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 In practice, the software process is an intermediate phase for enhancement and 

improvements the design for different types of software products and help 

developers to converts the specified requirements into prototypes that implement 

the design into reality. The objective of this paper is to provide software 

developers, designers and software engineers who work in small companies with 

a standards-based process improvement using a procedural method technique 

including detailed steps for designing the small software systems into their 

companies. The method used in this paper includes 1) analysis four different 

types of commonly design processes used by industry such as CMMI, 

conventional or software process in ISO 19759, generic and engineering design 

processes. 2) mapping between those four design processes. 3) collect the 

dispersed design concepts proposed by those four processes. 4) proposed a 

sustainable procedural method of software design process improvements 5) 

Illustration of the applicability of the proposed approach using A template-based 

implementation. The primary result of this study is a guideline procedure with 

detailed steps for software design process improvements to help and guide 

developers in small companies to analyze and design a small software scales with 

limited cost and duration. In conclusion, this paper proposed a method to improve 

the design process for different kinds of the software systems using a template-

based implementation to reduce the cost, effort and time needed in the 

implementation phase in small companies. The scientific implication behind a 

template-based implementation helps the system and software engineering to use 

this template easily in their small companies; because most of the time those 

engineering developers are responsible for analyzing, designing, implementing 

and testing their software systems during the whole software life cycle. 
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1. INTRODUCTION  

Currently, design Phase is a logical and rational process for producing and specifying design for new 

systems [1, 2]. During this phase, the detailed plan should provide a systematic and step at a time process. 

The design process in engineering projects has the maturity of the work efforts, time and cost of the product 
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[3-5], even though the engineering and scientific design life cycle is not the same as the software life cycle. 

However, the scientific design process [6] is a set of the design steps used to explore and predict solutions for 

most of the time for innovative software, engineering products or a combination of both. 

The software design phase is used to describe the software structure and behaviour of the software 

product [3] (i.e. software components, collaborations and constraints,). Consequently, the software design 

process defines the set of design activities, tasks and relationships between all of the product aspects [7]. 

Software design in software engineering domain should be build using detailed knowledge of the practice [8] 

(i.e. software application and interactions design) and a strategic realization vision considerable for their 

design [8] (i.e. implementation and the architecture design).  

Recently, [9] proposed an approach for the implementation of the process area for small and medium-

sized software development organizations in Saudi Arabia. They guide software development organizations for 

implementing the process areas of CMMI Level 2 in their environments. Followed by [10] defined an agile 

software development framework supported by some of the categories of CMMI. CMMI presented as a process 

improvement model in conventional methods, and many organizations depend on process maturity models to 

improve their particular processes and their product quality. However, [11] discussed the process maturity model 

for the software industry to guide managers of information-development teams in assessing and improving the 

work of their organizations. More specifically, [12-17] proposed different design frameworks to integrate user 

experience design into the software development cycle. In [18] RISDM ("Requirements Inspection Systems 

Design Methodology") is proposed to design the RIS ("Requirements Inspection System") to be conducted by a 

third party inspection team. Furthermore, [19] proposed a methodology for improving agile processes based on 

CMMI, this achieves by defining improvement on the GQM approach, that allow precise and intentional selection 

of CMMI practices. Therefore, [20] presents a performance management method that covers all process areas of 

CMMI level 5 and [21] proposed a method to improve the software development process to achieve maturity level 

2 to conduct the assessment of the five process areas of CMMI level 2. In [22], they believed that poor design is 

implemented; it may affect the later stages of the software development life cycle. Research of the software design 

process done by [23] showed that bad software design could lead to productivity and quality problems. 

In this paper, the research problem appears when the system and software engineers in small companies start 

working on the development process within the product life cycle. They have difficulty during the design process. 

More specifically, system and software engineers or developers involve a broad set of activities and tasks within the 

design process that are less understood and ignore some essential design aspects for executing a successful design 

phase due to the lack particular analysis, design and implementations departments for producing their products. 

