

Arithmetic 

mean 

Standard 

deviation 

Stand-

ard 

error of 

standard 

mean 

The value of  

t-test 
Significance 

level at 0.05 Calculat-

ed 
Tabular 

Chronolog-
ical age 

Experimental 22 79,189 13,165 1,971 
1,375 1,998 

Not signifi-
cant Control 22 74,01 14.719 2,326 

Mathemati-
cal thinking 

Experimental 22 12.508 2,373 0,348 
0,926 1,989 

Not signifi-
cant Control 22 12.100 2,917 0,391 

Logical 
thinking 

Experimental 22 10,03 3,62 10,12 
1,44 2.00 

Not signifi-
cant Control 22 11,24 3,15 9,90 

 

It is clear from the above table that there are no statistically significant differences 

concerning parity factors (age - mathematical thinking - logical thinking) between the 

experimental and control groups, which indicates the parity of the two groups and 

ensures that research tools can be applied to them. Research materials and tools: 

Teaching book using CATs, Mathematical Reasoning Test, Logical Reasoning Test. 

4.1 Research materials and tools 

Research tools: Teaching booklet using CATs, Mathematical Reasoning Test, and 

Reasoning Test. Procedures for preparing research tools: Preparing research tools 

requires analyzing the content of the second chapters (equations and inequalities) and 

the third (foundations and roots) to identify the elements that they contain. As well as 

preparing a table specifying the objectives of the second and third chapters of the 

book. The following steps were followed to conduct this analysis, as the content ele-

ments included in the two subjects (equations and inequalities) and (foundations and 

roots) were identified in terms of concepts, laws, skills, etc. And analyzing the content 

of the topics of the second and third semesters contained in the mathematics book for 

the fourth scientific grade, F11 of 2018. And preparing the content analysis form, 

which includes a table of the topics of the second and third chapters of the book and 

the skills, concepts, and generalizations they contain. Then, to ensure the stability of 

the analysis by analyzing the specific substance and then repeating the analysis. It was 

confirmed through the process of repeating the analysis, which means performing the 

analysis twice, with a difference of three weeks between them, and then calculating 
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the percentage of agreement and difference using the Cooper equation to calculate the 

percentage of agreement between the two analyzes, where Cooper indicates that the 

level of consistency is determined by the percentage of agreement, and if the agree-

ment percentage is less than 70 % Indicates a decrease in the stability ratio, but if the 

percentage is 80% or more, it indicates a high percentage of stability, and the analysis 

percentage has reached (93%), which indicates the stability of the analysis process at 

a high rate. The questionnaire for the analysis was presented and a copy of the pre-

scribed material was attached to a number of experienced referees, specialists in 

measurement and evaluation, and in methods of teaching mathematics, and thus the 

correctness of the analysis was verified in light of the opinions of the arbitrators. 

Teaching brochures using the techniques of classroom formative assessment 

CATs: To prepare the brochure (teacher's guide), the objectives of teaching the sec-

ond and third semesters (equations and inequalities - foundations and roots) were 

determined and the contents of the second and third semesters referred to were ana-

lyzed. And review relevant literature and previous studies to make use of them in 

preparing the guide. The booklet included the pedagogical and philosophical founda-

tions upon which the formative assessment is based in the classroom - a list of the 

lessons included in the proposed unit - the educational aids and tools needed to im-

plement the research - the time required to teach the unit according to the classroom 

formative assessment techniques - guidelines for implementing the guide - the unit 

lesson plan according to CATs technologies. Short techniques were chosen that fit the 

mathematics subject and the time of the class and were represented in (feedback ses-

sions, asking deep questions, concept maps card, group work evaluation). The two 

researchers presented the teaching booklet (Teacher's Guide) to a group of referees 

specialized in the curricula and methods of teaching mathematics, to obtain their opin-

ions, suggestions, and observations, and then amend what is needed in the guide ac-

cording to those opinions and observations, where the final picture of the evidence 

was reached accordingly. 

The mathematical reasoning test: The test was prepared in its final form, consist-

ing of multiple-choice questions (of four alternatives). Four skills for each skill in-

cluded five paragraphs so that the test consisted of (20) questions. Where the goal of 

the test was determined, which is to measure the extent to which fourth-grade scien-

tific students possess mathematical thinking skills before and then after applying the 

Constructive Classroom Assessment CATs, thus knowing its effect on mathematical 

thinking. And then determine the mathematical thinking skills that the test aims to 

measure, which is modeling, and includes the ability to draw tables and pictures, and 

use graphic representations, engineering diagrams. Reasoning means the student's 

ability to reach generalizations. And the expression in symbols. And abstraction. And 

reach the best solution. The research has chosen those skills due to their suitability for 

the selected unit and for the age group to which the research is applied (fourth-grade 

science) and because some other skills such as induction and classification will be 

measured through the application of the logical thinking test, where logical thinking is 

part of mathematical thinking. Preparing the content of the test, as the two researchers 

prepared the Mathematical Reasoning Test in its initial form to take into account the 

suitability of the questions for the students ’level, the clarity of the formulation of the 
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questions and what is required within them, and the matching of the questions with 

the definition of mathematical thinking in mathematics and its skills. And then prepar-

ing the test instructions by developing the necessary instructions to help the students 

to understand what is required and how to answer. Then the test is corrected, whereby 

the correction is done by giving the student one score for each correct answer, and 

nothing (zero) for each wrong answer. The test was applied to an exploratory sample 

from outside the research sample consisting of (20 female students) from the fourth-

grade students on 1/10/2019, and the exploratory experiment aimed to ensure the 

clarity and smoothness of the questions and test instructions and determine the time of 

the test. The two researchers concluded that the appropriate time To complete the test 

is 45 minutes. Internal consistency was verified by calculating the Pearson correlation 

coefficient between each sub-skill of each of the test questions with the total score 

(for the answers of the pilot sample students). Which indicates the validity of the test. 

The two researchers also calculated the correlation coefficients between the degree of 

each sub-skill with the total score of the test. All domains were statistically significant 

at a level of significance (0.01), which is a degree indicating that the internal con-

sistency of the test is high. Stability of the test The Coder - Richardson coefficient 

was used to find the test reliability coefficient, and Richardson’s coefficient (21) was 

obtained for the overall test score. The Richardson Correlation Coefficient (0.728), 

which is a good value, means that the test is stable and can be applied as a research 

tool. 

The logical reasoning test: The objective of the test was determined, which is to 

measure the logical thinking skills of fourth-grade scientific students before and after 

applying the CATs techniques to them in mathematics, and then knowing the effect of 

applying classroom formative assessment techniques on logical thinking. After re-

viewing the literature, studies, and research related to logical thinking, its skills, and 

methods of measuring it among students, a list of logical thinking skills was prepared, 

and the research adopted the following list of skills due to their suitability for the age 

group of students (scientific fourth grade) and since they measure logical thinking in 

mathematics in particular and is represented in the skill of classification Logical (ar-

ranging things in common with the same quality in one group) And the skill of induc-

tion (tracking molecules in a conscious and organized way to reach the totals). And 

the skill of elicitation (giving the student an introduction or more to reach a result 

mentioned in that introduction or introductions). And the skill of deduction (giving 

the student an introduction or more to reach a conclusion that was not mentioned in 

that introduction or introductions). In its final form, the test consisted of (25) ques-

tions that were distributed to measure the four previously defined skills, and the ap-

propriateness of the test content for the subjects decided on the fourth scientific-grade 

was taken into consideration. To correct the test, two scores were assigned to each of 

the test items, and thus the total score for the test is 50 points. As for the validity of 

the test, it was presented in the initial image to a group of expert and specialized ref-

erees in teaching mathematics, educational philosophy, and the Arabic language, and 

the help of the arbitrators was requested by expressing their opinions related to the 

integrity of the test paragraphs from the scientific and linguistic point of view, and 

proposing the necessary addition, deletion or amendment of any A paragraph, and 
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accordingly, the two researchers reached the final picture of the test. And for the reli-

ability of the test, the alpha coefficient was used to calculate the internal consistency 

factor of the test, whose value was (0.832), which is a value indicating the stability of 

the test and its validity as a measuring tool. 

4.2 Research results 

The results of the first hypothesis of the research: To verify the validity of the hy-

pothesis, the dimensional mathematical reasoning test was applied to the experimental 

and control research groups, then computed the arithmetic averages, standard devia-

tions, and values of the T-test, and then obtained statistically significant differences 

between the experimental group’s scores in this test and the control group’s scores in 

the test Same, as in Table (3). By looking at the previous table, we notice that the 

level of significance is (0.04), meaning it is 0.05, and we also note that the calculated 

value of (t) is greater than the tabular value of (t), which confirms the existence of 

statistically significant differences between the mean scores of the experimental group 

and the control group of individuals of a sample Research (scientific fourth-grade 

students) in the mathematical reasoning test, which means rejecting the first hypothe-

sis. And it emphasizes the positive impact of the methods of classroom formative 

assessment on developing students' mathematical thinking. In order to calculate the 

effect of applying the CATs formative evaluation methods on mathematical thinking 

among fourth-grade students from the members of the research sample, the equation 

of the directed effect size complementing the statistical significance was applied in 

light of the values of (T) and the degree of freedom, and the results of the effect size 

are shown in Table (4). It is clear from the previous table that the effect size value 

associated with the ETA square value has a significant impact, which confirms the 

clear effect of applying the class formative assessment on the development of mathe-

matical thinking among fourth-grade scientific students. 

Table 3.  The arithmetic mean, standard deviations, value (T), and level of statistical 

significance of the differences between the experimental and control  

group scores in the mathematical thinking test 

Statistical 

significance 
Significance 

level 

Degree 

of  

freedom 

T-Test value Standard 

deviation 
Arithmetic 

mean 
The 

number 
Groups 

Calculated Tabular 

significant 
0.04 83 4.410 1.990 

7.392 41.327 22 Experimental 

7.093 34.175 22 Control 

Table 4.  The effect of applying the formative classroom assessment techniques in 

mathematical thinking for the fourth-grade students 

Effect size level η 2 T Value Degree of freedom Effectiveness 

Big 0.95 19.98 31 Interior 

Big 0.64 10.237 57 External 
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Results of the second hypothesis of the research: To verify the validity of the pre-

vious hypothesis, the dimensional logical reasoning test was applied to the experi-

mental and control research groups, then computed the arithmetic averages, standard 

deviations, and the values of the T-test, and then obtained statistically significant 

differences between the scores of the experimental group in this test and the scores of 

the control group in The test itself. Table (5) illustrates this. By looking at the previ-

ous table, we notice that the level of significance is (0.03), meaning that it is 0.05, and 

we also note that the calculated value of (t) is greater than the tabular value of (t), 

which confirms the existence of statistically significant differences between the mean 

scores of the experimental group and the control group of individuals of the research 

sample. (Fourth-grader scientific students) in the logical reasoning test, which means 

rejecting the first hypothesis. And it emphasizes the positive impact of the methods of 

classroom formative assessment on the development of thinking among students. To 

calculate the effect of applying the CATs formative assessment methods on the logi-

cal thinking of fourth-grade students from the members of the research sample, the 

formula for the size of the directed effect complementing the statistical significance 

was applied in light of the values of (v) and the degree of freedom, and the results of 

the effect size are shown in Table (6). It is evident from the previous table that the 

effect size value associated with the ETA square value has a significant impact, which 

confirms the clear effect of applying the class formative assessment (the independent 

variable) on the development of logical thinking (the second dependent variable) 

among the fourth-graders of science. 

Table 5.  The arithmetic mean, standard deviations, value (T), and level of statistical 

significance of the differences between the experimental and control  

group scores in the logical reasoning test 

Statistical 

significance 
Signifi-

cance level 
Degree of 

freedom 

T-Test value Standard 

deviation 

 

Arithmetic 

Mean 
The 

number 
Groups Calculated Tabular 

Significant 0.03 83 4.2 2.1 
7.402 42.010 22 Experimental 

7.073 34.100 22 Control 

Table 6.  The effect of applying the formative classroom assessment techniques  

in the logical thinking of the fourth scientific-grade students 

The effect size Value of d Value of η2 Dependent variable Independent variable 

Very big 1.089 0.192 Logical thinking 
Formative classroom assessment  
techniques 

4.3 Explanation of the results of search 

Results related to the first dependent variable, which is mathematical think-

ing: The results related to the mathematical thinking variable presented in the previ-

ous tables showed the superiority of the experimental group to which the classroom 

structural assessment was applied in the mathematical thinking test compared to the 

scores of the experimental group students who were taught and their learning evaluat-
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ed in the traditional way, which confirms The positivity of the classroom constructive 

assessment in developing mathematical thinking among fourth-grade scientific stu-

dents. The two researchers attribute this to the fact that the application of the class 

formative assessment helps students to link between their previous knowledge and 

new information, which results in extrapolating the information or concept, which is 

the most prominent thing that a mathematical thinker does. The classroom structural 

assessment stimulates students towards learning, which encourages them to follow 

methods of induction, guessing, and other mathematical thinking skills. The class-

room methods used in the classroom formative assessment, such as feedback on the 

student’s thinking, contribute to his weaknesses. This method provides information 

about students and their knowledge, which helps the teacher to modify the design of 

teaching to develop their mathematical thinking skills. The methods of classroom 

formative assessment, through the social climate and cooperation among students, 

help in developing the skills of using symbols and modeling laws, among others, 

which raises their level of mathematical thinking. 

Results related to the second dependent variable, which is logical thinking: 

The results of the analysis of the data related to the logical thinking variable presented 

in the previous tables showed the superiority of the experimental group on which the 

classroom structural evaluation was applied in the logical thinking test compared to 

the scores of the experimental group students who were taught to them and their 

learning was evaluated traditionally. This confirms the positiveness of the classroom 

constructive assessment in developing logical thinking in mathematics among fourth-

grade scientific students, and the two researchers attribute that the classroom con-

structive assessment is a method of gradual learning that begins with the discovery of 

knowledge among students, then the deduction, deduction, and analysis of new infor-

mation, which is the most important logical thinking skills. The classroom formative 

assessment is based on investigation and deduction by providing data and infor-

mation, leaving room for the student to reach the results, which matches the purpose 

of logical thinking. Continuous and immediate evaluation helps to arrange and classi-

fy information and are important capabilities for the development of logical thinking. 

The evaluation leaves room for students to ask deep questions and try to get answers 

to them, which leads them to find out the causes and causes, which are also the most 

prominent logical thinking skills.  

5 Conclusion 

In light of the results of the applied part of the research, the following can be con-

cluded: The constructive curriculum based on the social constructivist theory that 

encourages cooperation between students and between students and the teacher is an 

effective approach. Formative classroom assessment techniques (CATs) are effective 

techniques for teaching mathematics that subject that needs to be revisited to issues 

and assignments first hand as this is already part of the techniques. Formative class-

room assessment techniques link teaching and assessment and make them two sides of 

the same coin, which improves the learning process significantly. Immediate feedback 
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helps the student in better understanding and the teacher in adjusting teaching faster. 

Formative classroom assessment techniques help in developing mathematical thinking 

skills for high school students. Formative classroom assessment techniques help in 

developing logical thinking skills for high school students. Students demonstrated 

high mathematical intellectual capabilities represented in modeling relationships, 

finding evidence, and reaching a better solution during the application of the forma-

tive classroom assessment techniques. 

6 Recommendations 

In light of the findings of the research, the researcher recommends the need to edu-

cate mathematics teachers on the importance of modern assessment methods, includ-

ing formative classroom assessment techniques. Preparing mathematics curricula in a 

way that integrates assessment within the teaching process. Carrying out more similar 

studies on other variables such as mathematical achievement and mathematical prow-

ess. Attention to developing mathematical thinking skills, especially that it implicitly 

includes logical thinking. The necessity of conducting daily assessments, as they have 

a great impact on learning mathematics. Preparing a special book for the teacher (the 

teacher's guide) that includes the methods and steps for applying the formative class-

room assessment techniques in teaching at various educational levels. 
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Abstract—The competition between countries is essentially the competition 

of innovative talents. However, China now faces multiple problems in the culti-

vation of innovative talents: the talents are weak in innovation ability; the high-

level innovative talents are not sufficient; neither the quality or level of talents 

fully meet the demand of social and economic development. As a result, it is 

urgent for colleges to renovate the cultivation mode of innovative talents. Focus-

ing on the cultivation of innovative talents majoring in architectural design, this 

paper thoroughly analyzed the extensible teaching mode for cultivating college 

students into innovative talents. Firstly, a questionnaire survey on relevant issues 

was carried out among employers and college graduates. The survey results re-

vealed several problems with the innovative talent training in Chinese colleges, 

namely, the irrational curriculum design, the narrow scope of training objectives, 

and the lack of diverse teaching methods. Results verified, the employers are not 

highly satisfied with the innovative talents, especially the newly graduated ones. 

These problems are attributable to the weak professional development ability, 

poor teamwork ability, and insufficient innovation ability. To solve these prob-

lems, the authors analyzed and expounded the extensible teaching mode for the 

cultivation of innovative talents from four aspects: teaching content scope, teach-

ing methods, teaching space, and appraisal. The research findings enrich the ev-

idence of innovative talent training in Chinese colleges, providing a reference for 

improving the training quality of innovative talents. 

Keywords—Innovative talents, talent training, extensible teaching mode 

1 Introduction 

With the constant development of countries around the globe, now the quality and 

quantity of innovative talents have become a measure for the overall strength of a coun-

try. In China, improving independent innovation ability and creating an innovative 

country is an important national development strategy. As the industrial structure is 

upgrading and the economy is developing at an astonishing pace, China’s demand for 

innovative talents is becoming increasingly urgent. However, at present, China is facing 

the reality of insufficient innovative talent reserves, weak innovation ability, and unsat-

isfactory talent quality and level, and all these issues are greatly restricting the future 

development of China. Higher educational schools such as colleges and universities are 
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the front of innovative talent cultivation; to promote technological advancement and 

economic prosperity and meet Chinese society’s requirements for innovative talents, 

these schools must make greater efforts to strengthen quality education and reform the 

training mode of innovative talents. 

In developed countries such as Europe and the United States, the research on inno-

vative talents started earlier, but each country has different views on the meaning of 

innovative talents. For example, Japanese scholars believe that anyone who can con-

ceive and create something valuable can be called an innovative talent [1]. American 

scholars define innovative talents according to the characteristics of creativity [2]. In 

2006, the International 21st Century Education Committee proposed criteria for judging 

innovative talents from seven aspects including adaptability, creativity, initiative, and 

entrepreneurship, etc. [3]. In China, the research on innovative talents started in the 

1970s, so far, domestic scholars have studied and analyzed the connotation and charac-

teristics of innovative talents from different perspectives. The cultivation of innovative 

talents in Chinese colleges has gone through three stages: the first stage is from the 

1980s to the 1990s, during this period, the cultivation of innovative talents in Chinese 

colleges is at the start-up stage, some colleges in China had set a few innovation-related 

courses, but the cultivation of talents had not been well recognized or understood [4]. 

