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Abstract

The use of technology in education has become an urgent necessity and is no longer a luxury.
This is evident through the attachment of students to their tablets, mobile phones, and other
forms of various technologies. Therefore, educational institutions, especially universities and
higher education institutions, must think according to the age variables and their requirements by
providing interesting and attractive educational environments that suit the interests of students.
In this context, several strategies based on the employment of modern technology have appeared
in the educational process, perhaps the most prominent of which is called the flipped classroom.
This paper aims to introduce a proposed model for employing databases in the flipped classroom
learning environment at Saudi universities, based on the integration between database and
instructional design models where the transition to a flexible and effective virtual learning
environment suits the growing and changing needs of students; it also reviews the concept of the
flipped classroom and its features in improving the teaching and learning process, as well as
reviewing the database concept, its components, characteristics, and roles in developing the
educational system.
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Contribution of this paper to the literature

This paper contributes to enrichment of the theoretical perception about developing the flipped
classroom learning environment, by proposing a guided model for embedding databases in the flipped
classroom, as this contributes to the transition for a flexible and effective virtual learning environment
that takes into account the increasing and changing needs of students, ultimately leading to raising the
quality of graduates. In addition, it qualifies them to compete eftectively in the labor market.

1. Introduction

The era in which we live is characterized by constant change and rapid development in all aspects of life. The
scientific and technological revolution is one of the biggest changes to characterize our contemporary world, and
we are witnessing its effects in various fields. Educational institutions, especially higher education, are among the
most important institutions of society that have responded to this technological revolution by implementing the
products of this revolution in activating its operations and achieving its goals.

The flipped classroom is considered one of the most important strategies based on the use of modern
technology in the educational process, which is summarized in the learning tasks between the classroom and home
environments, where the teacher invests modern technologies to prepare lessons through videos and demos that
students review at home, followed by performing instructional home activities in class (Graham, 2013; Marlowe,
2012; Trucker, 2012).

The eftectiveness of the flipped classroom strategy has been confirmed in developing students’ achievement,
attitudes, and skills in many fields and in various curricula (Al-Ghamdi & Al-Ansari, 2018; Al-Zahrani, 2015; Al-
Zein, 2015; Bansal, Bansal, Ahmad, & Pandey, 2020; Nikitova, Kutova, Shvets, Pasichnyk, & Matsko, 2020).

On the other hand. Marco (2010) stated that the flipped classroom strategy was mainly related to video
technology, where educational lessons recorded using audio and video provide an alternative to the traditional
lecture, which limits use of the educational video as a means of delivering content for the majority of those who
applied this strategy to students. However, technological development and scientific progress in the field of
computer science and its applications have provided many tools that can be used within the framework of the
flipped classroom pattern.

Al-Mallah (2016) also stated that it is not natural, in light of recent technological progress, that this strategy is
limited to educational videos, so we find ourselves facing an important challenge. The flipped classroom should
employ information and communication technologies in activation of'its role and processes.

Hwang, Yin, & Chu (2019) stated that, at the present time, there are many studies that have already proved the
effectiveness of flipped learning, and hence researchers have started to investigate whether adopting innovative
technologies or strategies can make flipped learning more flexible and effective.

From the foregoing, and in light of the growing role played by databases in the development of various societal
sectors, including education and learning , Deperlioglu, Sarpkaya, & Ergun (2011) indicated that databases work to
create a flexible and effective virtual learning environment geared to meeting students’ growing and changing
needs. Gorman (2015) emphasized the effectiveness of databases in achieving better educational outcomes for
different levels of student. Horst & Cobb, 2005) and Zahir (2009) mentioned that databases have many
characteristics and capabilities that can be used in the field of teaching and learning, and also to support and
develop many educational strategies.

Comerford, Mannis, DeAngelis, Kougioumtzoglou, & Beer (2019) sought to address deficiencies in the field of
the flipped classroom as a type of blended learning, by developing e-learning programs based on databases.

This paper aimed to create a proposal model for employing databases in the learning environment of the flipped
classroom at Saudi universities, where these are mainly responsible for preparing individuals and human
competencies able to face the information and communication technology revolution and harnessing it to advance
society's progress.

2. Theoretical Framework

This section is concerned with reviewing the flipped classroom in terms of concept and features, as well as the
relevant databases in terms of concept, features, components, and characteristics; and, finally, a proposed model for
employing databases to develop the flipped classroom learning environment is reviewed.