The endless customers' demands for new products features and functionality as well as looking for high 

product quality [24-28]; This creates a set of particular design challenges System, and software engineers 

encouraged to work on improving the design process improvements in their work product environment such as 

using well-known design principles, processes and the (Engineering and software) design in practice. However, 

each small company has adapted its suitable design process depending on their work products, and typically, this 

design process is frequently changed. At the same time, it is dependent on the product type due to the overlap 

between the scientific, engineering and software design processes [29-31] for different types of products. 

In this paper, the solution to this problem, we proposed the procedural method of the software 

design process improvement. This proposed method is bridging the gap between the specified requirements 

and product implementation phase on the software life cycle. The procedural method of the software design 

process improvement proposed in this paper is the mapping results between the software design process with 

other three types of conventional design processes used by the industry such as a generic, engineering and 

scientific design processes. The procedural method is the implementation of this design process improvement 

using the dispersed design process concepts proposed by CMMI standards models.  

 

 

2. RESEARCH METHOD 

The research methodology is implemented in two phases, the first phase includes the procedural 

research method, and the second phase includes the sustainable indicators for the procedural research 

method. The Research procedural method used in this paper includes the following steps – See Figure 1: 

1) Survey and analysis four different types of commonly design processes used by industry such as CMMI, 

conventional or (software design process in ISO 19759), generic and engineering design processes.  

2) Mapping between those four design processes and collect the dispersed design concepts proposed by 

those four processes.  

3) Proposed a sustainable procedural method of software design process improvements  

4) Illustration of the applicability of the proposed approach using A template-based implementation. 

The sustainable Indicators for the software design Process improvements includes the following 

steps -See Figure 2. 
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Figure 1. The research methodology 

 

 

 
 

Figure 2. The sustainable Indicators for the software design process 

 

 

3. RESULTS AND DISCUSSION 
This section illustrates the results of our survey and analysis for different types of commonly design 

processes used by industry. The mapping results and the proposed procedural method for software process 

improvements as well as illustration of the applicability of the proposed approach using A template-based 

implementation. 

 

3.1.  The results of the design process survey and indicators 

The design processes allow software and system engineers to establish the steps essential to develop 

software and hardware solutions with timetable and price constraints [32-34]. The current design phase involves a 
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broad set of activities and tasks based on the identified requirements and prepared these designed requirements into 

design components for the products construction phase on the next step of implementations. 

However, the current design phase built a design model of the product or system design structure; 

for instance, such designed model is used to evaluate the suitability of the proposed product and 

communicate the recommended product to others [35-37]. There are many proposed models for conventional 

design processes in academia and the industry; the most commonly used models are presented below: 

a) Generic design process: Recently, [38] defined six steps for a generic design process that are more general 

and can apply to any software project. These steps used as a baseline process for software design. 

b) Scientific design process: The scientific method [39] is a process for experimentation that uses to 

explore observations and answer questions. Engineering design process. 

c) Engineering design process: [40-42] is a series of steps that engineers follow in coming up with a 

solution to a problem using specific criteria to accomplish particular tasks. 

d) Software design process: The design phase of software development [3, 43, 44] transforms the customer 

requirements into a form of implementable using a programming language. The software design process 

can be divided into the following three levels of phases of design (interface, architectural and detailed 

design). Interface design [3, 45]: is the “interaction specification between the system and its system 

environment”. Interface design proceeds at a high level of abstraction concerning the inside 

mechanisms of the system. Architectural design [3]: is the specification of the "system components, 

concluding their properties, interfaces, responsibilities and components relationships". As well as 

system structure was chosen, the architectural design. Detailed design [3]: is the “internal elements of 

the primary system components, properties, relationships, processing algorithm and data structures”.  

e) Capability and Maturity Model Integration (CMMI): [24-25] have five maturity levels (initial, managed, 

defined, quantitatively managed and optimized). By contrast, the process in maturity level 1 (initial) is 

unpredictable, poorly controlled and reactive. In maturity level 2 (managed), the process can be characterized 

for the projects and is often reactive. In maturity level 3 (defined), the process tailored to the Organization 

and its proactive. However, in maturity level 4 (quantitatively managed), the process can be measured and 

controlled. Finally, in maturity level 5 (optimized), the focus is on the process improvements. 