The second stage is the mid-1990s, during this period, under the guidance of the strat-

egies of rejuvenating China through science and education and making China a power-

ful country through talents, the talent training mode in Chinese colleges entered a fast-

developing stage, and various talent training modes, theories and practical studies had 

emerged accordingly [5]. The third stage began with the 17th National Congress of the 

Communist Party of China, under the guidance of the strategy of improving independ-

ent innovation ability and building an innovative country, the cultivation of innovative 

talents gradually moved to a mature stage; however, due to the influence of many fac-

tors, there’re various problems with the innovative talent cultivation works in China 

[6]. 

The core of extensible teaching mode is the talent training objectives, aiming at the 

requirements of talent training, the extensible teaching mode extents the teaching in 

various aspects of teaching content, teaching forms, teaching methods, teaching time, 

and teaching space, thereby expanding students’ knowledge scope and the channels for 

them to acquire knowledge, optimizing their learning methods, cultivating good learn-

ing habits, and exerting their personalities [7]. In view of these concerns, based on 

above analysis, this paper took the cultivation of innovative talents majoring in archi-

tectural design as an example to analyze and discuss the extensible teaching mode for 

cultivating college students into innovative talents, in the hopes of providing a useful 

reference for improving the training quality of innovative talents.  

2 Problems with Innovative Talent Training in Chinese 

Colleges 

To fully reveal the actual situations of innovative talent training in Chinese colleges, 

this study conducted both online survey and paper questionnaires to investigate related 
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issues about innovative talent training in Chinese colleges from two perspectives of 

employers (enterprises) and employees (college graduates). The employers are mainly 

large and medium-sized enterprises, including private enterprises, state-owned enter-

prises, and foreign-funded enterprises; the investigated employees are college graduates 

graduated between 2009 and 2019 and they are now engaging in various industries. On 

the employer side, a total of 214 valid questionnaires were collected; while on the em-

ployee side, a total of 983 valid questionnaires were returned; after sorting out and an-

alyzing these questionnaires, following results were obtained: 

2.1 Employers’ demand for innovative talents and their satisfaction with 

college graduates 

1. Employers’ demand for innovative talents 

Figure 1 shows the survey results of the qualities that employers think the innovative 

talents should have. According to the figure, these qualities from high to low recogni-

tion level are: team work, professionalism, keen insight, innovative knowledge, and 

innovative will.  
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Fig. 1. Qualities that employers think the innovative talents should have 

2. Employers’ satisfaction with innovative talents 

Figures 2 and 3 respectively show the survey results of the employers’ overall satis-

faction with innovative talents and their satisfaction with various qualities. According 

to the figure, the employers are not that satisfied with innovative talents, especially 

those who have just graduated. The quality with the lowest employer satisfaction 32.6% 

is the professional development ability. Generally, graduates begin to show gaps in their 

professional development ability after three years of working, employees with a weak 

professional development ability have limited contribution to the enterprise, they can 

only do basic works and have no advantage in promotion. Qualities with the second and 
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third lowest satisfaction are teamwork ability (38.5%) and insufficient innovation abil-

ity (45.5%). 
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Fig. 2. Employers’ overall satisfaction with innovative talents 
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Fig. 3. Employers’ satisfaction with innovative talents’ qualities 

2.2 College graduates’ evaluation on the training mode of innovative talents in 

colleges 

1. Irrational curriculum setting and narrow scope of training objectives 

Figure 4 shows the survey results of college graduates’ satisfaction with curriculum 

setting. It can be seen from the figure that although 82% of the respondents are very 

satisfied, satisfied or basically satisfied with curriculum setting in their schools, still, 
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14.6% and 3.4% of them expressed dissatisfaction or very dissatisfaction with curricu-

lum setting. 

The survey results of bottlenecks restricting the improvement of college graduates’ 

innovation ability show that graduates believe that the single knowledge structure, poor 

hands-on ability, weak innovation awareness, and lack of solid professional knowledge 

are the four main factors restricting their innovation ability, as shown in Figure 5.  
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Fig. 4. College graduates’ satisfaction with curriculum setting 
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Fig. 5. Bottlenecks restricting the improvement of college graduates’  

innovation ability 

Further summary and analysis of the interview results suggest that the irrational cur-

riculum setting and the narrow scope of training objectives are the main problems for 
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the cultivation of innovative talents in Chinese colleges. The specific manifestations 

include the undiversified curriculum system; narrow knowledge scope of the curricu-

lum system; few interdisciplinary courses, comprehensive courses, and creative 

courses; small proportion of elective courses; students have little right to choose courses 

by themselves; large proportion of theoretical courses; few forms and small proportion 

of practical teaching links. All these problems have limited graduates’ employment di-

rections and professional abilities. As a result, the society’s demand for innovative tal-

ents could not be met, and it has severely restricted the sustainable development of 

students’ careers.  

2. Lack of diverse teaching methods 

Figure 6 shows the survey results of college teachers’ main teaching methods when 

the respondent graduates were on campus. It can be seen from the figure that current 

college teachers still take the traditional teaching methods as the main teaching meth-

ods, accounting for 68.5%. Project teaching, situational teaching, and other teaching 

methods account for only about 30%, and classroom teaching seldom has teacher-stu-

dent interactions. Students haven’t taken the dominant role in study, they are in a pas-

sive learning state, they can pass exams by simply memorizing the knowledge points 

taught by teachers, which has resulted in that students have not developed good thinking 

habits or hard-working learning methods, let alone the innovative thinking or the inno-

vation awareness.  
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Fig. 6. Survey results of teachers’ teaching methods 
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3 Analysis of the Extensible Teaching Mode for the Cultivation 

of Innovative Talents 

3.1 The cultivation of innovative talents majoring in architectural design 

1. Training objectives of innovative talents majoring in architectural design 

Innovative talents majoring in architectural design should be able to: master the basic 

knowledge, theories, and design methods of the architectural design discipline; have 

basic architectural design ability and basic R&D ability; have creative thinking ability, 

an open vision, and a sense of social responsibility and teamwork spirit; have the con-

cepts of sustainable development and cultural inheritance; engage in design works in 

architectural design institutions; have the adaptability to a variety of professions.  

2. Employment of innovative talents majoring in architectural design 

Figure 7 shows the statistical results of the job units of undergraduates majoring in 

architectural design in Guangdong Province from 2015 to 2020. According to the fig-

ure, although the main training target of the architectural design major is architectural 

designers, due to the influence of factors such as market demand and graduates’ per-

sonal choices, the number of students who eventually engaged in architectural design 

jobs is quite limited. Most of them are now working in construction employer units or 

construction contractor units, and some students choose to continue their studies. 
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Fig. 7. Job units of undergraduates majoring in architectural design 
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3.2 Analysis of the extensible teaching mode for the cultivation of innovative 

talents 

Expansion of teaching 
scope

Expansion of teaching 
space

Examination and 
evaluation expansion

Expandable teaching 
mode

Expansion of teaching 
methods

 

Fig. 8. The extensible teaching mode 

The extensible teaching mode for the cultivation of innovative talents majoring in 

architectural design takes the cultivation of innovative architectural design talents as its 

core. Breaking through the traditional teaching framework, it extends the teaching in 

the four aspects of teaching content scope, teaching methods, teaching space, and ap-

praisal, as shown in Figure 8. The architectural design major is extended from the ar-

chitectural design field to the architectural science field, and the teaching is moved from 

the classroom to the natural and social environment. In this way, students’ comprehen-

sive understanding of the architectural design major and the architecture science could 

be improved, and students’ comprehensive ability could be extended.  

1. Extension of teaching content scope 

Architecture is a comprehensive discipline involving economics, ecology, culture, 

and other disciplines. Architectural design is a sub-discipline of architecture. The dis-

cipline fields and responsibility scopes of modern architectural designers have gradu-

ally expanded and the connections between various disciplines are getting tighter. Fig-

ure 9 gives the discipline system of the architectural design major. In addition, survey 

results show that the employment industries of architectural design graduates have 

gradually expanded, therefore, the extension of the teaching content scope of architec-

tural design major is not only to adapt to the requirements of the new era and the society 

for comprehensive-type and innovative-type talents, but also an inevitable trend for the 

future development of the architecture discipline [9]. 
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Fig. 9. Discipline system of the architectural design major 

The extension of the teaching content scope includes two aspects: the extension of 

subject area, and the extension of design phase [10]. 

Extension of subject area: as shown in Figure 9, the inward system of the architec-

tural design major includes not only the content directly related to architectural design 

such as architectural structure and construction standards, but also the content related 

to urban planning such as urban layout, urban transportation, and regional planning. 

Moreover, the outward system of architectural design major involves the content of 

economics, environmental science, color science, ergonomics, material science and 

other disciplines [11]. Therefore, when setting up courses for the architectural design 

major, the curriculum content should be extended, subjects related to the architectural 

design major should be set as mandatory or elective courses according to their im-

portance degree. In particular, the types of elective courses should be enriched and stu-

dents’ rights to choose elective courses should be guaranteed so as to increase their 

knowledge reserves, enhance their professional development ability, and stimulate their 

innovative thinking. 

220 http://www.i-jet.org



Paper—Analysis of an Extensible Teaching Mode for Cultivating College Students into Innovative Talents 

Planning project

The project proposal

Feasibility study, 
evaluation, decision

Initial design

Construction design

Construction 
preparation

Construction

Completion 
acceptance

Delivery

Investment estimate

Design total estimate

Revised total budget Technical Design

Construction drawing 
budget

Final 
accounts

Pick point

Production 
preparation

Annual plan

 

Fig. 10. Building construction procedure 

Extension of design phase: the construction of a building involves multiple links 

such as planning, project approval, evaluation design, and construction, etc. These links 

are closely linked to form a complete building construction process, and architectural 

design is only one link in the whole process, Figure 10 gives a diagram of the building 

construction procedure [12]. During the teaching process, teachers should appropriately 

extend the design phase, besides explaining the relevant knowledge and methods of 

architectural design to students, they should also enable students to have an overall 

understanding of the building construction procedure, and allow them to learning about 

the main tasks and related knowledge involved in each stage of building construction 

through elective courses or self-study after class; in this way, students’ vision could be 

broadened, their professional knowledge could be increased, and their comprehensive 

problem-solving ability could be enhanced. For example, when students majoring in 

architectural design are working on curriculum design or graduation design, teachers 

could combine architectural design with architectural planning and urban planning, lead 

students to conduct field surveys in planning areas, and give them overall trainings from 

block planning to architectural design. Such field trainings can extend the knowledge 

learning scope of students, and it is helpful for students to have a comprehensive and 

systematic understanding of the early stages of building construction.  
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2. Extension of teaching methods 

Classroom lecturing is still the main teaching method in Chinese colleges at present. 

Teachers control the lecturing content and teaching links of the entire classroom, while 

students are just passive knowledge receivers, and this teaching method is not condu-

cive to stimulating students’ learning enthusiasm or developing their abilities. The ex-

tension of teaching methods aims at highlighting the dominant role of students in the 

classroom, by rationally choosing the appropriate teaching methods and approaches, it 

directs at improving students’ classroom participation and active thinking, cultivating 

learning habits of enjoying research and exploration, and promoting their innovative 

thinking and innovation ability. With the development of computer science and Internet 

technology, multimedia and various simulation technologies have been widely used in 

the field of architectural design, and these advanced modern techniques have enabled 

the teaching methods of architectural design to develop towards a diversified direction 

[13]. Figure 11 lists commonly-used teaching methods under the extensible teaching 

mode for the cultivation of innovative talents majoring in architectural design, includ-

ing case teaching method, group cooperative teaching method, autonomous inquiry, 

visit and experience teaching method, and situational teaching method. Teachers should 

choose one or more teaching methods according to the specific content of a course. The 

combination of several teaching methods can stimulate students’ learning enthusiasm, 

increase classroom participation, cultivate their comprehensive ability, and improve the 

quality and effectiveness of classroom teaching [14]. 
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Fig. 11.  Commonly-used teaching methods under the extensible teaching mode 

3. Extension of teaching space 

Buildings are existing in the objective environment, only showing a few photos and 

videos in classrooms cannot make students master the essence and connotation of the 

buildings. Therefore, we should allow students majoring architectural design to step out 

of the classroom, expand the teaching space, and focus on the combination of theory 
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and practice. The extension of teaching space should break the traditional classroom-

oriented teaching idea and expand the teaching space to the natural and social environ-

ment, enabling students to perceive and learn through their own observation, discovery, 

feeling, and thinking; in this way, the efficiency of classroom teaching can be improved, 

and students can diverge their thinking [8]. 

For architectural design majors, visits and internships are the most direct ways to 

extend the teaching space. First, according to the teaching content, teachers can lead 

students to visit various types of buildings that have been built or under construction, 

help them understand the relevant knowledge of architectural design and master the 

basic structure and materials used in the buildings; at the same time, students could also 

learn about knowledge related to construction and engineering. Second, teachers can 

take actual design projects as teaching tasks and lead students to conduct field survey 

and investigation so as to inspire them to have a deeper understanding of the design 

projects through their own survey results and intuitive experience on the spot. Third, 

via school-enterprise cooperation, we could provide students with off-campus intern-

ship opportunities; each semester, we should organize students to study in cooperative 

enterprises for fixed positions and rotations, so that they can gradually master the 

knowledge of architectural design and related fields during practice; in this way, their 

teamwork ability, practical skills, and professionalism could be cultivated and enhanced 

[15].  

4. Extension of appraisal 

Appraisal is an important link in teaching and an important means to evaluate teach-

ers’ teaching effects and students’ learning achievements. In the traditional teaching 

mode, paper examination is the main method of appraisal; in terms of the architectural 

design major, besides paper examination, some courses would include the results of 

curriculum design into the appraisal. Generally, teachers judge whether students are 

qualified or not through their final exam results, and schools judge teachers’ teaching 

quality based on students’ pass rate and excellent rate. However, the facts show that 

some students with excellent grades are not better than students with lower grades in 

design ability, professional development, or innovation ability [16]. 

Reasonable appraisal methods often have a positive effect on the development of 

students; therefore, the evaluation of students should not be limited to the final exam 

scores. Teachers should choose a variety of appraisal methods according to the content 

and characteristics of each course, and give detailed procedural appraisals to the learn-

ing process and learning ability of students. For example, teachers can include students’ 

daily homework, teamwork and exchanges, learning attitudes, learning methods, and 

internship training results into the appraisal scope. Moreover, besides teacher’s evalu-

ation on students, various evaluation methods such as students’ self-evaluation, mutual 

evaluation, and the internship enterprises’ evaluation on the students could be adopted, 

so that the teachers can fully discover the merits and specialties of each student and 

encourage them to continue learning and make progress; at the same time, the students 

could understand their own shortcomings and determine new directions for their efforts 

[17]. 
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4 Conclusion 

The quality of innovative talents is directly related to a country’s comprehensive 

strength and its future economy level. Aiming at problems existing in the cultivation of 

innovative talents in Chinese colleges, this paper studied the extensible teaching mode 

for the cultivation of innovative talents and drew the following conclusions: 

1. The survey results of college graduates’ evaluation on the talent training mode in 

Chinese colleges showed that, there are a few problems with the current innovative 

talent cultivation works in Chinese colleges, including irrational curriculum setting, 

narrow scope of training objectives, and lack of diverse teaching methods, etc.  

2. The survey results of the employers’ evaluation on the talent training mode in Chi-

nese colleges showed that, the employers are not highly satisfied with the innovative 

talents, especially the newly graduated ones, and these problems are attributable to 

the weak professional development ability, poor teamwork ability, and insufficient 

innovation ability.  

3. In response to the survey results, with the architectural design major as an example, 

this paper gave a detailed analysis and explanation of the extensile teaching mode 

for the cultivation of innovative talents from four aspects of teaching content, teach-

ing methods, teaching space, and appraisal.  
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Abstract—Based on the H-M model, the optimal incentive model under 

competition was constructed, the best incentive system was constructed by 

solving the model, and its incentive characteristics are analyzed. Based on the 

theory of econometrics, an empirical model of incentive system was 

constructed, and the correlation and significance between the main core 

variables and incentive intensity are empirically tested. The results show that 

competition has a significant effect and positive effect on incentive level. 

Incentive level has a non-linear correlation with service cost and risk 

preference, within a certain range, the best incentive level is negatively related 

to them. 

Keywords—Subject librarian, incentive level, incentive contract 

1 Introduction 

Computer science and technology literature information retrieval is offered by col-

leges and universities to improve information literacy of college students. Among 

them, information awareness and information ability are the core content of infor-

mation literacy. This course introduces literature type, search field, search term, 

search operator, search strategy, search principle and many more to college students. 

Information retrieval needs retrieval platform to achieve. The retrieval system in-

cludes comprehensive, professional and multiple types databases. The retrieval plat-

form database has its own search rules. Computer science and technology literature 

information retrieval learning will benefit the students a lot in their life and study. It 

can help students learn to use various databases to retrieve the information they need. 

Through learning computer literature information retrieval, college students are re-

quired to be able to determine the nature and scope of the information they need, 

grasp the existence of information sources, evaluate information and select useful 

information to solve difficult problems in life and study. The ultimate goal of comput-

er literature information retrieval is to solve problems with information. 
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Computer science and technology literature information retrieval teaching is fore-

most teaching task undertaken by the subject service team. The subject service team is 

a subject librarian group engaged in related subject services in university libraries. 

Subject librarians cooperate with each other and make full use of their skills and sub-

ject knowledge to provide users with in-depth subject knowledge services. With the 

continuous expansion of the content of subject education services, the subject service 

team mainly provides services for the administrative decision-making departments of 

universities, the departments where the key subjects are located, scientific researchers, 

key laboratories and bases through subject information analysis, training and teaching, 

subject resource promotion, teaching and research document resource construction, 

document resource retrieval and delivery, scientific and technological innovation, etc. 

Subject librarians are not only proficient in using various computer retrieval systems 

but also proficient in different data analysis tools. They are not only closely related to 

the construction of first-class disciplines in universities, but also very important. 

Focusing on reality, an interview survey of nearly 1,000 subject librarians in more 

than 100 academic libraries directly revealed that the low compensation of subject 

librarians is the fundamental reason for the loss of attractiveness of subject services. 

Outstanding problems such as "insufficient incentives" faced by the subject service 

team have caused subject librarians to encounter problems such as insufficient intense 

emotion, low work enthusiasm, irresponsible attitude, and low service quality in sub-

ject service team. Therefore, it is very urgent and necessary to establish and improve 

the incentive system of subject service team.  

