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Abstract— The rate of demands of software development in various domains system is increasing due to software effective and efficient execution of 
processes. However, even with software development importance, it is also faced with complexities. And to minimize these complexities software engi-
neering was introduced. To improve the practices of software engineering for further minimization of software development complexities various re-
searches were carried out. However, among the complexities of software development is the fact that major software developed fails (software project 
failure) and among the reasons why software project fails is the lack of understandable collaboration between the software stakeholders. To minimize 
this issue of lack of understandable collaboration between the software stakeholders, this study developed a collaboration model that can be used for 
collaboration between the software stakeholders during software development of a small scaled system using the most suitable software development 
process model and replacing it’s processes (software process model stages) with their respective experts and the logical flow of interaction (using flow 
chart representation) between the experts. 

Index Terms— Flowchart, Organization System, Software developent, Software engineering, software complexities, software project failure, software 
stakeholders, software process models, Software Experts’ Interaction, Software Stakeholders’ Collaboration, Waterfall Process Model.   

——————————      —————————— 

1 INTRODUCTION                                                                     
HE automation of manual problems resolution processes 
(like mathematical problem resolutions, records manage-
ment and so on) using computerized tools describes the 

process of software development. The significance of software 
development is directed towards the ease (less effort, time and 
resources) in carrying out a process for a desired output com-
pared to manually carrying out the same process with the 
same output. And due to this significance, software develop-
ment applicability to other domains has increased overtime. 
 However, there are complexities experienced by software. 
Software complexity is the measure of difficulty faced by 
software during its development state or during its execution 
state [7]. Software complexity during the software develop-
ment state is experienced by the software developers or soft-
ware development stakeholders while the software complexi-
ties during the software execution state (state of solving the 
problems) is experienced by the software. However, the soft-
ware complexity during software development state is consi-
dered in this paper. 
 

The eras of software development are eras before and after 
software engineering introduction [5]. The era of software de-
velopment before the introduction of software engineering 

was referred to as the preindustrial era and software complex-
ities as software crisis [5]. And during this period the com-
plexities of software development was very high due to the 
lack of well organized principles guiding software develop-
ment process. But the introduction of software engineering 
(the use of acceptable guide and principles during software 
development) reduced the complexities of software develop-
ment [5]. 

Larman [4] describes the principles of software engineering 
as follows: Abstraction; the software design should be decom-
posed in a way that the users or other software engineers 
should view and understand the system without knowing the 
technicality involved. Modularity; decomposed the design of 
the software into segments (modules) such that each segment 
can functionally or logically dependent. Localization; logically 
related computational unit should be collected as a module. 
Uniformity; there should consistency in syntax, comments and 
so on during coding. Completeness; every required compo-
nents in modules and overall system should be visible. Soft-
ware Confirmation; confirm the software readiness by testing 
module by module then overall software.  

There are various practices involved in software engineer-
ing, however the use of software development process models 
for software development is the practice considered in this 
paper. 
 Due to the complexities minimization significance of 
adopting the practice of software engineering (the use of soft-
ware development process models) during software develop-
ment, various research contributions were carried out to im-
prove this practice of software engineering. 

Balsamo et al [1] focused on how model – based perfor-
mance can be embedded in software development process so 
as to improve the maturity of software development. They 
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discovered that the commonly used software development 
process models do not consider software performance in the 
early stages therefore causing some major performance set-
backs of software developed using the common models. A 
review of those research contributions in software develop-
ment process that considered software performance at the ear-
ly stages of their proposed model was carried out. 

Munassar, and Govardhan [10] and Maheshwari and Ch. 
Jain [9] both carried out a comparative study of some software 
development process model. Munassar, and Govardhan [10] 
did a comparative analysis on five models while Maheshwari 
and Ch. Jain [9] made a comparisons between four models. 
After both analyses it was concluded that each studied model 
has its respective advantages and disadvantages, any of the 
model can be used for development of software depending on 
the size of the software projects. It was concluded by Ma-
heshwari and Ch. Jain [9] that for smaller software projects the 
waterfall model is commonly used due to the easy under-
standing of the user requirements and for large projects the 
spiral process model is commonly used due to the complexity 
involved in understanding the user requirements and the 
handling of risk involved in large software projects. 

Kaur and Sengupta [6] carried out an analysis on software 
process models and failure of software development projects. 
Based on their research the measure of difficulty of software 
development (software complexity) analyzed was the failure 
of software project. And it was observed that software project 
failure was due to various reasons of which the lack of unders-
tandable collaboration or communication between experts 
within the team involved in the software development is one 
of the reasons. However, the size of the team involved during 
the software development affects the collaboration or commu-
nication strength, that is the smaller the team size the better 
the collaboration or communication strength [6]. And the lack 
of user involvement was another reason discovered for soft-
ware project failure. User involvement during software project 
development is very essential due to their understanding of 
the system that needs to be automated therefore the software 
user needs to be involved during the entire software project 
[6]. However, with their analysis on software project failure, 
explicit resolution on how the reasons for software develop-
ment failure could be handled was not analyzed during their 
research. 