 

3.2.  The mapping results of the design processes  

This section presents the results of the mapping of the software design process in [3] with three 

conventional design processes from the industry. In this mapping, three design processes are chosen (generic, 

engineering and scientific design processes). These conventional processes present a variation in their 

definitions and concepts used at the level of software design. The results of this mapping w depicted in Figure 3. 

Where, the software design process, is considered as a baseline design process for the software. In contrast, the 

other three design processes are analyzed and w mapped as a software design process improvement for the 

baseline design process. In this mapping, one concludes that the software design process has some of the 

missing detailed steps after conducting the mapping from the generic, scientific and engineering design 

processes as discussed in the previous section. For instance, the software design process in [3] proposed to 

analyze the problem without enough details or design steps for the software designer to tackle. Whereas, in the 

improvement process, designers can follow the proposed and detailed steps to analyze their design problems. 
 
 

 
 

Figure 3. Software design process improvements 
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3.3.  The sustainable Indicators for the software design process 

In this section, the proposed procedural method for software process improvements presented in 

Figure 4. This procedural method consists of five individual levels as they are defined in the CMMI maturity 

models, these levels are: (initial, managed, defined, quantitatively managed and optimized), numbered from 1 

to 5 respectively. Each level of the procedural method describes the detail of the software design process 

improvements within the baseline design process. The beginning of the procedural method of the software 

design process is considered as a baseline for this procedure-see Figure 4 (left-side). On the (right-side) of the 

same Figure 4, the software design process improvements are considered [46-47]. The proposed procedural 

method is described by using the following steps: 

1) Initial Design Process: the process indicates that it is partially performing or not performing at all. 

Which means, one or more of the goals of the process area are not satisfied. 

2) Managed Design Process: The project characterizes the process as a performed process. 

a) Analyze the problem: understand the problem and what is precisely needed to do. Analyze the 

problem from different sides to discover the design requirements.  
b) Generate and evaluate the software interface, architecture and detailed design. Develop possible 

solutions and choose the most appropriate one. Depending on the software designer's experience and 

available resources, use graphical representations, formal specification method or other notations to 

describe the components of the design and describe software design phases.  
c) Review the software design: repeat the process for each identified abstraction until the individual 

expression of design. Defined Design Process: monitoring and controlling the software design 

process within organizations. 

3) Defined Design Process: The simple process can monitor and controls the organization process to 

achieve given objectives and goals, such as project cost estimation and project schedule. 

4) Quantitatively Managed Design Process: establish performance indicators for the software design 

process. 

5) Optimization Design Process: standardized the software design process within the Organization.  

 

 

 
 

Figure 4. Procedural method for software process improvements 

 

 

3.4.  Template-based implementation  

This section presents a template base implementation of the procedural method of the software 

design process improvements aligned with some design concepts of the CMMI standard models to be used by 

the manufacturing, businesses and commercial companies. In this paper, the procedural method is 

characterized and aligned with the industry conception of design processes. It offers a reference-based 

solution for the software design phase on the software engineering life cycles (SDLC). The practical template 

used the following format: 
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1) Initial Design Process: Initial level: in this level 1, the process indicates that it is partially performing or 

not performed at all. Which means, one or more of the goals of the process area are not satisfied; thus, 

this level has no generic goal since there is no reason to institutionalize a partially performed process. 

2) Managed Design Process: Managed level: in this level 2, the process is characterized by the project as a 

performed process that satisfies the goals assigned to that process.  

a) Define and analyze the design problem: Software and system engineers can work without a problem 

defined; it happens all the time. Nevertheless, when an explicit declaration states what problem 

needs to be solved, all efforts are concentrated on its outcome. Understanding the design problem 

leaves the door open for creativity, but it eventually provides a clear view of each element of the 

project. Thus, designing and modelling the problem declaration and the design process steps help 

the Team understands and analyses the ideas correctly. As the design process improves, the Team 

would refer to the initial problem and confirm that what is designed quiet addresses the core 

problem declaration and is documented in the product design artefact.  

b) Background research about the design problem: An essential part of the design process is the 

definition of a definite problem assertion, which the system and software engineers attend to solve. 