Scholars mainly discuss the issue of subject librarian motivation from the theoreti-

cal and empirical levels. In terms of theoretical research, scholars mainly put forward 

a series of programs to effectively motivate subject librarians based on management 

incentive theory. Based on the comprehensive incentive theory, Yan [1] constructed 

an incentive model for the subject service team of academic libraries, analyzed its 

incentive process and characteristics. Wan [2] deeply analyzed the connotation of 

subject librarian's psychological contract and the mechanism of using psychological 

contract to encourage subject librarian, believed that psychological contract is a true 

reflection of subject librarian's needs and an important guarantee for effective motiva-

tion of subject librarian, and proposed that the enthusiasm and creativity of subject 

librarians can be continuously and effectively improved through development incen-

tives, guarantee incentives, target incentives, trust incentives, and evaluation incen-

tives, and the sustainable development of subject services can be realized. Wei [3] 

analyzed the current incentive situation and existing problems of subject librarians, 

and believed that a scientific, reasonable and feasible personalized incentive mecha-

nism should be constructed based on demand to effectively motivate subject librarians 

and promote the development of the library business. Goodsett and Walsh [4] be-

lieved that unfamiliar academic and teaching requirements make librarians more anx-

ious. Therefore, a tutoring plan can effectively encourage subject librarians to adapt to 

the new environment was proposed. Silva et al. [5] discussed how time and experi-

ence affect subject librarians' cognition of tenure, and found that providing academic 

librarians with tenure and teacher status is an effective way to attract and retain high-

quality subject librarians.  
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In terms of empirical research, Wu [6] believed that personal achievement is a 

unique incentive element and the basis for designing an incentive mechanism. Com-

bining the practice of subject librarians in subject knowledge services, Song [7] be-

lieved that subject librarians need 22 skills and knowledge to carry out subject 

knowledge services, and the rationality and necessity of these ability requirements 

have been proved again through investigation and research. Zhang et al. [8] collected 

data through questionnaires, drew lessons from the theoretical model of planned be-

havior, built a conceptual model of knowledge sharing influencing factors of academ-

ic library subject service teams in a media environment, and constructed a structural 

equation model for empirical testing. The accessibility, timeliness, and richness of 

shared knowledge of the library subject service team have been obtained, and the 

quality factor has a high impact on the knowledge sharing intention, and there is a 

positive effect. Tinuoye et al. [9] elaborate that job environment, salary level, fairness, 

professional title, academic promotion, learning and training have an important effect 

on the job satisfaction, the work efficiency and the high-quality service of the subject 

librarians. Silva and Galbraith [10] found that salary incentives are very important for 

subject service librarians through the questionnaire. The longer they have been en-

gaged in the academic library, the higher the likelihood that they will consult for more 

salaries, and the likelihood of women take part in salary negotiations is often lower.  

To sum up, from the existing literature on incentives for subject librarians, there 

are more qualitative studies based on management incentive theory, and fewer empir-

ical studies. In particular, the existing empirical research is mainly realized through 

investigation and research methods, while the research on establishing empirical 

models based on real data for testing is relatively rare. Based on the theory of eco-

nomic incentives—principle-agent theory, we construct an optimal incentive model 

for subject librarians in academic libraries, and analyze incentive characteristics 

through model solutions. And on the basis of theoretical research, we establish an 

incentive empirical model to test the correlation and significance between the incen-

tive level and the main variables.  

2 Incentive Optimization Model 

2.1 Basic assumptions 

Assumption 1: Subject librarians have two tasks, and they are independent each 

other. ei1 indicates the effort level of the subject librarian for the one task, and ei2 

denotes the other effort level. 

Assumption 2: Suppose the effort level of subject librarian i in different tasks is 

completely independent, and its service cost function is 𝐶𝑖(𝑒𝑖1, 𝑒𝑖2) = 𝑒𝑖1
2/2𝑡1 +

𝑒𝑖2
2/2𝑡2, where a larger ti means a smaller service cost, and i=1, 2. 

Assumption 3: Subject librarians are homogeneous. Subject librarians have a com-

petitive relationship and the intensity of competition for the two tasks is the same. 

Therefore, the performance output functions of two subject librarians are respectively. 
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 11 11 11 21 1( )S e b e e = + − +
 

(1) 

 12 12 12 22 2( )S e b e e = + − +
 

(2) 

 21 21 11 21 3( )S e b e e = + − +
 

(3) 

 22 22 12 22 4( )S e b e e = + − +
 

(4) 

where, b is the user transfer coefficient, that is, the intensity of competition. θi rep-

resents uncontrolled exogenous randomness, and obeys a normal distribution and 

𝜎𝑖
2 > 0, i=1, 2, 3, 4.  

The above expression contains the following two aspects. 

1. When 

0, 1,2, 1,2
ij

ij

S
i j

e


 = =


, it means that when the competitor's effort remains 

unchanged, and subject librarians increase their effort, the performance output will 

increase accordingly. 

2. When 
𝜕𝑆𝑖𝑗

𝜕𝑒𝑖𝑗
< 0, 𝑖 = 1,2, 𝑗 = 1,2, it means that the effort level of the subject librari-

an remains unchanged, and the performance output of the subject librarian will be 

impaired with the increase of competitors' effort level.  

Assumption 4: It is assumed that university administrators provide linear salary in-

centive 1 1 2 2 , 1,2i i ib S b S i = + + =
 to supervise and motivate subject librarians to 

work hard. Where,   represents fixed salary, b1>0, b2>0 represent the service value 

sharing ratio. 

Assumption 5: The subject librarians have an utility function 
1 2[ ( , )]

1 2( , , ) C e ee e e    − −= −
. ρ>0 means that subject librarian is risk aversion, and the 

retained income for subject librarian to receive incentives is u . 

2.2 Total social surplus 

1. Expected net income of managers 

the expected income of the library managers is 

11 12 21 22 11 12 21 22 11 21 12 22( ) 2 ( ) 2 ( )E S S S S e e e e b e e b e e+ + + = + + + + − + −
 

(5) 

The expected benefits of subject librarians are 

 

1 1 11 2 12

1 11 1 11 21 2 12 2 12 22

( ) ( )

         ( ) ( )

E E b S b S

b e b b e e b e b b e e

 



= + +

= + + − + + −
 

(6) 
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2 1 21 2 22

1 21 1 11 21 2 22 2 12 22

( ) ( )

         ( ) ( )

E E b S b S

b e b b e e b e b b e e

 



= + +

= + + − + + −
 

(7) 

So, the expected net income of the library managers is 

11 12 21 22 1 2

11 12 21 22 11 21 12 22 1 11 1 11 21

2 12 2 12 22 1 21 1 11 21 2 22 2 12 22

( ) ( ) ( )

    2 ( ) 2 ( ) ( )

    ( ) ( ) ( )

pf E S S S S E E

e e e e b e e b e e b e b b e e

b e b b e e b e b b e e b e b b e e

 





= + + + − −

= + + + + − + − − − − −

− − − − − − − − − −  

(8) 

2. The CE of subject librarians 

According to the hypothesis, the expected net income of subject librarians is re-

spectively 

 

1 1 11 12 1 11 1 11 21 2 12

2 2

2 12 22 11 12

1 2

( ) ( , ) ( )

1 1
( )

2 2

E C e e b e b b e e b e

b b e e e e
t t

 − = + + − +

+ − − −

 

(9) 

 

2 2 21 22 1 21 1 11 21 2 22

2 2

2 12 22 21 22

1 2

( ) ( , ) ( )

1 1
( )

2 2

E C e e b e b b e e b e

b b e e e e
t t

 − = + + − +

+ − − −

 

(10) 

Therefore, the CE of subject librarians are respectively 

 

1 1 11 1 11 21 2 12 2 12 22

2 2 2 2 2 2

11 12 1 1 2 2

1 2

( ) ( )

1 1 1 1

2 2 2 2

CE b e b b e e b e b b e e

e e b b
t t



   

= + + − + + −

− − − −

 

(11) 

 

2 1 21 1 11 21 2 22 2 12 22

2 2 2 2 2 2

21 22 1 1 2 2

1 2

( ) ( )

1 1 1 1

2 2 2 2

CE b e b b e e b e b b e e

e e b b
t t



   

= + + − + + −

− − − −

 

(12)

 

3. Total social surplus 

The total social surplus TS is defined as the sum of the manager’s expected net in-

come and the certainty equivalent income of the subject librarian:  

 

11 12 21 22 11 21 12 22

2 2 2 2 2 2 2 2

11 12 21 22 1 1 2 2

1 2 1 2

2 ( ) 2 ( )

1 1 1 1
    

2 2 2 2

TS e e e e b e e b e e

e e e e b b
t t t t

   

= + + + + − + −

− − − − − −

 

(13) 

2.3 Model construction, solution and analysis 

When the information is asymmetric, in order to achieve the best interests of both 

the manager and the subject librarian, the two conditions of participation constraint 
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and incentive compatibility constraint must be met at the same time, so the incentive 

optimization model is shown below.  

 

1 2 11 12 21 22

11 12 21 22 11 21 12 22
, , , , , ,

2 2 2 2 2 2 2 2

11 12 21 22 1 1 2 2

1 2 1 2

1 11 1 11 21 2 12 2 1

max    e 2 ( ) 2 ( )

1 1 1 1
                        

2 2 2 2
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b b e e e e
e e e b e e b e e

e e e e b b
t t t t

s t b e b b e e b e b b e



   



+ + + + − + −

− − − − − −

+ + − + +

11 12

2 22

2 2 2 2 2 2
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1 2

11 12 1 11 1 11 21 2 12
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                        ( )
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e
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(14) 

where, (1) and (3) in the model respectively represent the participation constraint 

conditions; (2) and (4) respectively represent the incentive compatibility constraint 

conditions.  

The above-mentioned incentive compatibility constraint conditions respectively 

seek the first-order conditions for the effort levels 1ie
 and 2ie

, then substitute them 

into the objective function in the model, and then seek the first-order conditions for 

the incentive intensity bi, and then the optimal salary incentive is (�̄�, �̄�1, �̄�2, �̄�1, �̄�2), 
that is 

 1 1 2 2 ,  1,2i i ib S b S i = + + =
 

(15) 

where, the optimal sharing ratios are respectively 

 

2

1

1 2 2

1 1

2

2

2 2 2

2 2

(1 2 )

(1 )

(1 2 )

(1 )

t b
b

t b

t b
b

t b





+
=

+ +

+
=

+ +
 

(16) 

The fixed salary of subject librarian is 

 

1 11 1 11 21 2 12 2 12 22

2 2 2 2 2 2

11 12 1 1 2 2

1 2

( ) ( )

1 1 1 1
   

2 2 2 2
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(17) 
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And the best effort levels of subject librarian are respectively 

 

11 1 1

12 2 2

21 1 1

22 2 2

(1 )

(1 )

(1 )

(1 )

e t b b

e t b b

e t b b

e t b b

= +

= +

= −

= −
 

(18) 

By seeking partial guidance on the optimal incentive contract, the change trend of 

the optimal incentive intensity (service value sharing ratio) of subject librarians can be 

obtained with the change of competition intensity among subject librarians b, service 

cost c, risk aversion level ρ, and randomness of the external environment σ2. The 

changing trends of the factors are shown in Table 1. 

Table 1.  Trends of the core factors 

Incentive intensity Competitive intensity b↑ Risk aversion ρ↑ Uncertainty σ2↑ Service cost c ↑ 

b1 ↑ ↓ ↓ ↓ 

b2 ↑ ↓ ↓ ↓ 

3 Empirical Test 

3.1 Variable description and model setting 

Variable description: The data required for the empirical research is obtained 

through questionnaires. Through statistical analysis, the data characteristics are as 

follows. 

Table 2.  Descriptive characteristics of variables 

Variables Observations Mean values Maximum values Minimum value Standard deviations 

Ln(lnc) 409 10.2854 12.2142 7.6824 0.6913 

Com 419 0.1227 0.5 0 0.0615 

Cos 413 7.8815 15 3.1090 1.9352 

Ara 316 0.0384 2.7603 -0.7551 0.3828 

Unc 419 7.9116 15 1 5.2423 

Lnfp 411 6.9388 7.4955 6.2146 0.2645 

Lndp 411 6.3240 6.9077 5.7037 0.2528 

Age 419 9.6157 13 1 3.6605 

 

 

 

232 http://www.i-jet.org



Paper—The Incentive Mechanism of the Subject Librarians with Computer Information Retrieval Under... 

Table 3.  Correlation analysis of variables 

Variables Com LnCos Ara Unc Lnfp Lndp Age 

Com 1.0000       

LnCos 0.0115 1.0000      

Ara -0.0122 -0.0546 1.0000     

Unc -0.2710 -0.0316 0.0754 1.0000    

Lnfp -0.1888 -0.0300 -0.0510 0.3809 1.0000   

Lndp -0.1605 -0.0350 -0.0348 0.3702 0.7405 1.0000  

Age -0.1401 0.0485 -0.0673 0.0929 -0.0182 0.0121 1.0000 

 

Model setting: We construct an empirical model composed of incentive level, 

competition intensity, service cost, risk preference and randomness of library external 

environment, and empirically tests the influence of the main core variables on the 

optimal incentive intensity (sharing ratio).  

In the determination equation of incentive intensity, the core variables are competi-

tion level, service cost, risk preference and randomness of user choice, and the corre-

sponding equations are constructed as follows. 

 1 2 3 4( ) C Cosit it it it it itLn Inc om Ln Ara Unc     = + + + + +
 

(19) 
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(20) 
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(23)
 

In the above economical empirical model, the intensity of competition is measured 

by the ratio of annual quantity of one novelty search to the total annual quantity of all. 

Com represents the intensity of competition. Other core variable detailed measure-

ments can be find in the reference [12]. 
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3.2 Analysis of empirical results 

Based on the constructed empirical model, we empirically test the influence of 

competition intensity, service cost, risk aversion, and the uncertainty of the external 

environment on incentive level after running the measurement software Stata14.0. 

The empirical tests are the following Table 4. 

Table 4.  Correlation regression analysis of core variables under competition intensity 

Core Variables Model 1 Model 2 Model 3 Model 4 Model 5 

Com 2.5414
***

 2.5830
***

 3.2960
***

 3.3297
***

 3.3151
***

 

(4.42) (4.6) (6.59) (6.69) (6.68) 

(LnCos)3 
 0.6379 1.4805 1.4172 1.4176 

 (0.6) (1.57) (1.51) (1.52) 

(LnCos)2 
 -3.2853 -8.1934 -7.6492 -7.6145 

 (-0.53) (-1.5) (-1.41) (-1.40) 

LnCos 
0.1221 5.4926 15.0260 13.6333 13.4677 

(0.62) (0.46) (1.43) (1.31) (1.29) 

Ara2 
 

-0.2589
***

 -0.2836
***

 -0.2864
***

 -0.2830
***

 

 (-4.43) (-5.27) (-5.31) (-5.26) 

Ara 0.1512
**

 0.3723
***

 0.4388
***

 0.4417
***

 0.4387
***

 

(2.42) (4.74) (6.09) (6.12) (6.10) 

Unc 0.0208
*

 0.0226
**

 
-0.0048 -0.0066 -0.0190* 

(1.79) (2.06) (-0.52) (-0.72) (-1.69) 

Lnfp 
  

0.7390
***

 0.6798
***

 0.6601
***

 

  (3.61) (3.30) (3.21) 

Lndp 
  

0.7682
***

 0.8279
***

 0.8486
***

 

  (3.54) (3.8) (3.89) 

Age*Dum 
   

0.0146
*

 
 

   (1.72)  

Age*Dum*Unc 
    

0.0020
**

 

    (2.17) 

Within R2 0.0703 0.1272 0.2630 0.2609 0.2606 

Between R2 0.1396 0.2378 0.4757 0.4945 0.5014 

Overall R2 0.1338 0.1910 0.3780 0.4068 0.4258 

N 315 315 315 315 315 

***, **, * Indicate that the core variables are significant at the level of 1%, 5%, 10%, respectively. 

4 Conclusion 

Based on the conclusions of incentive theory, we collect relevant data of subject li-

brarian of novelty retrieval, constructs an empirical model of incentive intensity that 
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includes competition intensity, and empirically tests the significance and correlation 

between the main core variables and incentive intensity. Through empirical analysis, 

the following important conclusions are obtained.  

1. In the incentive system designed by the manager, the incentive intensity imple-

mented by the manager to the subject librarian, that is, the value sharing ratio ob-

tained is closely related to four factors of competitive relationship among subject 

librarians, subject service cost, risk avoidance degree, and randomness of entrust-

ing clients to choose subject services.  

On the one hand, it is recommended to learn from the successful experience and 

practices of enterprises and other organizations, and implement an income distribution 

system for subject librarians with fixed income plus subject service value sharing. The 

proportion of value sharing mainly depends on the comprehensive technical ability of 

the subject librarian, the mutual relationship, the service cost, the degree of risk aver-

sion, and the uncertainty of the external environment. On the other hand, managers 

should choose subject librarians with high-risk preferences, high comprehensive tech-

nical capabilities, and low unit effort costs. Subject librarians with higher risk aver-

sion will reduce their own risk and effort in order to reduce their own level of effort, 

which will damage the service output of the institution. However, subject librarians 

with higher comprehensive technical level and lower unit effort cost have a higher 

degree of effort, which will increase the service output of subject service institutions. 

At the same time, managers can train subject librarians to achieve a win-win situation.  

2. The intensity of competition has a significant effect on the incentive. The higher 

competition, the more intense the competition for subject librarians. Therefore, 

managers should strengthen incentives to achieve a win-win. The relationship be-

tween subject librarians will affect the service output of subject librarians. Before 

designing a salary incentive system, managers should evaluate multiple tasks un-

dertaken by subject librarians based on the relevance of tasks, determine the rele-

vant attributes and interrelationship characteristics between subject librarians based 

on the optimal incentive contract, and can strengthen the mutual relationship be-

tween subject librarians by setting up a reward and punishment system.  

3. The service cost has little effect on the incentive level, and the relationship be-

tween incentive level and service cost is not a linear relationship, but a complex 

nonlinear relationship. In a certain range, the higher the service cost, in order to 

maximize the expected benefits of managers, managers should weaken incentive. 

4. The risk aversion has a significant effect on the incentive level, and the relationship 

between incentive level and risk aversion is not a linear relationship, but a quadrat-

ic correlation. Within a certain range, the higher risk aversion, the more risk that 

they are afraid of. In order to meet the managers' expectation of the best returns, 

managers will weaken the incentives for subject librarians.  

5. The uncertainty of the external environment of the library, that is, the randomness 

of entrusting clients to select subject services, has a high effect on the incentive, 

and there is a negative effect with it. That is, the higher the randomness of service 

selection, the manager should reduce the sharing ratio of subject librarians.  
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Abstract—Covid-19, which emerged in the Wuhan city of People’s Republic 
of China and affected the whole world, was first seen in Turkish Republic of 
Northern Cyprus and Turkey in March 2020. Due to the negative impact created 
by the mentioned disease, face-to-face education which was traditionally applied 
in Turkey and Northern Cyprus was ceded and total distance education was 
adopted rapidly so that education would not be hindered. Although distance edu-
cation has a long history in the world, the total transformation of the system re-
quired a certain effort for both students and teachers to have a command in the 
process. In the article, based on the opinions of faculty members and students, 
the education system that has completely changed in universities with the pan-
demic process is evaluated. The distance education system, which is thought to 
have an important place in education after today, has been evaluated especially 
by pointing out the deficiencies and making some recommendations to eliminate 
them. In the research, measurement and evaluation came to the fore as one of the 
most important problems in the distance education system. At this point, it is 
predicted that a more process-oriented measurement and evaluation process will 
produce healthier results. 

