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ABSTRACT
Learning programming has always been a challenge for computing students.
Programming requires complex cognitive skills such as reasoning, problemsolving and analytical thinking skills that these students seem lacking. College
educators who are teaching programming courses are facing difficulties to guide
and monitor the students from the start of the software development cycle until
the completion stage. Likewise, students find the system development process
much more frustrating and difficult. This paper gives an overview of the
difficulties encountered and discusses alternative strategies for resolving such
affliction, assisting the students towards successful completion and achieving
the objectives identified for the system. The problem decomposition and
comprehensive data analysis built around the “problem and analysis stages”
within the system development cycle will be an effective way of approaching both
the process of undertaking programming project and meeting sensible objectives
within the speculated timeline.

1.0 Introduction
In learning programming, students are required to understand the given novel scenarios.
Once these problem requirements have been identified, programming languages (e.g.: C#,
JAVA, VB.net and ASP) are used in developing the programme solution. Problem solving,
planning, logical reasoning and analytical thinking are the skills needed in the process of
learning and foremost during software development (Miliszewska & Tan, 2007). Dalton
and Goodrum (1991) suggested that using the combination of programming and problem
solving strategy effectively in course delivery could cultivate problem solving skills.
Likewise, Komi-Sirvio and Tihinen (2005) and Maheshwari (1997) revealed that problem
solving and critical thinking are both the ultimate skills required in developing a valid
workable application. Educators teaching the software project module are constantly
seeking for alternatives to ensure that computing students are equipped with the necessary
problem solving and programme development skills before venturing into software
engineering career. Programming demands complex cognitive skills. As such, an effective
course delivery is the key focus in order to develop computing students with high order
thinking skills, creativity and innovative ideas. Figure 1 shows a model that blends the
problem solving and programme development tasks in the development process. It was
created based on the Bloom’s (1956) Cognitive Taxonomy, Stenberg’s (1985) human
information processing and Gagne’s (1985) condition of learning. Within the programming
environment, crucial knowledge and skills must be nurtured and the expected tasks should
be performed at each stage of the phases. This model which comprises of problem solving
method, coding tasks and cognitive activities will form the basis for problem solving and
programme development in the specified environment.
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Figure 1: The Cognitive Activities, Knowledge and Skills in the Software-Cognitive
Engineering Model (Deek & McHugh, 2003)
Software development activities should be designed to encourage the application of
problem solving strategies such as planning, simplification and modelling that incorporates
the cognitive system within the development process (Figure 1). In this case, the
programming course curriculum should be structured in ways that allow the students to
quickly develop a basic understanding of the novel scenario and then move forward to
problem solving (that is to conduct the comprehensive findings and to review alternative
possible solutions), before producing application. On the other hand, teaching and learning
programming in project based environment should be creative, innovative, motivating,
challenging and stimulating for both the students and lecturers.
Before software development begins, the knowledge acquisition is to be carried out in the
form of a semi-structured questions relating to software development. This set of open and
closed questionnaires serves to identify the preliminary problems. The questionnaires cover
the four prime topic areas such as (i) business scope of organisation, (ii) business
requirements, (iii) user requirements, are sometimes too early for the project sponsors to
answer as themselves may be at the preliminary stage of determining the system
specification and (iv) resources. While developing the product, students are also
encountering challenges that include (i) system requirement, (ii) uncertainty and changes in
project scope, (iii) project timeline pressure, (iv) technology compatibility, (v)
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functionalities / technical complexity, (vi) anxiety in handling software project and (vii)
programming language constraints. As a result, numerous design and coding iteration
occur late in the development process, when students find the incompatibility between
technology used and the application of programming languages in development stage
(solution translation). As expected, the project scope, requirement and constraints
(technical and programming tools) are revised throughout the developing cycle. This gives
the students insufficient time to implement all identified specifications as stated in the
software proposal. Also, they often work under considerable time pressure and may not
have sufficient time for critically evaluating the product (Spencer, 2000; Soloway &
Spohrer, 1989).
2.0 Problem Statement
Learning to programme is a complex task for computing students. It is not just about
learning some programming language syntax. It also involves the handling of software
development project. This includes the students’ ability to develop algorithm that could
solve a given problem scenario effectively. The undergraduate computing students as
novice software engineers face difficulties in establishing and adhering to the project
objectives within the schedule. Earlier research findings revealed that these students are
facing challenges in applying theoretical knowledge and practical skills in the software
development (Shahida et al., 2007; Dufner, Kwon & Doty, 1999). These knowledge and
practical skills are needed in all phases of system development including analysis, design,
coding, testing and maintenance which seem lacking in them. In accordance with Deek and
McHugh (2003), lecturers who are currently teaching project module are focusing on
language-related activities, with less attention on the earlier tasks of problem identification,
system requirements including existing and new resources and details specification. Initial
statistical results revealed that 20 percent of the students’ project scope had been revised
after proposal submission; only few students had completed the system on time and with
expected functionality. However, the majority of them were still working on it until the last
minutes with incomplete functionality. In turn, limited testing was conducted and some
undiscovered errors could have been detected if comprehensive testing strategy was
implemented at this stage within the allocated timeframe. These findings are of similar to
results reported on IT projects failure in the software industry (Kappelman, McKeeman &
Zhang, 2006; Winters, 2002; Jones, 1996).
In addition to problem solving and analytical skills, some root causes encountered by the
first author in delivering the course are:
• scopes of the system are too large or too visionary,
• lack of clearer software scope,
• uncertain with the project objectives,
• lack of stakeholder participation in the design,
• literature review is too brief or incomplete,
• ill-defined functional modules,
• poor planning,
• incomplete testing,
• limitation on programming language knowledge,
• incompatibility between technology and programming languages.
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These factors somehow increase the risk associated with software development and the
probability of failure. For software project to be implemented successfully, a
comprehensive understanding and reviewing of the existing user requirements together
with the problem decomposition analysis of all possible solutions at each phase (Figure 2)
are necessary to be carried out.

