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ABSTRACT Innovation and challenges are significant factors that lead to the improvement in technology
involving various sectors, including the educational field. Newmethods and techniques have been introduced
in teaching and learning among learners and educators. Modern technology generates an effective learning
process that increases the students’ interest and understanding of learning activities. Hence, software
engineers need to develop high-quality educational applications that include the required elements such as
learning materials and types of assessments. In addition, it should align with stipulated guidelines, timelines,
budgets, and policies. Adaptation of a checklist approach in developing educational software can improve
the quality of the software significantly. The checklist approach appears to be more effective for developers,
especially novices with limited knowledge in relevant evidence-based principles. This study investigates
the checklist approach for novice software developers in developing educational applications. A survey was
employed to gather data from a group of respondents. This study used two types of sampling methods which
were purposive sampling and Yamane formula. It shows that 89.19% of the respondents had understood and
benefited from the provided checklist.

INDEX TERMS Novice software developer, educational software application, checklist, software quality,
functional requirement, non-functional requirement.

I. INTRODUCTION
One of the main issues in education study is the challenges
in finding a better solution to make the education revo-
lution more effective [1]. Revolution in education is non-
linear, complex, and dynamic as the world progresses due
to technological innovation and improved interconnected-
ness among cultures and nations [2]. Innovation and chal-
lenges involve many aspects, including learning techniques
and human resources. Information and communication
technology (ICT) provides new methods of teaching and
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learning [1]. Hence, the revolution in ICT hasmade it possible
for teachers and students to collaborate and communicate in
diverse ways [3].

Implementation of educational software applications such
as teaching tools generates potential benefits for learners and
educators to share and easily access learning materials [3].
Software developers need to develop high-quality educa-
tional applications that meet both functional requirements
(FRs) and non-functional requirements (NFRs) for diverse
level of learners. For instance, developers should consider
how students can retrieve learning materials and perform
the assessments based on their levels and/or ages, besides
they can easily understand how to use the applications.
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The educational applications should align with the stipulated
guidelines, timelines, budgets, and policies [4]. Some studies
prove that checklists can solve concerned problems [5], [6]
and the quality of software improves significantly based on
the checklist approach [6] that can be applied in developing
educational software. In addition, the development of effec-
tive educational software is based on rules or scenarios pro-
vided by users or stakeholders while new software developers
should know how to refer to and use the items listed in a
checklist [7].

When software developers especially beginners with less
experience, skills, and knowledge are assigned to develop
an educational application with minimal supervision, it is
crucial for them to understand that the application must com-
prise several educational features mainly contents and mate-
rials, including their formative and summative assessments.
Besides, novice software developers (NSDs) need to focus
on software quality to increase user satisfaction and loyalty,
and application requirements must be verifiable as individual
features, either as FRs or NFRs, at the system level [8].

If software developers, mainly NSDs overlook these sig-
nificant aspects in software development, the deployed appli-
cationsmay not meet expected target. Therefore, this research
aims to investigate the issues faced by software develop-
ers, especially among NSDs. Recent works in Table 1 list
the research concerns and respective challenges in software
development with less experience like NSDs.

TABLE 1. Challenges in software development.

Generally, software developers, especially NSDs, do not
realize the importance of NFRs during application devel-
opment, which consists of multiple functions. They should
be aware and define the NFRs at an early stage to avoid
some latent problems, which involve quality characteristics
in application developments, including educational applica-
tions [14]. NFRs refer to the quality of an application that

can be defined from various aspects; for example, educa-
tional applications must include the presentation of learning
materials, assessment functions, and tracking of students’
achievements in a way that motivates users and increases their
level of satisfaction and loyalty. The quality in educational
applications allows them to become more popular nowadays,
but some of them do not offer appropriate user interaction,
which will also lead to a bad user experience due to the
difficulty to use, learn and understand the applications [15].

Software developers, especially NSDs, need guidance to
refer to during the development stage. Although they may
be proficient in adapting FRs to the latest technology and
deciding the basic features for the application, they some-
times fail to recognize the application quality that needs to
be applied [16]. NFR is a tacit knowledge that users find
difficult to express, particularly during the elicitation process.
Therefore, a user’s description sometimes seems ambiguous
and unclear, resulting in the software developer to interpret
requests in a variety of ways, due to the unfamiliarity of the
NFR aspects [16].

Besides considering the quality of software applications,
a method to present them should be defined by considering
the latest technology in the current environment, such as
the implementation of attractive learning methods, which is
more effective compared to traditional methods [17]. Qual-
ity educational applications have been inspired and satisfied
in some genuine administered learning assignments [18].
Furthermore, students can transform into becoming progres-
sively inquisitive and rationally inspired. This will increase
their appropriateness recognizability and understandability
during the learning process [19].