Keywords—Covid-19, pandemic, online education, distance education, chang-
ing education 

1 Introduction 

With the outbreak of Covid-19, education system underwent change and the face-to-
face traditional education system has been replaced with distance education. In this re-
spect, distance education was adopted in Turkey and Turkish Republic of Northern Cy-
prus on 23 March 2020.  

In order to improve the quality of education, which is a life-long process, different 
alternatives have been considered by scientists from past to present. One of these alter-
natives is the distance education model. “Today's traditional education institutions may 
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be limited in providing qualified and affordable services to a large number of individ-
uals with different learning styles. In contrast, the rapid development of digital infor-
mation processing and communication creates a range of teaching and learning oppor-
tunities [1].” In the 21st century, which we call the information age, technological de-
velopments have directly affected education. "Universities have started to use the dis-
tance education system to respond to the self-renewal need of modern people with the 
technological development [2]." Especially developments in information technologies, 
together with distance education applications, have contributed significantly to the de-
velopment of the communication network in the world. Today, particularly the men-
tioned development in information technologies directly affects the form of education 
and necessitates some changes.  

"Distance education in Turkey first took its place in higher education with the estab-
lishment of the Open Education Faculty at Anadolu University with the higher educa-
tion law numbered 2547 and the starting of student admission in the 1982-83 academic 
year [3]." In the 1980s and 1990s, distance education became more mature and gained 
a certain place in the education system. From the end of the 1990s and the beginning of 
the 2000s, distance education centers have been established in universities and "Ata-
türk's Principles and Revolutions", "English" and "Turkish Language" courses have 
been offered through distance education. 

In the new academic year, some studies are being conducted on distance education, 
which has settled in the center of education with the pandemic. At this point, it was 
decided that 40% distance education could be delivered in universities in Turkey and 
TRNC.  

1.1 Objective of the study 

In this study, based on the opinions of faculty members and students, the education 
system that has completely changed in universities with the pandemic process will be 
evaluated. The deficiencies of the distance education system, which will have an im-
portant place in education after today, will be put forward, and recommendations will 
be made to eliminate them. 

2 Method 

2.1 Study group 

The study group consists of 25 faculty members and 25 students from TRNC uni-
versities. Care has been taken to choose faculty members and students from different 
faculties and departments. Thus, faculty members working in different departments of 
the Faculty of Arts and Sciences, Faculty of Education, Faculty of Medicine, Faculty 
of Law, Faculty of Engineering and Faculty of Economics and Administrative Sciences 
and students enrolled at these faculties were included in this study. During the selection 
of faculty members and students in the study group, convenience case sampling, which 
is one of the purposeful sampling methods, was used. 

iJET ‒ Vol. 16, No. 10, 2021 239



Paper—Evaluation of Changing Education System at Universities in the Pandemic Process Based on... 

2.2 Collection of data  

In the creation of the data collection tool, firstly, an interview form with 5 questions 
was created by the researchers. Later, the opinions of 1 education programs and instruc-
tion specialist, 2 distance education specialists, and 1 assessment and evaluation spe-
cialist were consulted. In line with the consensus of the researchers and the experts 
consulted, 1 of the 5 main questions was removed because of its similarity with the 
other questions, and 2 new questions were added to the interview form. Thus, an inter-
view form including 6 questions was created to collect research data. 

The questions in the faculty member and student interview form are as follows: 

1. What are the advantages of distance education? 
2. What are the disadvantages of distance education? 
3. What do you think should be taken into consideration in order for the distance edu-

cation classes to be more efficient? 
4. Do you prefer distance education or face-to-face education in classes? Why? 
5. Can each course be given in the form of distance education? Why/Why not? 
6. Do you think measurement and evaluation in distance education is satisfactorily fair 

and reliable? Why/Why not? 

2.3 Analysis of data  

Content analysis was used in analyzing the research data. In this context, the data 
were analyzed by dividing them into certain categories and themes and shown with 
frequency and percentage values. Various comparisons are made during the analysis of 
the data. 

3 Findings 

In the findings section, a total of 9 tables are given and the data of faculty members 
and students are explained in the tables by giving the frequency and percentage. 
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3.1 Findings regarding the advantages of distance education 

Table 1.  Frequency and percentage distribution of the opinions of faculty members  
and students about the advantages of distance education 

Category Theme Faculty 
Member 

Student 

f % f % 

Advantages of dis-
tance education for 
faculty members 

Saving time 6 24 - - 
Contributing to the recording of all kinds of notes related to the 
course 4 16 - - 

Providing teachers with the opportunity to use different strate-
gies, methods and techniques using technological tools 4 16 - - 

Time flexibility 4 16 - - 
Having financial advantages 3 12 - - 
Being flexible in terms of space 2 8 - - 
Less exhaustion for faculty members 2 8 - - 
Faculty members not being subject to any restrictions such as 
working hours  1 4 - - 

Advantages of dis-
tance education for 

faculty students 

Providing the students who cannot attend the class the oppor-
tunity to follow the class later 8 32 12 48 

Enabling students to attend classes who have to work / cannot at-
tend the class for being abroad 6 24 7 28 

Having financial advantages 4 16 8 32 
Helping students not to leave the class when face-to-face educa-
tion is interrupted for some reason 3 12 4 16 

Providing students with ready lecture notes 3 12 4 16 
Contributing to the technological development of students 2 8 - - 
Providing students with more video and visual materials 2 8 - - 
Saving time 2 8 15 60 
Being flexible in terms of space 2 8 6 24 
The students who do not fully understand the subject being told 
reinforce the subject by watching the recorded lecture again. 1 4 - - 

Students save on materials such as photocopy, paper and pencil 1 4 11 44 
Students attending classes without missing their families - - 3 12 
Exams being easier - - 2 8 
The homework given in the courses contributes to doing research 
and structuring knowledge by students - - 3 12 

Students making the class environment suitable for their own 
preferences - - 1 4 

Students gaining different learning methods and techniques - - 2 8 
Delivering the lecture notes to the student in full - - 4 16 

 
In Table 1, which includes the views on the advantages of distance education, it was 

found that faculty members mentioned the advantages for both faculty members and 
students, while students only mentioned the advantages for students. Naturally, the ad-
vantages of distance education on students rather than faculty members have been men-
tioned. 

Faculty members listed the advantages of distance education on faculty members as 
follows: saving time, contributing to the recording of all kinds of notes related to the 
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class, providing the opportunity for teachers to use different strategies, methods and 
techniques using technological tools, having time flexibility, having financial ad-
vantages, being flexible in terms of space, less exhaustion for faculty members, and 
teaching members not being subject to any restrictions such as working hours. They 
listed the advantages on students as follows: providing the students who cannot attend 
the class the opportunity to follow the course later, enabling students to attend classes 
who have to work / who cannot attend the class for being abroad, being financially 
advantageous, helping students not to leave the class in cases where face-to-face edu-
cation is interrupted due one reason or another, giving students ready lecture notes, 
contributing to the technological development of students, providing students with 
more videos and visual materials, saving time, being flexible in terms of space, rein-
forcing the subject by watching the recorded lecture again by the students who does not 
fully understand the subject, saving students from materials such as photocopy, paper 
and pencil. Students, on the other hand, only focus on the advantages of distance edu-
cation over the students and list the following advantages: giving the student who can-
not attend the course the opportunity to follow the course later, enabling students to 
attend classes who have to work / who cannot attend the class for being abroad, being 
financially advantageous, helping students not to leave the course in cases where face-
to-face education is interrupted due to one reason or another, giving lecture notes ready 
to students, saving time, being flexible in terms of space, saving students from materials 
such as photocopy, paper and pencil. 

3.2 Findings regarding the disadvantages of distance education 

Table 2.  Frequency and percentage distribution of the opinions of faculty members and stu-
dents regarding the disadvantages of distance education 

Category Theme 
Faculty 
member Student 

f % f % 

Disadvantages of 
distance educa-
tion on the learn-
ing-teaching pro-
cess 

Students not actively participating in classes 9 36 - - 
The course cannot be taught, or students cannot attend classes due 
to electricity and internet problems. 8 32 6 24 

Very few students attend the classes since participation in distance 
education classes is not compulsory. 5 20 4 16 

Students avoiding speaking and giving feedback 3 12 - - 
Lecture notes are readily given by faculty members, so students are 
unable to structure information. 3 12 - - 

Some students have difficulties in following the classes given by 
distance education and taking exams due to their inability to use 
technology well. 

2 8 2 8 

Not understanding which students grasped or not grasped the sub-
ject due to lack of eye contact with students 2 8 4 16 

Students offering more excuses for not attending distance education 
classes 2 8 - - 

Not knowing whether students stay in the system to listen to the 
class until the end after entering the class. 1 4 - - 

Low-economic students having difficulty attending classes 1 4 1 4 
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Classes being covered inefficiently - - 8 32 
Difficulty understanding and learning the information conveyed in 
classes - - 6 24 

Lack of concentration due to inability to establish eye contact - - 5 20 
Decreases the desire to attend classes and study - - 3 12 
Inability to ask the faculty members about the issues that are not 
understood in the course contents - - 3 12 

Inability to practice in some applied courses - - 2 8 
Learning difficulties encountered in the learning process cannot be 
solved immediately - - 2 8 

Teachers preferring traditional education more in classes - - 2 8 
Disadvantages of 
distance educa-
tion on measure-
ment and evalua-
tion 

Lack of a solution to prevent students from cheating in exams 5 20 4 16 
Inability to measure and evaluate in applied courses 4 16 2 8 
It does not allow for a satisfactorily fair assessment in terms of 
measurement and evaluation 3 12 9 36 

Disadvantages of 
distance educa-
tion as regards 
time 

Teachers spending too much time on both lecturing and answering 
student questions 4 16 - - 

Students not obeying the meeting time and constantly disturbing 
the faculty members 2 8 - - 

Having trouble reaching faculty members  - - 5 20 
 
As seen in Table 2, disadvantages of distance education are discussed under three 

headings. The disadvantages of distance education on learning-teaching are as follows: 
According to the faculty members, the students do not actively participate in the classes, 
the classes cannot be taught or the students cannot attend the classes due to the electric-
ity and internet problems, the participation of the students in the distance education 
classes being not compulsory as a result of which the students refraining from speaking 
and avoiding giving feedback, students not being able to structure the information as 
the lecture notes are given by the faculty members in a ready-made manner, having 
difficulties in following the classes given by distance education and taking the exams 
due to the inability of some students to use the technology well, not understanding 
which students comprehend the subject or not because of the lack of eye contact with 
the students, providing more excuses for not attending online classes, not knowing 
whether students stay in the system to listen to the class until the end after entering the 
lecture, the students with low economic status having difficulty in attending classes. 
Students, on the other hand, indicated to the following points: classes being inefficient, 
difficulty in understanding and learning the information conveyed in the classes, lack 
of concentration because eye contact is not established, not understanding which stu-
dents have comprehended the subject due to lack of eye contact, very few students at-
tending classes due to the lack of compulsory attendance in distance education classes, 
classes not being covered or students not being able to attend due to electricity and 
internet problems, reduction in the desire to participate in the classes and study, the 
inability to ask incomprehensible issues in the course to the faculty members, some 
students having difficulties in following the courses given by distance education and 
taking exams due to their inability to use technology well, inability to make applications 
in some practical courses, learning difficulties encountered in the learning process not 
being able to be solved instantly, and teachers preferring traditional education more in 
classes. 
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It was revealed that both faculty members and students expressed the same views on 
the disadvantages of distance education on measurement and evaluation: There is no 
solution that can prevent students from cheating in exams, measurement and evaluation 
cannot be made in applied courses, and it does not allow a satisfactorily fair assessment 
in terms of measurement and evaluation. 

Considering the disadvantages of distance education over time, it is seen that faculty 
members and students have different views. According to the faculty members, it is 
important that teachers spend too much time both for classes and answering student 
questions and that students do not obey the office hours and constantly disturb the fac-
ulty members. According to the students, the most important disadvantage is their dif-
ficulty in reaching faculty members. 

3.3 Findings about what should be paid attention in order to make distance 
education classes more efficient 

Table 3.  The frequency and percentage distribution of the opinions of faculty members  
and students on what should be considered in order to make distance  

education classes more efficient 

Category Theme 
Faculty 
member Student 

f % f % 

Issues that faculty mem-
bers should pay attention 
to in order to make dis-
tance education classes 
more efficient 

Enriching the classes with remarkable videos and visuals 9 36 8 32 
Ensuring active participation in classes 8 32 6 24 
Applying the question-answer method too much in the clas-
ses and checking whether they understand the subject 6 24 5 20 

Not giving all lecture notes in a ready-made manner, but al-
lowing them to be researched and structured by the student 6 24 - - 

Always giving students the right to speak  6 24 4 16 
Including examples frequently in order to reinforce the top-
ics 5 20 3 12 

Making course attendance compulsory 4 16 6 24 
Students being kept compulsory to attend classes through 
video 4 16 5 20 

Ensuring that students do research before coming to the 
class in order to ensure that they come to the class prepared 2 8 2 8 

Covering classes with different methods and techniques to 
make the lectures more efficient 1 4 3 12 

Process-oriented rather than results-oriented evaluation 1 4 - - 
Finding fairer measurement and evaluation methods - - 10 40 
Preparing lecture notes in a remarkable way - - 3 12 
Finding solutions to students' problems during office hours - - 2 8 
All students paying attention to have their cameras turned 
on - - 1 4 

Not keeping class hours too long - - 1 4 

Issues that students should 
pay attention to in order to 
make distance education 
classes more efficient 

Following the classes regularly 6 24 - - 
Asking about the subjects that are not understood during the 
class to the faculty member 5 20 - - 

Doing homework assignments on time 2 8 - - 
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As can be seen in Table 3, while faculty members emphasize the points that both 
faculty members and students should pay attention to in order to make distance educa-
tion classes more efficient, it is seen that students only mention the issues that faculty 
members should pay attention to. 

In line with the opinions of the faculty members, the points that the faculty members 
should pay attention to in order for the classes given with distance education to be more 
efficient are as follows: enriching the classes more with remarkable videos and visuals, 
ensuring active participation in the classes, applying the question-answer method in the 
classes too much and checking whether they understand the subject, not providing all 
lecture notes in a ready-made way, but ensuring that they are also researched and struc-
tured by the student, giving the students the right to speak, including examples fre-
quently in order to reinforce the subjects, keeping participation in the class obligatory, 
the students being required to attend the lectures through video, the students doing re-
search with different methods and techniques before coming to class to make the lecture 
more efficient, and making process-oriented rather than result-oriented evaluation. The 
points that students should pay attention to are as follows: following the lectures regu-
larly, asking the faculty member about the subjects that are not understood during the 
class, and completing the assigned homework on time. 

In line with the opinions of the students, the points that the instructors should pay 
attention so that the distance education classes can be more efficient are as follows: 
enriching the classes more with remarkable videos and visuals, ensuring active partici-
pation in the classes, applying the question-answer method to the classes and checking 
whether they understand the subject, giving the right to speak, frequently including ex-
amples in order to reinforce the subjects, making course attendance compulsory, stu-
dents being required to attend classes by turning their camera on, making sure that stu-
dents come to the class prepared for the lesson, conducting research with different meth-
ods and techniques to make classes more efficient, to find fairer measurement and eval-
uation methods, to prepare lecture notes in a remarkable way, to produce solutions to 
problems of students during office hours, to ensure that cameras of students are turned 
on, to pay attention not to keep class hours too long. 

3.4 Findings regarding whether distance education or face-to-face education is 
preferred more in courses and the reasons for this preference 

Table 4.  Frequency and percentage distribution of the opinions of faculty members  
and students regarding whether distance education or face-to-face education  

is preferred more in courses 

Category 
Faculty member Student 

f % f % 
I prefer face-to-face education in classes 22 88 14 56 
I prefer distance education in classes 3 12 11 44 

 
As can be seen in Table 4, 88% of the faculty members prefer face-to-face education 

and 12% prefer distance education in classes. On the other hand, 56% of the students 
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stated that they preferred face-to-face education in classes and 44% more preferred dis-
tance education in lessons. 

Table 5.  Frequency and percentage distribution of the opinions of faculty members  
and students regarding the reasons for choosing distance education or  

face-to-face education in courses 

Category Theme 
Faculty 
member Student 

f % f % 

I prefer face-to-face 
education in classes 

Face-to-face classes being more efficient 7 28 5 20 
Establishing eye contact in face-to-face education 6 24 1 4 
It is easier to understand whether the students comprehend the sub-
ject in face-to-face education. 5 20 - - 

Helping students more when lecturer realizes that they do not un-
derstand subjects in class 5 20 - - 

Lecturing in face-to-face classes being easier 4 16 - - 
Fair assessment and evaluation in face-to-face education 4 16 3 12 
More active participation of students in classes in face-to-face edu-
cation 4 16 2 8 

Faculty members and students being more successful in face-to-
face education 3 12 - - 

Faculty members not having received any training on distance edu-
cation 2 8 - - 

Practical courses not being able to deliver through distance educa-
tion 2 8 3 12 

High student motivation 2 8 1 4 
Exams in face-to-face education having higher validity and relia-
bility 1 4 - - 

Learning taking place more easily - - 3 12 
Information being permanent - - 2 8 
Feedback being easier and more immediate in face-to-face training - - 2 8 
Students paying more attention to the classes - - 2 8 

I prefer distance ed-
ucation in classes 

Thinking distance education is more beneficial 2 8 1 4 
Contributing to the attendance of the students who could not attend 
classes due to some reasons 1 4 4 16 

Saving time - - 3 12 
Having time flexibility - - 3 12 
The cost of distance education being lower - - 3 12 
Providing equal opportunity in education - - 2 8 
Attending classes from any place desired - - 2 8 
Easier access to information through distance education - - 1 4 

 
The reasons for faculty members to prefer face-to-face training in classes are as fol-

lows: the fact that face-to-face lessons are more efficient, the establishment of eye con-
tact in face-to-face education, understanding more easily whether the students have 
comprehended the subject in face-to-face education, being able to help students more 
when they realize that students do not understand the subject, subjects being explained 
more easily, fair measurement and evaluation in face-to-face education, students par-
ticipating more actively in face-to-face education, faculty members and students being 
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more successful in face-to-face education, faculty members not having received any 
training on distance education, inability to cover applied classes through distance edu-
cation, the students having higher motivation, and higher validity and reliability of the 
exams in face-to-face education. The reasons for students to prefer face-to-face educa-
tion in classes are as follows: the fact that face-to-face classes are more efficient, the 
establishment of eye contact in face-to-face education, fair measurement and evaluation 
in face-to-face education, more active participation of students in face-to-face educa-
tion, inability to cover applied classes through distance education, high student motiva-
tion, easier learning, permanent information, easier and immediate feedback in face-to-
face education, students paying more attention to the classes. 

The reasons of faculty members to choose distance education in classes are as fol-
lows: they think distance education is more beneficial, and it contributes to the partici-
pation of students who cannot attend classes for some reasons. The reasons for students 
to choose distance education in classes are as follows: thinking that distance education 
is more beneficial, contributing to the participation of students who cannot attend clas-
ses for some reasons, saving time, having time flexibility, lower cost of distance edu-
cation, providing equal opportunity in education, entering the classes from anywhere 
they want, and reaching information more easily through distance education. 