Based on the lack of understandable collaboration or com-
munication between experts within the team involved in the 
software development and the essential feature of the user 
involvement during software development discovered by 
Kaur and Sengupta [6], a collaboration model for software 
stakeholders’ collaboration during software development is 
proposed in this research. Software development process 
model was considered during the development of the pro-
posed model since the proposed model is to be used during 
software development and the use of software development 
process model during software development is a necessary 
practice in software engineering. 

Stakeholders in a project as defined by Cotterell and 
Hughes [3], Sharp, Finkelstein & Galal [12] are individuals 
who have stake or interest in the project. Based on this defini-
tion this research describes the stakeholders involved in soft-

ware development of a small scaled system as the individuals 
who affects or is affected by software development of a small 
scaled system. 

The stakeholders identified in this study are categorized as 
Users and Developers. Each Category is elaborated as follows: 
Users; different studies have its interpretation of users. Sharp, 
Finkelstein & Galal [12] interprets users as those individuals 
or companies interacts and control the system directly and use 
the results of the system. However, this study identifies users 
as the stakeholders that are users and experts of the existing 
system, and the direct users of the proposed system (soft-
ware).  Developers; are the experts (called system analyst) in 
analyzing the existing system based on the ideas of the users, 
experts (software analyst) in analyzing the proposed system 
based on the results of existing system analysis,  and experts 
(programmer) in implementing the result of the proposed sys-
tem analysis. 

2 STUDY METHODS 
2.1 Software Development Process Model 
Software development process model is a graphical or abstract 
representation of the architectural or design definition of the 
development process of software [11]. The use of software 
development process model for software development is a 
very essential practice in software engineering due to its soft-
ware complexities minimization significance [11]. There are 
various software development process models but each of the 
process models have it constrains and contingencies [10], [9], 
[8]. However, all the process models are practically used in 
software development.  And one of the software process mod-
els is used as a base for developing this study proposed mod-
el. 

2.2 Flowchart Representation 
Flowcharts are symbolic and unified representations con-
nected by arrows [2]. They are used to represents sequential 
steps for solving problems. Due to its descriptive nature, flow-
chart representational approach applicability in problem do-
mains is not restricted to software engineering or computer 
science problem domains. Collaboration deals with interactive 
process between two or more entities to resolve problems, 
therefore this study used flowchart representational approach 
to represent the interactions between software stakeholders 
during software development. 

3 STUDY FRAMEWORK 
There are various software development process models in 
software engineering and their applications during software 
development depends on the size of the system considered to 
be analyzed and then computerized into the proposed soft-
ware [10], [9]. However, in this paper the software develop-
ment process model considered during the development of the 
proposed model is applicable to small scaled system. And the 
research framework used for the development of the proposed 
model is described in Fig. 1. 
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The framework used in the development of the proposed 
model begins with the identification of most suitable software 
development process model used to develop software for a 
small scaled system. In this stage, analysis on software process 
models was carried out, however the research analysis results 
of Munassar and Govardhan [10] and Maheshwari and Ch. 
Jain [9] where comparative analysis between several software 
process models were carried out was used to identify the 
software process model suitable to develop software for small 
scaled system. 

In each software process model used during software de-
velopment there are various processes and their respective 
experts (software stakeholders) carrying out the processes. 
However, to identify the expert or experts for each process of 
the chosen software process model for the development of 
software of a small scaled system, each process of the chosen 
software process model were analyzed. The identification of 
the experts (software stakeholders) involved in the processes 
of the chosen software process model was a necessary step 
due to the fact that the proposed model (collaboration model) 
was for the use of software stakeholders. And the description 
of each process of the chosen software process model helped 
in identifying the link between the software stakeholders. 

Using the identified link between software stakeholders a 
flow chart representation was used to design experts’ interac-

tion model for each process of the chosen software process 
model. Using the chosen software process model, the pro-
posed model (collaboration model) was developed by replac-
ing each of the process of the chosen software process model 
with the designed experts’ interaction model. 

4 STUDY RESULTS AND DISCUSSION 
4.1 Small Scaled System Based Software Process Model 

Identification 
Based on the analysis of Munassar, and Govardhan [10] where 
five software process models (Waterfall model, Iterative mod-
el, Spiral model, V- shaped and Extreme model) were com-
pare, it was analyzed that each of the process models has its 
advantages and disadvantages and the suitability of the mod-
els depends on the size of the software to be developed (ma-
nual system to be computerized to software). Based on their 
discoveries, Waterfall and Spiral model are commonly used 
during software development. 

