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ABSTRACT

In this research, the researcher, design and developed conceptual integrated process
management metamodel that improves the human centred software development
(HCSD). Human centred software development (HCSD) is approach of software
development for design and develop according to end-users’requirements and feedback.
In this reserch, the researcher design and developed conceptual software process
management metamodel by the integration of agile-human centric methodologies like :
agile extreme programming (XP), scrum technology with the design thinking (DT)
approaches. This metamodel increase process management, response of end-users’s
feedback and requirments, efficiently managed the users’s incoming data, and the amount
of data it can be quickly capture and passed for further development stages of software
development life cycle (SDLC). This research employs that developed conceptual
metamodel provides development team an environment of out of the box thinking for
problem solving on the basis of end-user’s requirements and demands. Agile engineering
approach is an enabler to accelerate software product delivery on time, manage user’s
priorities in the dynamic stages of software designing and increased the product
efficiency and effectiveness. Design thinking (DT) approach provide quality and
potential solutions for product and services and an increase productivity and end-user’s
operational behavior improvement and also takes the advantage of innovation ideas in
ongoing process delivery and increase user acceptance index factors in every stages of
software development designing and process management in context to human-centric
environment. Develop conceptual human centred software development (HCSD)
metamodel main working domain is capture dynamic requirements of end-users in
proactive manner and also produce systemtatically and realistic solution towards the
changeable environment of business stakeholder and designing team feeeback and
assurance of product delivery. This huma centred software development (HCSD)
metamodel increase statisfaction of designing phase and analyse their user statifaction
level through the product reliability metrics and by the end-users feedback and provide
the conceptual solution for the end-users requirements prospective. This developed
conceptual metamodel provide synthesis and validate solution by the involvement of
users in through out the life cycle of process designing and development and gives
assurance towards the designing goals and requirements. This develop conceptual

metamodel provide feedback and response interface throughout the designing and



development phases of software and process management and for this approach
designing team and stakeholder takes the end-users responses/requirements in dynamic
stages of process re-engineering and development and also involved data predication and
forecasting for data realiability. The human centred software development (HCSD)
metamodel works optimaztions of clients requirments and reduce the gaps between the
development team members communication and make data retention of user’s
statisfaction on top priority at every stages of software development and process
designing and also increae the user acceptance index factors and standards through data

integrity and validation process and activity.

Keywords: Human Centred Software Development, Process Management, Agile
Engineering, Design Thinking (DT) and Product Reliability.
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INTRODUCTION



INTRODUCTION

In the last few years, fast development growth and adopts new ideas, thoughts, innovation
by software development industry, and parallelly enhancement in software designing and
development methodologies taken attention from product delivery context to product
quality and end-users’ requirements satisfaction and point of view, so the current software
development come across the “human centred software designing and development” [1].
Now days, in software development industries end-user’s involvement brings in every
stages of process designing and development and often provides continues verification
and validation in every phase of process designing and development so the software
development now switched to traditional process/product development to human centred
software development [2]. Human centred software development approach is currently
one of the most emergent, emphasize, and standard approaches capable to increase end-
user effectiveness by ensuring the compatibility between end-users' requirements
satisfaction and demands and achieved the goal and objectives of the stake holders and
business prospective from the software development methodologies and delivery those

decided in initial stage of software development [1-3].

The evolution of the software process designing and development now
moves towards “static and rigid theoretical approach of service design and development
to the next evolutionary environment of software development methodologies and
techniques” and mainly emphasis on involvement of new and advance thoughts and ideas
of software designing, creativity, and assurance of end-users’ thoughts and their
expectations from the software development and also critically validated and
advancement growth possible and overcome the limitations of process development [4].
Software project development is a process development life cycle (PDLC) directly
integrated and given a framework to manage and control the real end-user’s requirements
satisfaction and overcome the project complexity toward the project handling and
implementation [5]. Agile engineering methodologies mainly focus on efficient and
effective delivery of process and product towards the end-user requirements and
stakeholder point of view and in short time span frame and rapid and changeable
development growth environment [6]. Design thinking approach work started as early as
possible in software development life cycle (SDLC) by assuming the users’ mindset and

expectation from the designing and development team and leaves their observation,



methodologies, thoughts, logics, and experiences behind when going to fixing the
client/users’ assumptions and requirements to develop software and application according
to them and their point of view [7]. Human-centred software development (HCSD)
approach is not possible without fast execution of requirements and process designing
according them and finally product delivery to the end-users and stake holders comes
across in effectively and efficient manner and also achieved the standards and quality
[1-2]. So for this purpose we proposed, a conceptual integrated process management
metamodel using agile-human centric and design thinking approaches” which we discuss
in this thesis. A software development methodology are set of some predefined rules and
regulations that are used to designed and develop software from first phase requirement
specification to post implementation phase and so this reason software development
fallow and work around some phases and techniques [10-13]. These methodologies and
stage become integrated core essential part of software development life cycle (SDLC)
to designed and developed standard and quality software and product for end-user
requirements satisfaction and objectives, and in ‘“current and modern software
development era, these strategies sometime fix and dynamic and also work form linear to
non-linear way of software development and it’s all depend on the end-users’
requirements and needs” [10-15], some of them software development methodologies are

discussing below:

1.1. TRADITIONAL SOFTWARE DEVELOPMENT (TSD)
APPROACHES :

Traditional software development methodology, fallow some pre-defined rules and
guidelines that are used to developed software from some different phases e.g., client
requirement and end-users’ feedback, requirement analysis, planning, designing, code
and deployment, testing, implementation and post implementation operational and
maintenance phase [8,10,11] and in brief traditional software development approaches
(TSDA) fallow predefined static software development life cycle (SDLC) phases and
techniques to develop software process and product and in software development industry
traditional software development approach commonly come under the umbrella of
“Water Fall Software Development Model” and it has generally five phases and it is called
software development industry first development model and first formally introduced as

a method for software development in an article written by Winston W. Royce in 1970



[8,13-15]. This traditional software development approach is called “Water Fall Model”

now days.

As shown in below figure 1.1 traditional software development model has five phases,
requirement analysis, designing, code implementation, testing and validation, and last
phase is called maintenance and post implementation phase [1,8].Traditional software
development generally adopted five phases of software designing and development e.g.
requirements analysis, designing, coding, testing and implementation [2] and fallow
sequential level of process designing and development in entire software development
life cycle(SDLC).Traditional software development approaches reduce the process
designing scheduling time and cost and in other end by these approaches reduce the
chances of issues and bug in software development if the requirement might be fix and
rigid but if requirements are dynamic and open types then productivity will affected and
chancesof issues and complexity increased and sometimes very difficult to work on them

for designing team.

Requirements i> Product requirements document

—

Design :(> Software architecture

—

Implementation[> Software

—

Verification

—

Maintenance

Figure 1.1. Traditional software development approach
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1.1.1. Water Fall Software Development Model Features:

Water fall software development methodology work on one-way development
methodology. Given below we point out some features of traditional water fall software
development model features:

e Detailed and well-defined requirements

e Requirement must be static not be dynamic

e Product clarity should be static

e Project size is fix and small

e Possibility of ambiguous requirements very rare.

e Used well defined technology and methods for system designing

e Minimal time required for project development
1.1.2. Spiral Model :

Spiral Model is first model of software development industry that involved risk analysis
and risk factors in software designing from the very beginning phase of software
development life cycle (SDLC), basically this model was introduced firstly in software
industry by ‘Boehm’. Spiral software development model used mainly to developed large,
complex and expensive projects and software and apply both the approaches of software
development bottom to top and top to bottom to develop software and system in very
short and minimal time period [9]. Spiral model core area of software development is
come around to the identify the risk and find the best and secure ways to resolve risks
from the software development life cycle (SDLC) [4,9]. In given below some of the

important features of spiral model are listed:

e Working on objectives determination and finalization

e Provide alternative solutions and fix the risks

e Provide next version of product solution

e Monitoring, review for next stage of software developmentation

e End-users involvement started from first phase of software developmentation

e Chances of issue and bugs are very less in compare to traditional methods of

software developmentation



e Always concern about next level of software developmentation

e Verification and validation process run on software designing process and

software quality assurance in parallelly

‘. Cumulative cost

1.Determine Progress 2. |dentify and
objectives f__,._-—-"———'-h resolve risks

i Requirsmeants Operational
Review = plan /—\Pratutypei Prototype 2| prototype
comator| e Detailed
FRaguirsments design
Devalopmant | ‘arflcation
planj & Validation
Integration
Testplan | “erification
& Valldation
Implementation
4. Plan the Release
next iteration 3. Development

and Test

Figure 1.2. Spiral model of software development [10]

Spiral model different phases of software development and their working flow are shown
in above figure 1.2. The following points give a brief knowledge and view about the spiral
model of software development [4,10-15]:

1.Planning for objectives: This phase main work is understanding of software process
requirements by applying the continuous point to point communication between end-

users and with the planning team of resources analysts.

2. Risk Analysis Phase: This is most effective and core phase of spiral model, in here we
decided the risk and also applying some authentic and efficient techniques to resolve the

issues and risk factors from the development phase.
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3. Development Phase: In this phase developmentation and testing running parallelly to

complete the developmentation of product or application.

4. Plan to Evaluation Phase: In here, allow to real users and stakeholders to validate the
development according to their end needs and demands before next incrementation phase

of software developmentation begin.

1.1.3. View Model of Software Development:

In software development V model is used when development and testing required
parallelly in planned manner to developed software. So, in conceptual level “verification
and validation” both the strategy applies at every phase on same time of process
designing. View model used “high level design (HLD) and low-level design (LLD)” to
achieved the standard and quality software development. In HLD approach system is
broken down in one or more than one sub module to getting multiple functionality and
designing prospective regarding system designing and in LLD technique is used to
verified and validated each phase independently and confirm that design is compatible
with internal and external sub system in architectural and in other aspects of software
designing. Given below, we discus some core attributes of view model (V-Model) of

software engineering:

e Requirements specification are well declared, clearly documented and fixed

e Software product definition is understood and static

e Methods and technology used in software development is well understandable by
software designing team members and not used dynamic approach in meanwhile
of software development and designing

e No undefined and ambiguous approach used for software development

e View model development strategy suitable where the length of project is short

e View model software development methodology generally uses where quality
assurance standard required on priority basis

e By the use of view model software development product cost may be reduce and
increase the efficiency and effectiveness of software process delivery

e Dynamic requirements criteria and adoption is also open in this approach

View model enhance the product credibility, portability, operation ability, quality

assurance, user satisfactions as far as possible in software development and given below
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figure 1.3 shown the framework and different phases of view model and their working
flow.In view model client requirements specification designing process and process
architecture process implementation run parallely to increase the effectiveness and
efficiency in software development process and in last view model release working
platform for system prototype and architectural enivrionment according to end-users

requirments specifications.