The problem is perhaps the most challenging part of the design process; it needs to generate 

explanations about the users from the first period in the design process. When the Team learn how 

to define the problem, problem declaration, or design challenge, it improves the design rational 

process and results because a clear definition of the problem declaration leads the system and 

software teams to define the process in the right direction.  

c) Collect information about the design problem: Software and system engineers can collect 

information about the design process from the Internet research, previous research work, expert 

opinions, international standards and user interviews and they can use further techniques such as 

knowledge web and reverse engineering. Moreover, software and system engineering teams can 

improve the context for the design challenge; follows activities, and the design teams use this body 

of knowledge about the problem to generate product design ideas. 

d) Brainstorming of design problem understanding: Brainstorming is a way of producing ideas to solve 

a design problem. It frequently contains a team under the direction of the team leader. The strong 

point of brainstorming is the prospective members who are always providing suggestions between 

their ideas in "a free-thinking environment". 

e) Specify design problem requirements: Design problem requirements conclude the functional need 

that a specific design, product and process satisfy. It usually uses a formal sense in software and 

engineering design, it uses comprehensive concepts, functions, attributes and it may include the 

quality of the system to provide value to a customer, Organization or any other stakeholders. A 

specified requirement uses as inputs into the design stages of product development. Requirements 

are an essential input into the verification process since tester ought to trace back to specific 

requirements. Requirements illustration elements and functions are needed for the actual project. 

f) List candidate design solutions: The best method to investigate the design solution alternatives is 

through trade design studies [48]. The trade design studies determine to confirm that the design and 

architectural results are using the best design solution process that can be accomplished with the 

available resources. 

g) Choose the most appropriate design: Choose the possible solution that meets the design 

requirements, consider solutions that are better than others, and discard those that did not meet the 

requirements. Software and system engineers can use the following design criteria when choosing 

which possible solution to implement such as skills required, time and resources. The design criteria 

help to compare solutions in a decision matrix (i.e. a table with the requirements and criteria on one 

axis and the different solutions on the other). 

h) Describe the components of the design: The software/system architecture defines the adaptable 

components that might be used to implement a work product family. Component design is a specification 

for one of these adaptable design components, and each component must be designed to fulfil significant 

aspects of the product requirements and all design structures of the product architecture. Each component 

design represents a family of components. Design component contains the following parts: 

- Adaptation Specification defines the components and components parameters with its variation 

and constraints. Each parameter has a name and type to specify its range of variation and a 

parameter constraint to identify the invalid combinations parameter variations. 

- Interface Specification defines the preferred features of the application for each component. The 

precise content of the interface specification is specific to the component type and the design 

technique used. The interface specification parameterizes concerning the variations in the 

adaptation specification. 
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i) Component Design Evaluation: Component design evaluation is a method to conducts qualitative 

component, and then combines the results data for each component with a specific design evaluation 

template. Occasionally these components may refer to different data sources (i.e. qualitative data 

from “interviews, and quantitative data from a questionnaire”) and from different evaluation aspects 

(i.e. qualitative data about context and processes and quantitative data about outcomes and 

influences). 

j) Generate architectural design: Architectural design is a conception that concentrates on components 

or foundations of a design structure. System and software engineers are commonly responsible for 

the architectural design to create a comprehensible and functional design structure. 

k) Generate the interface design: User interface design usually states the visual design of the product 

elements, and a user interacts via this visual design in the future. User interface designs have to be 

attractive to possible users and should be functional and created with users in mind. 

l) Generate Detailed design: The detailed design describes the process of developing the approved 

design conception. The detailed design should be correct, synchronized and defines all the main 

design components. However, the technical features of the design may involve additional 

improvement. The detailed design should provide sufficient information for implementation. The 

detailed design may include the following: (General layout, functional and operational design flows 

and organizational policies and terms, build based on the first specified requirements and 

comprehensively describes all the design components for the application).  