Therefore, the aforementioned aspects are generally faced
by NSDs. They may understand how to adapt the latest tech-
nology, but they may not be clear on how to adapt the tech-
nology with an effective quality application mainly for those
who are still new in developing educational software. Hence,
this research aims to provide a checklist-based guideline for
NSDs to refer to, in order to gain better knowledge of FRs and
NFRs, which may assist in the development of educational
applications.

A checklist is defined as a ‘‘list of action items, tasks,
or behaviors arranged in a consistent manner, which allows
the evaluator to record the presence or absence of the indi-
vidual listed item’’ (p. 24) [8]. Generally, a checklist uses
extensive taxonomically-related or cognitive aids that diverge
in execution, function, and use [20]. This study applies
the ‘Breakthrough Collaborative’ concept in the checklist
tool [7]. The collaborative aspect combines all necessary
items, tasks, or rules in the learning activities. Besides, the
breakthrough element focuses on collective trust and under-
standing in a community with a culture centered on empow-
erment, connection, and fun. The novel collaborative concept
used in this study consists of the application components and
sub-components to be included in the checklist.

The checklist is used to obtain knowledge on what is to
be included in the learning cycle. Thus, in the development
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of an educational application, software developers, especially
NSDs can benefit from the checklist, whereby a checklist is
a useful tool for non-expert professionals that can help to
improve the methodological quality of the deliverables [21].
Furthermore, a checklist helps produce results that are more
detailed, comparable, and replicable to the educational inter-
vention descriptions. A checklist can also be used for report-
ing, as well as a support tool to guide people [22].

Thus, this study examines the checklist approach for
NSDs to develop educational software applications by imple-
menting the predefined quality characteristics. The follow-
ing Section 2 examines the background of the checklist
approach, including recent studies and the implementation
of the International Organization for Standardization (ISO).
Section 3 elaborates the use of checklist in specific soft-
ware development methodology, its development, and the
details of the proposed checklist approach. Section 4 explains
the implementation of the checklist by the NSDs while
Section 5 reports the evaluation. Finally, Section 6 provides
key takeaways from this study and possible future works.

II. BACKGROUND OF CHECKLIST APPROACH
Achecklist involves a process of listing a task or a process that
can be used as a guidance. The listed items can be grouped
by comparing specific factors by category, format, or charac-
teristics. Hence, the checklist simplifies tasks as tasks can be
managed and reduced to simpler sub-tasks [7] and increase
the ‘reliability’ of various assessment categories [6].

Guidelines in the form of a checklist will be more effective
when checking tasks or items one by one with explicit moni-
toring [7]. This section comprises two subsections that are the
implementation of the checklist in ISO documents and how
other researchers have adopted the checklist approach in their
works.

A. ISO DOCUMENTS
ISO is a standard document which individuals from various
fields and sectors use as a reference to ensure the suc-
cess of their tasks and projects from start to finish. This
study reviewed eight ISO documents that used the checklist
approach as listed in Table 2.

Therefore, checklists in ISO documents of professional
bodies serve as tools to ensure the systematic execution of
all tasks and specified requirements are satisfied [31].

B. PREVIOUS RESEARCH ON CHECKLIST APPROACH
A checklist is useful to determine the predefined tasks ‘‘for
which the particulars of context are immaterial, reliance on
human memory is a known problem, and variations in those
procedures are undesirable’’ [8]. Thus, checklists serve as a
reference even when the users are aware of proper procedures
and assists stakeholders to assess a paper against the ‘‘criteria
for compliance with the scientific method.’’ [7].

Normally, a checklist is an audit tool to highlight discrep-
ancies in ‘work-as-done’ that is to check whether things have
been done in an ideal scenario [8]. Higgins and Boorman [32]

TABLE 2. Implementation of the checklist approach in iso documents.

TABLE 3. Types of checklists [30].

introduce different types of checklists and their application in
diverse fields as listed in Table 3.

A checklist ensures the performance of tasks in the order
specified, the last being the least important [32]. A conceptu-
alizing checklist performs or identifies a distinction referred
to as ‘‘do-confirm’’ (do it, confirm it) versus ‘‘read-do’’ (read
it, do it) [9]. Clinical staff use a checklist as a communication
tool for ‘check-and-challenge’ [6].

In the medical field, formalizing tasks and work processes
in the form of a checklist places increased emphasis on ‘work-
as-imagined’ (how things would be done in an ideal scenario),
which some hospital teams found difficult to reconcile with
‘work-as done’ in the messiness of everyday practice [8].
Clinical areas also use a safety checklist to reduce medical
errors and improve patient safety.
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Individualized checklists may be produced based on infor-
mation from the patient’s medical records while also consid-
ering the context of the clinical workflow [5]. The checklist
is a ‘technical’ tool that helps to improve communication
between junior and senior staff across specialties and encour-
ages them to complete assessments to avoid any clinical
difficulty in the complex sociocultural ways of working [6].