=

=
(=

Figure 1.3. View (V) model framework and phases
1.1.4. Incremental Model:

This model used the inherit property and attribute of “software development water fall
model” in more dynamic and iterative manner. This model emphasizes on each and every
segment of process and produces sequential and linear versions of product and application
in an incremental way. By this model we firstly implement the core part of product and
process and then by the users requirements and feedback add more functionality and
behavior in running product and process to improve the sequential construct product and
until the all decided functionalities and requirements are deployed successfully and get
the expected environment and result from the developed software.




Product according to users and stake holders and concurrent activities of increment model

for software development shown in below figurel.4.

Concurrent
Activities

\ Initial

Requirements ‘ Epseincation | > Version

I

Outline | Davalomnent o — Intermediate
Description | P Versions

Requirements

|

’ Validation | > Final
| | Version

4

Incremental Development

Figure 1.4. Increment model for software development

Given below point out some attributes of incremental model:

Incremental Model is also called “Iterative Model of software engineering”
Customer realize that deliver system functionality as earlier in development
phase of software development and if any updations required then updated to
software development team

If pre-defined functionality not capture in current focus then development
team try to come in down in next increment phase of product

development. Increment model mainly focus on specification, process
development and validation of end-results and product.

Increment model core focus area in communication and feedback within all
phases of software development.

Incremental software development model has flexible approach to
development and the end-product easily to implement.

Incremental software development increase the dynamic statisfaction through
involved end-users requirments in realistics manners.

Incremental software development work on advanced sophisticated
development style to increase efficiency and effectiveness of process

designing and development.




1.1.5. Fountain Software Development Model:

This software development approach is based on user oriented/driven and object based
and driven and fundamentally it is suitable for object-oriented software designing and
development. This software development model has no predefined strategy and specific
order of approach for process designing and no clear boundaries of software development
phases and fountain model core advantage is that if some progressive part and unit is
missing in other phase of software development then it will be added in software
development life cycle (SDLC) by the incremental or iterative software designing
approach [10,16] and below figure 1.5 shown the different phases of fountain software
development model and also showing that all the development phases in fountain
software development model are in open edges to predict and catch the requirements from

the user level.

T
T
T

Taf
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/ N

Figure 1.5. Software development fountain model [16]
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1.1.6. Prototype Model:

Prototype development model basically is integrated cluster of decisions that point out
and dictate what type of action taken place to solve problems and how accomplished the
development process [17]. Prototype software development model provide platform that
commit for business interest and software engineering practice too and for this prototype
software development model approach takes feedback by customer, cost analysis and
scheduling of project and other end prototype model design conceptual base model for
software designing and expand the designing quality in future too [16,17]. Prototype
development approach work on both edges of software development: functionality of
system and user interface level of system and prototype model also provide future driven
software development approach and capture the optimize requirements specification and
acceptance of end -users [18] and below Figure 1.6 shown different phases of prototype
software development model and showing that work start from requirement analysis
phase to user feedback and in last after the binding and evaluation stages final product

release.

Start Requirement
—_—

Design
Analysis _\

Building and Prototyping

A4

Refining Prototype

\. Evaluation by customer

Final product

v

User Feedback {

Figure 1.6. Prototype software development model
1.1.7. Winwin Software Development Approach:

In this approach we integrated spiral model with prototype to point out risk analysis and
identification and by the earlier feedback and negotiations with users and stakeholders to
ensures and achieve an objective decided by users and software development activities

[19]. Winwin software development approach gives advantage to both development team
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and end-users regarding the emerging risk factors in every stages of software designing
and parallelly resolved and provides responds accordingly in evolution stages of software
development [20]. Winwin software approach one hand, decided functionality of software
designing according to the users’ requirements and specifications and other hand, give
platform and methods to developer to finish tasks and work within budget and given time
frame and resources [20]. Different phases and working environment of winwin model
shown in givne below figure 1.7.Winwin software development model has some

following features:

. Integration of Spiral model and Incremental model of software
development and to enhance designing and quality of product.

o Reduce the cost, time of the project and develop product within time frame

. Develop product within time frame and schedule

. Deployed dynamic approaches of software development to maintain
technical integrity of the software development life cycle different phases

e  Verification and validation play significant impact in software development

. Reduce the complexity in software designing process and coding by
adoption of effective and feasible approaches of software methodologies

. User level integration always on high priority

Planning

Project entry
point axis

bering
y

Customer
evaluation

Construction & release

Figure 1.7. Winwin software development model
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1.1.8. Intelligent Software Development Model:

In this software development approach water fall model approach combines with expert
system, so this model also called “knowledge base software development model” because
this software approach workout on information-based methodologies for software
development life cycle (SDLC). Intelligent software development model basically called
“information based expert system for software development and product.” This
development model used set of functionality and tools to design data query, reporting,
data and information processing, form designing, user acceptance level of front end
designing and codes, graphical representation of methods and data flow for high level
software and system designing and also used expert system knowledge based experience
to developed system [21] and below Figure 1.8 showing the life cycle of knowledge based
intelligent expert system and data flow in each pahses and knowledge transformation also.

Design l Programming
Knowledge Knowledge
Requirements Design + Dezign + Coding god‘.a
Specification Testing P Tesiin g
Error
Detection
Error
Defection

Figure 1.8. Knowledge based intelligent expert system
1.1.9. Parallel Software Development Model:

Parallel software development based on parallel software designing methodology and
focus on state of technical requirements and series of technical methods and task to
develop activity-based networks in software development life cycle (SDLC). This
software the development model points out precisely and monitors every activity running
on different environments and provides a correct and accurate image of software

designing within different software development states of the project [19]. In this
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approach verification and validation of process desiging and product implementation run
in paralled manner to gives the product assurance and effectiveness. Below Figure 1.9
shown the parallel software development approach different phases and their working

environment.

Begin
I

Development

l' Validated Requirements
Waiting for Changes

&

Modify »| Review
¥
Baseline
Complete Assessment

Figure 1.9. Parallel software development approach
1.1.10. Architecture-Based Software Development Model:

This model conceptually based on architectural framework and component-based
software designing approach and practices and this software development conceptually
depend on iterative approach of software development and mapping and analysis the
functional dependencies with structural process design phases of software designing and
development and in this development model requirements acquisition and their analysis
paly significant role to provide better solution and framework to develop software and
product in standard manner [19, 22-23]. Architecture - based software development
model integrated the logic view, process view, development view, and physical view in
conceptual manner to provide object oriented solution and subsystem based designing

environment and process development.
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This architecture-based software development model core focus on conceptually
designing methodologies and their impact level dependencies in different edges of
software development life cycle (SDLC) phases as shown in below figure 1.10.
Architecture-based software development model takes the features of user-driven
practices putting together in object-oriented decomposition and subsystem decomposition

in simultaneous manner to release physical view of software product.

(Object oriented decomposition) (Subsystem Decomposition)
Logical View Development View
Scenarios
(Putting it all
together)
Process View Physical View
(The Process decomposition ) { Mapping the Software to Hardware )

Figure 1.10. Architecture based software development approach

1.1.11. Component-Based Software Development Model:

In component-based software development approach different components based on their
requirements and demand of rapidly development of software process specially in
software designing tools e.g. EJB, DCOM, and product-based tools designing and
development environment and most of modern software industry technologies used and
focus on component-based software development to enhance the productivity and
efficiency of software designing and also increase the quality and standard of software
development in within time frame and resources and also modularize the application
development [1,24]. Component-based development approach provide reuse the
functionality of components and also integration of different components and provide the
supporting system for certain functionality and achieved by the used of certain assembly
of components through corresponding combination of logics and methods to identify the
end-users objects and provide object based solutions for their requirements and feedback

regarding the end-products behavior and functionality [19, 24].
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Component-based software designing core focus area is software process designing on
predefined specific objects and requirements as shown in below figure 1.11 and its major

phase is component pool that manage all the desiging process and operations.

) Orperation and mainlenance
Plan & Planning Phase /" -

Reguirementsd Select tesl
* } Component
System design System infegration and deplovment
- component deplovment T

L 4 W

Select [est

L ""'—r--‘ ‘| Acdapt /

Inspect Inspect

Adapt

— — Feedback by Users
L Component pool =j

Figure 1.11. Component-based software development model

Some features of component-based development model are discussing below:

e Provide component-based framework

e Component-based development model provide supporting system based on

specific objects and functionality

e Minimal the cost of software development and minimize the use of resources in

software development life cycle (SDLC)
e Provide rapidly growth of software process designing and development
e Provide tools-based product designing and Modularize the tools designing
e Integration of different components and provide conceptual system

e Increase the quality and standard of software development
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e Enhance the productivity and efficiency of software development

e Integration of different components within different development environment
e Provide mapping between requirement and users’ feedback

e Increase the user involvement in every phase of software development

e Used different tools and methodologies for software product and application

e Reduce the dependency of different phases software development stages

e Possibility and adoptability of new methods and approaches within current

software development life cycle (SDLC)

e Sometime system designing and select testing practices run simultaneously
1.1.12. Rational Unified Procress (RUP) Software Development Model:

RUP is called rational unified process software development model base on object
oriented framework and model to give enhance capability to development to customize
and personalized design process and activities and unified process on the basis of
requirements and this rational unified process (RUP) model used the use-case driven
approach, and iterative methodology software engineering to develop software naturally
and reduces unexpected development costs and minimize the resources in development
environment. RUP software development model gives entire software project
development in a glance and it has 7 different phases of software development and
management and now days this rational unified process (RUP) approach integrated with
agile engineering approach extreme programming (XP) to develop software product in
end-user prospective and mind set scenario and point of view [24-25]. Rational unifies
process (RUP) model increase efficiency and portability by the object based driven
practices and approaches and by this approach entire software development life cycle
(SDLC) divided in different process environment as individual identity and then after
software development team apply the different use-cases to achieved the objectives and
requirements. Rational unified process (RUP) software development model capture and
examine whole software in single development end and for easily understanding use the
agile engineering extreme programming (XP) to deliver fast execution of the

requirements and software designing.
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Figure 1.12. RUP software development model

Different stages of Rational unified process (RUP) software development process model
and their systematically data flow approach in different phases of RUP model shown in
above figure 1.12. Rational unified process (RUP) development model basically acquired
the user feedback and requirements and changed in software designing methodologies
and approaches accordingly the same and RUP process model increase efficiency and
effectively in software development because the inception, elaboration, construction of
designing process, verification and validation run parallelly in this approach.Rational
unified process (RUP) designing increase the productivity according to the end-users

environment and also decrease time efforts and reduce the date complexity during the
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process desiging and developmentation.RUP designing model enhanced the conceptual
development working environment in process designing and management and also
increase user oriented multi programming envrioment. Rational unified process( RUP)
model work on declared data set values/attributes and undefined on demand parameters
and requirements releases by end-users and stakeholders to increase the product

statisfaction and quality of process/methods.

