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Abstract

Data design is one of the main types of design in software development. This paper aims to design a
database for a programming application as a part of the application development process. The purpose
of the application is to help students of Introductory Programming in the higher learning institutions
of Malaysia solve programming problems in a programming environment, especially in the C
language. The objective of the study is to produce a data design to integrate data from a problem-
solving process into a frame-based programming environment. To achieve this objective, the study is
adopting the user design part of the Rapid Application Development (RAD) Model. Six validated
problem-solving steps which are based on computational thinking (CT) concepts combined with the
input-process-output (IPO) Model were utilized to gather data in the problem-solving process. Then,
these data were integrated into ten validated sets of programming Code Patterns to be utilized in the
frame-based programming environment. An entity-relationship diagram (ERD) which shows the
relationship of seven entities was produced to illustrate the data design of the IPO database. This IPO
database is the core of this programming application that integrates problem-solving into the frame-
based programming environment. This integration contributes to the advancement of an integrated
development environment (IDE) approach specifically for the needs of the novices. It helps to
automate the instruction coding based on the guided problem solution, thus helping the novices to
overcome the difficulties due to their incompetency in the programming language. Therefore, the
design produced from this study is significant in developing an introductory IDE application for the
students to improve their problem-solving and programming skills and prepare them for future
demands of the industrial revolution challenges.
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INTRODUCTION

Along with the fourth industrial revolution (4IR), the industry’s need for the required skills also has
changed. As computing and software technology is experiencing rapid development, the demand for
expert programmers also has increased. Therefore, graduates must acquire problem-solving and
programming skills in solving problems to meet this demand (Chaka, 2020). However, past studies
have shown that programming is one of the most difficult courses to learn especially among beginners
(Cheah, 2020).

Programming is not only about developing a computer program, but it also involves problem-solving
tasks (Mohd Yusoff et al., 2020; Nelson et al., 2017). Therefore, programming needs proficiency in
both problem-solving and program coding (Choi, 2019). However, due to their lack of programming
experience, novice programmers often face difficulties in performing problem-solving (Hashim et al.,
2017). Their unfamiliarity with the language syntax and patterns also has caused difficulties in writing
instructions for the program in a programming environment (Ettles et al., 2018).

Although both problem-solving and program writing tasks are needed hand in hand in solving
programming problems, most of the programming applications focus only on programming
development but not on problem-solving processes. Moreover, the application usually used by the
students which is the IDE is overwhelmed with many functions that could be intimidating for the
novices (Warner & Guo, 2017). Various applications have been developed in facilitating programming
but comparatively few are applicable for the C language (Egan & Mcdonald, 2020). Therefore, a
programming application targeting the C language that serves as an introductory IDE with problem-
solving guidelines for novices needs to be developed.

As part of the software development process, the design phase is important in a software process model.
It is one of the main processes in most software process models. In the RAD model, the design phase
involves several design processes. One of the main design types in software development is data
design. For any software utilizing a database, a data design needs to be carefully planned to produce a
well-designed database as it is the pillar in supporting system operations (Kurnianda, 2018). Therefore,
it is crucial to have a well-designed database to ensure good database performance.

Therefore, this paper aims to design the integration of problem-solving to a frame-based programming
application through its data design. For that purpose, this application is designed as an integrated
system that guides problem-solving towards facilitating program development. The data design is done
to develop the application database that will be the core service of this introductory IDE as a tool for
learning C programming. Thus, this introductory IDE could help students enhance their problem-
solving and programming skills to get them ready for using the professional IDE in the future and
develop the qualities of a competent programmer.
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LITERATURE REVIEWS

To meet the demand of 4IR, graduates should acquire one of the most in-demand skills which are
programming skills. Programming skills should come together with problem-solving skills as a generic
soft skill to play in the industry competently (Chaka, 2020). However, the challenges in learning
programming have made this course one of the most difficult courses with the highest dropout rates
(Edwards et al., 2019; Hosanee & Rana, 2018).

Three significant challenges of programming often faced by the students are problem-solving
deficiency (Islam et al., 2019; Mohd Yusoff et al., 2020), language difficulties (Hashim et al., 2017;
Hosanee & Rana, 2018; Qian & Lehman, 2017), and the use of intimidating IDE for writing programs
(Hashim etal., 2017; Sim & Lau, 2018). In most of the cases, the low achievement of the programming
course in the higher learning institutions was due to students' difficulties in programming which is
related to their weaknesses in performing problem-solving (Mat Isa & Md Derus, 2017).