According to Maheshwari and Ch. Jain [9] analysis, where 
he compared 4 software development process models, it was 
discovered that waterfall model was commonly used for soft-
ware development of internal system of organizations due to 
its less expensive nature and feasibility of specifying all the 
requirements and Spiral model was used for software devel-
opment of large and complicated system due to its ability of 
handling the highest risk involved in the project at the lowest 
cost. 

Based on the comparative analysis of Munassar and Go-
vardhan [10] and Maheshwari and Ch. Jain [9], this study con-
cluded that for a small organization system to be compute-
rized into software, waterfall software development process 
model is suitable to be used. 

4.2 Description of each process in the small scaled system 
based software process model and identification of 
each process experts 

The waterfall software development process model is de-
scribed as a linear and sequential software development ap-
proach due to its steadily downward movement of develop-
ment stages of execution. There are various descriptions of 
waterfall process model development processes or stages of 
execution by different literatures but Maheshwari and Ch. Jain 
[9] description was used in this paper. Waterfall process mod-
el stages are categorized into 5 stages namely; Requirement 
analysis, Design, Implementation, Testing or Verification and 
Maintenance (moving downward as described in Fig. 2). 

It is said that waterfall process model serves as a baseline 
for the rest software process models. It emphasizes one time 
planning, time schedules, targeted dates budgeting and im-
plementation of the entire system.  
 
 

 
 
 
 
 
 

Small Scaled System Based Soft-
ware Process Model Identification 

Description of each process in the small scaled system based 
software process model and identification of each process 

experts 
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Fig 1. Study Framework 
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4.2.1 Requirement Analysis Process and Its Experts 
In simple term, requirement analysis involves the collection of 
needed requirements to be met by the proposed software. Re-
quirement analysis process or stage is called Inception phase 
in some literatures like [4]. Requirement analysis are catego-
rized into two namely; system requirement analysis and soft-
ware requirement analysis.  

System requirement analysis involves observation of the 
existing system and interaction with existing system experts 
(users) for collection of the necessary components that makes 
up the existing system and how the components interact to 
achieve results. Collection of necessary requirements is carried 
out through software engineering acceptable textual docu-
mentation (like Event list, Business Use Case Scenario and so 
on) and graphical or pictorial modeling (Business Use Case, 
Context Diagram and so on). It is based on the collected re-
quirements of the existing system that the software require-
ment is analyzed. However before software requirement anal-
ysis is carried out, the analysis of the existing system must be 
confirmed or acknowledged by the existing system experts 
(user). 
 Software requirement analysis involves using the collected 
system requirements (components) to structure the compo-
nents of the proposed software. During software requirement 
analysis the following are carried out: (a) Structure the com-
ponents of the proposed software using the software engineer-
ing defined textual documentation (like System Use Case Sce-
nario) and graphical documentation (like Design model). (b) 
Determine if the proposed software development can be 
achieved or not. Also the cost (funds, efforts, etc) of carrying 
out the project is determined. Based on the cost of project de-
termined the user and the analysts also determines if the 
project is worth building. This implies that software require-

ment analysis result has to be viewed and acknowledged by 
the system analyst and user. 

Based on the description of the requirement analysis phase, 
it is observed that there is system requirement analysis process 
which is handled by the system analyst with the help of the 
existing system expert (user) and partial process of software 
requirement analysis which is handled by the software ana-
lyst. This implies that in the phase or stage of requirement 
analysis, three software stakeholders are involved (user, sys-
tem analyst and software analyst). 

4.2.2 Design Process and its Experts 
The design process is also referred to as the software architec-
tural design or elaboration phase [4]. This stage involves the 
further elaboration of the software requirement analysis. The 
proposed software components identified in the requirement 
analysis phase are detailed out by analyzing the interactions 
between the components. Since the proposed software com-
ponent are structured with respect to the existing system 
components analyzed in the requirement analysis phase, then 
the interaction between the proposed software components 
are also structured with respect to the interaction of the exist-
ing system components. 

In this stage, the general framework of the proposed soft-
ware is structured to meet the existing system requirements 
analyzed in the requirement analysis phase. Each of the pro-
posed software components are detailed by decomposition 
into sub components with specification of interaction between 
the sub components, this process is referred to as detailed de-
sign, and this will enable the specification of how each of the 
proposed software components are implemented to be deter-
mined. Software engineering modeling tools (like Design class 
diagram, Collaboration diagram, system sequence diagram 
etc) are usually used for the documentation of the design 
process stage. However before the implementation of the de-
sign stage process result, the design stage process results must 
be confirmed or acknowledged by the system analyst based on 
the existing system requirements. 

Based on the description of the design stage process, it is 
observed that the concentration of analysis is on the architec-
tural design of the software. This implies that the software 
stakeholders involved in this stage are software analyst for the 
architectural design and the system analyst for the confirma-
tion of the design. 