2.1. The Flipped Classroom

The idea of the flipped classroom, which is one of the most important strategies based on employing modern
technology in the educational process, revolves around the core of traditional learning concepts used to explain
lessons by a faculty member in the lecture setting, as the faculty member invests modern technologies to prepare
lessons and also through videos and demos. Each student reviews them at home according to their abilities and
capabilities, and then carries out the activities that were scheduled for home in the lecture (Al-Ruwais, 2016;
Graham, 2013; Marlowe, 2012; Trucker, 2012).

Several studies have researched the effectiveness of the flipped classroom in enhancing the learning process,
including Al-Zahrani (2015), who concurred with the effectiveness of the flipped classroom in developing the
cognitive achievement skills of postgraduate students regarding social studies at King Saud University in Saudi
Arabia; the study of Al-Zein (2015), which confirmed the effectiveness of the flipped class in developing the
academic achievement of students of Princess Nora bent Abdurrahman College in the Kingdom of Saudi Arabia;
and the study of Al-Ghamdi & Al-Ansari (2018), which confirmed the effectiveness of flipped learning in
developing achievement and self-learning skills among first- and second-level students at Taif University in Saudi
Arabia.

The study of Nikitova et al. (2020) confirmed the value of using a flipped classroom model
supported by a multimedia-based textbook, entitled Ukrainian Language (for Professional Purposes), for
the language proficiency of university students in language and literature teaching; the results
revealed a greater desire to engage independently with computer-assisted work, increased motivation
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to study, quicker problem solving, improved time management, and lifelong learning skills. A study
by Bansal et al. (2020) indicated that the flipped classroom is a preferred instructional approach for student
learning and represents a tool for improving learning outcomes, primarily of lower-performing students on difficult
concepts.

We have reviewed studies by Herreid & Schiller (2013), Al-Sherman (2015), Al-Zein (2015), Alten, Phielix,
Janssen, & Kester (2019) and Stratton, Chitiyo, Mathende, & Davis (2020). The most important features of the
flipped classroom include the improvement of learning outcomes compared to traditional classroom-based learning;
keeping pace with the requirements and data of the digital age; encouraging the optimal use of modern technology
in education; increasing interaction between teacher and students; overcoming the shortage of qualified teachers;
helping students of all levels to excel, in addition to those with special needs; taking into account individual
differences among students; reducing the burden of homework; using class time for additional tasks and
reinforcing what students learned at home; giving students an incentive to prepare before lecture time; liberating
the teaching and learning process from space and time factors; providing immediate feedback to students from
teachers during lectures; and overcoming the problem of forced absence suffered by some students.

On the other hand, there are some disadvantages and challenges regarding the flipped classroom, including
technical problems related to the Internet, software, etc. Negative perceptions by some students included the lack
of immediate comment and the length of time videos were shown, which many students do not like because most
prefer short shorter videos (Ramirez, Hinojosa, & Rodriguez, 2014).

Taylor (2015) mentioned that flipped classes can also be exhausting for instructors with busy schedules.
Further criticisms include the lack of instructor contact and the necessity for developers to possess the requisite
technological skills.

Du, Fu, & WANGS3 (2014) also referred to the key disadvantages of the flipped classroom: unreliable Internet
connections; increased difficulty in testing students; keeping all students at the same level; relying heavily on
student motivation; and fostering a learning environment that lacks knowledge.

The key challenges impacting the efficiency of the flipped classroom can be defined as: many students are
unfamiliar with the flipped classroom approach; poorly developed pre-class instructional videos may hinder the
learning process; some students complain that they are unable to ask questions during pre-class activities; some
teachers who were introduced to the flipped classroom did not have a good perception of the techniques or
advantages of this approach; and inability to motivate and monitor students' participation (Ak¢ayir & Akgayr,
2018; Lo & Hew, 2017).

These challenges can be overcome through applying innovative strategies and modern technologies (Kenney,
2019).

2.2. Databases

Incorporating technology into educational curricula and courses has been a key goal of librarians, instructional
designers, school media professionals, and educators with the growth of the Internet and online databases, where it
has become necessary to adopt these technologies in educational systems (Ebsco, 2020).

A database is an organized collection of data and information, usually with one central topic (Derclaye, 2005).