1.1.13. Rapid Application Development (RAD) Software Development Model :

Rapid application development (RAD) is software designing methodology for
development software by the used of reusable process components and methods in
software development life cycle (SDLC) and RAD model basically inherit the property
of incremental software development approach and used business modeling, data retrieval
modeling techniques, process modeling and emphasize specially on short time schedule
software project in which software functionality demands in short period of the time, such
as 3 to 4 months and RAD software development approach not be apply in those software
project where risk priority is higher and also avoid 3’rd generation of software
development because in RAD approach designing components and interfaces are changed
very portable and dynamic manner in frequently time span [26]. Rapid application
development (RAD) software development approach mainly utilize the process
requirements specification scenario and behavior in initial phases of software
development and designing to increase functional level independencies (FLI) in software
development life cycle (SDLC) different phases and ensure the integrity of software
quality and effectiveness according to stakeholders business interest and end-user point
of view and operational level. Rapid application development (RAD) approach
conceptually divided software phases in different types of tasks and subtasks for easily
development and process handling and by using this approach software development and
process designing industry encapsulate the different functionality on single platform and
domain. Some core working environment of this approach are: Increase effectiveness by
assigned and run multiple tasks on single environment, and designing of single tasks on
multiple development environment on same time or in simultaneously way of designing,

integrated build in conceptual level to managed the resources and time-span also.
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Rapid application development (RAD) working environment and different phases are
shown in below Figure 1.13. Rapid application development (RAD) approach some

fundamental features are discuss below:

o Takes user requirements directly in development phase

¢ Elicit the requirements specifications

e Analyze and modularize requirements

e Divide modules in different team environment for process development

e Integration of all modules for system implementation phase

o Test the system for final product delivery & involved feedback from users.

e Capture and analyze the end-user responses and validate the design process

¢ Requirements specification scenario changes and pass to new phase of process

development and forward to next level of designing team.

Figure 1.13. RAD software development model
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1.2. AGILE ENGINEERING APPROACHES:

Agile engineering provides standards, methods, significant tools and software
development framework to develop software effectively and efficiently manner and in
minimum time span and in quick response manner. Agile engineering provides solutions
for the end users point of view and scenario and gives internal communication between
development team members and project development phases and their environment to
developed standard software and in given below some of agile engineering software

development methodologies listed:
e Extreme Programming (XP)
e Agile Modeling Language (AML)
e Agile Scrum Approach
e Crystal Methodologies Family
e Adaptive Software Development

e Feature-Driven Development (FDD)

Agile engineering provide light weight programming environment and agile engineering
fundamental core working principal is developers relying on technical and logical
excellence of software development approaches and try to produce as simple as
development design on the basis of end-users needs and feedback at regular short time
interval and believed to give customers greater value and quality of software [27-29] and
agile engineering also increase and emphasized on internal communication, simple
process designing environment, users’ feedback and responses, and courage towards the
development evolution and involvement [27]. Given below we discuss some features of

agile engineering:
e Increase productivity according to end-user requirements
e Minimal the resources and time span
e Used innovative ideas and thought for software development

e Integration user feedback with onsite software development environment
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e Increase development team scenario in respect to technical feasibility

e Increase the efficiency and effectiveness of development phases in respect to end-

users’ feedback.

e Involved iteration and acceptance test phase for quality assurance of software

development.

e Planning can be done through spike and requirements stories phase of extreme

programming (XP).

1.2.1. Overview Of Agile Xtreme Programming (XP), Agile Modeling (AM) And
Agile Lean Methodology:

Extreme programming (XP) relase test scenarios, requirements stories, spike and finally
release planning for iteration phae for quality fixing and then final release of process and
product according to end-users requirements. Extreme programming (XP) increase the
re-engineering software development mechanism to catch validite the process designing,

data modularity and integrity to develop standard product and application.

Test Scenarios

Requirements

1 ~ -
Release X0 Acceptance —
] | 2% Planning é’b Test
g’:’i‘«\% $ Small releases

Release

Customer approval

|

Figure 1.14. Agile engineering extreme programming (XP)

Above Figure 1.14 shwon the iteration level and test scenarios steps of agile engineering
extreme programming (XP) and also showing the stories of requirements and release of

customer requirements.
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Different stages of agile modling Language (AML) and their project specification and
increment phases of user requirments and project release, abort/retire levels during
software development as shown in given below figure 1.15 and also showing the

relationship between process iterate level and analysis phase.
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Figure 1.15. Agile modelling (AM) software development approach

Lean software development approach is agile engineering concept that is mainly used to
synchronous and optimize the software development and process designing. This
development technique released by Toyota Production System and developed by Taiichi
Ohno in the 40’s in the Japanese production industry context and worked on minimum
viable product (MVP) methodology and core focus of this technology is streamline
production and minimal waste [36, 37]. Some of the core working principles of lean
software development methodology are defined as below:

e Value

e Value stream

e Flow

e Pull & Perfection
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Figure 1.16. Lean software development working environment [36-38]

Lean software development working environment start with understand and indentificatin
phase of user requirements and findout the gaps between process designing and maps the
outcomes in respect of desired qualities and attributes as shown in above figure 1.16 and
also give view on the streamline working environment of lean software development

different phases and process level stages

1.3. DESIGN THINKING (DT) APPROACH CORE ATRIBUTES:

Design thinking (DT) is approach to provide solution for issue finding, forecasting of high
degree of awareness and understanding of end-users needs and demands and given new
methodologies towards the “iterative process designing and development and focus on
minimum viable product (MVP) in respect of human centred software development”.
Design thinking (DT) giving a new framework for service designing (SD) and provides
solutions for novel challenges in end-users' expected software designing and always
concern on highly endeavor innovative working environments within the development
team [30-32]. Design thinking (DT) generally provides graphical representation of end-
users demand by the process designing and development and inoloved their mindset and
feedback in intial stages of software desiging and developmentation. Design thinking
(DT) conceptually level provides road map for human centred software development and

statisfaction level of real users.

24



Desging thinking (DT) approach work on five different core attributes as listed below:

e Empathize
e Define

e Ideate

e Prototype
e Test

Figure 1.17 givne below shown the design thinking (DT) core attributes and also showing
the their data flow within frame of design thinking (DT) working domain.These five core
attributes of design thinking (DT) play significant role for human centred software
development and designing. These attributes of design thinking (DT) provides effective
and acceptable solution on end — users operational operational point of view and for this
design thinking (DT) use requirement engineering (RE) as a platform growth and
awkward process designing environment for human cented software development
(HCSD).

(=N

Design
Thinking

Ideate

Prototype

Figure 1.17. Design thinking (DT) approach core attributes
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Figure 1.18. Design thinking (DT) features

Above figure 1.18 gives view on different features of design thinking (DT) and their
intejoin of designing properties like deep understanding of requirements, design

prototype, short-cycle processing,clearly articulate for problem phase.

1.3.1. Role Of Requirement Engineering (RE) In Innovative Envrionment Of
Design Thinking (DT) :

Success and quality of software product development depends how well it’s fulfilled the
end-users operational and behavior needs and its environment too. Requirement
engineering (RE) provides the platform and solutions by which we understand and
validate the users’ needs and their expectation from the software development process
and engineering and alos make innovative environment for design thinking (DT).
Requirement engineering (RE) is an approach of software development which provides
ethnography and synthesis problem solutions towards the goal and objective specific [34].
Requirement engineering software development approach mainly emphasize on product
requirement specification and provides optimize solution if requirement will be change
in designing phase from the stakeholder and operational users environment. Requirements
engineering (RE) make triangular relationship between user satisfaction, users needs and
validation phases of requirements to produce optimize solutions for product delivery and
designing. Requirement engineering (RE) core attributes and their relationship in respect

of customers feedback and user statisfactions always play vital role in verifications of
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software designing and development phases as shown in below figure 1.19 and also gives
view on designing data flow order and also showing the relationship ordes in different
edges of requirement engineering (RE) and user satisfaction factors always on top

priortity in this approach.

User Satisfaction

Requirement
Engineering
Core attributes

User Needs < » \/alidate the Requirements

Figure: 1.19. Requirement engineering (RE) software development approach

1.3.2. Requirement Engineering (RE) Attributes:

e Depth understanding of end-user’s requirements

e Requirement specification for problem and requirements

e Empathize of end-solutions

e Procedural layout of problem specification

e Verification and validation of requirement prototype

e Decided implementation level according end-users

e Work on dynamic requirement phases

e Provides interaction channel between requirements and process designing
e Tryto involve in middle of software development phases

¢ Reduce the process designing complexity, save time and resources

e Requirement engineering work on empathize working environment

e This approach produce real system behavior environment on end-user needs

e In this approach user acceptance index factor is between 4-5 (out of 5)
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Requirement engineering (RE) produce sophisticatd solution and also increase user
acceptance level. Givne below table 1.1 shown the relationship between SDLC phase,

activites carried out during designing process and their user acceptance level range.

Table 1.1. Requirement engineering (RE) activities and user acceptance range

PHASE ACTIVITIES /OBJECTIVES User Acceptance Level
NO Range (1-5)
I One Line Requirement Study and 1-2

Empathize on Future Work Layout.

] Understanding,  Specification, and 2-3
Produce Real System Behavior for
Development.

I Sketch, Decide Prototype Model, and 4-5
Validate According to End-User Needs.

v Synthesis, Ethnography, and User 3-5
Oriented Prototype Model.

\/ Define Operations Approach and Apply 2-4
Solution for Validation Purpose of
Client/Stakeholder Requirements/Needs.

