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THE ACCEPTANCE OF AN EDUCATIONAL INTEGRATED DEVELOPMENT

ENVIRONMENT TO LEARN PROGRAMMING FUNDAMENTALS

Abstract. Programming is an important course for any IT or engineering-related course. However,
previous research shows that students face difficulties in learning programming due to its abstract
concepts. This study aims to evaluate the acceptance of a developed Integrated Development
Environment (IDE), namely C-SOLVIS which is a web-based application that specifically intends
to facilitate the teaching and learning of the C programming fundamentals in Malaysian tertiary
education. The C-SOLVIS integrates problem-solving into a program development environment
for the C language. The goal is to guide the users in problem-solving and help them write C
programs based on problem-solving algorithms. The Rapid Application Development (RAD)
Model was employed in the C-SOLVIS development process. Based on this model, the
requirement planning phase was carried out through the triangulation technique by applying
qualitative approaches comprising a literature review supported by semi-structured interviews,
document reviews, and content validation by expert programming lecturers. Subsequently, the
design of the application was accomplished through the iterative prototyping process which was
then followed by the application construction. Then, the C-SOLVIS is deployed to be used by
several programming lecturers to evaluate its usability by adopting a quantitative method using the
System Usability Scale (SUS) questionnaire. The study has discovered several suitable techniques
and designs for the problem-solving and program development environment. For the problem-
solving environment, the Computational Thinking (CT) concepts were applied which were
supported by the Input-Process-Output (IPO) Model through Scientific Instructions and Inquiries.
Meanwhile, the program development environment was designed and developed based on frame-
based programming using a set of developed Code Patterns. The C-SOLVIS evaluation using the
SUS instrument has yielded a SUS mean score of 86.07. This score is interpreted by SUS as an A
grade that indicates C-SOLVIS as a highly usable application and thus is accepted for C
programming learning. Hence, the development process of the C-SOLVIS can be used as a
guideline for educational software development, especially in the field of programming education.

Keywords: IDE; educational software; usability; programming.

1. INTRODUCTION

The Industrial Revolution 4.0 (IR4.0) has caused rapid development in computing and
software technology. Consequently, the demand for expert programmers with high programming
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skills has increased to develop various software and solve various computing problems. Hence,
there is an urge to produce computer science and engineering graduates with high programming
and problem-solving skills. Moreover, to develop high programming skills, graduates need
competency in both problem-solving and program writing [1], [2]. Therefore, these skills need to
be inculcated among students in their programming courses at the tertiary level.

However, due to its high intrinsic cognitive load, programming has been a challenging
lesson to learn among beginners [1]. Novice programmers often face difficulties in problem-
solving due to their lack of programming experience [3]. They also face technical and
conceptual challenges in writing a program that was reflected in their disfluency in
developing a program syntactically, semantically, and pragmatically [4]. Therefore, to
enhance the problem-solving and programming skills of novices, suitable educational
programming software should be used.

To date, several applications with various approaches have been discovered to address
these issues. However, most are targeting programming languages other than the C language
[5]. Therefore, programming software i.e., IDE is often used in teaching and learning
activities for C programming. Yet, the IDE is overwhelmed with complex functions which are
believed to be intimidating for novices [6]. It also does not have facilities to help with
problem-solving and programming learning.

Therefore, this research was carried out to verify the needs for an educational C
programming application that could introduce novices to an IDE, at the same time guide them
in problem-solving and programming. For that purpose, C-SOLVIS is designed as a simple
introductory IDE to guide problem-solving and facilitate program development using
computational thinking (CT) and frame-based programming. Then, this paper reported the
acceptance of this introductory IDE, namely C-SOLVIS, as a tool to enhance the teaching and
learning of C programming.

2. RESEARCH METHODS

The research is carried out in two major stages as shown in Figure 1.

Stage 1:
C-SOLVIS Application Development

Stage 2:
Application Evaluation
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Figure 1. Two major stages of the research.