Database definitions are based on work by Date (2004), Helmy (2006) and Singh (2009); online course database
definitions are based on work by McGreal (1998), Zahir (2009) and Elsigini (2012). The concept of the database in
the learning environment of the flipped classroom can be defined as "a set of data stored in a specific way and
connected with each other within mutual relationships, and representing the information of the educational course
that students study, and allows students to deal with it on web pages to search and review any information related
to the course and then make a the appropriate decision."

There are many studies confirming the effectiveness of employing databases in educational curricula, as these
contribute to the development of students' achievements, attitudes, and skills in many instructional fields including
academic writing, laboratory work, analysis, thinking, and technical fields. Databases also encourage students to
progress along the learning process independently, and enhance learning outcomes, and these contributions are
due to the ability of databases to support the processes of preservation and retrieval, allowing different levels of
student to participate and challenge themselves in completing the tasks assigned to them within a framework of
independence and self-reliance; to facilitate students’ collaboration in classroom projects; to develop the teaching
performance of the teacher by allowing him/her to follow the progress of students while providing appropriate
support to each student separately; and sharing resources that are new and that can support the course content
(Brinkerhoft, Klein, Brush, & Saye, 2005; Horst & Cobb, 2005; Mery, Del'rain, Kline, & Sult, 2014; Priore Jr &
Giannini, 2007; Seyed-Abbassi, King, & Wiseman, 2007; So, Pow, & Hung, 2009; Wackerly et al., 2009; Zabudsky,
2000).

Comerford et al. (2019) also indicated the effectiveness of e-learning programs based on databases in improving
the flipped classroom learning environment.

Horst & Cobb (2005), Rhodes (2002), Seyed-Abbassi et al. (2007), (Zahir, 2009), Comerford et al. (2019) and
Hamzah, Rizal, Purwati, & Rukan (2019) wrote about the advantages of using databases in education. The
suggested advantages of using databases in the flipped classroom environment are as follows:

A. Raising enthusiasm for learning and achieving educational goals among students and developing

knowledge of modern technological skills, applied in educational institutions.

B. Giving the opportunity for different levels of student to participate in the learning process, and to do their
utmost by providing considerable independence and freedom in learning.

Giving the opportunity and space for each student to express him/herself.

Providing the greatest amount of cooperation between students, and building their ideas among
themselves, by giving each student the opportunity to research the response of his/her peers and to review
what he/she and others wrote.

E. Improving analytical thinking skills and scientific research.
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F. Supporting the effective participation of the teacher by allowing him/her to monitor students’ progress,
and to provide appropriate support to each student, as well as the speed of data analysis and appropriate
decision-making.

In order to prepare an effective vision of the use of databases in the flipped classroom learning environment, we
should first know the elements and components of databases, which represent a system consisting of four elements
(Date, 2004):

A. Data: These refer to what is actually stored in the database; note the difference between data and
information, where data refers to what is actually stored in the database while information refers to the
meaning of those data.

B. Hardware: This includes storage media that carry stored data and information, and devices for dealing with
those media, in addition to communication networks and their components; as well as hardware and main
memory processors that support the implementation of the database system’s programs.

C. Software: The Database Management System (DBMS) is the most important software component of the
system as a whole, being the link between the users and database so that it receives user requests then
transfers them to the database and executes the required processing for these requests, thus providing
users with the final results.

D. Users: Database users vary between application programmers who are responsible for the database
structure according to one of the programming languages (such as Java, C++, or any other programming
language) and end users who enter the database in an interactive way through an application program, The
database administrator is primarily responsible for the quality of data stored in the database, and for
setting up and maintaining the mechanisms for dealing with it.

Secondly we should define the concept of data models, where Shenai (1992) stated that there are many data
models describing the structure of the database and the method of organizing the data within it, in addition to the
operations applied to the data; data models include the hierarchical data model, the network data model, and the
relational data model.

The relational data model is the most used and the best performing. Date (2004) states that researches on
databases over the past 30 years have relied on the relational model, and it can be said that the introduction of the
relational model around 1969—1970 was the most important event in the field of database history.

The relational model describes a database as entity, attributes, and relationships between entities, and several
database design tools apply the entity—relationship (ER) model concept (Elmasri & Navathe, 2000).

The following is a description of the components of the relational model.