To overcome the difficulties in problem-solving, CT techniques were suggested which require the
students to do task decomposition, abstraction, pattern recognition, and algorithm design (Chen, 2017;
Mohd Yusoff et al., 2020). To implement the CT, Tawfik et al. (2020) recommended using scientific
instructions and inquiries to help in problem-solving. This is supported by Saad (2020), who stated
that strong CT skills for problem-solving could be developed through investigative inquiries.
Nevertheless, a specific guideline or model to develop instructions and inquiries for programming
problem-solving should be used.

Alshaye et al. (2019) and Hasan et al. (2020) suggested that the instructions and inquiries for problem-
solving in programming could be guided by the IPO model to identify the important elements of a
problem solution. The IPO information which are the inputs, the processes and the expected outputs
from a problem is important in designing the program algorithm (Veerasamy et al., 2019). By using
specific scientific instructions and inquiries to guide in problem-solving, this IPO information could
be identified thus could help in planning for the program algorithm. Moreover, it could reduce the
student’s cognitive load in solving problems and thus prepare them to start coding for their program
(Hasan et al., 2020; Margulieux et al., 2020).

Coding using text-based programming has been conventional especially in higher education.
Practically, students use the IDE to develop a C program and to demonstrate programming
(Hundhausen et al., 2017). The existing IDE used in higher education is usually employing text-based
programming which is quite challenging for the novices (Hashim et al., 2017). Therefore, the students
being novice programmers need to cope with syntax learning, at the same time getting used to the
programming environment. This has raised a concern that it might be daunting for novices to start
coding and score in a programming course (Ishizue et al., 2018; Xinogalos, 2016).
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During program coding, the most frequent programming errors among novices came from syntax errors
(Qian & Lehman, 2017). Based on the studies by Ettles et al. (2018) and Qian & Lehman (2017), the
common syntax errors often observed among novices are due to missing semicolons, mismatched
parentheses, brackets, or quotation marks. These errors are usually the result of typographical errors
due to unfamiliarity with the language syntax and patterns. These are the common challenges in text-
based programming due to the language difficulties, for every single symbol and character is visible
to the compiler.

Since text-based programming has been challenging to novices, visual programming was suggested
to overcome the programming incompetency among the novices where programming is done using
instruction blocks instead of typing the tedious program code. This block-based programming
simplifies the coding activity as the users only need to drag and configure the parameters within a
particular block and combine it with other blocks to make a complete application program.

However, text-based programming is still important because it is an industry practice and should be
preserved for syntax learning by implementing frame-based programming (Perera et al., 2021; Sim &
Lau, 2018). Frame-based programming employs the block-based programming approach at the same
time incorporates text-based programming (Sim & Lau, 2018). In frame-based programming, certain
common programming coding or instructions are grouped into blocks where each block performs a
specific task. These blocks of visible pre-written programming codes known as Code Patterns are used
to build a C program, at the same time allowing parameters modification, thus supporting the transition
to text programming.

With some modification, problem-solving data can be integrated into these Code Patterns. As CT and
the IPO model managed to extract out the important variables from a problem, these variables can then
be integrated into the Code Patterns which are utilized in the frame-based environment. Thus, the
relationships between problem-solving data and program development parameters could be established
in the IPO database and retrieved in the Code Patterns. This approach could facilitate program coding
and accelerate text-based programming in the programming IDE. Therefore, the frame-based approach
could reduce the extraneous cognitive load in programming, hence will reduce anxiety (Bakar et al.,
2019).

This study establishes a data design in which problem solutions are directly translated from the
problem-solving process into programming coding. With this data design, an IPO database of the
application could be developed to serve for this introductory IDE to encounter the main issues of
programming frequently faced by the students. This introductory IDE will be a better solution to
introduce students to C language programming as it could simplify the problem-solving process and
automate coding activities at the same time maintaining syntax learning to empower the programming
skills of the students.

65



Journal of ICT in Education (JICTIE)
ISSN 2289-7844 /9 / 3 (Special Issue 1/2022: Student Engagement and EdTech) / 62-74

RESEARCH METHODOLOGY

This research is adopting a part of the RAD Model, that is the User Design phase as shown in Figure
1 below.