Table 1 summarizes the research design concerning its objectives and related
methodologies that are implemented in these stages.
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Table 1
Research Methodologies
Research . Methods/ :
Stage Phase Objective Activity Techniques Tools/ Models | Deliverable
Qualitative
methods:
Requirements
To identify Elicitation
suitable . . W.'th a .
techniques to To |de_znt|fy trlang_ulatlon Tools:
Functional technique UMLet
overcome - . . Software
. , Requirements | using: Models: .
Requirements | students Non- Literature Use-case Requirement
Planning difficulties in functi . . Specification
: unctional review, diagrams
learning . . 1 (SRS)
roarammin Requirements | Semi- Activity
prog g structured Diagram
interview,
Document
review, and
Content
validation
Tools:
Stage I . Draw.io
Software ;?rggﬂgtr;?; Marvel
Development IDE that To d.e5|gn the Modgls: Software
intearates architecture, Prototypin Architecture Desian
€9 component, oLyping design g
. guided Testing Document
User Design data, and user _ Component
problem- interf ; Refining desi (SDD)
solving and interface o esign
o O the Sequence
facilitating L :
program application. Diagram
Data design
development, User interface
design
To develop an Tools:
introductory WebStorm C-SOLVIS
. application
IDE that Coding 2021.1 IDE
. To construct prototype
integrates the anplication System React JS
Construction | guided PP Integration framework
and test for S - Software
& Cutover problem- Application Node.js server
. both front-end . . Test
solving and testing JavaScript
e 9 and back-end. . Document
facilitating programming (STD)
program language
development. SQLite
1SO 9241-11:
To evaluate Quantitative usability
the usability of | To evaluate . standard
h h bilitv of method:
Stage II: . t € the usa h 'tYO Software .
Softwaré Usability introductory the application evaluation System Usability
Evaluation Evaluation IDE to be used | among using the SUS Usability result
in introductory | programming 9 . Scale (SUS)
programming | lecturers. questionnaire guestionnaire

courses.

SPSS

Based on this table, the first stage is the application development stage which is
employing the RAD Model. The RAD is one of the software process models that is widely
used as an approach to developing software. The main reason for adopting the RAD model is
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based on its ability to reduce the application development period, as we can get quick initial
reviews from the stakeholders [7]. In brief, by adopting the RAD model, the application is
developed through four development phases: Requirements Planning, User Design,
Construction, and Cutover phase, as shown in Figure 2.

Prototype

I User Design Construction Cutover

Refine Test

Figure 2. RAD Model

During the Requirements Planning phase, several qualitative approaches were employed
in a triangulation technique to determine the functional and non-functional requirements of
the application. This technique involves literature reviews supported by semi-structured
interviews, document review and content validation. The implementation of these methods
complements each other to support the multidimensionality of user requirements
investigations [8]. Moreover, these methods could help to get a detailed description and
intensive analysis of the related issues in this research [9], [10]. Therefore, the triangulation
strategy helps in developing high-quality requirements for the application.

The Requirements Planning phase involves the participation of experts in programming
education especially in the semi-structured interview sessions, document review and content
validity process. These expert programming lecturers are chosen among Malaysian
Polytechnic lecturers and other Malaysian higher learning institutions through purposive
sampling. These respondents are also involved in the C-SOLVIS usability evaluation.

The participants are identified as experts for having a minimum of 10 years of teaching
experience and possessing qualifications in the subject area [11]. With these years of
experience, they are considered experts for being involved in the development of teaching
materials, instruction, assessment, evaluation, intervention, and addressing questions from
learners [12]. Moreover, some of them are also having experience in coordinating the course.
Based on their teaching experience, the participants have experience and skills in using
different types of IDEs and applications in teaching. They are also selected based on their
experience in dealing with various types of students learning capabilities.