Economic sectors such as engineering, medicine, and aero-
nautics use checklists to ensure compliance with guidelines.
In court cases, non-compliance with operational checklists
or evidence-based guidelines may lead to apportionment of
blame for dismissal or payment of damages [7], and limita-
tions in assessments [6]. In addition, the successful imple-
mentation of checklists also depends on good teamwork and
communication as the prerequisites [20].

The successful implementation of checklists depends on
the defined role of hierarchies and professional bound-
aries s [23]. In the 1930s, the checklist approach proved great
potential in the aviation industry. Since then, it has been
increasingly used in the medical industry as a cognitive aid
to improve clinical processes and outcomes [8].

III. CHECKLIST APPROACH IN
SOFTWARE DEVELOPMENT
There are five phases in the software development life cycle
(SDLC): (1) requirement analysis, (2) design, (3) imple-
mentation, (4) testing, and (5) deployment and maintenance.
Thus, Agile techniques in the SDLC promote adaptive devel-
opment by indicating the sprint cycles of planning, action,
rectification, and change to improve results [33].

FIGURE 1. Agile scrum methodology [34].

In this study, the applied Agile Scrum Methodology is
one of the most common applications associated with agile
principles, as illustrated in Fig. 1 [34]. Agile Sprint is a pow-
erful and helpful tool for developers to define the structure of
processes and enable a wide range of beneficial and creative
explorations [35].

In Agile methodology, NSDs need to divide their tasks
based on each sprint. In our study, there are four sprints
to complete, and each sprint takes two weeks to complete.
As shown in Figure 1, NSDs need to present their progress
to the product owner every two weeks to comply with the

project’s goals. Hence, this section elaborates the steps in
creating the checklist and presents the proposed checklist.

A. DEVELOPMENT OF CHECKLIST
Table 4 presents eight steps in developing a checklist for this
study. The theoretical framework (see Fig. 1) constitutes the
baseline for the software application development checklist
for NSDs.

TABLE 4. Steps for producing a checklist.

Fig. 2 represents the modified theoretical framework for
the research originally adopted fromD&MIS SuccessModel,
as illustrated in the blue outlined rectangle [38]. The modifi-
cation of the D&M IS Success Model presents the subject
matter, which is quality characteristics, users, and discipline.

FIGURE 2. Theoretical framework.

From the theoretical framework, the study further
defines and selects the quality sub-characteristics for the
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FIGURE 3. GQM quality metric indicator.

development of educational software applications. Fig. 3 rep-
resents the applied GQM that includes the measured goals,
the questions used in gaining feedback regarding the quality,
and the measured metrics.

The research quality characteristics which are user inter-
face aesthetics, appropriateness recognizability, learnability,
satisfaction, and effectiveness were selected based on the
feedback and results of the GQM process. Fig. 4 represents
the comparative study of the defined quality characteristics
against existing online educational applications to rectify the
quality features.

FIGURE 4. Comparative study process.

Fig. 5 shows the quality characteristics keywords used in
the search step of the SLR process. The SLR process involves
four steps: (1) preparing the research questions, (2) search-
ing the process by using a search keyword, and (3) ana-
lyzing the process that involves the inclusion and exclusion

FIGURE 5. SLR process.

criteria. Based on the quality evaluation, only 50 papers were
reviewed to ensure they met the research questions [39].

The selected articles that directly focus on each of the
search strings in the SLR are listed in Table 5.

TABLE 5. Selected articles by search string.

B. THE PROPOSED CHECKLIST APPROACH
The results from the SLR provide the input for the proposed
framework known as CuE that adopts the checklist approach
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to guide the development of educational applications by
NSDs (see Fig. 6). The checklist approach consists of three
components in the FR that are user interface design [P1],
learning [P2] and support [P3]. The guided FRs will adapt
what should be in the NFRs in terms of software product
quality and quality in use. In the concerned education domain,
the proposed framework also aligns with the disciplines that
include the BloomTaxonomy and 21st century learning skills.
Thus, NSDs should comply with the items in the checklist,
execute the process and further evaluate the developed edu-
cational application.

FIGURE 6. Proposed framework that includes the checklist approach as
the guideline for the development of educational applications.

Fig. 7 shows the components and sub-components in the
proposed framework that are mapped to the checklist. Infor-
mation from activities (no. 1 – 8) as listed in Table 4 and
diagrams (Fig. 2 to Fig. 6) have been used and referred to
in producing the proposed checklist.

FIGURE 7. Proposed checklist.

In addition, this study also refers to existing educational
models and guidelines, as listed in Table 6, for creating the
proposed framework that includes the checklist approach.

TABLE 6. Educational guideline.

TABLE 7. Pre- and post-survey question on NFRs in components for
educational applications.