1.4. HUMAN CENTRED SOFTWARE DEVELOPMENT (HCSD)
APPROACH:

Human centred software development methodology not only concern about the
changeable world of requirements due to proactiveness involvement of end-users and
stakeholders during the software development life cycle (SDLC). Human centred
software development (HCSD) approach also imperial work on develop product quality
assurance by taking frequent and constant level of feedback support system within
different development phases for this human centred software development (HCSD) and
increase process creativity,innovation ideas, and real operational data vision from the user
operational standards and mindset. Human centred software development (HCSD)
approach adopt dynamic human-centric software development mechanism and

approaches [33] and increase sytem satisfaction and specified requirements in context of
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enduser operational environment as shown in given below figure 1.20. Human centred
software development ( HCSD) provide real operational behavior environment and taking

feedback directly in requirement specification phase to provide dynamic solution.
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Figure :1.20. Human centred software development (HCSD) working envrionment

1.4.1. Features of Human Centred Software Development (HCSD) [34]:
e Creating software by human-centric endeavor approach
e In this approach build software directly used by end-users
e Human involvement increases the efficiency in SDLC
e Psychological heuristics apply in software development
e Central task management system approach
e Individual interactions and functionality methodology
e Abstracting the most important functionality behind the screen
e Reducing cognitive features
e Involved human centred feedback and communication in SDLC
e Human centred design (HCD) and Use rational unified process approach
e Increase usability engineering (UE) in software development
e Project finished in decided project scheduling and cost estimation
e Used agility engineering approaches to produced standard software
e Integrate the design thinking (DT) technique to developed human centred
software development (HCSD)
e Internal communication system built up within software development for

user acceptance software
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1.4.2. Traditional Software Development Vs Human Centred Software
Development (HCSD) Approaches:

Traditional software development generally working on components driven and other end
human-centred software development (HCSD) approaches work on solution oriented and
user-driven and given below table 1.2 shown the comparative studies between traditional
and human-centred software development (HCSD) methodologies.

Table 1.2. Comparation between traditional & HCSD approaches

S. No Traditional Software Human-Centred Software
Development Development

1. Technology/developer-driven User-driven
2. Component focus Solution focus
3. Individual contribution Multidisciplinary teamwork
4. Quality measured by defects Quality defined by user satisfaction
5. Strength on internal structure Strength on external Structure
6. Functional requirements Understanding of context of user

1.4.3. Architectural Human Centred Software Development (HCSD) Factors:

In software development life cycle (SDLC) architectural framework and user level
satisfactions divided in four level user interaction to increase efficiency, satisfactions,
attractiveness, and also enhance the coherence factors and interfaces level in software
development.Architecture framework generally divided in 4 phase: factor levels, criteria
level, metric level, data level of process development and designing and also count the
minimal memory load and attractiveness and sum of interfaces distances and width
values. Architecture framework mainly focus on customer statisfaction, methods
efficiency, visual coherence of data values and focus on shortes path from the requirement
analysis to final data model. Architecture development framework provide visual data
conceptual layout and also provides number of different width of end-users data values.
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Architecture framework factors core focus areas are efficiency and satisfaction and fix
the data integrity on different width values as depicated in figure 1.21 and come across
the four level of designing and also work on memory load and uniformity of designing

phase.
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Figure: 1.21. Architectural HCSD framework and user satisfactions factors
1.4.4. Process Development And Testing Predication In HCSD:

In software development life cycle (SDLC) environment, the quality and acceptability of
software application/product is depends on process designing different phases and their
software testing prediction parameters and assurance standards. Software quality
effectiveness and efficiency increase and gain by different aspects of software methods,
process specification and quality in use through the verification, validation and methods
of statisfactions and testing predications mechanism in software developments and
process designing. Methods and process strategies make integration between requirement
specification and testing predication to provide quality solution.This testing predications

strategies develop quality in different phases of human centred software development
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(HCSD), through primary and secondary artificats specifications in methods and process
levels of software development and designing.

Methods and process specification statges divided software development life cycle
(SDLC) in primary artifacts and secondary artifacts for specification document and user
manual and compute prototype model for final system production stages as shown in
given below figure 1.22 and better process management and software development.This
methods and process specifications stages gives artifacts for human centred software

development (HCSD) and ensure high fidelity protoype designing environment.
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Figure: 1.22. Methods and process development specification stages
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1.5. MOTIVATION:

All the traditional and modern software development models and approaches have some
advantages on their end but not be give complete solution on the basis on real user’s
operational environment and also full-fill the customer’s requirement under one roof of
development, such as traditional approach provide better solution but if requirement is fix
and static manner. Agile engineering software development approaches generally develop
software in designing sprint form to involved user feedback and responses as earlier stages
of software designing and development. So, these challenges become vision of this
research to design and develop software process management metamodel using agile-
human centric and design thinking (DT) approaches to give completeness and validity in

software development and satisfy end-users requirements and operational behavior too.
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1.6. OBJECTIVES:

The objectives of this research work are:

e To understand, investigate the strength and weakness of existing software

development approaches.

e To design and develop a process management metamodel based on agile-human
centric & design thinking (DT) approaches to increase end-user satisfaction and

improving productivity.

e To evaluate and compare the developed human centred software development
model (HCSD) with existing models.
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1.7. CONTRIBUTIONS OF THE THESIS:

b).

d).

).

The contributions of the thesis are listed as follows:

Discuss the different software development methodologies and their working
environment and features and to analyze the software development challenges
and also discuss and analyze the merits and demerits of traditional and modern
software designing and development technologies according to end user-point of
view also and working environment and business stakeholder objectives and

interest.

Understand and comparative studies of agile human-centric software
development approaches and design thinking (DT) approaches to create
prototype model on the basis of end-user feedback and responses and involved
them in design phase of requirements and takes their suggestion to develop
prototype model according to end-user’s requirements and business stake

holders’ objectives for effectively.

Human centred software development approaches and their working algorithm
and framework towards human centric software development and quality

indexing.

Give the detailed view and architectural framework for “design and develop
conceptual integrated process metamodel using agile-human centric and design

thinking (DT) approaches” and their working features and environment.

Result and Discussion phase of design and develop process management
integrated metamodel based of agile-human centric and design thinking (DT)
through user acceptance index level and also in respect of cost and time index

factors.

Give the summary and conclusion of reseach work and also discuss the future
scope of design and develop conceptual integrated process metamodel using

agile-human centric and design thinking (DT) approaches.
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1.8. ORGANISATION OF THESIS:
This thesis is organized in the five chapter.

Chapter 2 in this chapter completes Literature review and related work of this research
work and also takes idea and input for design a conceptual metamodel.

Chapter 3 in this chapter we discuss the Agile-human centric and Design Thinking
(DT) software development approaches and their significant role in Human

Centred Software Development.

Chapter 4 in this chapter we discuss the framework and working environment of
Human Centred Software Development Conceptual (HCSD) Meta Model and also
discuss the different features of designed and developed human centred software
development (HCSD) model.

Chapter 5 in this chapter completes Implementation, result and discussion.
Chapter 6 in this chapter conclusion of the complete thesis work & future scope.

Chapter 7 in this chapter gives the references.

36



1.9. CONCLUSION :

Traditional software development (TSD) methodologies generally provides statics
empirical solutions for software developments and in these types approaches of
sometimes software development team members not carry out realistics requirements of
end-users end. Agile-engineering software developments approaches always focus on
quality and dynamic designing edges of software development to save time and
complexities of data integrity in desginging and in other design thinking (DT) provides
graphical represents of software development and inovled users end innovations and
methods to gives standards portable solutions. Human centred software development
(HCSD) approach emphasized on users feedback and responses involvements process in
every phases of software development to release sotware product according to end-users
and stakeholders statisfactions levels.In the last of this chapter discuss the background of
this research work and also gives objectives of research work and discuss the

organizations structure of the thesis.
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LITERATURE
REVIEW



LITERATURE REVIEW

This literature review based on quite dependent on conceptual, informative and after this
comprehensive study and analysis some reporting facts, information and evidence come
out regarding the different traditional software development approaches and modern and
human centred software development methodology and their significant impact in
software development life cycle (SDLC).

2.1. PAPER SELECTION FLOW AND SYSTEMATIC LITERATURE
REVIEW (SLR) :

From this systematic literature review (SLR) we provide the concrete knowledgeable
view and data that come across globally in this research, literature review are paper
selection process in this research total of 1076 papers appeared from our initial literature
searches in the specified database then relevant papers selected form the reading of title
and abstract: 280, relevant papers selected after removing duplicate and applying inclusion
and execution criteria: 220 and in last final set of paper after applying quality criteria is:
167 papers and given below figure 2.1 shown the flow of the paper selection criteria and
systematic literature review (SLR) process of research.

Total papers from digital database 1076

l

Relevant Papers selected reading title and abstract 280
¥

Relevant papers after applying inclusion and exclusive criteria and
removing duplicates data 220

A 4

Final stage and set of papers after applying quality criteria 167

Figure 2.1. Flow of Paper Selection Process in Literature Review
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1. According to Minelli [39], the task of process and program understanding is gain
more 50% of all the user acceptance maintenance activity. The core reason for this is
the not clearly declare and defined the abstractions methods on the application, in
respect of thousand lines of code (LOC) come across in hundreds of data files, it will

become more difficult task to understanding of this statement of codes.

2. Kaisa Savolainen [40], for any kind software project, we analysis and reviewed
methods/tools that fulfill and allow building abstraction of higher-level software
designing, such as architectural level views designing, we examined tools that get
commodity views designing such like UML (Unified Modeling Language) class and

package structure diagram from object-based Java source.

3. Lano,Rahimi,Troya, and Hessan [41], have proposed and emphasis on agile model
driven engineering impact value was one of the crucial and significant leading
designing components and forces in respect the adoption of most agile engineering
software designing and development approaches. This objective of study and analysis
result point out the importance of lean software development approach liking with
kanban and elimination of unused data and process variable with continuous learning

goal and cycles and come true the fast iterations and product delivery.

4. In this Andriole[42], has given view in context of business environment now shift to
digital software development transformation era, in which disruptive end-users
business solutions for process and development design models are mandatory to give
competitiveness, especially for those business world environment that are not support
and willing to give effective and significant monitoring and controlling methodology
to their designing processes to large group of software vendors groups and end-users
environment and also reduce technical complexity and also reduce inflexibility of

large size software and process designing too.