After the first stage is done, this study moves to the second stage which is the
application evaluation stage where the usability of the C-SOLVIS is evaluated by seven
samples of target users among the programming lecturers. Therefore, the evaluation involves
the same seven expert programming lecturers who were involved in the Requirement
Elicitation phase. They are chosen so that the usability evaluation can be done based on the
subject matter purpose which is problem-solving and programming learning. Moreover, the
involvement of the same participants could improve the accuracy of the study and the
reliability of the data and results [13]. In addition, their various learning institutions'
backgrounds also could avoid bias and broaden the evaluation perspectives to achieve a
convincing result.

The usability evaluation is done by employing a quantitative method by using an
existing established and reliable questionnaire for measuring software usability which is the
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SUS [14]. The analysis is done to determine the mean SUS score. SUS instrument was used
as it is an easily used instrument with uncomplicated calculation. SUS items can be referred to
in Table 2. It also has been proven valid and reliable even though implemented for small
sample size [15]. This is supported by the study of [14] who reported that SUS has been used
for as low as three respondents. Moreover, SUS is also a robust instrument that has been
widely used in evaluating usability [16].

Table 2
Items in the SUS Questionnaire
Items
Q1 I think I would like to use this application frequently
Q2 I found the application unnecessarily complex
Q3 I thought the application was easy to use
Q4 I think | would need the support of a technical person to be able to use this application
Q5 I found that the various functions in this application were well-integrated
Q6 I thought there was too much inconsistency in this application
Q7 I would imagine that most people would learn to use this application very quickly
Q8 | found the application very cumbersome to use
Q9 | felt very confident using the application
Q10 I needed to learn many things before | could work with this application

The questionnaire items are organized alternately between positive and negative
statements to prevent habitual bias from the respondent [17]. The oddly numbered items are
positive statements, while the evenly numbered items are negative statements. These items
measure the usability of an application that covers the aspects of effectiveness, efficiency, and
satisfaction [18].

Since the SUS items comprise negative and positive statements, the data needs to be
normalized before being analysed. To normalize the data of all odd-numbered items (Q1, Q3,
Q5, Q7 and Q9), the scale position is subtracted by 1. Meanwhile, to normalize the data of all
even-numbered items (Q2, Q4, Q6, Q8, and Q10), 5 is subtracted by the scale position on
these items. Then, the sum of all items is multiplied by 2.5 to get an overall SUS score
ranging between 0-100. In [19], a calculation formula has been summarized for an individual
overall SUS score as shown in equation 1 below.

SUSscore= [(Ql-1)+(5-Q2)+(Q3-1)+(5-Q4) +(Q5-1) +
(5-Q6) + (Q7-1) + (5-Q8) +(Q9-1) + (5-Q10)] * 2.5 (1)

After the total SUS score for each respondent is calculated, the usability of the C-
SOLVIS is then determined by the mean value, which is the average of the total SUS scores.
The mean score is the summation of all SUS scores obtained from all respondents divided by
the number of respondents. A formula was derived in [15] for the SUS mean score calculation
as stated in equation 2 below.

SUS mean score = > SUS score (2)
N
where N is the total number of respondents.

The SUS scores can be categorized into specific acceptability grades rating according to
SUS score ranges as shown in Table 3 below.

The application should achieve a mean score of 68 and above to be considered to have
good usability [17]. However, it was stated in [15] that the SUS score should be higher than
70 to be recognized as acceptable. Therefore, an application should score a SUS mean score
higher than 70 to be within a comfortable acceptable range.
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Table 3
SUS Ranges, Grade and Ratings [15]
SUS Score Ranges Grade Scale Adjective Ratings Acceptability ratings
80.3 <= score <=100 A Best imaginable Acceptable
74.0 <= score < 80.3 B Excellent
68.0 <= score < 74.0 C Good
51.0 <= score < 68.0 D Ok Not acceptable
Score <51 F
3. THE RESULTS

usability evaluation.