Items of the same category are grouped accordingly in the
checklist for ease of reference by the NSDs. The explanation
based on the given codes is simple, easy to track and remem-
ber. The codes are (P1-RC1, P1-RC2, P1-RC3, P1-RC4,
P2-RC1, P2-RC2, P2-RC3, P2-RC4, P2-RC5, P2-RC6,
P3-RC1, P3-RC2, P3-RC3, P3-RC5, P3-RC6, and P3-RC7)
as stated in Table 6 and tagged in Fig. 6.

The guidance process uses a coaching technique, where the
leader or senior and experienced software developers become
facilitators, and closely monitor the progress of the group
project. Coaching instruments in previous research comple-
ment any advancement or diversion of the project [93]. For
example, if the application needs to cater to desktop and
smartphone devices, it must be adaptable to the responsive
(P1-RC1) technique.

This approach promotes better flexibility and functionality
of display on both devices and different screen sizes. As illus-
trated in Fig. 1, the creation of the checklist adopted the Agile
ScrumMethodology process, which starts with a briefing dur-
ing the requirements analysis session. In Sprint 1, before the
start of the coaching session, 30 NSDs were requested to test
their understanding and awareness of the NFRs by answering
a short online survey. They were required to answer the five
questions in Table 7, a pre-survey on NFRs and educational
application components.

After completing the survey and attending the knowledge-
sharing session, they were exposed to the NFRs needed for
the educational application. The details in the checklist were
explained to the NSDs as a guide for them in developing
the educational application. Then, the NSDs were requested
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TABLE 8. List of item codes and descriptions.

to answer the same survey questions (see Table 7) for the
second time to test their understanding and awareness of
NFRs. The purpose of this activity was to investigate whether
their understanding had improved.

The checklist consists of three main components repre-
sented by the respective codes, P1 (user interface design) P2
(learning), and P3 (support) as detailed in Table 8.

The pre-and post-surveys comprise two types of questions,
namely, Likert-style (Q-2, Q-4 and Q5) and multiple-choice
questions (Q-1 and Q-3). The data of these surveys was
recorded. The statistical technique evaluates the activities
involved in the collection of research data [94]. To obtain
analytic results, the Likert scale was mapped to the score
marks, as displayed in Table 9. Two types of Likert scales
were mapped to each score mark.

The analysis in Fig. 8 shows significant improvement in
awareness among NSDs. In addition, the post-survey analysis
indicates that all NSDswere aware that usability is a NFR that
should be applied in any software development. This find-
ing proves the briefing during the coaching sessions helped
increase understanding and knowledge.

TABLE 9. Likert scale mapped to score marks.

FIGURE 8. Q-1: Awareness among NSDs on non-functional requirements
for inclusion in educational application.

After the briefing session, only three NSDs were unaware
of the components to be included in the educational appli-
cation (see Fig. 9) as compared to six NSDs before the
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TABLE 10. Variance for Q2, Q4, and Q5.

briefing session. In the beginning, 24 NSDs were already
aware of the components involved in educational applica-
tions, but after the briefing, three more NSDs gained aware-
ness and better understanding.

FIGURE 9. Q-3: Awareness among NSDs of components for inclusion in
educational application.

Table 10 shows the variance values for questions Q-2, Q-4,
and Q5 and Fig. 10 plots pre- and post-survey variance. The
linear regression analysis determined the linear regression
values. This analysis applies where the free variables X and
Y are dichotomous or ceaseless [95].
Generally, the linear regression analysis involves testing

a straight balance theory utilizing relapse examination by
counting the items of X and Y that demonstrates the subordi-
nate variable are widespread.

Linear regression calculates an equation that minimizes
the distance between the fitted line and all the data points.
R2 is a statistical measure of the closeness of the data to the
fitted regression line. Under a firm linear rule, values between
0.7 and 1.0 (−0.7 and −1.0) indicate a strong positive linear
relationship [96].

This study defines the alpha value = 0.5 and confidence
level = 95%. The results show a strong positive linear rela-
tionship under a firm linear rule, where R2 = 0.9984. It can
be concluded that there is a significant relationship between
the pre- and post-survey data.

The results for the Likert questions show the analytic
results: (1) the correlation coefficient values to check the cor-
relation between pre-survey and post-survey, and (2) and the
Cronbach alpha values to test the reliability of the data [97],
as listed in Tables 11 and 12.

This study investigated and calculated the correlation
between Cronbach alpha values for reliability and regres-
sion for the dependent variables, as depicted in Table 11
(pre-survey) and Table 12 (post-survey), to prove significance
and reliability. The Cronbach alpha value typically ranges
from 0 to 1. Values closer to 1 indicate greater internal

FIGURE 10. Linear regression graph for pre- and post-survey.

consistency of the variables on the scale. In other words,
a higher Cronbach alpha value shows greater scale reliability.