Prototype

' User Design

Refine Test

Construction Cutover

Figure 1: User design phase in the RAD model. Source: (Rahmawati & Rosyida, 2020)

For this user design phase, this paper focuses on the database construction by analyzing the functional
requirements of the application to form the ERD (Lubis & Zamzami, 2019). The design of this
application is based on the application requirements that have been produced in the Requirement
Planning phase. From the requirement planning, six validated Problem-Solving Steps and ten validated
sets of programming Code Patterns were found to be analysed to get the data design of the introductory
IDE. The data design process is illustrated in Figure 2.

Analyse Problem-Solving Steps Analyse Code Patterns

v v

Identify expected answer for
Problem-Solving Steps

v

Identify Entities and Attributes of the
IPO Database

v y

Map the entities-attributes to the Code Patterns variables

v

Establish Relationship of the Entities in the ERD

Identify variables in the Code Pattern

Figure 2: Data design process

Based on the illustration in Figure 2, the data design process starts with Analysing the Problem Solving
Steps and the Code Patterns. The Problem-Solving Steps are used to gather data in the problem-solving
process. From the analysis of the Problem-Solving Steps, the expected answers for each step were
identified. Then, these expected answers for each step need to be stored in a database that is identified
as the IPO database. The IPO database is the main data structure that stores answer from users in the
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guided Problem-Solving process. Based on these Problem-Solving answers, the entities and attributes
are then identified including the key attributes to build the IPO database. By identifying the key
attributes of each entity, the relationship between one entity and another entity can be analyzed (Lubis
& Zamzami, 2019).

At the same time, after the Code Patterns are analysed, all variables in the Code Patterns are identified.
After that, the entities and attributes of the database gathered from the Problem-Solving answers are
then mapped to the Code Patterns variables. These entities and attributes should be able to be retrieved
in the Code Pattern to be used in the frame-based environment. This is where the IPO database is
integrated into the Code Patterns by identifying related fields of the database that link to any part of
the instruction codes. Finally, the relationships of the entities are established to develop a conceptual
data modelling which is often used to illustrate a logical representation of data, which is the ERD
(Kurnianda, 2018).

FINDINGS AND DISCUSSION

The Problem-Solving Steps comprises six sets of scientific instruction and inquiries which were
developed to extract data from a specific programming problem. These scientific instructions and
inquiries were developed based on CT concepts combined with IPO Model. For each instruction/
inquiry, there is an expected answer from the user. Every expected answer should be mapped according
to the IPO model. Each answer could be an input, an output or a process to solve a problem as shown

in Table 1.
Table 1: Problem-solving steps and IPO data entries
Instructions / Inquiries Expected Answer/ IPO type IPO Database
Input Entities Attributes
Step 1 What data will you Input name Input Input Input_name
get from the user?
State the data type. Input data type Input_datatype
Step 2 What output should ~ Output name Output Output Output_name
you calculate?
State the data type. ~ Output data type Output_datatype
Step 3 What other data is Input2 name Input Input2 Input2_name
given/ needed?
Give the value Input2 data value Input2_value
State the data type. ~ Data type Input2_type
Step 4 Give the formulato  Formula Process Formula Arithmaticformula
calculate the
output.
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Instructions / Inquiries Expected Answer/ IPO type IPO Database
Input Entities Attributes

Step 5 Conditional action: ~ Condition Process Selection Selection_cond
State a selection
condition.
State an action if Action 1 If_true_action
the condition is
met.
State an action if Action 2 If_false_action
the condition is
met.

Step 6 Repeating action: Counter name Process Counter Counter_name

Name a counter.

Counter data type Data type Counter_datatype
State a repetition Condition Repetition Repetition_cond
condition.

Based on the Problem-Solving steps in Table 1, specific answers have been identified to each of the
instructions and inquiries. These answers need to be registered to an IPO database. From the analysis,
seven types of problem-solving data were identified which are Input, Output, Input2, Formula,
Selection, Counter, and Repetition. These types of data are identified as the entities of the database.
Each entity contains several attributes that describe each entity. Note that, in each of the Problem-
Solving Steps, details of data were prompted in separated instructions/ inquiries. These details are
identified as the attributes of the entities. Therefore, based on the expected answers in the Problem-
Solving Steps, the entities and their corresponding attributes could be identified to build the IPO
database as shown in Table 2.