3.1. C-SOLVIS Design and Development

C-s0LvIS

This section reports the educational IDE development processes and the result of the

After an intensive Requirement Planning phase, the C-SOLVIS was successfully

designed to perform these tasks as depicted in the use-case diagram shown in Figure 3 below.
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Figure 3. C-SOLVIS Use-Case Diagram
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The specific workflows and activities within each use-case could be illustrated using the
activity diagram as shown in Figure 4.
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Figure 4. C-SOLVIS Activity Diagram

Then, the design of this application is drafted which is dependent on the application
requirements produced in the Requirement Planning phase. The design process begins with
designing the architecture of the application. The architectural design identifies all properties
or subsystems making up the C-SOLVIS application which includes all hardware and
software components with their interfacing elements. It represents all the interrelationships
among them, as well as the data structure required to build this application as illustrated in

Problem-Solving Subsystem Program Development Subsystem
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Figure 5. C-SOLVIS Architectural Diagram
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Whilst the architectural design identified the main components of the application, a
component design specifically composes these components to implement a certain subsystem.
Each component is designed to satisfy relevant aspects of the application requirements and all
design structures of the application architecture. A component interacts with other
components to perform a certain set of functionalities with an explicit adaptation
specification. The component design of the C-SOLVIS application is shown in Figure 6.
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Figure 6. C-SOLVIS Component Design

Then, the study proceeds to the user interface design of the C-SOLVIS which follows
the Semantic User Interface Guideline (SUIG) that focuses on the usability aspect to produce
an application with simple, familiar, and consistent user interface (Ul) to help the user to
navigate intuitively throughout the application as shown in Figure 7.
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Figure 7. General Setting of the Problem-Solving Ul

Then, after the design process of the C-SOLVIS is completed, the C-SOLVIS is
constructed. The construction is divided into two parts: frontend development and backend
development as shown in Figure 8. The construction is completed after the C-SOLVIS has
successfully undergone several series of software testing which are unit testing, integration
testing and system testing. Then, the application is deployed to be used for evaluation among
the chosen respondents.

C-SOLvIS

‘ Frontend ‘ Web Browser

Problem-Solving Program Development

| Problem Formulation ‘ Code Editor

Code patterns

‘ Compile & Execute ‘

‘ IPO chart ‘

Programming
Visualization

‘ compiler ‘
‘ debugger ‘

‘ Backend ‘ Server

Figure 8. The C-SOLVIS Construction

3.2. C-SOLVIS Usability Evaluation

The usability evaluation of the C-SOLVIS was done among seven respondents denoted
as P1-P7. The respondents’ responses for each SUS item are recorded as Q1 — Q10 as shown
in Table 4. The scale score is between 1 to 5.
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Table 4
Original Data from SUS Scores

Participants Original SUS Score
QL [ Q2 [ Q3 | Q4 | Q5 [ Q6 | Q7 | Q8 | Q9 | QI0
P1 4 2 4 2 4 2 4 2 4 )
P2 4 2 4 2 3 2 4 ’ 4 )
P3 4 2 4 2 4 2 4 ) f )
P4 5 1 5 1 5 1 5 1 : 1
P7 5 1 5 1 5 1 5 1 c 1

Since the SUS items comprise negative and positive items, the SUS original scores need
to be normalized as shown in Table 5. The original scores in Q1, Q3, Q5, Q7 and Q9 items
are transformed to T1, T3, T5, T7 and T9 by subtracting 1 from the original scores.
Meanwhile, the original scores in Q2, Q4, Q6, Q8 and Q10 are transformed to T2, T4, T6, T8
and T10 by subtracting the original scores from 5. The transformed score values and
calculated SUS scores are recorded in Table 5.