Cronbach alpha, also known as coefficient alpha, measures
reliability, especially internal consistency, or item interre-
latedness of a scale [98]. Internal consistency refers to the
degree to which each item on the scale or test contributes
positively towards measuring the equal assemble. Values in
the direction of 1.0 imply an extra inner consistency of the
variables on the scale. In different phrases, better Cronbach
alpha values display higher scale reliability.

In this study, the results show a Cronbach alpha value of
α = 0.8530 in the pre-survey and α = 0.9075 in the post-
survey, and it can be concluded that the process has good scale
reliability. The P-value was calculated for both surveys. This
study defined the alpha value = 0.5, the degree of freedom
df=N-2; 30-2= 28 and confidence level= 95%. As stated in
Table 11, the P-value is equal to 6.15417E-19 (P-value< 0.5),
and in the post-survey (see Table 12), the P-value is equal to
1.47491E-30. It can be concluded that the P-value is<0.5 and
there is a significant relationship between the pre-survey and
post-survey results.

Table 13 shows the coefficient correlation between the
pre-and post-survey Likert scale data. This study adopted
the Pearson correlation coefficient method to measure the
strength of the linear relationship [99] between each process.

The correlation value ranges from -1 to 1, where the value
1 represents a perfect positive correlation. A closer value
to 1 indicates a stronger relationship between the two vari-
ables [100]. The findings in this study shows a strong correla-
tion exists between the pre-and post-survey results (0.8714).

IV. IMPLEMENTATION OF THE CHECKLIST
As for the implementation, 37 NSDs referred to the checklist
in the process of developing their educational software appli-
cations to fulfil a course under their Computer Science degree
program, specializing in Software Engineering. Some of them
enrolled in a Diploma program in Computer Science before
pursuing their first degree. Therefore, the majority of them
had little or no real-life experience in developing educational
software.
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TABLE 11. P-values and cronbach alpha for pre-survey.

TABLE 12. P-value and cronbach alpha for post-survey.

TABLE 13. correlation coefficient value for pre-and post- survey.

They had a briefing session on the checklist. The NSDs
had to create the assigned educational applications based on
the given checklist. The NSDs were divided into eight teams
to share their progress in each sprint meeting. The meetings
took place every two weeks. Each team was given time to
present their progress, which included the items that were
listed in the checklist as part of user stories. The NSDs had to
read the checklist carefully to confirm their understanding of
both FRs and NFRs to avoid any ambiguity when referring to
the checklist, especially quality characteristics needed in the
educational applications.

In Sprint 2, they were required to share their progress and
compliance with the updated checklist. The NSDs had to
tick the selected items upon compliance, provide justification
for non-compliance, or state any arguments. This study used
a code for each compliance status, which is CL (comply),
TB (to be done in next sprint), NS (status not stated), and
EX (excluded from development). A total of 120 cells were
checked for 15 sub-components.

Table 14 lists the feedback and findings gathered from all
eight groups on compliance with the checklist. The results
of the feedback were recorded and represented in a pie chart
(see Fig. 11), and 5.83% indicated NS or did not state any
indicator in their feedback cells, and 2.50% indicated EX
or were excluded from using the checklist due to lack of
expertise and time constraints.

Besides checking compliance with the checklist, this study
distributed an online survey to gather more results on the

effectiveness of the checklist. The online survey tested the
NSDs’ understanding, appropriateness recognizability, and
satisfaction. The adaptation of UID led to the development of
effective educational applications. Table 15 shows the ques-
tions in the survey questionnaire. Four questions (Q1 to Q4)
were multiple questions with a Likert answer. All questions
were designed to check the five quality sub-characteristics
(understanding, appropriateness recognizability, satisfaction,
user interface aesthetics, and effectiveness).

The value for Q1 to Q4 was calculated for a histography.
The NSDs assigned their preferred score for Q1.a, Q1.b,
Q1.c, and Q1.d as mentioned in Table 15. A total of 37 NSDs
and 148 scoreswere collected. Fig. 12 shows the highest score
scale, which is 71, chose ‘Strongly agree’ or 47.97% of the
total questions answered. A total of 44.59% (66 out of 148)
answered ‘Agree’, and 7.43% chose ‘Neutral’. None of the
NSDs chose ‘Disagree’ or ‘Strongly Disagree’.

Fig. 13 shows the calculation for Q2(a) to Q2(e) with
the highest score scale, ‘Strongly agree’ or 98 of the total
questions answered at 52.97%. A total of 40.54% (75 out
of 185) answered ‘Agree’. While 6.49% chose ‘Neutral’, and
none of the NSDs chose ‘Disagree’ or ‘Strongly Disagree’.
It can be concluded that most of the NSDs are aware that user
interface aesthetics is a beneficial usability characteristic in
the provided checklist.