2.2. KANBAN THEORY :

5. According to Anderson [43], the lean methodology uses a number of technical tools
to managed and support software development management and its operational level.
In those tools one tool name is Kanban worked as capital K technology in software
development and given by Anderson and the K methodology mainly focus on
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visualize the process flow of a production designing and operational environment and
use gueue theory to control, monitoring and improve the value system stream by given
special attention at the designing area of software development and production
integrated flow within different phases of software designing. In software engineering
David Anderson, is first person who introduced and used “Kanban theory in
software development” with the association of Microsoft and he giving five working
principle for it:

e Visualize workflow

e Deploy limit in process designing

e Control and manage the development

e Design explicit policies for software designing

e Focus on improvement area in software development

. According to Corona and Pani [44], kanban methodology usually used wall of
implemented board matrix mechanism in their columns showing and implementing
the different development methods and process stages. Cards points out and used to
showing piece of unit of work or tasks, which come across by the chart columns and
in here column generally representing the stages of work specification, process
development, test and implementation and each column also emphasize on the daily
issues in work flow environment, crucial requirements and needs and finding the
improvement area in resources opportunities and optimization solution towards the
objective materialized within process designing.

Santos and Travassos [45], have proposed study in which they discussed factors
and values those are benefits and challenges of using kanban approach in software
development for regarding this the result of primary studies on kanban technique
aggregated with “structure synthesis method(SSM)” and in this SSM allows the
integration of quantitative and qualitative and in this SSM point out briefly on core
contextual aspects and knowledge based impact trends( e.g. positive information or
negative information), as well decided the certainty designing estimation about the
process development and scheduling of estimation and it also provide balance positive
phenomena in respect of resource optimization finding level and their declaration for
project development.

. According to Matkovic & Tumbas [46], software development life cycle(SDLC)

methodology has been given a model of development for plan, requirement analysis,
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10.

11.

12.

designing, quality control and testing, implementation and post implementation
maintenance and for this software development methodology used technical
description of process designing and development approach as a sequential or iterative
manner.

In this Wright [47], has been proposed that software development approach provided
direct point to point to manage the software project complexity and also work and
implications for user acceptance usability, adaptability, portability, maintainability,
reliability, and quality acceptability in reference to developed software and in
opposite if wrong approach adopted for software developmentation then user
dissatisfaction increase, lack in quality validation, administration overheads, and in
brief direct significant relationship between adoption of standard and correct software
development methodology and customer and vendor satisfaction in software
development life cycle (SDLC).

According to Permilla, Eli, Richard [48], in the Covid-19, agile software
development approaches changed software development industries prospective and
addresses on some pitfall of traditional software development techniques like heavy
project documentation, not matched decided productivity, user acceptance, reliability
and lack in designing simplicity methodology and lack of risk analysis and also not
produce standard and quality software product. Inspite significant uses of agile
engineering in software development in last 10 years, agile software development
methodologies have also point out many demerits and some of them are dependent on
run-time techniques in comparison to more documented knowledge of data
processing, lack of adequate man power if project size is increased and highly skillful
team required to handle this type of project and high degree of operational
implementation limitation always come forward in software project designing.

In this David Itzik and Gelbard Roy [49], discussed the outcome of software
designing and project development based on agile engineering approach mainly
dependent and concern on organizational factors like end-user commitment, decision
time to designing and implementation, project team size and environment
composition, customers personally involvement in software development life cycle
(SDLC).

According to Dyba & Dingsoyr [50], have proposed that agility identification and
analysis depend on various methods and approaches and drawing to give model which

is based normative thinking about development strategies to deciding and choices and
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13.

14.

15.

their relationship and practicing managers to adopt agile methodology and also given
knowledge based body of development, where empirical knowledge have been fixed
in size of scope.

Sarah Laoyan [51], have discussed in there research that agile engineering
methodology depend on incremental and iterative approach of software development
and same time mid of 19" century most of software development industries worked
on the practices of separating modules design and development, testing and validation
of process development and then implementation of designed work and verified the
end-user’s expectation from the software development.

Nerur & Balijepally [52], have proposed the study in which they discussed that
implementation phase of software development was decided by different generations
of process designing of codes and also discussed the functional sub system
specification, and there were interfaced level interfaced check points for work
verification and validation at the last level of product scenario and implementation
behavior of software development and for this software development started to taken
advantage of evolutionary software project management work methodology divided
in iterative and incremental level of product designing and to gain this objectives
design system approach is break the large complex system development work in small
units and process and achieved the given the prototype and goal expectation within
sufficient level of provision on completed work done and environment to achieving
the committed goals of customer and stakeholders from the software development life
cycle (SDLC) and in brief agile engineering provide conceptual benefit and
foundations in other streams of software development architecture, social technical
systems, soft computing system methodology, enhance congruence and transitional
industries. Agile engineering software development techniques main attributes are
greater autonomy, designing techniques, conceptual and adaptive knowledge of
requirements, understand the behaviors of theoretical backend and then go for
problem solving framework and architecture for pre-decided goal and objectives.
According to Strode [53], agile engineering are many methodologies, which
involved in various principles and processes and different to each other and very few
technology work together for commonly development growth and work but all the
differences, all of agile engineering approaches significant focus on business and
stakeholder problem definition and their quality solutions in the minimal time-frame,

and satisfy users view and always concern and gives priority on their dynamically
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16.

17.

18.

changing in requirements and work process on low key index and communication is
always on high level of index and developed quality oriented highly committed and
motivated development team.

According to Abrahamsson [54], the differences among agile software development
engineering methodology mainly depend on their uses and purpose, solution they
provide, end-users needs and requirements, and some of them emphasize on
techniques and practices used in software development and others concern about
management and stakeholder business aspects and agile engineering development
approach has significant extent level of coverage for the stages of software
development and also focus on team scenario and their composition for increased the
productivity and respective techniques used to enhance the end-users operational
environment feasibility and validation.

Qumer and Henderson-Sellers [55], have given a framework that comparing agile
engineering methodologies depend on their agility features and characteristics and
this architecture basically based on four conceptual dimensional: scope of
requirement, feasibility features, agility features values, and processes verification
and validation and in this study based on six agile technologies and in last framework
come on point of agility index and which is used to finalized agile approach to
accomplish the software development within decided requirement and resources and
it is used as a guide and also provide the choices based methodology in software
development life cycle (SDLC).

According to Martin [56], given view on that customer play vital role in software
development life cycle (SDLC) through agile engineering and given key area of
responsibilities to drive the project, continuous relationship and feedback with users
and business partner to develop and provide retrospection system to test the interface
deliverable and with its compliance and sustainable software development and quality
standard. In this study authors also, focus the role of developers to drive the project
integrity and effectiveness and decided the labels such as: technical driven knowledge
spectrum, negotiator, client areas, and specialized designer of every phases of
software development at every stages of software development life cycle
(SDLC).This study summarize customers productivity and effectiveness in three areas
of agile engineering: (i) actual customer environment and interface, (ii) create team-

ness perspectives to build up standard software and (iii) energized process working
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19.

level and increased working effectively and productively environment to achieved
decided goal and objectives.

Siakas and Siakas [57], provide strong and closed relationship framework between
organizational environment and culture with agile methodologies and point out that
how agile engineering is differ forms distinct development approaches. They also
given conceptual model base on organizational environment as clan, democratic
process stack, inherit and well systematical agile engineering approaches those suited

in more democratic working environment.

23. DYNAMIC VS INTERNAL SOFTWARE DEVELOPMENT :

20.

21.

22.

livari and Huisman [58], have proposed a conceptual competing view value model,
a two edges model, core focus on value of processing and provide knowledge that
values are main constituents of working environment and culture and model provide
deep knowledge of aspects-dynamic Vs static and internal Vs outside environment of
software development and also provide mapping between group working culture
depend on human resource relationship and portability, development environment
belong to future scenario ,and rest of values depend on rational behavior, goal
specific, routine and rule regulations to capture the achievements.

livari and livari [59], have given view in their studied that value based model in
context of agile engineering development environment and also pointed out in
research that agile methodologies and hierarchical working culture are incompatible
to each other and agile methodologies implementation is quite possible and changed
working environment in hierarchical organizational culture is possible through the
integration of complementary attributes of different techniques of agile engineering
methods to get the specific development requirements and goals but this view of
working might be increase the heaviness of implementation and due to this agility of
software development sometime will be break and not capture the standard and
quality for this reason.

According to Chow [60], some factors that can give direction and guidance in
software development through agile engineering methodologies and also their studies
they identified some attributes selection and their impact on project management in
organization level and specific requirements oriented and for this purpose authors

used six keys element selection process to decide the goal specific agile methodology
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23.

24,

25.

and also cover delivery dimension of product and project through re-engineering
concept, strong functional testing approach, effective and competent members in
development team, adaptive process management statement style, team management,
communication level within team management, customers and development team
feedback with open authority to each members designing and development team of
software project.

Aik _Ling Tan [61], has highlight aspects of organizational environmental level
agility namely, rapid changes in response level, innovation, initiative and keys of
learning that are decided the methodology definition and declaration to the specific
purpose of software development through agile engineering methodologies. By this
research author provided the architecture for internal and outside environment
process.

Alicia Raeburn [62], studied suggested that agile methodologies framework depends
on their characteristics and empirical evidence of studied and provided sufficient
numbers of features and methods to adopt agility to accomplish the software
development life cycle (SDLC) and given analytical framework of software
designing.In this author point out the features of agile extreme programming (XP).
Edmondson and McManus [63], in their proposed framework main focus is give
understanding and concern about decisions and statements made regarding the fixing
and selection of agile method to accomplish the human centred software development
(HCSD) and in here authors used a different case study in comparison on theoretical
approaches to decide the agile engineering approach to complete the software

development life cycle(SDLC).
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24. PROJECT SCHEDULING THROUGH AGILE ENGINEERING :

26.

Yin [64], the purpose of this study is given understanding about decision making in
regard to choose of agile methodology in specific and tangible manner and for this
author conduct case study over three different organization in three projects

scheduling to each organizational scenario as shown below givne below table 2.1.

Table 2.1. Project Environment Description and Case Sites

S1 | Company name* | No of Turn over Business focus | No of Projects
No employees | (Y) projects
1 | ABC Limited 100,000 + | 40 million IT, BPO, 3 pl, p3. p5
Consulting
2 | DEF Technology 100,000 + | 600 billion IT, Consulting 1 p2
Services
3 | GHI Technologies | 100 IT, Consulting 1 pd

27.