3.5 Findings about whether each class can be covered with distance education 
and the reasons 

Table 6.  The frequency and percentage distribution of the opinions of faculty members and 
students regarding whether each course can be conducted with distance education 

Category Faculty member Student 
f % f % 

Every class can be covered through distance education - - 6 24 
Not all classes can be covered through distance education 25 100 19 76 

 
According to Table 6, 100% of the faculty members and 76% of the students stated 

that not every class could be covered through distance education, while 24% of the 
students stated that each class could be covered through distance education. 

 
 
 
 
 
 
 
 

iJET ‒ Vol. 16, No. 10, 2021 247



Paper—Evaluation of Changing Education System at Universities in the Pandemic Process Based on... 

Table 7.  The frequency and percentage distribution of the opinions of faculty members  
and students regarding the reasons why each class can or cannot be conducted  

with distance education 

Category Theme 
Faculty 
member Student 

f % f % 

Every class can be cov-
ered through distance ed-
ucation 

Possibility to teach all classes by distance education using 
different methods and techniques - - 4 16 

As long as simulations, videos, and visuals are used, it is suit-
able to have all classes from a distance - - 3 12 

Adapting the applications and activities to be used in applied 
courses to distance education - - 1 4 

Giving appropriate materials for applied classes - - 1 4 
Not every class can be 
covered through distance 
education 

Application-based courses cannot be conducted with distance 
education 22 88 12 48 

Distance education not being efficient in internship lessons 4 16 10 40 
 
According to the students, the reasons for each course to be conducted through dis-

tance education are as follows: The possibility of providing all courses with distance 
education by using different methods and techniques, all classes being able to covered 
through distance education as long as simulations, videos and visuals are used, adapta-
tion of the applications and activities to be used in applied courses to distance education, 
and giving appropriate materials in applied courses. 

According to the faculty members and students, the reasons why not every class can 
be covered through distance education are as follows: practice-based courses cannot be 
conducted with distance education, and distance education is not efficient in internship 
courses. 

3.6 Findings on whether measurement and evaluation in distance education are 
satisfactorily fair and reliable and the reasons thereof 

Table 8.  The frequency and percentage distribution of the opinions of  
faculty members and students  

Category 
Faculty member Student 

f % f % 
I think measurement and evaluation in distance education is satisfacto-
rily fair and reliable. 3 12 5 20 

I think that measurement and evaluation in distance education is not 
satisfactorily fair and reliable. 22 88 20 80 

 
As seen in Table 8, 88% of the faculty members and 80% of the student’s state that 

measurement and evaluation in distance education is not satisfactorily fair and reliable. 
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Table 9.  The frequency and percentage distribution of the opinions of faculty members and 
students regarding the reasons why measurement and evaluation in distance  

education is satisfactorily fair and reliable or not 

Category Theme Faculty 
member 

Student 

f % f % 
I think measurement and 
evaluation in distance 
education is satisfacto-
rily fair and reliable. 

Recording oral exams and discussing with students the mis-
takes the made during the exam 2 8 1 4 

Sharing the assessment scale and result of homework given 
and exams in distance education with the student 1 4 2 8 

Capturing camera image 1 4 - - 
Adjusting the time accurately 1 4 - - 
Asking questions based on comments 1 4 - - 
Multiple choice exams being fair - - 3 12 
Automatic calculation of the exam results and inability of 
teachers to behave on a biased manner - - 2 8 

I think measurement and 
evaluation in distance 
education is not satisfac-
torily fair and reliable. 

Inadequate supervision of students 7 28 4 16 
Inability to distinguish between students who study and take 
exams and students who cheat 5 20 7 28 

Convenience for students to find answers to exam questions 
from lecture notes using search-find tools 4 16 - - 

Lack of a system based on taking a screenshot of the com-
puter used by the student during the exam 2 8 - - 

The fact that the student camera is on during the exam does 
not mean that he / she has taken the exam; someone else may 
be taking the exam instead of the student himself 

2 8 5 20 

Faculty member increasing the difficulty of exam questions to 
prevent students from cheating 2 8 - - 

Negative reflection of systematic problems on the student 
during the exam - - 2 8 

Students taking examinations through collaboration - - 2 8 
Not choosing measurement and evaluation in line with the 
course outcomes - - 2 8 

Requests and skills of students not being taken into account  - - 1 4 
 
The reasons for faculty members to think that measurement and evaluation in dis-

tance education are fair and reliable are stated as follows: recording the oral exams and 
discussing with the students the mistakes they made during the exam, sharing with the 
student the evaluation scale and results of the homework given in distance education 
and the exams, capturing camera images, setting the time correctly, and asking ques-
tions based on interpretation. The reasons why students think that measurement and 
evaluation in distance education is satisfactorily fair and reliable are as follows: record-
ing the oral exams and discussing with the students the mistakes they made during the 
exam, sharing with the student the assessment scale and result of the homework given 
and exams in distance education, fairness of multiple-choice exams, inability of teach-
ers to behave on a biased manner, a system that automatically calculates the exam re-
sult.  

The reasons faculty members do not think that measuring and evaluating in distance 
education is fair and reliable are as follows: students cannot be inspected sufficiently, 
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students who study and take exams cannot be distinguished from cheating students, 
convenience of finding answers to exam questions from lecture notes, lack of a system 
based on taking a screenshot of the computer, the student's camera being turned on 
during the exam does not mean that he / she has taken the exam, someone else may be 
taking the exam instead of the student himself, and faculty members making the exam 
questions difficult with the concern that the students will cheat. The reasons why stu-
dents do not think that measuring and evaluating in distance education are satisfactorily 
fair and reliable are listed as follows: students cannot be inspected sufficiently, students 
who study and take the exams cannot be distinguished from the students who cheats, 
the students’ camera being turned on during the exam does not mean that the student 
has entered the exam, someone else maybe taking the exam instead of the student him-
self, the negative reflection of the systematic problems on the students during the exam, 
the students taking the exams in collaboration, the lack of preference for assessment 
and evaluation in line with the course outcomes, the failure to consider the requests and 
skills of students. 

4 Conclusion, Discussion and Recommendations 

In the study, which aims to evaluate the changing education system in universities 
during the pandemic process, based on the views of faculty members and students, data 
have been obtained based on six questions, and meaningful results have been identified. 

According to Table 1, where the advantages of distance education are questioned, 
the most important advantage of distance education over students is that students who 
cannot attend the live class can view the course later. The biggest advantage for faculty 
members is that the said education system saves time. According to Al and Madran [4], 
"the main reason why Web-Based Distance Education is being accepted and increasing 
in popularity today is that education is independent of time and place." In this way, the 
students will be able to watch the missed classes again whenever and wherever they 
want [4]. The students gave a similar response with their faculty members and said that 
distance education saves time. Congwei Li also compared distance education with tra-
ditional education in his study and stated that with a similar discourse, he removed the 
limitation in learning [5]. Sezer Kanbul et al., in their article titled “Determining Expert 
Opinions of the Faculty of Education on the Development of Distance Learning 
Course”, stated with a similar discourse that distance education provides a great ad-
vantage in terms of time [6].  

In Table 2, where the disadvantages of distance education are presented in three dif-
ferent headings, firstly, the disadvantages of distance education on the learning-teach-
ing process are evaluated. At this point, according to most of the faculty members, it is 
a disadvantage that students do not actively participate in the classes. According to most 
of the students, the inefficient course of the classes is a disadvantage. Secondly, another 
disadvantage for both groups is that the classes cannot be taught or students cannot 
attend classes due to electricity and internet problems. Internet access problem, which 
is stated as one of the disadvantages, was also mentioned in Muilenburg and Berge's 
article “Student Barriers to Online Learning: A Factor Analytic Study” and it was em-
phasized that internet access problems are one of the obstacles to online learning [7]. 
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According to Demir, “the students cannot participate in the discussions whenever they 
want, they just fall into the listening position in crowded classes [8].” Almost all of the 
students participating in Özgöl, Sarıkaya and Öztürk's [9] study stated that the teachers 
were unable to transfer their energies to the course as a result of the distance education, 
and as a natural consequence of this, the students had difficulty in understanding the 
classes and were negatively affected by this situation. 

Secondly, in Table 2, the disadvantages of distance education on measurement and 
evaluation are assessed, and according to the majority of the faculty members, the lack 
of a solution that can prevent students from cheating in exams is stated as the most 
important problem. The students also expressed a similar opinion and emphasized that 
a fair evaluation cannot be made in terms of measurement and evaluation in distance 
education. Bilgiç and Tüzün also emphasized various disadvantages in distance educa-
tion and stated that “an important problem of web-based distance education programs 
in higher education institutions is the inadequacy of measurement and evaluation meth-
ods [10].” The third assessment in Table 2 regards time. The disadvantages of distance 
education on time, according to most faculty members, are that too much time is spent 
on giving lectures and answering student questions. According to most of the students, 
having difficulties in reaching faculty members is one of the most important problems 
affecting the process. In the study conducted by Özgöl, Sarıkaya and Öztürk [9], it was 
observed that students reported the problem of not being able to communicate with the 
instructor of the course. 

In Table 3, the opinions of faculty members and students regarding what should be 
considered in order to pass the lessons in distance education more efficiently are given. 
The most important point that faculty members should pay attention to in order to make 
distance education classes more efficient, according to the faculty members, is to enrich 
the classes with remarkable videos and visuals. The most important issue is to find more 
equitable measurement and evaluation methods according to students. According to the 
faculty, the most important point that students should pay attention to in order for the 
classes given by distance education to be more efficient is to follow the lessons regu-
larly. In the research of Özgöl, Sarıkaya and Öztürk [9], faculty members expressed 
their opinion on the necessity of attendance for students to participate in the classes. 

It has been observed that face-to-face education is mostly preferred by both faculty 
members and students (Table 4), while a smaller portion of the faculty members and 
students prefer distance education. Likewise, in the study conducted by Özgöl, Sarıkaya 
and Öztürk [9], it is seen that both faculty members and the majority of students prefer 
face-to-face education. 

Looking at the findings (Table 5) regarding the reasons for preferring face-to-face 
education, it was seen that the most important reason for both faculty members and 
students to prefer face-to-face education is related to the efficiency of the lessons. On 
the other hand, it has been observed that the students prefer distance education to a 
certain extent (44%), although not as much as face-to-face education (56%). It is deter-
mined that it contributed to the attendance of some students who could not attend clas-
ses for one reason or another. 

All of the faculty members and the vast majority of the students stated that not every 
course can be delivered with distance education, but other students stated that every 
course can be conducted through distance education (Table 6). According to Table 7, 
which evaluates the reasons for each course to be taught or not by distance education, 
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some students stated the possibility of teaching all courses by distance education using 
different methods and techniques as the answer to why every course can be taught 
through distance education. On the other hand, according to most faculty members and 
students, the reason why not every course can be conducted through distance education 
is that practice-based courses cannot be delivered through distance education. Similar 
to the data of this study, Kahraman [11] stated that it is mostly not appropriate to deliver 
applied courses with distance education and that they should develop curricula and con-
tents suitable for using distance education method in applied courses.  

Looking at Table 8, it was seen that both participant groups thought that measuring 
and evaluation in distance education is not satisfactorily fair and reliable. Accordingly, 
most of the faculty members stated that measurement and evaluation in distance edu-
cation is not satisfactorily fair and reliable because students cannot be inspected suffi-
ciently. Most of the students also stated that measurement and evaluation in distance 
education is not satisfactorily fair and reliable because the student who studies and takes 
the exams and the student who cheats cannot be distinguished. The suggestion submit-
ted by Fidan, Debbağ and Çukurbaşı [12] in their study is in harmony with the results 
of this study. According to the suggestion of the researchers, it is necessary to develop 
valid and reliable measurement and evaluation tools for the evaluation of distance edu-
cation programs. Again, according to Hans d'Orville [13], several exams were cancelled 
or postponed with the pandemic, or online assessment tools started to be used instead 
of traditional exam methods. The author stated that this may cause larger than normal 
measurement errors.  

As a result, it was seen that both faculty members and students did not completely 
reject distance education despite its deficiencies, and they welcomed this change except 
for some issues (e.g., measurement and evaluation). From this point of view, it is nec-
essary to focus especially on measurement and evaluation in the changing education 
system and to find solutions at this point. 

Choosing a process-oriented measurement and evaluation in distance education and 
informing the students about the evaluation criteria will help to eliminate the concerns 
mentioned in this regard. In addition to this, the enrichment of the classes by the faculty 
members using visuals and the necessity of participation in the class and monitoring the 
foregoing will contribute to experience a more efficient process.  
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Abstract—It has been argued that participation as involvement as well as 
taking part in decision making is a fundamental part of learning. The first large 
arena for experiencing this for many young people is the school. This paper in-
vestigates how 16 pupils at grade eight view their own and their teacher’s role 
when it comes to facilitating participation. The pupils are interviewed the se-
mester after a long researcher led participation project and the interviews are 
analyzed using thematic analysis. The analysis identifies four different types of 
participation from the pupils’ responses. These four types can be connected to 
passive and active participation as well as participation as involvement and par-
ticipation as influence.  

Keywords—Pupil participation, pupil perspective, teacher role, pupil role, digi-
tal tool 

1 Introduction 

Participation in form of involvement in learning processes as well as taking part in 
decision-making have been argued to be a fundamental part of learning and a lot of 
educational research has been conducted over the years to study this subject as seen in 
[1]-[7]. However, the conditions for participation in learning changes along with 
changes in schools and society at large. In recent decades, we have witnessed the 
emergence of technologies that mediate several aspects of our daily activities. Today, 
information and communication technologies such as computers and mobile technol-
ogy are—in addition to being integrated into our leisure activities—tools that have 
been integrated in schools for learning and teaching purposes, which have resulted in 
fundamental changes in the conditions for learning and participation [8]. However, 
there are few studies on participation in secondary school that have taken the changed 
conditions into account.  

Therefore, this study investigates how secondary school pupils in a technology-rich 
school view their own role and teacher’s roles in facilitating participation. A number 
of studies have looked at both these perspectives and demonstrated how participation 
influence learner’s satisfaction with schoolwork, their learning and school perfor-
mance, and general well-being see [3], [6], [9]-[13]. Other studies have also shown 
that learners are not always satisfied with the degree of participation and that they 
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want support for increased participation [6], [14]-[18]. For instance, Thornberg [19] 
demonstrate that learners state that their voices are not taken seriously and that they 
have limited possibilities to influence schoolwork. Furthermore, it has been demon-
strated that teachers have different interpretation and views on learners participation 
[6], [14], [16], [18], [20]-[22], largely due to unclear instructional documents and 
curriculum [16], [20], [22]-[24]. 

Albeit different studies discuss that using technology enhances or encourage learn-
er participation [1], [25]-[28], few have looked at how secondary school pupils view 
participation, and more specifically, their own role and teachers role in facilitating 
participation in technology-rich school environments which has been identified as 
important to study [29].  

This study investigates how pupils in a technology-rich school views their own role 
in facilitating participation, as well as the teacher’s role in facilitating participation. 
The following research questions have been formulated. From the perspective of sec-
ondary school pupils: 

1. What are teachers’ roles to facilitate learner participation? 
2. What are learners’ roles to facilitate learner participation? 

To answer these research questions, we have conducted five focus-group inter-
views with pupils in a secondary school in Stockholm, Sweden. The school was se-
lected based on the fact that it is one of the leading schools in the municipality of 
Stockholm in terms of the use of technology for teaching and learning. We then per-
formed a thematic analysis that illuminates pupils’ views of how participation can be 
promoted by themselves and by teachers. 

2 Participation as a Concept in the Educational Field 

There is a common wide view that states that knowledge is not only kept inside in-
dividual minds but that it also exists in “the discourse among individuals, the social 
relationships that bind them, the physical artefacts that they use and produce, and the 
theories, models and methods they use to produce them” [30, p. iv]. This paper is 
influenced by social theories of learning which view learning as participation in the 
social world [31]. The social theories of learning are based on sociocultural learning 
theory [32]-[33] and the theory of learning as social participation [7]. There are sever-
al different perspectives when viewing the construction of knowledge and understand-
ing as a social activity [34, p. 24], but the most common ones’ focuses on participa-
tion as a condition for learning [4]. 

The concept of participation is complex and there is no commonly agreed defini-
tion of participation. Even though the definitions are grounded in a social participa-
tion perspective they can still be different. Participation is defined (in studies such as 
[2], [11], [35] as interaction with peers and teachers, which facilitates learning and 
enhances the quality of the tasks and results. Wenger [7, p. 55] define participation as 
“a process of taking part and also to the relations with others that reflect this process 
”. Buchy and Hoverman [36] on the other hand have a two-folded definition where 
they view participation as an approach, ideology and specific ethos for community 
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building, and as a method, set of guidelines and practices for involving people in 
planned activities.  

In general, the research about participation in school are divided between viewing 
participation as one of two types; participation as influence and participation as in-
volvement [9]-[10]. Studies focusing on participation as involvement relate to ques-
tions such as: What is participation? How can it be measured? Which barriers exist? 
Because of this most studies have focused on pupils with disabilities and have related 
to concepts such as engagement and inclusion [37]-[39]. Furthermore, in formal edu-
cational settings participation is differentiated into two forms: 1) being present as a 
passive form of participation, and 2) a more active form of participation and involve-
ment [9]. 

Studies focusing on participation as influence instead reflects on democracy theo-
ries, the children’s rights and how they can influence decision-making processes. 
Such participation is based on two-way communication between pupils and teachers 
regarding concepts such as information, impact, influence, and consultation [5], [6], 
[10], [40]. The suggestions that come from the consultations are considered for im-
plementation. 

Three main areas of obstacles to full participation of young people are evident 
[41]-[44]. The issues are related to the nature of the schemes (slow decision-making 
in formal channels); the attitudes of adults (young people have a lack of competency, 
need to be protected and are perceived disinterested); and the characteristics of young 
people (inhibit willingness to participate based on lack of interest, confidence or 
trust). 

De Winters [45, p. 159] argues that participation delivers “a way out of the “prob-
lematization” of young people”. This means that by focusing on young people as 
source of potential solutions rather than the source of the problem e.g., utilizing them 
within community participatory projects, the adult’s perception of them can change. 
Matthews [46] states that when young people are invited to participate, it does not 
obvious result in equal partnership. The expectation is on the young to adopt the 
adults’ language, custom and practice, which in return makes them to disengage. Mat-
thews continues with emphasizing that poor participatory mechanisms and fundamen-
tal barriers to the real engagement of children and young people may result in a “cul-
ture of non-participation” [46, p. 264] and affect pupil to be “non-participant in the 
future” [46, p. 267]. 