While 6.49% chose ‘Neutral’, and none of the NSDs chose
‘Disagree’ or ‘Strongly Disagree’. It can be concluded that
most of the NSDs are aware that user interface aesthetics is a
beneficial usability characteristic in the provided checklist

Fig. 14 shows the highest score scale, 104, answered
‘Strongly agree’, or 56.22% of the total questions answered.
There are 37.30% (69 out of 185) who answered ‘Agree’.
A total of 5.95% answered ‘Neutral’, and only one or 0.54%
chose ‘Disagree’. None of the NSDs chose ‘Strongly Dis-
agree’. The findings show that NSDs have confirmed that the
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TABLE 14. Feedback on checklist from novices.

FIGURE 11. Data findings on checklist compliance.

component and system functions that should be included in
educational applications are learning materials, assessment,
followed by feedback, video, and layout or navigation.

Fig. 15 shows the highest score scale, 178, answered
‘Strongly agree’ or 60.14% of the total answers. There are
34.12% (101 out of 296) who chose ‘Agree’. A total of 5.74%
chose ‘Neutral’. Only for Q3, five questions were required to
be answered by NSDs.

This study divided the answers into three categories,
namely, (i) NSDs understand and benefit from the provided

FIGURE 12. NSD Scores (Q1.a to Q1.d).

checklist; (ii) NSDs need further explanation; (iii) NSDs did
not state anything.

The overall analysis in Fig. 16 shows that 89.19% of
NSDs (34 out of 37) had understood and benefited from the
provided checklist. A total of 8.11% (three NSDs) needed
further explanation and only 2.70% (one NSD) did not give
any feedback. This shows that most of them understood the
needs listed in the proposed checklist.

V. THE EVALUATION
This section reports the evaluation of the educational appli-
cations developed by the NSD among the users. This study

VOLUME 11, 2023 909



N. Ngadiman et al.: Checklist Approach for the Development of Educational Applications by NSDs

TABLE 15. Survey questionnaire For NSDs.

TABLE 16. Likert scale answers by NSDs (Q1, Q2, Q3, and Q4).

FIGURE 13. NSD Scores (Q2.a to Q2.e).

used two types of samplingmethods. The first onewas used to
select the sample for teachers. The selected sample depends
on purposive sampling or the judgment of the investigator,
which is called subjective or judgment sampling. In this
sampling method, the choice of the sample items depends
exclusively on the judgment of the investigator [101], [102].

The second method is a Yamane formula [103]. It was used
to decide how many samples are suitable for students [103],
as mentioned in Section 3.2.3. We can assume the population

FIGURE 14. NSD Scores (Q3.a to Q3.e).

FIGURE 15. NSD Scores (Q4.a to Q4.h).

size and confidence level to find the acceptable sampling size
[104], [105]. A total of 64 students from secondary school
who enrolled Computer Science as their elective subject were
the potential sample to become a population of this study. The
sample size was calculated as follows:

n =
N

1+ Ne2
where
n = sample size
N = the population size
e = the margin error in the calculation
∗95% confident level and margin error = 0.5
are assumed
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FIGURE 16. Categories of feedback by NSDs.

So,

n = 64/(1+ 64(0.5)2)

= 64/17

= 3.76

= 4

Therefore, the minimum sample size for this study is four.
A total of 42 students participated. Next, for teachers and
senior software developers, this study applied non-random
sampling where purposive sampling or judgement sampling
was chosen. The purposive sampling focused only on the tar-
get respondents, and this study managed to obtain responses
from five teachers and 16 senior software developers. They
provided feedback by answering the structured interview
questions after they accessed and used the WALCS applica-
tion. Next, purposive sampling was also used for the involve-
ment of five experts in assessing the proposed framework
that adopts the checklist approach using the prototype tool
towards WALCS.

The subject selection adopted the Yamane sample size
formula [103]. The feedback from 42 secondary level stu-
dents from a school in Malaysia were recorded. The stu-
dents accessed the application that implemented the proposed
checklist and answered the survey and completed the given
task. The questionnaire is shown in Table 17. Generally, the
questions are related to the quality, user interface aesthetics,
appropriateness recognizability, satisfaction, and effective-
ness of the educational application.

Data from the survey was collected and analyzed.
Fig. 17(a) shows that 24 (57%) of the respondents have their
own computers at home, while Fig. 17(b) shows that only 2
(5%) of the respondents never had any experience using an
educational application Quality questions (Q8) consists of
eight sub-questions. The questions applied a Likert scale
format from ‘‘strongly agree’’ to ‘‘strongly disagree’’ which
represents the score marks from 5 to 1. Fig. 18 shows the
highest value is for question Q8.g, where 26 out of 42 respon-
dents agreed that quality helps in reducing repetitive action
in completing a given task. The students believed that this
characteristic is beneficial in motivating the learning activi-
ties that increases their satisfaction. Thus, the user interface
aesthetics and effectiveness of the educational application
increases their learning skills and understanding.