Entities and their Attributes: The main element presented by the ER model is the entity (table with columns
showing fields or attributes, and rows with records), which is something based on the real world and has an
independent existence, and it may have its actual existence as the student or in a conceptual existence such as the
course; each entity has the characteristics that distinguish it, and an example of the student entity we find for
his/her attributes such as name, address, and age; the entity has a value for each of its attributes, and the values of
these attributes that describe the entity become the main part of the data stored in the database (Helmy, 2006).

There are many types of attribute, as follows (Elmasri & Navathe, 2000; Sprouse, 2005):

A. Composite attribute versus simple: The composite attribute can be divided into smaller parts that provide
more independent information — for example, the address of the student can be divided into three simple
attributes (street number, street name, and area number).

B. Single-valued versus multivalued attributes: Most of the attributes have one value, such as the age of the
student, but there is an attribute that has many values, such as university degree.

C. Stored versus derived attributes: In some cases, two or more attributes are related to each other — for
example, age and date of birth.

D. Null values attribute: In some cases, we find that the attribute has no value and is either unknown or not
applied.

E. The unique attribute. This is an attribute (or group of attributes) that does not recur and defines one case
at most from the entity’s states or records (primary key).

Relationships: This is the logical link or relationship between entities depending on the primary and foreign
key fields (the foreign key is the use of data for one or more columns in the table referring to the primary key in
another table) in the tables related to each other, and has a name given to describe the relationship between entities
(Helmy, 2006). Sprouse (2005) explains the types of relationship as follows:

A. One-to-one: In this type of relationship, a record from the first table (entity) is linked to only one record

from the second.

B. One to multiple: One record from the first table is linked to more than one record in the second.

C. Many-to-many: One record from the first table is linked to more than one record from the second, and it is
also possible that the record from the second table is linked to more than one record in the first.

2.3. Proposed Model for Employing Databases in the Flipped Classroom

This is based on what Helmy (2006), Elmasri & Navathe (2000), Date (2004) and Pina & Sanford (2017)
mentioned about database design, and also by reviewing the ADDIE model, where instructional designers and
educators alike have used it as a framework in designing and developing educational and training programs
(Cheung, 2016; Kurt, 2018).

It is possible to define a vision for the effective employment of databases in the learning environment of the
flipped classroom at Saudi universities by following these stages:

1. Analysis.

2. Design.

3. Development.
4. Implement.

5. Evaluation.

The following is a description of each of these.

© 2021 by the authors; licensee Asian Online Journal Publishing Group
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1. Analysis

At this stage, the target groups of students are identified with analysis of their characteristics and needs from
the database as far as possible; the database system’s requirements, including hardware and software, are specified,
as well as defining its purpose, studying the organization’s structure and defining the operations or transactions
that will be carried out on databases, such as extracting certain data or updating them.

The important step in this stage is choosing DBMS. The process of choosing a DBMS is affected by many
factors, some of which are technical and some economic, and these are also affected by the institution’s policies. The
tollowing factors are specified:

A. Technical factor: This relates to the suitability of the database management system for the purpose of the
database, with emphasis on the storage structure of the data, the entry paths supported by the system, the
interaction interfaces available to the programmer and the end user, the availability of development tools,
and the possibility of interaction with other systems.

B. Organization factor: This relates to the familiarity of programmers and employees of the organization with
a specific management system, and this factor is dependent on the capabilities of the management system
itself in terms of the availability of a text editor, report generator, communication programs, design tools,
and query tools used across the WWW.

C. Cost factor: This relates to the cost of purchasing the system, maintenance, and collection of the physical
components the system deals with, including memory, storage media, system training, and operating
requirements