3 Digital Tools and Participation 

It is commonly mentioned by the pioneers in this research area (such as [2], [26]-
[28]) that digital tools facilitate learner participation in both traditional and online 
educational settings. Social media has been thought to promote participation and so-
cial interaction, as well as facilitate collaboration, communication and networking 
among students [47]. When it comes to digital generation, pupils use digital tools very 
often in their daily interaction and communication [48]. Several studies suggest that 
the application of different types of digital tools influence on different types of educa-
tional interaction, which in turn promotes different types of participation and learning 
[49]-[52].  
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As also discuss in some other studies (like [28], [53]-[54]), successful use of In-
formation and Communication Technology (ICT) and digital tools provide rapid 
feedback and has potential of facilitating the construction of knowledge and providing 
similar possibilities for all learners to get involved and have equal learning opportuni-
ties in compare to the traditional classroom. Moreover, digital tool is recommended as 
a medium for facilitating educational interaction and learning in general [27], [53]-
[54]. ICT can also be used, in the form of synchronous and asynchronous communica-
tion, as a supplement for pupil participation in traditional education [50], [57].  

In contrast, other studies (see [54], [58]) argue that online tools may not always 
provide productive discussion or participation among learners. Some more recent 
research also point out that digital tools may not either be used effectively and appro-
priately in schools by the teachers [59]-[62]. 

When it comes to pupil perspective in formal educational settings, using digital 
tools are not as popular as in daily informal communication among pupils. Pupils do 
not perceive ICT as an important part of their participation and formal learning in 
schools [48]. Hence, using digital tools to facilitate student participation in school 
settings is still a challenge [1], [25], [48]. The challenge that has always been there as 
long as the use of digital tools were introduced [2]. Therefore, considering influencing 
factors and roles on participation is as important as the choice of the digital tools to 
motivate students to participate [63].  

4 Methods 

A qualitative exploratory study design was chosen to investigate how pupils, on the 
one hand view teacher’s role in facilitating participation, and on the other hand, view 
their own role in doing so. Thus, in this study, we performed semi-structured focus 
group interviews with pupils from a secondary school in Stockholm, Sweden. The 
school was selected based on that it was one of the schools in Stockholm that invested 
a lot in technology-supported learning and teaching, and due to the fact that it was a 
heterogeneous school with pupils with different cultural backgrounds. 

A purposive sampling procedure was used [64]-[66]. The participants that were re-
cruited by schoolteachers had previously taken part in the project “Research Party” 
which had the aim to promote active participation and critical thinking (more details 
can be found [48]. In total, 15 pupils (age 15-16) were selected for interviews. The 
gender distribution was quite equal including eight males and seven females. We 
conducted five semi-structured focus group interviews with two to four participants in 
each group. A semi-structured interview-guide with seven open-ended questions were 
used as the basis for encouraging group discussion. The questions in the interview 
guide address the following aspects: 

a) How pupils view the meaning of the term pupil participation  
b) How teachers can facilitate pupil participation  
c) How pupils can facilitate pupil participation 
d) How a principal can facilitate pupil participation  
e) How do you participate when you are at home and with your friends  
f) How can you participate in the community  
g) How can you participate globally 

258 http://www.i-jet.org



Paper—Pupils Participation in a Technology-Rich Environment 

The focus-group interviews that were conducted at the school took in average 100 
minutes. Each interview was video- and audio recorded. A full transcription of the 
interviews was done. An inductive thematic analysis was performed to analyse the 
collected data. Thematic analysis is proposed as a flexible method for identifying, 
analysing and reporting patterns (i.e. themes) within data [67] 

We used the following six-phase procedure based on Braun and Clarke [67]: 

• Familiarizing oneself with the data 
• Generating initial codes 
• Searching for themes 
• Reviewing themes 
• Defining and naming themes 
• Producing the report 

Thus, the collected data was initially read through several times in order to get a 
broader picture of the material as a whole. After this step, each interview was coded 
in detail in the online collaborative qualitative coding software eMargin. This step 
was followed by a categorization of similar codes, and finally a thematization of simi-
lar categories, called subthemes. In total, 23 codes were identified, 8 categories, 2 
subthemes and 2 themes. 

To increase the reliability, two independent researchers went through the data 
analysis process and analysed the data and naming the themes and subthemes [66]. 
Coding, categorization and thematization was continuously discussed among at least 
two researchers. 

Participation in the study was voluntary and every pupil was asked if she or he was 
interested and willing to participate in the focus group before each interview. All 
participants were informed about the purpose of the study, the procedure of focus 
group interviews and the duration of the interview. Privacy of participants were re-
spected and the participants were informed of their anonymity and asked to include 
their email addresses only if they would like to participate in related studies in the 
future. The confidentiality of the collected data from the participants was ensured and 
to preserve the confidentiality of the data, the recorded data and transcripts were 
locked in a way that they only were accessible to the researcher the interviews were 
conducted by. To ensure the anonymity of the participations, all the collected data 
were anonymized and coded by letters. 

5 Results 

The thematic analysis resulted in two overarching themes: teacher role and pupil 
role; where each contains two themes: knowledge transfer and social responsibility. 

5.1 Arch theme: Teacher role and pupil role  

The findings are based on the pupil experiences and perspectives, divided into the 
teachers’ and pupils’ roles with respect to who is the subject in the statements that can 
influence and facilitate the pupil participation in formal educational settings. 
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Theme division: the teachers’ and pupils’ roles (as the arch themes) are categorized 
based on knowledge transfer and social responsibility (as the main themes). In 
knowledge transfer, the focus is on participation for learning and teaching and in 
social responsibility, the focus is on social responsibility, which pupils identify as 
social values (such as well-being and safety).  

5.2 Facilitating participation, connected to teacher role 

The first theme, knowledge transfer, refers to the teacher’s role as leader with two 
subthemes, cognitive activity (label A: convey and relate) and observable activity 
(label B: involve pupils). The second theme, social responsibility, refers to the teach-
er’s role as guru1, with two sub-themes of cognitive activity (label C: Building rela-
tions and being reachable) and observable activity (label D: Fair and safety). 

Table 1.  Teachers’ roles in pupil-teacher interaction and pupil participation in school 

Theme Subtheme Category 
(Label) Overall description Code 

Knowledge 
transfer: 
Teacher as 
leader 

Cognitive 
activity  

A: Convey and 
relate 

- Teachers share experiences, adapting to 
pupils' interest 
- Teachers’ status, skills, and presentation  
- Teachers having authoritative disposition 
-Teachers respect pupils: showing respect, 
regards, and consideration.  

Life experience 

Work experi-
ence 

Authoritative 
disposition 

Show respect 

Observable 
activity 

B: Engaging 
pupils  

- Engaging pupils by Interesting topics and 
asking questions, letting them speak  
- Different teaching methods in lessons 
with more focus on interaction and activity 
- Adapting to pupils' interest and small 
teaching adjustment with pupils’ prefer-
ences. 

Pupil interest 

Varied  
teaching 

Teaching adap-
tation  

Social re-
sponsibility: 
Teacher as 
gurui 
  
  

Cognitive 
activity 

C: Building 
relations and 
being reacha-
ble 
 

- Open and interested in personal connec-
tion, a study-buddy. 
-Understanding and getting updated about 
youth culture. 

Down-to- Earth 

Youthful mind 

Observable 
activity 

D: Fair and 
safe 

- Taking interest of individuals’ well-being, 
asking basic communication questions, 
e.g., how are you? 
- Aiming at creating fellowship (group- 
connectedness) and creating a sense of 
group security 
- Making study atmosphere more comfort-
able by adapting learning environment 

Proactive 

Create safety 

Favourable 
atmosphere 

 
Label A: Convey and Relate (Knowledge transfer / Cognitive activity): This 

sub-theme describes teacher’s roles with focus on knowledge transfer (see the overall 
description in table 1), which is based on pupils’ statements and descriptions where 
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the respondents refer to a teacher acting within traditional teaching situations. The 
pupils emphasize on the importance of the teachers’ role in pupil participation and to 
transfer knowledge and influence on learning. The reflections in this sub-category 
belongs to passive participation; learning from the teacher who shares their back-
ground and experiences, and respect students, which motivates them to participate. 

They bring up the importance of teacher-pupil-interaction when teachers reflecting 
on their (teachers’) life experiences, which makes the case more interesting for pupils 
to get involved (participate) and learn from it. Respondents mentioned: “We can 
match our day-to-day life with how his life was before”. “When the teacher was 
young, he moved to Sweden, and we all have an immigrant background, as the teach-
er also does”.  

Other reflections are regarding the teacher’s work experiences. The perceived sta-
tus of a teacher is of importance in order to facilitate pupil participation during their 
lessons, “He has been the head of logistics”, which is referring to the teacher’s broad 
work experience. The respondents also reflect on that even though a teacher does not 
have any other work experience s/he can still have a lot of “real world knowledge”: 
“when it comes to the experience from society, the teacher still knows a lot”, it may 
have an impact on pupil participation. The respondents bring up the importance of the 
teacher role having an authoritative disposition: “teacher has to have authoritative”, 
“when the teacher enters the classroom, everyone knows that the lesson has started”. 
As another participant mentions, to get more pupil participation, “a teacher maybe 
must have an authoritative disposition”. 

The last recurring subject in this sub-theme is the importance of teachers showing 
respect in order to motivate pupils to participate in the classroom: “when the teacher 
shows respect regardless of who you are, and what you do and so on”. “you don’t say 
you have respect towards a person, it’s just something that exists”, which is seen as 
positive when it comes to teachers facilitating pupil participation.  

Label B: Involve pupils (Knowledge transfer / Observable activity): There are 
many reflections by respondents regarding the teacher’s responsibility to maintain the 
pupils’ interest. The teacher should give the pupils opportunity to speak their mind or 
get them involved into the discussions to keep their interest. In teacher-pupil interac-
tion, it is important that everyone gets the opportunity to be involved and speak. The 
reflections in this sub-category belongs to active participation and as a teachers’ role, 
engaging pupils in oral communication facilitates their continued active participation.  

“When a teacher sees that a pupil starts losing interest, the teacher should ask the 
pupil a question”. Questions like “What do you think?” could keep pupils active dur-
ing the lesson. Teachers have the task of keeping pupils engaged in oral communica-
tion: “teachers should bring all pupils along as much as possible.” 

Moreover, there are ideas beyond merely focusing on oral communication; a teach-
er should have a varied teaching, in order to positively influence pupils participation: 
“vary the lessons so that pupils do not have to always do the same thing, something 
like taking a field trip, look around, watch a movie, have group work, or presenta-
tions.” Another respondent gives an example of varied teaching with positive effects 
on participation: “Sometimes we sit in a circle and just go through stuff; I think that is 
also fun”. As different options for varied lessons, two respondents also describe: 
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“Maybe we shouldn’t always be sitting at our benches stand up or walk around It 
makes another learning atmosphere” which leads to more involved pupils, more active 
pupils, and enjoyable lessons.  

Another perspective regarding the importance of the teacher’s role in pupil partici-
pation is regarding the teaching adaptation. Materials and teaching content could be 
adjusted in order to facilitate pupil participation. This is what the respondents mention 
as showing respect and taking their ideas or comments into consideration when lesson 
planning. “ this may be a bit hard to achieve, but teachers can try to adapt the work to 
what pupils prefer, maybe not completely”. The other respondents also mentioned: 
“teachers still need to complete their curriculum, but small adjustments would be 
good concerning what they could do so that it is not too boring for the majority of 
pupils.” “teachers may decide about what pupils should do; but still they need to listen 
to the pupils”, as another way to influence pupil participation. Or, as was also talked 
about, relatable interesting subtopics could increase the participation of pupils in the 
discussions: “topics regarding everyday life, like social media, would be interesting, 
which is what people talk about a lot”.  

Label C: Building relations and being reachable (Social responsibility / Cogni-
tive activity): The second theme in the teacher role focuses on the social responsibil-
ity. It is referring to the respondents’ descriptions of the teacher acting within situa-
tions connected to the pupils’ perception of well-being and safety within the frame of 
school activities (see table 1). The description being conveyed by respondents is 
teacher as a mentor or master, who possess wisdom, thereby naming the theme to 
include “guru”, here focusing on the spiritual aspects not the religious.  

A recurring subject was that teachers are seen as someone who is not “one of us” 
(pupils) but with some kind of connection and maybe a buddy, thereby calling/naming 
the theme “Building relations and being reachable”. The pupil-teacher interaction gets 
developed when the teacher is “down-to-earth”, as one mentioned the English expres-
sion: “I would say that our form teacher is good, he is down-to-earth with us pupils” 
and this is why they think interactions between pupils and teachers are easier. 

The others mentioned having a youthful mind is an important factor in pupil-
teacher interaction and consequently pupil participation, “So that the teacher can show 
they keep track and understand the youth culture”. Pupils also mentioned the im-
portance of teacher-pupil interaction with teachers who still having their youthful 
mind or act youthful. “an adult that acts like a youth person” or “a teacher who is not 
only the teacher, but also a “buddy” (air quotes), would influence pupils’ motivation 
for participation. 

Label D: Fair and safety (Social responsibility / Observable activity): In the 
teacher role it is expected that out of the perspective with focus on social responsibil-
ity, the teacher is proactive, and act as they care about pupils and their participation: 
“Ask about how pupils are, e.g., how are you? or how’s it going?”. Moreover, in con-
nection to this questioning and communication, some respondents also mentioned the 
importance of creating safety for all kinds of pupils: “teachers should try to bring all 
pupils along, both group, those who normally talk and who don’t”. It is important to 
motivate pupil participation by creating a safe feeling for all pupil groups “regardless 
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of pupils grouping, very common, teachers must engage all groups of pupils to get as 
a whole”. 

Generally, for the teacher role in the mission of social responsibility, a teacher is 
described as responsible for creating a safe atmosphere for pupils in school. Some 
respondents reflected on participation, based on safety, which is more in line with 
creating and achieving a favourable atmosphere: “from pupil perspective, I believe 
when pupils sit in a circle, they can see all other pupils which make them feel more 
comfortable. Otherwise, pupils only see the back of the other pupils”. Other ways of 
creating this atmosphere it to treat the pupils equally: "Nowadays, there are many 
pupils who are being discriminated against in a positive or negative way. The teacher 
points out to a pupil misbehaving in class, saying that the pupil's grades will be low-
ered". The favourable atmosphere for pupils may have positive influence on their 
motivation for desired behaviour and participation. 

5.3 Facilitating pupil participation, connected to pupil role 

The second arch theme is pupil role in facilitating their participation in formal edu-
cational settings. In this arch theme, the first theme is knowledge transfer, refers to the 
pupil role as a follower. This theme has two subthemes, cognitive activity (label E: 
Respectful recipient) and observable activity (label F: Responsive). The second theme 
in this arch theme is social responsibility, refers to the teachers’ roles as guru. This 
theme has also two sub-themes of cognitive activity (label G: Part of community with 
strong leaders) and observable activity (Label H: Ideal pupil interaction).  

Table 2.  Pupils roles in pupil-teacher interaction and to promote pupil participation 

Theme Subtheme Label Overall description Code 

Knowledge 
transfer  
The pupil as a 
follower 
 

Cognitive 
activity 

E: Respectful 
recipient 

- Passive participation - concentration  
- Being interested 
- Not disturbing others  

Concentration 

Be interested 

Don’t disturb 

Observable  
activity F: Responsive 

- Networking  
- Participating  
- Positive role model  
- Helping each other 

Role model 

Be active 

Help others 

Social 
 Responsibility 
The pupil as part 
of a flock 

Cognitive 
activity 

G: Part of 
community with 
strong leaders 

- Leader or follower 
- High status or low status pupils 
- Through networking. 

Popularity 

Status 

Networking 

Observable 
activity 

H: Ideal pupil 
interaction 

- Helping others 
- Persuasion 

Outreaching 

Mediator 
 

Label E: Respectful recipient (Knowledge transfer / Cognitive activity): This is 
part of the theme knowledge transfer concerning the pupil as a follower, where the 
focus is on pupil (peer-to-peer) interaction, based on pupil perceptions of their roles to 
support or follow one another in formal educational settings. The theme is delimited 
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by statements and descriptions where the respondents refer to a pupils acting within 
formal situations. Descriptions include descriptions such as the pupil being focused, 
taking others’ issues into consideration, or being a role model. Focus on this sub-
theme is also on pupils sitting concentrated, they are focused and interested, and do 
their work and not be disturbed by peers: “pupils need to sit calm and stay concen-
trated to the material of the lessons”. Or another respondent noted: “It’s really just to 
enter the classroom, sit down, be quiet, and be interested. Even if it’s hard sometimes 
pupils must do” or as another mentioned: “respecting is maybe by not disturbing not 
disturbing teachers or peers, when pupils are listening to the teachers in the lessons”. 

Label F: Responsive (Knowledge transfer / Observable activity): The descrip-
tions for this label are related to responses regarding interaction between pupils (peer-
to-peer interaction) and how being active has an influence on participation and in-
volvement. “for instance by raising hand to answer questions or to the tasks, the 
pupils show they are active”, or “by raising hands, pupils show that they are in the 
lessons (both physically and mentally). Then the teacher can easily find out if some-
one is following the lesson or not”. Consequently, when it comes to role model, when 
a pupil with status (popular among the others) raise hand, it increases the likelihood of 
their followers to do the same: “regarding status, like raising hand, when other (pu-
pils) see this certain person (with status) raised hand, then the others also do (follow 
the role model)”. Moreover, as the other aspects mentioned in this sub-theme, helping 
others refer to peer-to-peer interaction to support one another or making the situation 
appropriate for others to get involved or be learning from the lessons. “pupils can help 
one-another too, by getting classmates (peers) to work on school work, rather than 
making each other to do things that they should not really be doing”. Moreover, a 
wise role model, who concentrates on the study, can also be part of helping others, 
“pupils may transmit the participation to their peers, I mean through helping peers, 
they can influence on one another and make them participate to the lessons too.” This 
may also be the case for peers to help each other: “helping does not need to be only 
for group homework; pupils can work together and help each other anyway”. The not 
disturbing code is also a part of helping others by letting peers or helping them to 
concentrate or focus: “pupils can simply help their peers to be more focused”, which 
is more peer interaction and may influence on enhancing passive or even active par-
ticipation. 

During one reasoning regarding the advantages of pupil participation, one pointed 
out that pupil participation is important in grading and may have influence on pupils’ 
future, “participation is of course important, if participation is going to affect your 
grade, and your grade matters my grade this term matters for the upper secondary 
school that I choose”. 

Label G: Part of community with strong leaders (Social responsibility / Cogni-
tive activity): This is part of the second theme, in the second arch them, social re-
sponsibility. The description for this theme relates to the respondents’ descriptions of 
a pupils acting in relation to other pupil participation with underlying purpose being 
social. This reflects on the pupil’s perceived well-being and safety within the school 
activity frames. The focus on this sub-theme is on communication and grouping, 
which refers to pupil as part of a flock. 
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In this label, the focus is on being a part of a community with strong peer leaders, 
with high status and good network. In this part, concepts such as popularity, status, 
and networking were discussed as essential concepts when it comes to peer interaction 
and its influence on pupil participation: “it is easier to have high status to influence on 
the peers”. based on pupil perspective, a pupil can influence on peers, when they are 
popular, which makes them also need to be strong, since they are role models even in 
lessons, as discussed in previous subtheme. “A pupil who are very popular among the 
other pupils have to be strong players”. The respondents later continued by outlining 
the responsibility that the leader (popular pupil) has and relates it to the concept of 
‘status’; as an answer to the follow up question what is strong? “It’s easier that a per-
son with a high status, be strong and raises hand for something for a certain thing. 
Then that makes everyone else with less status follow the certain person with high 
status (the leader) and they also raise hand or work with something, as their leader 
does”. Another pupil continues this with the following answer to the follow up ques-
tion: when a pupil get a high status?: “It is something that is built over years”, reflec-
tion also on what the person does and networking: “pupils who get high status have to 
have good connections with most peers (good network) to get that status”, “to be the 
important pupils”, “there are many situations/opportunities, where pupils may build 
status from the beginning e.g., switching to upper secondary school makes new op-
portunities for a fresh start. Then just learning from the previous mistakes”.  