FIGURE 17. Background of respondents.

It can be concluded that 42 respondents have given a
positive response to a quality question and the results show
that they are aware of the benefits of quality characteristics
in an educational application.

FIGURE 18. Relres.

As for user interface aesthetics, (Q3), consists of five sub-
questions. Fig. 19 shows the highest value for question Q3.e,
where 29 out of 42 respondents agreed that a vital factor
that supports a good UID is the arrangement of the content
in educational applications. Furthermore, the students also
gave the highest score to the interface conditions such as nice
color and ease of access. It can be concluded that software
developers should specifically consider the user interface aes-
thetics in educational applications, especially its appearance
to motivate users to explore more functions in the application.

The learnability aspect, (Q4), consists of five sub-
questions. Fig. 20 shows the highest value for questions,
Q4.a, (easy to access to learning materials), Q4.b is where
the assessment was provided, and Q4.d is the FAQ. Out of
42 respondents, 25 respondents agreed that all these factors
should be included in educational applications. It can be
concluded that software developers should specifically con-
sider the learnability sub-characteristic in the development of
educational applications.

The question on appropriateness recognizability, (Q5),
consists of four sub-questions. Based on the percentage value,
most respondents (151 or 89.88%) showed a positive answer
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TABLE 17. Questionnaire for students.

(either ‘strongly agree’ or ‘agree’). It can be concluded that
educational applications should be developed by complying
with the proposed checklist such as providing video and
formative assessment functions. Thus, tooltips and help func-
tions are under the support components that manage extra
information and guidance to the users. Fig. 21 shows the high-
est value for questions Q5.b, where 26 out of 42 respondents
agreed that students should be given more than once chance
to repeat their formative assessment to improve their level of
understanding.

In addition, satisfaction (Q6) consists of six sub-questions.
Based on the percentage value, the majority of respondents
(231 or 91.68%) showed a positive answer (either ‘strongly
agree’ or ‘agree’). Fig. 22 shows the highest value for

questions Q6.a, where 26 out of 42 respondents agreed that
the application should provide a progress bar status to help
students manage time in answering questions. It can be con-
cluded that software developers should specifically consider
the satisfaction characteristic when developing educational
applications.

The effectiveness characteristic (Q7) consists of five
sub-questions. The percentage shows that 182 (89.67%)
gave a positive answer, (either ‘strongly agree’ or ‘agree’).
Only 1.43% or three respondents provided a negative
answer. The formative and summative assessments allow
students to test their skills and understanding level.
Additional help from the tooltip feature also prevents wrong
assumptions.
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TABLE 18. Qualitative comparison of CuE with existing frameworks.

FIGURE 19. User interface aesthetics analysis.

FIGURE 20. Learnability analysis.

The works related to software quality and checklist were
independently compared to evaluate the proposed work.
User interface aesthetic, appropriateness recognizability,

FIGURE 21. Appropriateness recognizability analysis.

FIGURE 22. Satisfaction analysis.

learnability, and effectiveness sub-characteristics, besides the
sub-components and requirements are listed in Table 18.
Recent works were compared with the proposed checklist
approach in the CuE framework that provides some improve-
ments. The table shows that the CuE framework with the
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FIGURE 23. Effectiveness analysis.

checklist approach covers all the quality sub-characteristics
with some improvements in related issues as further elabo-
rated in the following paragraphs.

None of the existing works mentioned user interface
aesthetics, except the proposed CuE with checklist. Thus,
only the CuE framework included all five quality sub-
characteristics. Meanwhile, other frameworks just included
between two to four sub-characteristics. Besides the five
quality sub-characteristics, the comparison also takes into
consideration the issues related to checklists. From the com-
parative table, the CuE manages to provide guidance for
NSDs and at the same time minimizes or overcomes any
stated issues.

In the effort to avoid NSDs misconceptions, the CuE with
the checklist approach provides a detailed explanation when
NSDs click on the question mark icon in the checklist proto-
type tool. Thus, to help NSDs determine the selected factors,
the CuE provides an example in picture format to give a clear
understanding for developers. Indeed, the checklist is com-
prehensive enough to help users, while the CuE framework
visualizes the required information as a guidance. Therefore,
this research shows that the CuE with the checklist approach
can fill the gaps in existing works that guide NSDs when
developing educational applications.

VI. CONCLUSION AND FUTURE WORK
The study concludes that the proposed checklist approach
could be the main reference in developing educational soft-
ware applications. The findings deduce that the proposed
checklist helps NSDs ensure the incorporation of elements
and components that are essential in educational applications.
By implementing the checklist approach, a team leader can
monitor the development process systematically and make
sure educational applications align with the stakeholders’
requirements in the education industry.