28.

29.

Mazzur, G [65], have proposed data analysis framework for analysing data and
values, in this they used four dimensions of system project scope, attributes and
features, agility values, and designing process would be useful in get the degree of
agility of software development through agile software engineering methods and in
last they have identified influenced data values and extracted the data indexing and
grading to conduct the data analysis and by their study they released analytical
framework for the perspectives of project management, development, support and
adaptability against agile methodologies. In their proposed framework they fix team
size for XP agile technology and SCRUM technology is less than 10.

Sriram Rajagopalan and Saji K Mathew [66], given an analytical framework by
which we ensure understanding how vendor and business stake holder decide the agile
methodologies in software development and how it is fit in. By this proposed model
authors first point out agile XP and their role in human centred software development
and in second point they done analytical analysis about agile SCRUM technology and
their significant use and scope for user adaptability and decide rule regulations
excepted from software designing.

According to B.A. Kitchenham and S. Charters [67], In this authors done tertiary
study that identified and derived catalogues features and individual SLRs in this

significant software development research field and to achieve this authors done
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30.

31.

32.

2.6.

33.

tertiary study to get the dramatic impact and provide framework for industrial
adoption and also work on technical mainframe layout for human centred soft
development and review the other aspect of software development accordingly global
software development context.
According to Adel Alshamranil and Abdullah Bahattab [68], the computer
system and software engineering has become essential in today’s modern era life, and
it is widely accepted in many fields of today running environment and facilitate these
work software development industries need software program and methods and
parallelly software designing possible through some pre-defined development model:
waterfall ,incremental ,spiral ,view model to accomplish the software development
needs and objectives that are decided in starting of software development.
Mihai Liviu DESPA [69], given focus on the modern software development
approaches and provided current state of knowledge in different software
development methodologies and techniques and also provide the formalized software
development approach dedicated to innovation field of software development
industries and by this research author point out on specific characteristics of software
development methodologies those managing software designing projects and enhance
the capability project manager and in this research author, encountered conventional
and modern technologies of software development and also by this research author
formalizing a software designing approach and provided graphical representation of
all innovation technologies of software development industries and discuss their
merits and demerits also.
Karthikeyan Chandran and Madhuchhandan Das Anudhe [70], in this author
given view on water fall methodology and discussed the features of first
methodology of software development. Water fall is the globally accepted
methodology, and provided acknowledgement to each phase of software
development and dedicated to linear or sequential level of software development and
its approach firstly developed and introduced by Winston W. Royce

CLEANROOM METHODLOGY :

A. Spangler [71], provide methodology that is called cleanroom methodology that
is effectively used in software development. Cleanroom methodology mainly

focuses on issue prevention because defect prevention cost and time is less expensive
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34.

35.

36.

37.

as compare to removal the issues and defect. Cleanroom software development
approach construct software without bug and issues and to accomplish this
cleanroom software development approach used quality control by the using a
development model based on mathematic and statistical testing model.

M. Soeken, R. Wille and R. Drechsler [72], have propose a behavior-driven
software development(BSDM) methodology and this model based on user
acceptance testing and in this model authors themself introduce and write
requirement self-manner and test these requirement in the manner of acceptance
testing and forward to the project owner’s responses, feedback and constant
constraints if required then add in development phase through the constant
interaction and take place through the life cycle of different modules of software
development phases.

J. Bezivin [73], has discussed on test-driven development approach of software
development based on unit-testing approach or we can say work environment is unit
testing development approach. In this methodology of software development
software developer not write actual code or method in respect of this developer apply
automated test cases mechanism and get the actual responses by end-users and
business stake holder and tested the actual and expected result through feedback and
this approach is helpful in medium and large size software project and newly
functionality based software and this approach increased the legacy code
environment in software development to achieved the quality standard in software
development life cycle (SDLC).

E. W. Duggana and C. S. Thachenkaryb [74], have given view on joint application
development [JAD] methodology core working is getting system requirements
through end-user’s interface and continuous feedback getting by management team
and business stakeholder also and this activity highly recommended in requirement
and designing phase of software developmentation and by this philosophy of
software development joint application development [JAD] work started first on
prototype in comparison to actual developmentation work. JAD methodology started
meeting with project owners at every stage of project and their feedback before
implement the actual prototype and joint application development [JAD] is used
mainly suitable for small size of project.

G. Madey, V. Freeh and R. Tynan [75], have studied on open source software
development (OSSD) model is wused decentralized software development
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38.

39.

2.7.

40.

methodology without any centralized control mechanism methodology, no direct
project owner involvement and defies traditional software development
methodology in those thousands of line of codes (KLOC) required and need needed
more than thousands programmer and developers to write requirements specific
codes and throughout software development life cycle most of open source code
software developer never meet to each other face to face and so this reason there is
no tuning come arise within development team. In open source software
development (OSSD) methodology work on comprehensive software testing
manner.

G. Lory, D. Campbell, A. Robin, G. Simmons and P. Rytkonen [76], have
propose Microsoft solution framework for software development and work on
defined set of objective principles, model, working environment principles.
Microsoft solution framework proven practices for both version of software
development lightweight and height weight application version level implementation
policy, this approach basically applied in agile engineering software development
approach by the use open communication and empowers team members empowers
and increased accountability in through life cycle of software development. This
approach of software development increases the team members efficiency and
increased accountability and mixed portability.

G. Pollice [77], has given their view on rational unified process that provides a
systematical approach to software development and generally this methodology
given architectural road map of process designing for multiple types of software
projects and provided guidance how to completed software project in specific time
period and within me decided time frame. In this approach of software project
development there is no involvement of project team in any kind of specific assigned
work ana any specific activity and tasks too and this approach gives general
framework or road through development team complete and commit their decided

objectives and goal too.

HUMAN CENTRED SOFTWARE DEVELOPMENT (HCSD):

Rajeev Sharma and Jitendra Nath Singh [78], have given their view on design
thinking (DT) and user’s requirement engineering in context of human centred

software development (HCSD) and they point out that design thinking (DT)
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41.

42.

43.

44,

approach decrease the technical dependency in software development life cycle
(SDLC) on a particular and specific software development methodology and by this
practice software project complexity falling down and gives optimize solution for
end-users and the authors also provided significant view on the requirement
engineering, it is a approach of software development by which we get the end-users
feedback and capture their response and requirements expected form software and
project and after the requirement specification approach we finalize the project actual
requirement and demands and in last we have the actual and specific requirements
for human centred software development (HCSD).

Hein, Ganix and lon [79], have given view about human centred software
development (HCSD) and said that HCSD as concept to involved to industrial
development and point out that 20’th century economics is based on manufacturing
industries and design thinking changed industries dimension scenario from
manufacturing to production industries and final orientation is production based
software development and involved user feedback and requirements in software
development life cycle (SDLC).

According to Omer,Uludag, Pascal, Putta,Maria and Casper [80], have proposed
framework based agile engineering for service dominant industry (SDI) that given
multiple areas of service-oriented research and provide interface service design for
service based specific applications and provide middle layer environment to
accomplish the software development process. This suggestd framework save time
and reduce data complexity in software process designing and by this approach the
cost of software development can reduce and fulfill the customer requirement.
Blomkvist and Holmid [81], given view on industrial specific design phase to
service design software development and attention overcome to process-driven and
which effectively emphasize on human-centred software development(HCSD) and
involved innovation aspects in prototyping development and help this approach by
added creative ideas and thoughts and pointed out this development approach by
more faster and convenient in compare to traditional process of software
development and design thinking (DT) given fully service oriented approach to
accomplish the user-oriented service designing.

Liedtka, J.[82], emphasis on design thinking (DT) and revolves throughout around
the human centred software development (HCSD) at its central point and human

centric involvement at its surface area and add more diverse set of heterogenous level
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45.

46.

47.

48.

49,

of software development and point out on diverse attributes of user level of point of
view and increased the importance of co-design and co-creativity in software
development accordingly to human centred development and also add bit of
understanding involved with conduct a variety of ethnographic process research
specific tools for complete process mapping, algorithm to achieving the objectives
for a design thinking process development.
Milena, Lalic,Maja, Jelena and Nenand [83], have focus on agile and digital based
products digitialand vitally accepted approach not for process development and also
formulated the design process and often started the user’s involvement and
customer’s feedback and ideas and enhance the customer’s perception.
Camacho [84], has focus on iterative approach and non -linear methodology to
promotes and point out the significant importance of quick prototype instead of board
based structure which have drawbacks when simulation techniques apply on
developed prototype and other hand design thinking (DT) achieves this objectives
through iterative process prototype model in open development environment end for
human centred software development (HCSD) and involved analytical design
thinking to get the specific objectives according to user end.
Dam and Siang [85], have given problem solving features and attributes as hands
on approach for problem solving environment as given below:

e Empathize with operational level end-users

e Declare and define needs and issues

e Minimize challenges through ideate

e Develop prototype

e Apply testing and validated quality
Clack, L., & Ellison and R [86], have given research idea on co-designing and
emphasis also on prototyping in design thinking (DT) technology because in this,
authors critically examined that collaborative knowledge not only increased and
generated data value insights for designing area of software development but also
involved and allows for different opinions to developed robust product and also
produce the user oriented product and application.
Schumacher T, & Mayer S. [87], have proposed research analysis on technological
and functionality innovation, business development model, rapidly changes in

customer behavior and requirements increasingly issues in and outside software

52



50.

o1,

52.

development environment and the success rate of software development dully
depend to how mange these dynamics, and for this development manager and system
analyst not work only to release the project through traditional problem oriented
practices and techniques but also adopt alternative problem-solving and innovative
design-centred problem solution to develop human-centric software .

Anchit Shrivastava and Isha Jaggi [89], In this research paper authors emphasize
focus on agile engineering extreme programming (XP) approach and discuss their
influences and execution innovation in business management and fulfill the end-user
satisfaction and needs because it is more viable approach of software development
in there quick changes and corresponding reacting responses required for the
standard software development and also archived the business and stake holders pre-

defined objectives and requirements too.

Rajeev Sharma and J.N.Singh [166], in this paper authors provides conceptual
intelligence conceptual meta model for human-centric software designing process
and process management and also increase user acceptace and statisfactions levels
in through out the software development.

Rajeev Sharma and J.N.Singh [167], have processed reseach analysis for job
statisfactions in respect of end-users requirements.In this reseach paper authors
provides comparatives analysis in reference of agile-human centric and designing
thinking (DT) for staic and dynamic requirements level and also discuss the

reliability metrics creteria for human centred software development (HCSD).