Label H: Ideal pupil interaction (Social responsibility / Observable activity): 
When it comes to how pupils describe desirable behaviour within the pupil role in 
order to facilitate pupil participation, the description is close to what is viewed as 
ideal pupil interaction. The pupils refer for example outreaching: “participation, you 
participate in something, you can help and support” or as another pupil comment: 
“pupils sign up, they should be committed”. There is also a view on that helping is 
kind of a duty, stating: “but pupils can see how many peers started working on a task 
if some peers don´t understand what to do, then other pupils have to help their peers.” 

As in the subtheme “Responsive”, thoughts about being a role model surface. This 
when they/pupils raise the subject about having a mediate role and how they can help 
to increase pupil participation by convincing their fellow pupils of possibilities. For 
instance, pupils try to convince their peers that they can have a voice, maybe this time 
if not earlier to make them motivated to participate: “Persuade, it is different this time, 
among your classmates and friends. That it is not the same as it always is.”  

5.4 Different types of pupil participation 

During the data collection it became apparent that the meaning of the term "pupil 
participation" needed to be investigated. Going back to the original coding related to 
participation in formal educational settings, thematic analysis showed distinguishing 
between four different types of pupil participation that were described in the theory 
section. Coding could be done into division of “attending, less involved participa-
tion”, “response towards teacher”, “interaction between pupils”, and “influence”. In 
table 3, we connect the defined codes above to these four categories to reflect on how 
pupils’ responses are connected to the different types of participation. 
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Table 3.  Different types of participation 

Theme Overall description 

Attending, less involved participation 

-Be calm and listen 
-Being seldom engage 
-Be concentrated 
-Attend 
-Don´t disturb 

Response toward teacher 

-Be in classroom 
-Sit down (and listen) 
-Be quiet (and listen) 
-Do the tasks 
-Ask questions (respect or participation) 
-Discussion (pupil-teacher) 
-Raising hand 

Interaction between pupils (peer inter-
action) 

-Peer discussion 
-Help other pupils (individual tasks or for other purposes) 
-Do things together (group tasks or voluntary involvements) 
-Seeing teachers and peers to get involved into the discussions 

Influence  

-Decision making, 
-Planning 
-Be able to choose,  
-Being listened to. 

 
Based on the study finding, four types of participation (as shown in table 3) were 

developed, connected to the codes used in placing responses into the themes/sub-
themes. Here are short descriptions regarding each type of participation, connected to 
the selected quotes from the respondents.  

The first subtheme Attending, less involved participation describes pupils physi-
cally attending the lessons or any other activities in the formal educational settings, 
where presence is in focus, i.e., pupils listen to the teachers or concentrate in the les-
sons, but seldom are engaged or influencing, as they say: “for my part, sit calm and 
stay concentrated” or “pupils don’t have to add anything, they are there at the right 
place maybe at the right time”. Another respondent points out the lack of influence on 
the teaching planning, since the teachers have a plan and just follow what they have to 
without concerning what the pupils want: “the teacher has already a plan: I will show 
you the things, then you do an exercise, and afterwards I (the teacher) will go through 
the exercise! So it’s already decided what pupils should do and the pupils’ brains are 
set to it”, no influence can hence be taking place. One more comment which is reflect-
ing on the passive participation is: “It’s really just to enter the classroom, sit down, be 
quiet and be interested. Even if it’s hard sometimes pupils have to do it.” “pupils do 
what they should, without disturbing themselves or their peers” 

The second subtheme is Response toward teacher, which reflects on both verbal 
responses or response by showing respect. On the one hand, the pupils may partici-
pate, since they have to or showing their respect to the teachers: by being in classroom 
and being sited, to be quiet and respect the teaching session, doing the tasks as they 
should and in some cases asking questions and raising hands to show the respect to 
the teacher: “For many it can be like the teacher writes something and pupils just 
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copy if someone asks like ‘I don’t understand’, then the teacher says ‘ah, just copy’. 
Another respondent noted: “pupils are just there and answering teachers’ questions. 
It is like we have to since we are a part of it anyway.” Also interesting: “we are par-
ticipating, but it’s because we are not allowed to decide, or what we want to partici-
pate in.” 

However, on the other hand, pupils interact with teachers to influence on the learn-
ing process. They answer to the teachers’ questions, raising hand, or get involved into 
the discussions for participation and learning. For instance, when they sit in a circle, 
they can see teachers and peers, which makes it more fun for them and makes pupils 
more comfortable to get involved into the discussion and have better interaction, both 
in teacher-pupil and peer-to-peer interaction. As mentioned by the respondents, “when 
the teacher asks an interesting question, everyone is active and wants to answer”. 
Another one mentioned: “pupils have to show their interest, it depends on if they 
really want to participate or not, they show what they want by responding.” or to 
some concepts or activities, “pupils always raise hand to participate”. One points out 
that the teachers could find out who is engaged in the lesson: “by raising hands or 
answering questions, teachers can get it right away if someone is in the lesson (fol-
lowing the teacher and the topic) or not.” 

The third subtheme is Interaction between pupils (peer or peer-to-peer interac-
tion), which is a reflection on peer discussion, pupils helping their peers for not only 
group tasks, but also individual tasks or understanding the course and the lessons: 
“pupils can help other pupils to get the classmates to work on tasks, instead of doing 
what they shouldn’t”. It also includes pupils working together on for instance group 
tasks or voluntary task involvements with their peers. “pupils get participated in 
something, then they try to help others (peers), or try to get others to participate too.” 
When pupils see their peers and teachers in lessons (sitting in a circle), they get more 
peer interaction. “from pupil perspective, I believe when pupils sit in a circle, they can 
see all other pupils which make them feel more comfortable. Otherwise pupils only 
see the back of the other pupils”. As mentioned: “I personally think that peer partici-
pation is being part of a group, but they have to also do it (what the others do), be 
engaged, join, and at least try to do something together with others.” pupils can influ-
ence on one another (their peers): “pupil participation can be a contagious,  helping 
friends (peers). In that case, it doesn’t have to be group tasks, but just working to-
gether, and so you can help out each other, help a friend so that they become more 
focused.” 

The last subtheme is Influence, as an important part, when it comes to pupil partic-
ipation. This reflects on how pupils can influence by their participation. In the previ-
ous subtheme, we discussed about participation to influence on peers’ participation. It 
is also important to reflect pupil perspective regarding what they think they can influ-
ence by their participations, when it comes to decision making and planning in formal 
settings. pupils want to be able to choose or at least being heard (having voice to 
speak their minds). Respondents reflect on: “the teachers should decide what pupils 
do (in the end), but still the teachers should be listening some to pupils” or “to get to 
decide, pupils feel they are more part of the class, and hence will be more relaxed”. 
Some respondents see participation as part of influence anyway: “Everyone shall get 
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to decide things”, or “pupil participation and pupil influence, if a pupil is participat-
ing (more active participation) then they have a sort of influence, so it’s like it’s the 
same thing.” “pupils are not forced to do a certain thing, so it feels like choosing to 
do it”.  

“The teachers can decide, but still listen to the pupils. Based on my own experienc-
es in certain cases and teachers, if pupils get to decide completely what they want to 
do – for instance if they want to work on their own group or whatever – it can happen 
that sometimes a certain pupil gets hard time choosing groupmates and it may end up 
with that the pupil does not want to do anything” then better that teachers decide, but 
pupils’ voice still has to be heard”.  

6 Discussion 

The research aims at showing how the pupil role and the teacher role can facilitate 
pupil participation from the pupil perspective. To summarize, two different motives to 
participate (Knowledge transfer/ Social responsibility) and four types of pupil partici-
pation has been identified. The four types of participation can be connected to the 
works by [9]-[1], [68] in the following way: 

Attending, less involved participation, Response towards teacher and Interaction 
between pupils are all connected to Participation as involvement and Influence is 
connected to Participation as influence.  

The view on participation in an educational setting seems to a large extent be con-
nected to knowledge transfer, something Rönnlund [17] support in that the pupils 
themselves view pupils that are involved as good and ambitious, are not seen as a part 
of the decision-making process. The pupils do not seem to view themselves as being 
co-creators in the learning process, and their own experiences outside formal setting 
are not identified (by the pupils) as relatable or useful in school settings. The pupils 
do not consider that the teacher role will/have to provide them with the possibility to 
influence, nor do they identify influence as an important part of pupil participation. 
Similar to Tholander [15], where results show that pupils want pupil participation but 
lack experience and they do not capture the invitations given in the school setting. 
Brumark [16] on the other hand means that the teachers should increase their clarity in 
which areas of the school that pupils should be allowed to participate and influence as 
well as noting that all pupils’ opinions and suggestions are important. Their view is 
also that the pupil role is responsible for achieving pupil participation in more of the 
participation types than the teacher role and that their own experiences are not worth-
while e.g. their use of digital tools.  

The pupils’ view of the teacher role’s ability to facilitate pupil participation is that 
the teacher should lead and teach. Focus is on what the teacher has to offer, more than 
what they can create together. The pupils expect the teacher role to be responsible for 
learning, have good didactic skills while being engaged and educational. These expec-
tations are based on teachers being knowledgeable authorities with life experience, 
that they understand the importance of building personal relations with the pupils, and 
their ability to adapt the content and engage the pupils during the lessons. Rönnlund 
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[69] shows instead that the participating pupils are gaining experience in the demo-
cratic processes, and the pupils experience the participation as a learning environment 
in the cases where the teachers assume a supporting role instead of a leading one. The 
implications of not taking advantage of the pupils’ competence in combination with 
the mechanisms of “non-participation” can lead to the pupils getting an incorrect 
perception of what they are able to influence in school and society. 

When reviewing the transcripts from all the interviews from the view of the the-
matic analysis focusing on pupil participation in school it is clear that there are very 
few references to digital tools. Placing this in relation to performing the thematic 
analysis with the focus on digital tools and their usage [48] several participation activ-
ities were identified. Is the result an example of seamless learning, where their digital 
tools are viewed as self-evident as a pencil, and therefore not mentioned, or is it an 
implication of a non-transformative pedagogy, with reproduction of roles and behav-
iour/responsibilities?  

When it comes to pupil participation in the formal learning process, digital tools 
may facilitate interaction and learning opportunities for pupils (as discussed by [28], 
[49]-[50], [57]). Results from Palak and Walls [70] and Sang et al. [71] shows that the 
teachers´ attitude towards ICT use is the strongest predictor of future use. This in 
combination with teachers’ beliefs influence ICT use in the classroom, and not always 
resonate in their practice e.g if integrating technology collides with school culture 
[72] and teachers working at technology-rich schools and frequently intergrate tech-
nology not changing their practice towards a student-centred paradigm [70]). On this 
base, another approach can be of value, that of taking students opinion and experience 
in consideration. Tezci [73] argues for the teacher to not only to use technology to 
increase productivity and enhance traditional teaching but also embrace a student-
centred perspective on how to promote student learning by integrating ICT into class-
room activities, summarized by Castro Sánchez and Alemán [74] in that teachers need 
to keep an open mind about ICT integration. Whelan [75] findings of barriers from 
the student perspective of using ICT in the classroom, one of them being reduced 
interaction with peers and instructors, also needs to be taken into inconsideration. The 
teacher in its teacher role needs to consider how the pupils view participation and 
build on the view that is based on pupil experience and understanding. This can 
strengthen the pupils view of being seen and identified, and can have a positive effect 
on learning. Apart from utilizing the pupils view the teacher also needs to identify if 
any other perspectives on participation needs to be considered and introduced. The 
teachers also need to reflect around their own approach to pupil participation and 
through that their need for reflection and competence increase. The pupils view does 
in some way reflect the liberties they have at school. In designing learning environ-
ments, you need to touch on didactic questions in the form of how well relevant di-
dactic tools are chosen. The teacher role needs to take a decision on how to design 
learning environments when it comes to facilitate e.g. emancipatory aspect. 

The results here show that the usage of digital tools for participating is much more 
prevalent in private than at school. This means that there is a need for enhancing pupil 
participation and facilitating involvements as influence, by providing opportunities for 
pupils to have a voice. Since participation is an important part of learning [1]-[7] and 
digital tools can facilitate participation [2], [26]-[27], this leads to a need for recon-
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sideration in the following areas; teaching, learning and designing of learning envi-
ronments with questions like: Which digital tools can support the pupils own view on 
pupil participation? Is it of value to tap into the pupils’ perspective of pupil participa-
tion or is that contra productive? 
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Abstract—One of the main drawbacks of delivering new teaching lessons in 

e-learning systems is the lack of motivation for using those systems. This paper 

analyses which elements of computer games for learning mathematics have a 

beneficial effect on intrinsic motivation and give students continuous feedback 

in order to improve the learning process. While the control group has access to 

the basic version of the educational computer game, the experimental group 

uses the version enriched with additional motivational elements which include 

enhanced graphics for indulging in the game, messages of support while playing 

the game, and the possibility to compare results with fellow peers in terms of 

trophies and medals won.  

Keywords—E-learning, m-learning, Mathematics, educational computer 

games, motivation 

1 Introduction 

Generally speaking, e-learning systems primarily target users belonging to the 

same user group (students, workers, etc.), and then adapt to individuals within these 

groups. E-learning systems should, therefore, be designed for the users who share 

common interests (through intrinsic motivation) and in a way that they are accepted 

by the majority of individuals within these groups. 

E-learning systems have numerous advantages as a supplement to traditional 

learning methods, but also as a substitute for traditional learning (e.g. in situations in 

which one is not able to attend classes, or in situations in which a large number of 

participants has to take part in the educational process simultaneously, etc.). However, 

as given in Table 1, from a student’s perspective, one of the major disadvantages of e-

learning systems is poor motivation for using them [1]. 

Table 1.  Advantages and disadvantages of using e-learning systems 

Students 

Advantages Disadvantages 

Interactivity Alienation 

Availability Need for self-organization 

Group independence Poor motivation 

Self-evaluation and progress evaluation The lack of physical contact with teachers 
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While the inability to attend classes can be caused by bad weather conditions, 

illness, etc., the COVID-19 pandemics led to a sudden increase in using e-learning 

systems as a primary form of knowledge acquisition which replaces all other teaching 

methods and forms on a global level. 

2 Related Work 

Student motivation is an important factor in successful implementation of e-

learning systems [2]. The metric of importance in these systems is the student 

engagement in using the content, and gamification is one of the ways which can affect 

it positively [3]. 

Gamification could be defined as using game-design elements in a non-game 

context [4]. 

Although there are numerous definitions of games, features related to interactivity, 

graphics, story-telling, rewards, competition, virtual environment, and the notion of a 

“victory” do not define the game in itself, but only reinforce the following common 

features which can be found in each and every game [5]: 

• Goal – relates to the specific result that players aim to achieve. It provides players 

with the sense of purpose. 

• Rules – set up ways of accomplishing goals. Rules facilitate creativity and strategic 

thinking. 

• Feedback – informs players on their proximity to the goal. It can be implemented 

through scores, levels, or the level of progress. Real-time feedback serves as a 

promise that the goal is accomplishable and boosts motivation for playing. 

• Voluntary participation – players voluntarily accept goals, rules and feedback. 

Starting a game and quitting it in one’s own rhythm makes otherwise stressful and 

challenging activity perceived as pleasant and safe. 

The results of numerous research studies which include learning by playing 

computer games in primary and secondary schools, as well as higher education 

institutions, in most cases point out the positive effects that such an approach brings. 

These effects are reflected in learning outcomes and in increased motivation [6, 7, 8]. 

In primary schools motivation can be positively affected by friendly competitiveness, 

but elements of fun which are incorporated with graphics, audio, story-telling, 

humour, and game characters are likewise important [9]. 

It can be assumed that engagement and efficiency in learning through computer 

games depend on the game design [10]. 

Learning through computer games sometimes takes place even in those games 

which are primarily meant for fun, such as Angry Birds. One can find connections 

between mathematical ideas and concepts on one hand, and game parts on the other 

hand (related to the calculation of paths). Therefore, the game acts as a motivational 

element since applying the knowledge of Mathematics results in better progress [11].  
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Higher levels of intrinsic motivation in computer games can also be achieved when 

different types of interaction and self-organization between players take place over 

some sort of social networks [12]. 

Furthermore, in primary and secondary schools computer games can be used for 

simulating conflicts which occur in everyday life situations. By recognizing and 

controlling their emotions while in simulated conflicts, students acquire emotional 

competence [13]. Computer games can also be used for learning of safety education 

by pre-school children, e.g. encountering safety issues such as crossing the road when 

the light turns yellow [14]. 

3 Research Questions 

One of the research questions is in what way a model of learning through 

educational computer games should be applied as one form of assessment, i.e. how 

can students continuously get feedback on their learning progress. Additional 

questions considered are related to adapting e-learning systems to young generations. 

This research study, therefore, analyses motivational elements which can affect the 

frequency of use of educational computer games. The following null hypothesis is 

formulated: there is no difference in the number of played games between the control 

and experimental groups in the scenario in which the experimental group plays 

enriched version of the educational computer game which has supplemental graphical 

elements needed to indulge in roles, messages of support, and several competitive 

elements. The working hypothesis assumes the difference in the number of games 

played between the two groups.  

4 Methodology 

The learning strategies which are implemented in the model are taken out of 

guidelines provided in draft versions of the following documents: Comprehensive 

Curricular Reform, and the National Curriculum of the Inter-subject Topic “Learning 

to Learn” of the Ministry of Science and Education of the Republic of Croatia [15]. 

The implemented strategies include problem solving and memorization. The 

strategies for problem solving which are represented in the game developed for the 

purpose of this research are the following: 

• Being imaginative in problem understanding (e.g. embracing the problem, situation 

or process) 

• Simulating and testing certain parts of problems and processes (attempts and 

check-ups) 

• Taking into consideration various possible solutions and different ways of 

approaching solutions 

• Re-evaluating assumptions 

• Guessing, checking-up, adapting 

• Taking a different approach 

• Checking the selected solution 
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While the strategy of asking for help is implemented through an adapted social 

network, the strategy of memorization is used through repeating all the way up to the 

state of overlearning.  