In creating the checklist, the analysis obtained from the
pre-and post-study on awareness among NSDs on usability
shows a linear regression graph exists. The correlation coef-
ficient value is strong (0.8714), and the Cronbach alpha value
to measure the internal consistency of the variables on the
scale is close to 1 (perfect consistency). Good Cronbach alpha
values display better reliability. In this study, the results of the
pre-survey (0.8529), and post-survey (0.9075) prove that the
process has a high reliability.

In the checklist implementation activities, a survey was
conducted, and the results showed that in Sprint 2, the NSDs
shared their progress of 56.6% compliance with the items
in the proposed checklist for the development of educational
applications.

The correlation coefficient value is strong, where the value
is >0.9. In addition, the Cronbach alpha that measures the
internal consistency of the variables on the scale is close
to 1 (perfect consistency). The results for the pre-survey
showed a value of 0.9267. As for effectiveness, the findings
showed that 89.19% of NSDs (34 out of 37) understood and
benefited from the provided checklist in creating educational
applications.

Based on the execution of the CuE framework with the
checklist approach on a real-world application (WALCS),
several contributions are worthy of indication in two aspects,
which are theoretical contribution and practical contribution.

A. THEORETICAL CONTRIBUTION
The SLR technique employed in this work can provide sys-
tematic information and insights to other researchers. The
empirical part of the evaluation includes five sets of hypothe-
ses, and the proposed CuE with checklist can support the
necessity for user interface aesthetic, appropriateness rec-
ognizability, learnability, satisfaction, and effectiveness vari-
ables to be considered in educational applications. These
characteristics and sub characteristics are enhancement char-
acteristics in the Delone & Mclean Model [38].

The correlation between all five defined quality character-
istics and sub-characteristics of this study shows that both
data sets have a strong association, allowing us to decide
whether the data values are ‘‘good enough’’ fit for all five
hypotheses. The proven five sets of hypotheses show that the
decision on selecting the five defined quality characteristics
and sub-characteristic is suitable enough to be included in
the CuE.

Theoretically, the CuE is a diagram that illustrates the
proposed work where software developers, especially NSDs,
can conceptually refer to the components, sub-components,
elements and the relationship between each connection. Thus,
the composite structure diagrams and activity diagrams are
another representation of the CuE that NSDs can refer to.
All the diagrams represent both technical and theoretical
views to NSDs. Hence, researchers and NSDs can refer to
various information to understand further the proposed CuE
with checklist approach.

B. PRACTICAL CONTRIBUTION
Practically, the CuE framework that includes the checklist
approach in a checklist format as in the CuE prototype tool
can provide guidance for NSDs in gaining a common under-
standing of UID criteria in a straightforward and consistent
manner. The prototype tool allowsNSDs to explore the guide-
line using any web browsers. NSDS can refer to the CuE
at any time. From the tool, the CuE framework can also be
printed and distributed to others.
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Typically, developers always have their own knowledge,
definitions and understanding about application develop-
ment, and NSDsmust have a clear understanding to avoid any
issues, especially in the requirements and development phase.
Misunderstanding can create conflict that leads to difficult
situations, especially when they work in a group and do not
have any guidance to refer to. However, by referring to the
CuE, they can increase their understanding in the right way.

Additionally, the CuE framework can assist NSDs to learn
what components should be included in educational appli-
cations, as well as any other requirements that users may
request. Thus, The CuE framework can assist in the standard-
ization and consistency of user needs. Users’ requirements
change regularly depending on their needs, but with the CuE
design document generated by the CuE application, they can
return to the earlier criteria for the UID if a dispute arises.
Since it is not required for any specific purpose and can be
accessed via any type of Web browser, the CuE framework
can be utilized by both novices and expert developers in
educational application development.

Hence, future studies could explore further how the pro-
posed checklist approach can be part of a compressive
framework for the development of educational applications
by NSDs. Thus, the CuE framework can be extended and
improved in multiple ways for future research as follows:
(i) Include more quality sub-characteristics, such as com-

pleteness and efficiency. Completeness and efficiency
are thought to be related to user interface aesthetics,
appropriateness, recognizability, learnability, satisfac-
tion, and effectiveness.

(ii) Consider more sub-components in the future to cover
a variety of quality sub-characteristics, such as main-
tainability, which can help to optimize system config-
uration and provide a personalized dashboard.

(iii) Insert more handicapped-friendly requirements such as
the voice guidance in the CuE framework.

(iv) Run a controlled experiment with several groups of
people, including parents.

(v) Utilizing other instruments in future experiments that
may capture varied information, such as eyeball track-
ing to learn about respondents’ habits when using the
CuE framework.

Finally, future research may also explore whether the
checklist approach in the CuE framework can be customized
and benefited for different application domains.
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