Table 5
Calculated SUS Score
- Normalized SUS Score
rartiewants o T2 [ ws [ 1a [t [ 16| 77| 78 | To | Ti0 Szg::'()s(gfs)

P1 3 3 3 3 3 3 3 3 3 3 75.0
P2 3 3 3 3 2 3 3 3 3 3 72.5
P3 3 3 3 3 2 3 3 3 3 3 75.0
P4 4 4 4 4 4 4 4 4 4 4 100.0
P5 4 4 3 3 3 3 4 3 3 4 85.0
P6 4 4 4 4 3 3 4 4 4 4 95.0
P7 4 4 4 4 4 4 4 4 4 4 100.0

Based on this table, the normalization process produces a scale score between 0 to 4,
with a total score value ranging from 0 to 40. Then, the Total SUS Score for each participant
is calculated to produce a percentile ranking that ranges from 0 to 100. By referring to this
table, the total SUS scores obtained from the participants ranged from a minimum score of
72.5 to a maximum score of 100. The Total SUS Score was calculated by using this formula
in equation 3 below.

Total SUS score = (T1+T2+ T3+ T4+ T5+T6+T7+T8+ T9+T10) * 2.5 (3)

Then, the data is further analysed by determining its reliability. The reliability statistics
are examined as shown in Table 6.
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Table 6

Reliability Statistics

Cronbach's Alpha Cronbach's Alpha Based on | Number of Items
Standardized Items
0.972 0.974 10

Based on this table, the usability analysis using the SUS instrument has shown high
reliability which is indicated by Cronbach’s alpha of 0.972. The high value of Cronbach's
Alpha shows that all items are internally consistent and reliable. This is supported by the SUS
item statistics shown in Table 7.

Table 7
SUS Item Statistics

SUS Scale Mean if | Scale Variance if Corrected Item- Cronbach's Alpha if
Item Item Deleted Item Deleted Total Correlation Item Deleted
Q1 30.86 19.476 .888 .968

Q2 30.86 19.476 .888 .968

Q3 31.00 19.333 .922 .967

Q4 31.00 19.333 .922 .967

Q5 31.29 18.905 762 .975

Q6 31.14 20.476 .733 .973

Q7 30.86 19.476 .888 .968

Q8 31.00 19.333 .922 .967

Q9 31.00 19.333 .922 .967

Q10 30.86 19.476 .888 .968

This table shows that Cronbach's alpha value of 0.972 which was obtained previously
decreases if the item is deleted except for item Q5 and item Q6. The Cronbach's alpha value
increases to 0.975 and 0.973 if Q5 and Q6 are deleted respectively. However, the slight
increase of Cronbach’s alpha value is not significant as they are still in the same range of
excellent reliability indication. This means that all items are acceptable in the instrument for
data analysis as shown in Table 8.

Table 8
SUS Data Analysis
Number of Min Max Mean Standard Deviation
participants
7 72.5 100 86.0714 12.23529

Based on this table, C-SOLVIS has obtained a minimum score of 72.5, while the
maximum score is 100. The usability evaluation via the SUS instrument has yielded a mean
SUS value of 86.0714 which is above the minimum acceptable usability score. This mean
value indicates that the C-SOLVIS prototype is the “best imaginable” application according to
the SUS score rating. Therefore, the C-SOLVIS application is acceptable and considered to
have a good level of usability.

Then, the SUS scores for all respondents are used for further analysis to find out
response frequencies. The frequencies of the responses are figured out based on the score
ranges and grades as shown in Table 9.
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Table 9
SUS Grade Frequency
Grade Score Range Adjective rating Frequency Percentage
A 80.3 <= score <=100 Best imaginable 4 57.1
B 74.0 <= score < 80.3 Excellent 2 28.6
C 68.0 <= score < 74.0 Good 1 14.3
Total 7 100.0

From the analysis shown in this table, 57.1% of the participants rated the C-SOLVIS
application in Grade A which indicates C-SOLVIS as the best imaginable application. 28.6%
of the participants rated C-SOLVIS as an excellent application by giving scores in the Grade
B range, while 14.3% of the participants rated it as a good application by giving scores in the
Grade C range. This analysis is also shown in a bar chart form in Figure 9.