2. Design
This stage includes two parallel activities:
Conceptual Schema Design
A conceptual schema is a brief description of data and includes types of entities (tables), fields, records, and
relationships between tables, without paying attention to storage details, and this diagram is used to ensure that all
user requirements have been taken into account and that there are no conflicts between them; as well as taking into
account the functional requirements represented in the operations that are expected to be performed on the
database.
In order to understand the process of preparing the conceptual schema, one must know the following elements:
A. Approaches to conceptual schema design
To design a conceptual diagram, the basic components of the diagram must be defined (tables, relationships,
instructions on data within records and fields), and there are two options for designing a conceptual diagram:
e Centralized schema design approach, in which all the requirements of different applications and user groups
are integrated into one template before we start to design the scheme, and this requires much effort and time.
e View integration approach, in which each schema is designed based on the requirements of each group, and
these schemes are merged or integrated into a global conceptual schema, which is more acceptable and
desirable for most database designers.
B.  Strategies for schema design
The conceptual schema design strategies are as follows:
e Button-up strategy, where we begin with entities, their attributes, then relationships and add new
relationships between entity types as the design process progresses.
e Inside-out strategy, which is a special case of the previous one where the focus is on major entities in the
scheme, and we continue to add other types of entities and relationships as the design process progresses.
e Mixed strategy, which is a mixture of the two previous strategies where part of the conceptual scheme is
built with the first strategy and part is built with the second, and so on until the scheme is completed.
Transaction and Application Design
Database designers are interested in the type of applications that will work on the database, and a common
method for defining a transaction is to define the inputs and outputs. Transactions can be divided into three
categories:
e Retrieval transactions, used to retrieve data for display or to produce a report.
e Update transactions, used to enter new data or modify existing data in the database.
e Mixed transactions, used to combine the two previous types.
In this activity, cooperation with content experts and educational designers is carried out in preparing scenarios
and interfaces with which students will interact, where they review educational content and search for any
information they need.

3. Development

At this stage we consider the practical implementation of the conceptual schema in the database management
system selected, where the conceptual schema is created in the database management system. In other words, the
conceptual diagram is transferred to an actual applied model in the database management system.

Next, choosing the storage structure of data, indices, and access paths for database files is done in order to achieve
good efficiency for various database applications, and each management system provides various options for the
organization of files and entry paths; and, in parallel, the application software and operations at the external level
are developed, where programmers make connections between the database and the interface with which students
deal directly. There are many factors that must be taken into account when designing a database, including:

A. Response type, which is the time between entering data to implement a specific task and the production of
results; the biggest influence in this area is the database management system, knowing that there are
several factors affecting response time such as system load, the operating system used, and communication
tools.
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B. Space utilization, which is the storage space for database files and the paths used to access the disk (storage
media), including indices and others.

C. The amount of information that is processed during transaction throughput, which means the average
number of processes completed per minute; this is very important for modifying the natural design of the
data based on the efficiency observed after implementation of the database system.

4. Implementation

After completing the previous process, the database can be implemented, which is the responsibility of the
database manager as it is loaded with the data; database transactions are done by programmers and so, by loading
transactions into the database, the design process ends and the database system begins to work.

5. Evaluation

Students at this stage will evaluate the database system implemented through a set of opinion polls and
satisfaction with this system, and based on the extent of its contribution to supporting student learning and
achieving the desired learning goals; based on this evaluation, we can determine whether the system as a whole has
achieved its goals.

The conclusions drawn from the evaluation stage can be used for further development, or even for making
decisions to make greater changes to the system.

Finally, database designers must take into account the specifications of the good design of databases, as
mentioned by Grayson (2002), by avoiding excessive storage of data elements and providing adequate access to
data while strengthening the preservation of data integrity through the progress of database usage. The database
design should be clear and easy to understand.

3. Recommendations
Through the foregoing, a set of proposals and recommendations can be presented as follows:
1. Employing the proposed model of databases to develop the flipped classroom learning environment in higher
education institutions.
2. Spreading awareness among faculty members about the importance of employing the latest teaching
strategies and methods, based on modern technology, to develop the teaching and learning community.
3. Striving to develop available teaching strategies and methods in light of the latest studies and literature.
4. Providing the funds and human resources to create databases for the various educational courses in Saudi
universities from which students can benefit, at any time and from anywhere.
5. Providing training courses for both faculty members and students on using and employing databases, and
making use of them in the field of teaching and learning.
6. Holding specialized scientific conferences periodically; to determine what is new in the field of employing
databases and e-courses in the educational system.
7. Encouraging innovation among the community of faculty members to employ technical innovations in the
field of education, and providing financial and moral incentives for senior faculty members.

4. Conclusion

The use of technological innovations to support the flipped classroom environment is one of the most
important modern trends to have attracted the attention of educational experts and teachers and, in this regard, a
model has been proposed for employing databases in the learning environment of the flipped classroom at Saudi
universities, based on integration and mixing between educational design models and database design models. It
includes five stages: analysis, design, development, implementation, and evaluation. The researchers believe that
being guided by this model may contribute to development of the flipped classroom learning environment, and
therefore it will contribute to raising the level of graduates in Saudi universities and qualify them to compete
effectively in the labor market.
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