m) Design Evaluation: Design evaluation is a structure produced to provide a balanced assessment of 

design benefits. The result of evaluation design is influenced by the evaluation questions and the 

standards of effectiveness, nevertheless the available resources and on the degree of the accuracy 

required. 

n) Test the design: The most crucial goal of the testing is to give substantial assistance on quality and 

risk assessment for the product. The tester should be building a testing strategy and start to collect 

all the information about product and product behaviour. The tester can build an executing test cases 

to cover all the product if possible. Designing the correct set of test cases is essential to link between 

the test strategy and the carrying out of the test strategy. 

o) Gather feedback about the design: Productive feedback usually improves the effectiveness of the 

required design. Getting valuable feedback help developers to create a professional design and 

provide them with an alternative point of views, which help developers to improve both their current 

and future designed applications and projects. They increase the collaboration between key 

stakeholders, managers, developers and their potential users for the product.  

p) Communicate the design results: Communicating the design results help to prove the design 

purpose, validating the complete solutions and confirm that they use a logical approach for the 

required design. A definite description of the design results expresses to industries that the outcome 

is a result of user research, product testing, and a well thought out design process. 

q) Design improvements: Once evaluating the present situation of the product design and the 

improvement goals and objectives of the Organization, the results should be characterized and 

ordered according to which one is the most significant or have the utmost rigorousness. Developers 

have to observe the new target level of improvements and how they should look. Furthermore, the 

gap between the current and target design should plan in terms of a set of activities to achieve that 

design target. These activities should achieve with the arrangement of the elaborated stakeholders 

and the organization goals and objectives. 

3) Defined Design Process: a process is a tailor to the Organization, and the process at this level is the 

proactive process. The simple process can monitor and controls the organization process to achieve 

given objectives and goals, such as project cost estimation, project schedule, and project quality 

assurance. 

4) Quantitatively Managed Design Process: the process can be measured and controlled. Software 

designers can define the process performance baselines and models using the monitored and controlled 

process at a defined level, and software designers can also link the baselines with the organization 

objectives. Then process performance quality from the elements of the quality assurance at level three 

such as (testing strategy, formal modelling and verification, and configuration management) and finally 

define their process performance measures.  

5) Optimization Design Process: this level focuses on process improvements. Developers or designers have 

the opportunity to determine process improvement. They can establish and appraise the organizational 

process needs, establish and implement the process action plans. Then they can deploy a standard 

process and assets and monitor the process implementation and finally, incorporating their experience 

into the organization process. 
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4. CONCLUSION  

The primary outcomes of this paper is a procedural method for the software design process 

improvements. This proposed method is built based on the analysis of common four different types of 

conventional design processes and aligned with the structure of the CMMI models. In literature, there are 

many proposed design processes; for instance, there are different design processes with different steps used 

in manufacturing tailored for each Organization. In software engineering, the design process is usually 

divided into three main steps (user interface design, software architecture and software detailed design). 

While in traditional engineering, the design process encompasses the initial and detailed design within their 

process. However, the scientific design process is used for innovative projects. Even these scientific projects 

may have software and hardware or a combination of both them. Furthermore, some of the completed 

products are built based on using a generic design process. 

The suggested procedural method includes some of the consensual design process terms and 

concepts used by two sets of international standards (ISO and CMMI) and some other related works. They 

were analyzed and integrated using different design process views. The improvement design processes for 

describing the procedural method at a lower level was adopted.  

There exists no such a procedural method for software design process improvements; the innovative 

work in this paper adapted from two sets of standards used by industry. The result of using this proposed 

method reduces the cost, efforts and time needed in the implementation phase. In this paper, The contribution 

of the proposed method is to provide a reference procedure for the software design process improvements for 

different types of projects in small companies under developments. 

The industrial impact of this paper is sustainable improvements for the software design process. 

Therefore, this can enhance planning, management and development of software engineering or other types 

of products at the design phase in small companies. In this proposed work, some related issues are still not 

taken into consideration, and further work is required, such as the experiment of this proposed method on 

some real case studies. Small companies in the industry can use this work; to evaluate and to get feedback 

from their experience. 
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