Percentage

A =] C
Usability Grades

Figure 9. Frequency of SUS Score Based on Grade

From this bar chart, most of the participants evaluated C-SOLVIS as an excellent and
best imaginable application for C programming by giving C-SOLVIS A and B grades. Only
one participant who represents 14.3% of all participants gave a C grade for the C-SOLVIS.
Nevertheless, all scores are within an acceptable range which gave a mean score of 86.07
which is within the A grade.

4. DISCUSSION

The C-SOLVIS has obtained a high mean score value for the usability evaluation which
also indicates the acceptance of C-SOLVIS as an educational IDE to learn programming
fundamentals. This introductory IDE is highly usable for its simple and usable design. The
simple design is in line with the Cognitive Load Theory which is meant to reduce the
extraneous cognitive load in learning programming [20]. This simple yet usable design is
achieved as a result of strong requirements elicitation technique.

The triangulation technique used in eliciting the requirements also has produced strong
functionalities of the application that involves both problem-solving and program
development environments. Therefore, it provides a comprehensive application that allows
the C-SOLVIS to cater from the beginning of problem-solving until program development
processes, whereas the existing IDE only focuses on the programming facilities. Based on its
elicited requirements, the integration of a problem-solving environment into the program
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development environment in a single application is supporting the literature finding to
enhance proficiency in both problem-solving and program writing tasks [21].

For the problem-solving task, the CT techniques which have been suggested by [22]
were implemented in the Scientific Instructions and Inquiries as suggested by [23]. This set of
Scientific Instructions and Inquiries which is the main component in the problem-solving
environment applies the main pillars of CT techniques by decomposing a problem into steps
of logical segments which is easier to abstract main information and variables guided by the
IPO Model. They also help in the recognition of selection and repetition structure, thus
helping in algorithm design [24]. Moreover, this decomposition technique could reduce the
student’s cognitive load in their working memory as described by the Cognitive Load Theory
[25].

Meanwhile, for the program writing task, the frame-based programming technique was
implemented in the program development environment of the C-SOLVIS which provides a
better structure to the programming environment [26]. Moreover, it provides transparent
coding where all codes automatically appear in the code editor according to the frame to
accelerate coding and thus could transcend the conventional text-based programming
technique [27]. Through this frame-based programming technique, C-SOLVIS helps novices
to build a C program through the existence of the Code Patterns. Based on the Constructivism
Learning Theory, these Code Patterns provide an active-learning environment in which the
students build new knowledge upon the foundation of previous learning and acquire the skills
and attributes in programming [24].

Being an educational software, the Ul design is very important to ensure this application
is easily used and benefits the teaching and learning process. Based on the Cognitive Load
Theory, the C-SOLVIS Ul design aims to reduce the cognitive load of the user by simplifying
the application. To achieve this purpose, the Ul is designed to be minimalist, consistent and
flexible as suggested by the SUIG guidelines. Therefore, the problem-solving steps were
separated into different pages to avoid crowding a single page with many buttons that could
confuse the user. In addition, the C-SOLVIS is also flexible to corrections by having the IPO
Chart which is designed to display the data submitted by the user so that the user can review
and reset it if needed.

The C-SOLVIS is constructed using the WebStorm IDE utilizing JavaScript
programming language for both client-side and also server-side programming. WebStorm
offers coding assistance for full-stack development that allows code debugging for both
client-side and server-side with its built-in debugger, which then integrates both of those
sides. Although WebStrom is restricted to being run only on the Google Chrome web
browser, it is the only Javascript IDE that practically supports code editing during debugging
[28]. It is an advantage to use JavaScript in constructing this web-based IDE as it is the most
popular programming language for the development of the web-based application by most
developers and thus enables sharing and support from the developers' community [29].