2.8. CONCLUSION :

This session provides systematic literature review document (SRsD) studies of different

approaches of software development and also finds the facts and figures by the different

agile-human centric methodologies research papers based on extreme programming (XP)

and sucrum technologies of agile egnieering and also analyse the uses of desing thinking

(DT) in software development according to end-users environment by the systematic

literature review documents (SRsD) studies. In the last of this chapter carry and figure

out the human centred software development (HCSD) approaches features and their

involvements in software development and process mangaemenets by the published

different reseach papers.
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RESEARCH METHODOLOGY

This chapter impassively focus on research methodology and techniques to achieved and
full-fill objectives and goals as decided in earlier stage of this research. This chapter
provides empirical approaches and research mythologies to design and develop of
integrated human centred software development (HCSD) model based on agile
engineering and design thinking (DT) approaches. Agile engineering gives accelerated
approach to software product delivery, software development process management,
manage and control product priorities if arise at running stage of software development
through user’s end [89]. Design thinking (DT) is an approach that magnificent and
increase the understanding of customer behaviors and needs from the process
development and from end product delivery and make sure the technically and
economically feasibility of software development [90]. This human centred software
development (HCSD) developed by agile engineering extreme programming (XP), agile
scrum approach with the integration of designing thinking (DT) approach to stratify the
end-users requirements and needs and this conceptual metamodel gives user-driven and
increase job satisfactions level in software development and process management to

fulfill business stakeholders objectives and user-point of view.

3.1. AGILE ENGINEERING METHODOLOGIES:

The software designing activities becomes more complex due to the need and requirement
of direct need of end-user participation in software development modeling and solutions
to generate integrated software methodologies. Agile engineering generally divided
requirements in multiple sprints/process activities for user statisfaction levels because in
every phases of software development user feedback/responses involved to increase
stakeholders acceptance index levels and environment according to end-operational
stages. Agile engineering software development methodologies in glance totally acquire
the software quality predication is advance and release different types of methodologies

for user-oriented goals and requirements.
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Figure 3.1. Agile Engineering working environment and development life cycle

Agile engineering has become more relevant, and increase product services [93] and
provides organizational strategy and methodologies with an emphasis IT benefits and
revenue growth of organizations and stakeholders [94-95] and release executive-based
application for IT benefits [96]. Above figure 3.1 shows the agile engineering working
environment and product life cycle and as in A and B showing point to point relationship
manner and style in agile engineering methodologies between client and development end
as shown in figure [91-92]. Agile engineering approaches aware the organizations in
context to identify technologies applications based framework and recognized user’s
needs and expectations from the software development life cycle (SDLC) and secure the
agility, and standard/quality oriented software development in simultaneously design
style and manner. Agile engineering sometimes divided process in different pieces/sprints
of process to gained the portability in different software development practices and
techniques to ensure the quality of software and process designing. Agile engineering
methodologies captures different user level job aspects and criteria to produce optimize
process and business solutions according to human-centric solutions and needs. Main goal
of agile engineering approaches are client satisfactions, portable business solutions,
unique and job oriented business solutions, minimal uses of resources and lines of codes
(LOC), reduce the code complexity, increase product efficiency and effectiveness by the

uses of business process scripts/methods.
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Agile engineering started by initial phase of process requirements to crystal clear

approach/techniques to produce authentic and quality-oriented product.

AGILE METHODS
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Figure: 3.2. Agile engineering working stages and its methodologies [91-92]

Agile engineering has unique philosophy, frameworks and different kind of approaches
to solve development issues and objectives as shown in above figure 3.2 and in here given

below point out different kind of agile engineering methodologies:

ASD (Adaptive Software Development) Methodology

DSDM (Dynamic System Development Method) Methodology
AM (Agile Modeling) Methodology

XP (Extreme Programming) Methodology

Agile Crystal Methodology

FDD (Feature-Driven Development) Methodology

Scrum Methodology

ASP (Agile Software Process) Model Methodology

© 0o N o g B~ w b PE

PP (Pragmatic Programming) Methodology

3.1.1. Adaptive Software Development (ASD) Methodology [97]:

This is earlier stage of agile framework to develop outgrowth development framework
and rapid application development (RAD) to satisfy the quickly and effectively changes
in software development to achieve the objectives and goals of pre-decided software

development stage. Adaptive software development (ASD) focus on overall project
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development, emphasis on the user-oriented self-dynamic teams, intercommunication in
software development life cycle (SDLC) phases to developed successful, reliable and
quality software product and below figure 3.3 shows the different stages of adaptive
software development (ASD) life cycle and showing their processing level and

relationship between all three phases: speculation, collaboration, and learing.

Speculation

Collaboration

Figure 3.3 Adaptive software development (ASD) life cycle

Speculation:

In this phase of adaptive software development (ASD) life cycle project initialization
started and then planning is conducted to achieved the development goal. Speculation
phase done project plan and requirement initiation, specification, mission, objectives, and
end-user’s customer requirement statement and then release project development life
cycle (SDLC) phases release for software development further progress. ASD
methodology decided project mission, features, iterative innovation techniques
involvement, time-bound scheduling, risk factors analysis and driven, and point-out

future based changes tolerant in concern of software development [98].
Collaboration:

This phase built-up internal structure for communication and motivation for end-users
and internal software development team members to increase feedback, motivation
factors, collaborates team works and communication to increase creativity to individual
level of software development to develop creativity and productivity of software product
through healthy collaboration team environment where team may be point on but not
animosity, helping environment within team members without any resentment feedback,

adopt hard working environment to achieve objectives, always ready to adopt innovation
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idea and thoughts to accomplish assign work, and create communication environment

within developing team and end-users to find out the best possible solution for problem.
Learning:

This phase gives availability to team members to think about the development
methodology and if any changes and updations required in development environment then
go on desired technology to increase the efficiency and effectiveness in software
development life cycle. This level increases the development team understanding over
the project development process and technology environment by increase team members
focus, technical visibility within team members, and find out each and every fact about
development methodology and techniques to develop quality-oriented software and

product according to end-user’s needs and requirements.

3.1.2. Dynamic System Development Method (DSDM) Methodology [99]:

Dynamic system development method (DSDM) methodology is iterative and cyclic
incremental that core focuses on rapid delivery of process development and involve user
throughout in software development life cycle (SDLC) and adopt dynamically approach
in software development. DSDM agile engineering approach is used in both object-
oriented designing and functional based software designing. Dynamic system
development method (DSDM) methodology mainly in that environment where
requirement is not fixed in advanced and in this entire team members work parallelly and
simultaneously manner of software developmentas.This methodology involved user,
improve decision integrity in every phase of software development, focus on recurrent
level of all development phases and project delivery, iterative process development and
accept dynamically changes in requirements if required in software development life
cycle (SDLC). Dynamic system development method (DSDM) methodology start
working on starting phase of software process designing and after fullfill the requirements
according to verification and validation of end-users quality then after designing phase
enter in next stage of software development.In dynamic system development method
(DSDM) methodology time and resources work together to accomplish the decided
functionality parameters and in this approach sometimes functionality become variable

and play dynamic role in software development and process management.
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Agile dynamic system development method (ADSD) methodology make synochronous
between functionality and resources and encapsulate the variable of requirements as
shown in given below figure 3.4 to make dynamic relationship in time, resouces, and

functionality to increase effectiveness in dynamic stages of software development.

Functionality Time ™ >R esources

Fixed —'-

/7 Traditional .

Py » — Variable —Jp .

Time >R esources Fundtionality

Figure 3.4. Traditional Vs DSDM Methodology Phases

3.1.3. Agile Modeling (AM) Methodology [100]:

Agile Modelling (AM) is methodology to develop software/product in acute requirement
of software development through the agility and rapid development approach both
merged here and this methodology not work individually but it works encapsulated
manner of software development. Agile modelling (AM) is effective strategies for
mapping and contribution of work through graphical manner documentation too. Agile
modelling technique use two type of user interface in project development as discuss
below.Agile modelling (AM) core working environment is on user sysntex interface level
to end-user oriented level interface and for this this methodology main attributes is
feedbacks and operational level responses in every stages of process development.
Command line interface: In this type of interface requirement of syntax is mandatory
with system environment.

Graphical user interface: For this interface user used the graphical representation way
to communicate with system.

By the above two core operational resoponses agile modeling (AM) provide syntax and
graphical user communicate interface for project development and also work on rapid
process development.Agile modeling (AM) techniques gives envision initial working

architecture, model vision, user interface, communicate architecture to stakeholders and
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process designing team, develop response and feedback based architecture system, and in
last ensure the end-users feedback on developer end as shown in below figure 3.5. Agile
modelling (AM) focusing on mindset, people, disciplines of designing, modelling
strategies, modelling sessions, scheduling the work, specification of work and discuss and

requirements capture related techniques.