Figure 2: Problems Decomposition in Software Development Process
An Emergent Approach towards Software Developing Process
Developing a programme involves steps similar to any problem solving tasks. Defining the
problem, planning the solution, coding, testing and maintenance and following by
documentation are the five basic ingredients in software development process. Complex
cognitive skills such as reasoning, problem-solving and planning are essential to students
in doing the programming projects. Before students undertake a system project, they need
to examine and understand the current scenario of the system. Figure 3 depicts the process
of collecting and analysing data in more efficient manner that covers from very general to
specific and vice versa. This formation of data gathering and analysis framework is derived
from the concept of the data-information-knowledge-wisdom pyramid by Fricke (2009).
This framework (Figure 3) is towards a productive requirement gathering, which focuses,
prioritises and sequences the set of information needed in understanding the current
problems. It allows students to identify the project scope based on the two guided
requirement gathering platforms (e.g.: from general to specific) that support problemsolving inquiries. Reviewing the current problems and technical requirement create detail
analysis within the requirement and analysis stage of the development cycle. In order to
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obtain positive result, the selection and application of various fact finding techniques such
as interviewing, observation and record inspection, are to be considered. This data
gathering is derived from understanding the current problems and comparing the technical
specifications against the desired goals. This comparison analysis will help the students to
derive a sensible project scope with practical objectives. In fact, the framework represents
a relevant sequence of more effective, productive and realistic ways of acquiring
information for critical analysis towards development stages; thus, provide higher success
rate in terms of meeting system objectives, business needs as well as completing the
product within the stipulated timeline.

Figure 3: Data Gathering and Analysis Framework
3.0 Summary
Generally, the reasons for software project failure, non-completion or non-fulfilling the
objectives set are often related to the range of specific and general requirements. In
addition, it also includes the challenges of software, relevant and comprehensive research,
and witting documentation. The current method of teaching programming is emphasizing
on language-related activities, with less attention on the earlier tasks of problem
identification, system requirements (existing and new), resources and details specification.
Thus, this paper has outlined a framework and an integration of problems decomposition in
development cycle which could be used to reduce failure rate and increase its success.
Therefore problem breakdown learning approach during data gathering and analysis stage
should be considered as an alternative teaching strategy for lecturers. This approach which
focuses on problem solving through decomposition, objective development and application
implementation may have the potential to improve students’ programming performance.
Likewise, it enables the students to cultivate the essential cognitive skill such as analytical,
logical and problem solving skills in the software project environment. As such, both
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stages of practical step and general research analysis principles are not only to overcome
the software project failure but also for achieving the effective, sustainable and innovative
software-building. In teaching and learning programming, this framework could serve as a
resourceful guideline for future researchers and educators to promote discovery problem
solving skills and to reinforce them throughout the learning activities which in turn will
improve overall academic achievement in programming.
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