Since the C-SOLVIS prototype is meant for educational purposes, evaluation was done
among a group of the application users who are the programming lecturers which is only a
small sample size. Therefore, the use of SUS for this evaluation is the most suitable
instrument as it has been proven as valid and reliable even though implemented for as low as
three respondents [14], [15]. Moreover, the high value of Cronbach's Alpha obtained in this
study has justified the reliability of this evaluation.

The design and development of C-SOLVIS have contributes to significant implications
in educational software design and development. It also contributes to programming
education as it could enhance the teaching methods among the programming lecturers.
Besides, its usable design also could help beginners to be familiar with C coding and
problem-solving and adapt to the professional IDE confidently later.
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5. CONCLUSIONS AND PROSPECTS FOR FURTHER RESEARCH

This study has been carried out according to the software engineering discipline and has
successfully produced educational software to enhance the teaching and learning of C
programming. From past literature and recent research, it was found that teaching and
learning programming could be enhanced by certain learning theories. The implementation of
suitable problem-solving models and programming techniques also could assist in the
problem-solving process and program writing among beginners.

Problem-solving using Scientific Instructions and Inquiries and frame-based
programming using Code Patterns have been figured out in this research as techniques to
overcome programming difficulties among the students. These techniques were implemented
by following the CT approach and IPO Model based on Constructivism Learning Theory and
Cognitive Load Theory.

This study has focused on developing an application by following the RAD model
which begins with the requirements planning to elicit the requirements of the application.
From the application’s requirements, the application was designed which focuses on its
architecture, components, data and user interface. These designs have been the blueprints for
developing the C-SOLVIS which was constructed as a web-based application.

The usability evaluation which was using the SUS measurement and interpretation
shows that C-SOLVIS is highly usable by obtaining a mean value of 86.07. According to the
SUS interpretation, this value indicates that C-SOLVIS is “the best imaginable” application.
Therefore, C-SOLVIS is suggested to be used for the teaching and learning of introductory
programming for the C language at the tertiary education level to familiarize the students with
the problem-solving process and programming interface in the professional IDE. The high
usability score of the C-SOLVIS also indicates that this educational software design and
development framework can be used as a guide and followed by other researchers and
software developers in the future.