In line with the draft of the Framework for the Evaluation of the Learning Process 

and Outcomes in Primary and Secondary School Education [16], there are three 

assessment methods: assessment for learning, assessment as learning, and assessment 

of the learned. Assessment for learning and assessment as learning facilitate gaining 

insight into learning and teaching, recognizing strengths and weaknesses in learning, 

and planning future learning and teaching. They do not result in grades. Assessment 

of the learned is a summative assessment. It assesses the level of student 

accomplishment at the end of a unit and usually results in a grade. With regard to the 

purpose, assessments can be: 

• Diagnostic (conducted prior to the process of learning and teaching in order to 

estimate quality and the level of knowledge and skills which enables teachers to 

teach based on what students really know, and not on what they assume that the 

students know), and 

• Formative (does not result in a grade and is conducted while learning and teaching 

with the purpose to give feedback on student progress and to improve future 

learning and teaching by recognizing strengths). 

By implementing the learning strategies through information-communication 

technology, which can facilitate the development of metacognitive processes and self-

assessment of the acquired knowledge, the proposed model gives instant feedback to 

both teachers and students. Since the model is based on the use of educational 

computer games in e-learning systems, a computer game “Zagonetke mudrog lisca” 

(Riddles of the Wise Fox) has been developed for the purpose of this research. The 

initial screen is shown in Fig. 1. Players (“Igrač”) log in by using their nicknames 

(“Nadimak”). The game covers primary school Mathematics through solving 

problems involving Roman numerals and it is fully adapted to m-learning.  

 

Fig. 1. Initial screen of the game “Zagonetke mudrog lisca” 
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4.1 Motivational elements and inter-group differences 

The game “Zagonetke mudrog lisca” has 15 difficulty levels. In comparison to the 

control group, the experimental group has supplemental components integrated into 

the model with the aim to boost intrinsic motivation:  

1. Additional graphical elements for indulging in the game – enhanced graphics 

which emphasizes and additionally explains the story related to the robot Matko 

and the fox Luki, which are the main characters in the game 

2. Motivational messages – textual encouragement and support while playing 

3. Competitive elements – the possibility of additional comparison of student results 

through trophies and medals; trophies and medals are visible in the game from the 

very moment the student wins them and this applies to each and every level during 

the game, but also after the game (Fig. 2) 

To indulge in roles, prior to the start of the game the students are additionally 

engaged in the story about the robot Matko who was captured by the fox Luki. 

Different excerpts about them are shown within the course of the game, but also in the 

introductory part and in its extended form at the beginning of the game, and in a 

shortened version at the end of the game if all the levels are finished. 

Motivational messages written by the robot Matko at each level are selected from a 

subset of positively labelled lemmas in the lexicon CroSentiLex [17]. The minimum 

level of positive sentiment of the selected words is 0.68. Dependent on the level, the 

messages include some of the following phrases: It’s great to be fast! We are getting 

closer, we are halfway through! We will be awarded a silver medal! Yessss..., we are 

two-thirds of the way there! Winning is awesome! Just two levels away! Brilliant, 

solve this and the gold is ours!, etc. 

  

a) Control group b) Experimental group 

Fig. 2. Interface of the final screen for a) the control group and  

b) the experimental group in “Zagonetke mudrog lisca” 

Fig. 3 shows interface of each competitive element: a) “Pehari i medalje” (Trophies 

and medals), b) Top 20, and c) feedback on the progress in comparison to other 

students which can be accessed by pressing the button “Kako napredujem?” (Show 

my progress). The information provided under Show my progress is the following: the 

number of times the player has played the game (row 1), the player’s average score 
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per game (row 2), the player’s average level (row 3). The worst and best scores 

obtained on a global level, i.e. when all players are taken into consideration, are also 

given next to the player’s scores. 

 

a) Trophies and medals (“Nadimak” refers to the nickname) 

 

b) Top 20 (“Mjesto” refers to the place in the game, “Nadimak” to  

the nickname, and “Bodovi” to the average score) 

 

c) Show my progress 

Fig. 3. Interface of each competitive element in the experimental  

group version of the game “Zagonetke mudrog lisca” 

In the competitive version of the game, the experimental group students could win 

trophies or medals in one of the following ways: 

• Bronze medal is awarded if the player finishes level 5 

• Silver medal is awarded if the player finishes level 10 

• Gold medal is awarded if the player finishes all levels with a maximum of three 

mistakes 

• Trophy is awarded if the player finishes all levels without mistake 

Students of both groups can compete with their fellow peers and compare results in 

the Top 20 list. Rankings in Top 20 are based on student average scores. Otherwise 

the same student could take up all the places in the Top 20 list which might negatively 

affect motivation regarding competitiveness among students.  

Game levels are ordered by difficulty and the type of task. Each level contains an 

incorrectly formulated mathematical problem, i.e. incorrect Roman numeral equation, 
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which needs to be corrected by moving matchsticks used for representing both Roman 

numerals and mathematical operators.  

All the matchsticks are movable, i.e. it is possible to move those which form 

numerals as well as those which represent mathematical operations or the equality 

operator. Some riddles can be solved in multiple ways. Students have 50 seconds per 

level to solve a given problem. The progress bar with time elapsed and time 

remaining is shown at the bottom of the screen. If a task is solved correctly, the 

remaining time is added to the total score.  

Since the levels and tasks are fixed, i.e., restarting the game results in exactly the 

same tasks of exactly the same order, solutions can be memorized by heart. 

The algorithm applied in creating a level consists of the following steps: 

1. Set up matchsticks to form an incorrect equation  

2. Set up invisible sprites which react to matchsticks if they form part of a correct 

answer 

3. Add drag & drop event to all the matchsticks 

4. Start the countdown and listen to events 

5. After each action save the following record: 

(a) Timestamp 

(b) Duration 

(c) Source object of action 

(d) Target object of action 

6. Give feedback after each move on the correctness of the move 

7. End the game if the time elapses or if three incorrect moves are made 

In order to detect positions which satisfy conditions for the correct solution, each 

matchstick is given a physical body which can interact with other bodies, i.e. sprites 

(which are set to invisible in the positions which form correct answers). The overlap 

is checked after the matchstick has been moved by drag&drop functionality of the 

game development framework Phaser [18].  

4.2 Dataset 

Students log in anonymously using only their nicknames based on the model of the 

Anonymized Social Network-based Mobile Game System for Learning Mathematics 

[19]. 

The research is conducted on the sample of 104 students attending grades 5-8 of a 

primary school in the Republic of Croatia. The students are between 11 and 14 years 

old and they take classes in Mathematics. The time period covered refers to the 

academic year 2017/2018, and includes one week prior to winter holidays, three 

weeks of holidays, and two weeks after holidays. 
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5 Data Analysis and Results 

Students of each grade are divided into control and experimental groups. The 

experimental group plays the version of the game which contains more motivational 

elements compared to the control group. It is described in detail in subsection 4.1. The 

statistics related to the number and gender of students, as well as the number of 

students who take additional classes in Mathematics, are given in Table 2, which is 

provided for the purpose of group homogeneity analysis. Additional Mathematics 

serves as an indicator of the student’s ability to learn advanced topics in Mathematics. 

Any individual class is assigned to exactly one group in a way that one parallel 

class is assigned to the control group, and another to the experimental group. This 

division lead to the ratio 1:1 in the control and experimental groups for all but the fifth 

grade in which the experimental group has two students less than the control group.  

Table 2.  Description of the sample 

Grade Group 
Gender Additional Mathematics 

m f yes no 

5th  
control 7 6 3 10 

experimental 6 5 7 4 

6th  
control 9 7 3 13 

experimental 9 7 3 13 

7th  
control 7 4 1 10 

experimental 8 3 2 9 

8th  
control 6 7 3 10 

experimental 8 5 1 12 

Total: 60 (57.69%) 44 (42.31%) 23 (22.12%) 81 (77.88%) 

 

Homogeneity between the groups regarding the distribution of gender is evaluated 

by applying the chi-square statistical test. We obtain the values of 2 = 0.392, p = 

0.531257, meaning that the groups do not show statistically significant differences in 

their distribution between the two categories. For additional Mathematics we obtain 

2 = 0.6617, p = 0.41595, meaning that the differences are again statistically 

insignificant. These results support the conclusion that groups are homogeneous 

regarding both, gender and taking additional classes in Mathematics, i.e. statistically 

significant differences have not been detected in the distributions. 

The number of students who finished at least the first level of the game is 34 for 

the control group and 37 for the experimental group. These students are defined as 

active students within the respective groups. The experimental group has a higher 

number of active students (72.55%) compared to the control group (64.15%), as 

shown in Fig. 4. 
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Fig. 4. The distribution of active and inactive students within  

the control and experimental groups 

The differences in student behaviour between the groups, which are reflected 

through the use of motivational elements related to keeping track of progress, 

comparing scores and the number of games played, are given in Table 3. 

Table 3.  The differences between the control and experimental groups in the use of 

motivational elements in the game “Zagonetke mudrog lisca”  

Group 
Trophies and 

medals 
Top 20 Progress Game played 

Average 

session 

Control - 601 97 909 11.46 

Experimental 448 382 114 1938 10.14 

 

There is no statistically significant difference between the control and experimental 

groups neither in the average number of games played in succession (average session) 

nor in keeping track of their own progress.  

There is also no difference in the results regarding the trophies and medals won, for 

which the records were saved for both groups, although the control group had no 

knowledge of their existence and only the experimental group had access to the 

trophies and medals report.  

The average number of trophies and medals won with regard to the number of 

games played is shown in Table 4. 

Table 4.  Trophies and medals won by the control and experimental groups  

in the game “Zagonetke mudrog lisca” 

Group Trophy Gold medal Silver medal Bronze medal 

control 0.32 0.20 0.09 0.12 

experimental 0.32 0.07 0.10 0.19 
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With regard to the total number of trophies and medals won, the experimental 

group has somewhat lower average results compared to the control group, due to a 

higher difference in gold medals won in favour of the control group. That might be a 

consequence of having enhanced graphics and also messages which, although 

encourage playing, might act as distractors.  

The difference in keeping track of the Top 20 results between the two groups is 

statistically significant (2 = 4.8555, p < 0.05). The experimental group less often 

looks at the Top 20 list because of the additional motivational element which gives 

them way to compete in terms of the number of trophies and medals won. Therefore, 

they more often use that option than the former one.  

According to the chi-square test, there is a statistically significant difference 

between the groups in terms of the number of games played (2 = 8.0661, p < 0.01). 

The experimental group plays the game more than twice as often. 

The distribution of the average number of games played by each group is given in 

Fig. 5 (experimental: 52.41; control: 26.74).  

 

Fig. 5. The distribution of the average number of games played by the control and 

experimental groups in the game “Zagonetke mudrog lisca” 

By analysing the results of the statistical tests, a positive influence of including 

additional motivational elements can be observed in terms of higher frequency of 

playing in favour of the version which includes additional graphical elements needed 

to indulge in roles, messages of support and more competitive elements. The null-

hypothesis is, therefore, rejected and the working hypothesis that there is a difference 

between the control and experimental groups in the number of the games played is 

accepted in the scenario in which the experimental group plays the version which 

includes additional graphical elements needed to indulge in roles, messages of 

support, and uses more competitive elements. In simple words, the use of additional 

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

0 50 100 150 200 250 300

The number of games played

Experimental group Control group

284 http://www.i-jet.org



Paper—Motivational Elements in Computer Games for Learning Mathematics 

motivational elements in educational computer games for learning Mathematics has a 

positive effect on the frequency of playing. 

6 Conclusion and Future Work 

When problem solving tasks are integrated in computer games, the learning 

becomes much more fun for students. The developed model can be continuously used 

to improve learning. As a method, it represents assessment for learning. Besides, it 

gives on-demand feedback on their progress in knowledge acquisition and their 

progress in relation to other students, i.e. by selecting the option Show my progress. 

The students can gain insight into their achievements from both, the Top 20 list and 

the number of trophies and medals won. Therefore, the model can also be used as a 

method of assessment as learning.  

The results presented in this paper signal at the importance of adding competitive 

elements to act as a motivation and thus positively affect the frequency of game 

usage, i.e. repeated playing. Intrinsic motivation can also be affected by integrating 

some other motivational elements such as graphical elements or messages of 

encouragement.  

In order to detect which of the elements individually or which combination of 

elements has the greatest influence on the student motivation for playing the game, 

several experimental groups would have to be formed. Moreover, elements which 

might distract users and thus have a negative influence should be analysed separately. 
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Abstract—Learning management system (LMS) such as Claroline, Gane-
sha, Chamilo, Moodle, are commonly and well used in e-education (e-learning). 
Most of theTechnology Enhanced Learning (TEL) focus on supporting teachers 
in the creation and organization of online courses. However, in general, they do 
not consider individual differences of each learner. In addition, they do not pro-
vide enough indicators which will help to track the learners. 

In this paper, we investigate the benefits of integrating learning styles in the 
Web-based educational systems. Also, we are interested in the use of interaction 
traces in order to address the lack of feedback between the learner and the 
teacher. 

Generally, we aim to offer a tool that allows the tutor and the instructional 
designer to interpret learner courses, in order to provide help as needed for each 
individual. 

Keywords—TEL, data mining, Learning Styles, traces interactions, user profile 

1 Introduction 

In recent times, more and more institutions and universities in Morocco offer 
online courses and training. Some of these courses are hybrid (blended learning) 
combining eLearning and the classic learning mode often called "face-to-face", while 
others are conducted entirely online. However, online courses need an environment, 
where they shake up managed and organized. In most cases, this task is performed by 
a learning management system (LMS). LMS offers a variety of functions to support 
teachers in the creation, administration and management of online courses. 

However, these environments lack many features, such as the evolution and adapt-
ability of learner aids in different learning situations. Also, they generally do not con-
sider the individual differences of the learners and treat the learners in an equipollent 
manner, thus neglecting their personal needs and characteristics. This blocking or 
analogy approach to learning often leads to frustration, boredom and also a high rate 
of dropping out of online courses [1], [2], [3]. 
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To overcome these problems, adaptive help systems are used to provide the right 
amount of information at the right time by adapting the content of the help system 
according to the knowledge, need and learning style of each individual. 

2 Adaptive Help Systems 

Adaptive Help Systems (also known as Intelligent Help Systems) is a specific type 
of help system. As well as a recognized research direction in the fields of artificial 
intelligence (AI) and TEL. The goal of Adaptive Help Systems (AHS) is to provide 
personalized help for users who work with complex interfaces. Unlike traditional help 
systems, which serve the same information in the user's request without considering 
their individual differences, AHSs try to adapt to individual users' knowledge and 
goals by offering them the most relevant information in the most relevant way. 

To be useful, an AHS help message must present theinformation that are new and 
relevant to the user's current purpose. To determine what is new and relevant, AHS 
tracks the user's goal and knowledge about the interface and maintains a user's model. 
There are two main user modeling approaches in AHSs that are: "ask the user" and 
"observe the user". 

In our case experience we aim to use both approaches, using in the first approach a 
questionnaire that determines the learning style [4] of the learner, and analyze the 
traces of interactions [5] of this last with the "observe the user" approach. 

3 Learning Styles 

Learning styles are becoming more and more integrated in learning technology and 
a lot of research is being done in this area [6], [7]. Such as, systems developed to offer 
adaptability according to students' learning styles and students' skills. Although sever-
al models of different learning styles exist in the literature, for example the model by 
Kolb [8] and Honey and Mumford [9], the Felder and Silverman model (FSLSM) [10] 
is one of the models most commonly used in adaptive education systems in recent 
times and some researchers even claim that FSLSM is the most appropriate model 
used in adaptive systems ([11]; [12]). Most other styles of learning models classify 
learners into a few groups, while FSLSM describes a learner's learning style in more 
detail, distinguishing between four-dimensional preferences: active / reflective, senso-
ry / intuitive, visual / verbal, and sequential / global. For each dimension, there is a 
value of 11 to -11 which indicates the preference on the respective dimension. These 
values represent trends, for example, by saying that even a learner with a highly active 
learning style can sometimes act thoughtfully. 

4 Traces and TEL 

Personalization of the Technology Enhanced Learning (TEL) is defined as taking 
into account elements specific to a learning process as it unfolds for a particular learn-
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er [5]. These specific elements that constitute a source of information on the experi-
ence of use are called: the traces of interactions. We define an "interaction trace" as 
any computer object in which data accumulates about the interactions between a com-
puter system and its user [13], we find another definition of the trace given by Settouti 
[14]: "The trace is defined as a temporal sequence of observed". The term "temporal 
sequence" denotes the existence of a relation of order organizing the data of the trace 
with respect to a time reference. The term "observed" when it is defined by 
Laflaquiére [15] as "any computer object describing an element derived from the 
observation of the activity of use of a computer environment." 

Multiple use can be found for traces in the context of the personalization of TEL 
such as documentation of learning activity [16], or exploitation for direct reflexive use 
[17]. But regardless of the type of reuse of interaction traces that is made, the need to 
collect process and visualize the traces arises. 

The Modelled Trace System (MTC) formalizes the treatments to be applied to the 
"trace" from its collection to its visualization in a very generic context. It applies to 
any type of environment, especially to TEL [18]. According to Damien Cram [13], an 
MTC is composed of several interdependent modules: 

• The collection system captures interactions through tracing sources, and creates a 
first trace: the "first trace". 

• The transformation system is the heart of the SBT. It allows to obtain other traces 
from the collected traces. The choice of the transformation model to apply to a 
trace depends on the intention to use that trace. All traces collected and trans-
formed is then accessible via a query system and a visualization system. 

• The visualization system should provide the opportunity to have an ergonomic and 
potentially interactive view of the MTC traces, to allow their analysis and interpre-
tation. The visualization system can rely on the query system. Currently, systems 
using traces usually have a visualization module, but the operation of a generic 
visualization system has not been very well studied. 

 
Fig. 1. ATEL based on an MTC [5] 
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The concept of TEL is a very broad concept and has a lot of application. As a re-
sult, we will only consider the interactive computer environments used by the learner 
in a personal or collective learning activity. Fig. 1 [5] presents an integration scenario 
to cover a good part of the current uses of learning traces for the personalization of 
this learning. It can be considered that this figure illustrates the "observe user" ap-
proach of the adaptive helper system. 

5 Implementation and Future Work 

As part of our research project, we have been able to install a distance education 
platform"ISIF Master Training" (see Fig. 2) for the benefit of the students of the Mas-
ter's degree in Information Systems Engineering and Training. the faculty of sciences 
ben m'sik, which we also integrate training courses in addition to other tools of the 
web 2 (wiki, bolg, forum, chat, ...) 

 
Fig. 2. E-learning platform ISIF Master Training1 

Also, to fill in the social part of our research project and to take advantage of the 
different benefits of the ePortfolio, we were able to integrate the Mahara system with 
the LMS Moodle using the interoperability specifications supported by both systems. 

 
1 http://maarifcentre.ma/misif/  
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This allowed us to browse and recover files from the LMS Moodle and integrate them 
into Mahara and vice versa [19]. 

 
Fig. 3. Home page of ISIFePortfolio [19] 

In the next steps we will try to apply the two approaches of user modelling in the 
AHS, first "ask the user", we will develop and integrate a questionnaire in our Moodle 
platform to automatically detect the learning style of the students. And afterwards in 
the approach of and "observe the user" we will try to analyse the traces of interactions 
of students in the platform, which will allow us to identify their behaviour in real time 
in the platform. 

These results will be used later to help learners with difficulties and / or offer them 
an additional simple activity in addition to interacting with all students working on the 
same activity. 
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