Table 2: IPO database

Table No Tables Fields
1 Input Input 1D
Input_name

Input_datatype

2 Output Output 1D
Output_name

Output_datatype

3 Input2 Input2_ID
Input2_name

Input2_value
Input2_datatype
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Table No Tables Fields

4 Formula Formula_ID

Avrithmaticformula

5 Selection Selection_ID
Selection_cond
If_true_action

If_false_action

6 Counter Counter_ID
Counter_name
Counter_datatype

7 Repetition Repetition 1D
Repetition_cond

The IPO database presented in Table 2 shows that each entity consists of two or three attributes each.
The entities of the database are represented as tables, while the attributes are represented as fields. The
primary keys for each entity were identified and shown in underlined text. Note that each field is
corresponding to the Problem-Solving answers. These data can be manipulated as variables for the
program development. The Input, Input 2, Counter, Output data from the user will hold unique variable
names. The problem-solving instructions also asked for a data type for these variables to allow them
to be automatically declared through the Code Patterns. These fields are linked to the Code Patterns
which are implemented in the frame-based programming environment to integrate problem-solving
data into the program development code editor as shown in Table 3.

Table 3: Integrated code patterns

Code Patterns Integrated C Coding Blocks

CP1 Include stdio.h #include <stdio.h>

CP2 main() int main()
{
return 0;
}
CP3 Declare <Input datatype> <Input name>;
Variables <Qutput datatype> <OQutput name>;

<Counter_datatype> <Counter name>;
<Input2 datatype> < Input2 name> = <Input2 value>;

CP4 Insert Formula <OQutput_name> = <Arithmeticformula> ;
CP5 printf printf(“ insert your text here «);
CP6 scanf scanf(“% v “, &variable);
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Code Patterns

Integrated C Coding Blocks

CP7

CP8

CP9

CP10

if - else

for loop

while loop

do-while loop

if( <Selection_cond> )

{

<If_true_action>

}

else

< If false action >

}

for(<Countername>=0;<Repetition_cond>;<Counter_name>++)

{

}

while( < Repetition_cond > )
{

}

do {

} while( < Repetition cond > );

Based on the integrated C coding blocks of these Code Patterns in Table 3, the underlined code are the
variables from Problem-Solving Steps that could be retrieved from the IPO database. It can be seen
that one programming problem could have many Input, Input2, Output and Counter variables. It also
can have many Formula, Repetition and Selection functions. Therefore, all entities in the IPO database
is having a one-to-many relationship. The entity-relationship diagram is illustrated in Figure 3.
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Figure 3: ERD for the IPO database

Figure 3 illustrates the ERD of the IPO database which consists of seven entities. Each entity is detailed
by several attributes. For each entity, there is one primary key which is an index that uniquely defines
the entity (Lubis & Zamzami, 2019). The IPO table has one-to-many relationships with all entities.
However, the Repetition entity also has a one-to-one relationship to Counter.
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The data design found from this research can be used as guidance and reference to software developers
and other researchers in the field of software engineering in developing an integrated programming
problem-solving IDE for the use of teaching and learning especially for basic C programming. This
data design integrates the problem-solving guidelines into the IDE that making this IDE different as
compared to the existing IDE for programming which only focuses only on the programming part.
Therefore, it contributes to further diversifying the teaching tools for programming courses that balance
the focus on both problem-solving and programming parts. This design is significant to be the basis of
programming instructional tools as an effort to produce graduates with a strong foundation of problem-
solving and programming skills to become expert programmers. Thus, it significantly contributes to
programming learning to fulfil the demand for skilled programmers for IR4.0.

RECOMMENDATION FOR FUTURE RESEARCH

Since the data design was developed to cater for the introductory programming courses, thus it provides
Problem-Solving Steps for simple and basic problems of C programming. It also provides Code
Patterns for only basic instructions for structured programming. Therefore, for future research, it is
recommended that these Problem-Solving Steps and Code Patterns can be expanded further to cater
for modular and advanced programming. Modular and advanced programming would need advanced
Code Patterns and additional problem-solving guidelines to suit the complexity of the problem. With
some modification, it also could be implemented for other programming languages as well.

CONCLUSION

This study has produced a data design for an introductory IDE that implements frame-based
programming which is integrated with problem-solving. The integration of problem-solving in the
frame-based programming environment could be done with a well-designed database that has been
illustrated in a form of an entity-relational diagram. This design is the basis of developing the core
service of the application, which is the IPO database. The scientific instructions and inquiries in the
Problem-Solving Steps were used to gather data for solving the problem and kept in the IPO database,
while the pre-written Code-Patterns retrieve these data from the database to be used in the
programming environment. This approach is applied for the introductory IDE to help novices perform
problem-solving and writing programming syntax.
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