Since the C-SOLVIS is developed for the introductory programming fundamentals, thus
it only provides simple facilities for simple problem-solving and programming tasks.
Therefore, it is recommended that this application could be expanded further to cater for
modular and advanced programming. It is also suggested that further evaluation is done to
measure learning achievement among the students after using this application by evaluating
the effectiveness of C-SOLVIS in enhancing the understanding of students in programming
and their problem-solving skills. Future research is also recommended to compare novices’
achievement in learning programming by using C-SOLVIS and using programming IDE in a
suitable research design and compatible research environment.
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AnoTtanis. [IporpamyBaHHA € BaXJIMBHM IPEAMETOM Uil OYIb-SKOIO HABYAIBHOIO KYypCY,
moB’si3anoro 3 [T abo imkenepieto. Ilomepemni MOCTIIKEHHS JEMOHCTPYIOTh, IO Yepes3
a0CTpaKTHI MOHATTS B y4YHIB BUHHUKAIOTH TPYAHOII IiJ Yac HaBYAHHS IporpaMyBaHHIO. MeToro
MIPEJCTaBIICHOTO JJOCITIPKEHHS € OIIHIOBaHHSI NPUHHATHOCTI po3poOieHoro IHTerpoBaHoro
Cepenosuiia Po3pooku (ICP) (Integrated Development Environment — IDE), a came C-SOLVIS —
BeOZONATKY, KU Mae IMOJCTIINTH IPOoLeC BHKIAJaHHA Ta BHUBUCHHS OCHOB HPOTrpaMyBaHHS
moBoro C y 3akmamax Bumoi ocBitm Mamaiizii. C-SOLVIS iHTerpye NpHHAHATTA pilIeHh Y
CEepEeNOBHIIE PO3BUTKY IporpaM MoBoro C, Maroyd Ha METi CIPSMOBYBATH KOPUCTYBAdiB IIiJ] 4ac
MIPUAHATTA pillleHb 1 HarmMcaHHA MporpamMu MoBoro C Ha OCHOBI aliTOPUTMIB PO3B’I3yBaHHS 3a/1ad.
Tix gac po3podxu C-SOLVIS BukopuctoByBanacs Moaens LlIBuaxoi Pozpodku Jonatkis (ILIP/T)
(Rapid Application Development — RAD). Ha ocrosi mi€i Mmozeni ¢a3a mianyBaHHS BUMOT Oyiia
3MiiCHEHA 3a JIOIMIOMOTOK) TEXHIKM TPIaHTYIAMil 13 3aCTOCYBaHHSAM SIKICHHX IIiJIXOMIB, SIKi
nepe0avaoTh OV JIiTEepaTypH, MiIKPIMUICHMH HAMiBCTPYKTYPOBAaHUMHM IHTEpPB’IO, OTJISIIAMU
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JOKYMEHTIB 1 TEPEBIpPKOI 3MICTy JIEKTOPaMHU-EKCIIEPTaMH 3 MPOrpaMyBaHHs. 3TOJOM JAW3aiH
JonaTka 3/iHCHIOBABCS Yepe3 iTepaTUBHUIA MPOLEC MPOTOTUITYBAHHS 3 MOAANBIIAM CTBOPCHHSIM
nporpamu. Ilicast mporo C-SOLVIS Oyno BHKOpHUCTaHO JAEKUIBKOMA BHKIAIadaMu 3
MIpOrpaMyBaHHs, SIKi OIIHIIN 3pYYHICTh HOr0 BUKOPHUCTAHHS 32 JJOMIOMOTOI0 KUIBKICHOTO METOIY
nuistxoM onutyBaHHs 3a [1Ikanoro 3pyunocti Bukopuctanns Cucremu (III3BC) (System Usability
Scale — (SUS). Ilix wac gocmikeHHsT OyJI0 BHABIEHO JEKiJibKa 3PYyYHHX METOMIB 1 CXeM,
BIJIMOBIIHMX  CEPENOBUINY IporpaMyBaHHA 1 po3poOku mporpam. [lns  cepenoBwuiia
mporpamyBaHHsS ~ Oyno  3acTocoBaHO KoHmenii  OoOuwmcnroBanbHOro Mucinenns (OM)
(Computational Thinking — (CT), ski nintpumyBaiucs monemno «Bxin-TIponec-Buximy (Input-
Process-Output (IPO) Model) 3 BukopucTaHHAM HayKOBHX 1HCTPYKIIii Ta 3anuTiB. CepemoBuiie
po3po0KK mporpamM OyJI0 CTBOPEHO Ha OCHOBI (pedMOBOi Mojeni MporpamMyBaHHS 3
BHUKOPHCTaHHIM Habopy po3pobiieHux mabioHiB koxy. C-SOLVIS OyB omiHeHwHi 3a J0MOMOro0
inctpymenty HI3BC (SUS) 3 cepennim 6anom I3BC (SUS) 86,07, mo intepnperyerbes 11I3BC
(SUS) six oninka A i Bkasye Ha Te, 1m0 C-SOLVIS € nyxe 3pydHuM 10JaTKOM, IPUAHITHAM JUIS
BUBUeHHs nporpamyBaHHs Ha C. Tox nporec po3podku C-SOLVIS moxe OyTH BUKOPHCTAHO SIK
KEPIBHHUIITBO Ui PO3POOKH OCBITHBOTO MPOrPAMHOrO 3a0e3MeYeHHs, OCOOJUBO B HABYaHHI
pOrpaMyBaHHIO.

Kurouogi ciioBa: IaterpoBane Cepenopuine Po3pooku (ICP); ocBiTHE mporpamHe 3a0e3MedeHHS;
3PYUYHICTh BUKOPHCTAHHS; TIPOTPaMYyBaHHS.
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