4.2.3 Implementation Process and its Experts 
The design process result is submitted for implementation by 
the software analysts. The implementation stage involves the 
process of implementing the result of the design stage using 
specific programming package (like Java, VB.Net, PHP etc). 
The software stakeholders involved in this stage are the pro-
grammer (for implementation) and software analyst (for ac-
knowledgement of the implementation results). 

4.2.4 Verification Process and its Experts 
This process involves determining whether the software de-
veloped meets the system requirements and resolving any 
errors generated during implementation. Since this stage in-
volves testing the software developed by the programmer 

Requirement 
analysis 

Design 

Implementation 

Verification 

Maintenance 

Fig 2. Waterfall Process Model 
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based on the existing system requirements analyzed by the 
system analyst with the directions or idea of the existing sys-
tem expert (user), then the software stakeholders involved in 
this stage are programmer (developed software), system ana-
lyst (analyze existing system to guide the proposed software 
development) and user (guide the system analyst based on 
what user need during existing system analysis).  

The verification process marks the end of developing the 
software if the software meets the system requirements. The 
next stage involves future requests from the user. 

4.2.5 Maintenance Process and its Experts 
The maintenance process involves addressing future problems 
and user’s enhancement requests after the initial software is 
released. Since this process involves enhancing the initial 
software then the same set of software stakeholders involved 
during developing the initial software is involved in the main-
tenance process, however the involvement of each experts 
depends on the problem or user’s enhancement request. The 
more the user requests the more the experts’ involvement. 
However, it is noted that maintenance of the software can con-
tinue until the software life cycle is reached (when the soft-
ware enhancement affects the logical results or the entire arc-
hitectural or detailed design of the existing software).  

4.3 Development of Processes Experts’ Interaction 
Models 

Each Process of a waterfall model has its experts (as identified 
in the previous process) and the experts interact to achieve the 
result of the respective process. A model for each process is 
developed using flowchart representation for each process 
experts’ interactions. The models are described in Fig. 3, Fig. 4, 
Fig. 5, Fig. 6 and Fig. 7. 
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fig 3. Requirement analysis process experts’ interaction model 
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fig 4. Design process experts’ interaction model 
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fig 5. Implementation process experts’ interaction model 
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4.4 Stakeholders Collaboration Model Development 
Using Fig. 3, Fig. 4, Fig. 5, Fig. 6, Fig. 7, the proposed collabo-
ration model for software stakeholders’ collaboration during 
software development was developed in Fig. 8: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4.5 Potential Benefits of the Proposed Model 
This study model helps to highlight and clarify the interaction 
and communication steps between software process experts’ 
within a waterfall process model, and thus some well known 
problem that can be faced during the use of a waterfall process 
model for software development is clarified, like understand-

ing the activities carried out in each software process, identify-
ing the experts carrying out the activities and every link be-
tween experts in each process, however for extensive clarifica-
tion some literatures used in this paper in software develop-
ment can be read. And the issue of user involvement during 
software development as a reason for software failure was 
extensively considered in this study model especially, where 
the knowledge of the users are essential, like in the require-
ment and verification processes. 

4.6 Study Limitation and Future Contributions 
This study model (Figure 4) is a model for software stakehold-
ers’ collaboration during software development of a small 
scaled system. However, it is known that every proposed 
model should be validated to know how applicable the pro-
posed model is in the real world, this way the proposed model 
setbacks and other contingencies can be observed. This study 
model is yet to be validated; however the validation of this 
study model is to be considered for future research contribu-
tion to the domain of software engineering. 

This study considered waterfall process model during the 
development of the proposed model, therefore limitations af-
fecting waterfall process model also affects the proposed 
model. 

Also this study’s proposed model is restricted to waterfall 
process model (i.e. collaboration of software stakeholders’ 
during software development using waterfall process model), 
there are other software development process model that was 
not considered. Therefore further research can be conducted to 
develop a software stakeholders’ collaboration model consi-
dering other software development process models. 

5 CONCLUSION 
It is analyzed that software engineering minimizes the com-
plexities of software development, therefore research are en-
couraged to be conducted to improve or encourage the prac-
tices of software engineering. Also there are various identified 
problems that can lead to software development complexities, 
therefore researches can be conducted to prevent or minimize 
or eliminate these problems. This study improved the use of 
waterfall software development process model and tries to 
resolve the problem of lack of understandable collaboration 
between software stakeholders by developing a collaboration 
model for software stakeholders’ collaboration during soft-
ware development of a small scaled system. With the future 
research directions identified in this paper and other litera-
tures referred in this paper (specifically related literature to 
software development complexities) , further research is ad-
vised to be conducted to improve the process of software de-
velopment complexities in software engineering. 
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