User Interface Syntax In AM
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Envision Initial Models, Communlcale Update
e =, . = Architecture Architecture
Architeclure Vision to Stakehold Work Product
o Stakeholders Models. ork Products
Vision
Feedback
Models,
Vision Models,
Vision
Work With
Developers

v

End -User Oriented Product

Figure 3.5. Agile Modeling (AM) feedback communication architecture [91-92]
3.1.4. Extreme Programming (XP) Methodology :

Extreme programming (XP) was firstly introduced by Kent Beck in year 2000 and it is
emerging agile methodology and it is offering a number of strategies, practices, attributes
values and objective based principles which are suggested to be user-oriented application
and magnified the software development process quiet easy manner [101]. Xtreme
programming (XP) methodology suggested different thoughts and ideas of working as a
package of serval aspect of innovative ideas and working principles by which software
development process might be easier and convenient [102] and XP targeted generally co-
located development teams in case of non-critical software development product and
suggested to work for different sizes of industries world-wide [103-104]. Extreme
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programming (XP) provides a specific, simple and suggested native working principles
and work around and guide the software development team throughout the main core
phases of software development: requirement and planning, designing, coding and
software quality assurance (SQA) and achieved goal and deliver the software product and
application according to customer specific needs and within time bound limit and also
ensure the software development because this approach has ability to acquire and accept

new changes and requirement during the software development environment [105].
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Figure 3.6. Extreme programming (XP) life cycle and customer feedback

This agile engineering techniques improves software designing process in four different
phases of software designing : high level of communications between the developmet
environment and end-users, light and simple design,real time modification according to
feedback of last users end,and last one is core focus on actual requirement gathering
through customer continuous feedback cycle [106] and above figure 3.6 shown the
extreme progrmming (XP) life cycle and customer oriented feedback life cycle.This
figure gives how the customer requirements passes through from different stages and
phases in xtreme programming (XP) life cycle to develop customer statisfied software
product.Extreme programming (XP) basically provides rules and practices, for the
different phases of software development life cycle and these include: develop user
stories,release small build of software design,reduce risk and increase availability within

customer environment,pair programming, and optimzation uses of development resources
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and also full fill the standard of software development [105-106]. Extreme programming
(XP) increasing effort,independent variable into core designing practices reduced the
totoal designing efforts (dependent variable) and make the designing more specific needs
of the end-users needs and accomplished what the stakeholders intended to do [107].
3.1.5. Agile Crystal Methodology :

Agile crystal methodologies were introduced by Alistar Cockburn in the year 2000 and
they focused on increased efficiency and magnified habitability as components of
software project safety [108] for this agile crystal methodology adopted certain rules and
regulations, policy mechanism standards, as a tool for quality software product. Agile
crystal methodology acquired the logic of crystal-clear approach for working on non-life
critical software development approach and it focuses on people and not work on artifacts
[109] and this approach focuses on designing team members, not development of artifacts
[110-111]. Crystal clear practice of agile engineering is make an environment between
people and communication such a way to developed transparent and optimally and
healthy solutions for process designing [112]. Agile crystal development methodology
the main essence behind this technique is release safe and end-user oriented working eco-
system that can be easily changes requirement needs in development suite and below

figure 3.7 show the different agile crystal methodology working style and their working

ATAYA!
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6 People 7-20 People 20-50 People - 80- 200 People More People

Figure 3.7. Agile crystal methodology working style [113]

cycle levels.

v

3.1.6. Feature-Driven Development (FDD) Methodology:

This feature-driven development (FDD) methodology developed by Jeff De Luca and
Peter Coad. This development methodology basically integrated some running software
development strategies and methodologies in single environment [114] and feature-
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driven development (FDD) methodology quality determined from a client added valued
functionality level viewpoint and focus on deliver tangible, and developed software
repeatedly, dynamic manner and consider the timely. FDD methodology come across
different plan and features as shown in below figure 3.8 and gives conceptual prospective
of feature driven methodology (FDD) and also give overview about the different working

model distribution level/plan for developing software product and application.

Plan By Feature  Design By Feature  Build By Feature

Develop Overall Build Feature

Madel List Plon By Feature ~ Design By Feoture  Build By Feature

Plan By Feature  Design By Feature  Build By Feature

Figure: 3.8. Feature driven development methodology (FDD) methodology phases

3.1.7. Scrum Methodology [115] :

Scrum methodology developed/initiated by Ken Swaber in last year 1995 and this
technology get identification in the IT industry before the release of agile manifesto and
afterward this methodology come under the umbrella framework of agile engineering
methodologies framework because it has same and unique features underlying come
across as mentioned and describe in agile manifesto technology framework. Scrum
technology generally used development process model that can be based on “zero sprint
pattern solution”, and “one sprint ahead style” and the “parallel track pattern” and
combined ideas and process in single platform [116]. Scrum technology main underlying
concept is used simplifying process designing and project management through realistic
processes, and application portable approach of process development and fundamentally
focus on higher intercommunication within team environment [117]. The core mechanism
of SCRUM is to build a process backlog and for this backlog is an area where designing
team look after and see all requirements pending for a project scheduling ,sized based on
complexity and decided team measurement and release simple requirement and sentence
for each requirement and also point out discussions and declared what is needed to be

implemented by the software development team to accomplishment the requirements
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[118] as shown in below figure 3.9 Scrum methodology become acceptable and
increasingly prevalent in software process development because it develop/creates a
method/logics to successfully integrated with loosely defined and dynamic requirement
changing environments [119].

Product backlog
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Sprint Sprint
Retro Planning
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afe mastar o®e

. aa - an
$ _’) Development
Stakeholders team

Product
owner

Sprint Daily Sprint
Pl Review Scrum backlog
-
(] | -
> Definition
Increment of "Done”

Figure 3.9. Scrum technology architecture

Software development through “scrum technology core aspect is divides the project into
different phases of sprint” and each phases in Scrum methodology is fully developed with
unique functionality, tested and be ready for production till the final implementation of
project and satisfy end user’s needs/objectives [120]. Tradition software development fails
to address usability requirements and needs of end-users because project stakeholders and
owners generally not gives focus and attentions on project usability and their main focus
on business issues and objectives [121-122]. Traditional agile methodologies not much
concerned about the user expectation, vision, and not have specific architecture and
working environment to capture, examined and ensuring the user experiences and needs
in respect to project development and briefly scrum technology is considered as, iterative,

prototype based incremental software development approach for project [123].
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3.1.8. Agile Software Process Model (ASPM) Methodology:

This Approach believe that project needs to be handled differently approach to resolved
project requirements through the best suite solution and in this methodology, tasks are
divided in small time box frame for specific requirements and features to be release. Agile
software process model (ASPM) methodology mainly work on iterative approach and
manner to develop software and hold the customer requirements in each and every phase
of software development and to achieved this “agile software process model (ASPM)
methodology has four significant features: individuals and interactions, continuously
software development approach, customer collaboration and communication, and be
ready to changing in software development environment if any quick changes arise in

software development phase by end-users” [124].

3.1.9. Pragmatic Programming Agile Engineering Approach:

In general, agile pragmatic programming is called disciplined agile and it is combination
of waterfall and scrum technology and it also provides opportunity to control, manage
various attributes/actions, such as procurement, business architecture, financial issues, IT
management prospective, and provide convenient and specific solution in productive
manner as shown in givne below figure 3.10 shwon the framework of pragmatic

programming.

User Mindset

Values

Process & Tools

Figure 3.10. Pragmatic agile engineering framework
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“Pragmatic programming agile engineering categorized in four different edges of
software development: disciplined agile delivery O.x, disciplined agile delivery 1.x,
disciplined agile delivery 2.x, disciplined agile delivery 3.x” [125]. Pragmatic
programming reduce the data complexity and increase dynamic requirments acceptance
from user end in middele phase of designing. Agile pragmatic programming methodology
provides effective and suitable solution for operations optimization in entire work flow
in business environment and working environment of agile pragmatic programming
approach and their working attributes used to develop software according to the rapid

changes, if arise in the running stage of software development through the user mindset.

3.2. DESIGN THINKING (DT) WORKING ENVRIONMENT AND
FEATURES [126-128]:

Design thinking (DT) is an approach to deliver software product and services grounded
in a human-centred development process and developed product inspired, motivated,
committed always towards the end-user’s mindset and satisfactions too. Achieving
“embracing software development quality acquired and understanding of users’
requirements and desires as well their operational environmental context”, and match
these understanding with the process development practice and software development life
cycle (SDLC) and work on “voice of the human centred approach”. Design thinking (DT)
is work on convergence functionality that emerges from other emergent attributes of
software development qualities, such as process reliability, controlling and monitoring,
security, privacy, usability and maintain development quality index and performance
level also. Design thinking (DT) core focus area is a user centred design approach and
critical objective is examined user needs, objectives and impediments as point out to what
is really being designed. Design thinking (DT) adopt ‘lean’ software designing
methodology for the purpose of software development and business centric concepts of
minimal marketable feature (MMF) and minimal viable product (MVP) for the resource’s
definition and minimizations of time and investment. Design thinking (DT) encapsulate
innovation to ideation and then by the creativity make different solutions for different
service coustomers and deploy immersive, empathentic co-design process environment
suitable and validated product development. Design thinking (DT) is an innovative
approach for human-centred methodology that has achieved visibility and importance for
its vital efficacy and efficiency growth in generating and quality testing innovative
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thoughts of software development process and techniques [129] and its different process

solution shown in below figure 3.11. The results obtained by design thinking (DT)

approach can be considered positive solution up to 95% completeness of process

development and 100% of stakeholders’ business requirements and objectives [130].
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Figure 3.11. Design thinking (DT) working environment and iterative process

solution for human centred software development (HCSD)

Design thinking (DT) working environment depends on five core attributes as discuss

below:

Empathize
Define
Ideate
Prototype
Test

Empathize: Empathize is the first step towards the software development through design

thinking (DT) because it is core skill which allows designing team to understand, share

the same thoughts as the feeling by end-user’s in their mind. Empathize the first of design

thinking (DT), where software development team real insight into users and their needs

and in the focus on human-centric approach through consult experts to find out more

conducting and concerning solution and observation of users feedback and gain a deeper,
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personal understanding of user’s physical environment issues and takes their experiences

and motivations.

Define: This phase of design thinking (DT) emphasize and focus on user’s point-0of-view
input/statement and also synthesis/analysis, problem issues and statement according the
end-result and give platform for human centric development and in brief user’s concern
and acceptance form development end .In this phase of design thinking (DT) we started
to accumulate the resource/requirements gathered in empathize stage and work on
observations and begin realistic definition of core problem for further development on

that and provide the “real/analyzed problem statement of users to development team”.

Ideate: Point of view analysis, design problem template, brainstorming, provides solid
background through quality ideas/innovation and “think outside the traditional approach
of designing” and give alternative and dynamic solution of problem. In phase design
thinking (DT) designer team work on real challenges of assumptions and create potential

and portable designing solution towards the user’s mind-set or point-of -view.

Prototype: Design thinking (DT) this phase provides sketching, non-functional and
functional prototyping solutions and development model ,storyboard, and start to create
solution different solutions and started experiment on prototyping solutions and scale
down version of product to investigate them on end-user’s specific requirement and needs
and also “identify the best and specific, quality oriented possible solution and prototyping

model of designing” among the multiple solutions and prototyping of designing.

Test: This phase provides user’s feedback grid/matrix ,minimum viable solution/product
rollout from the development phase, and provides best solutions come out from the
specific parameters have been put out on prescribed prototyping solution and match the
expected and actual output to takes a mind-set of users and those requirement set in initial
phase and level of previous stages of designing and development. Design thinking (DT)
single line data process statement shown in given below figure 3.12 that mainly
emphasize on end-users satisfaction and result and release real time operational product

sketch in very beginning stage of software development life cycle (SDLC).

‘ User Requirements . Validation Product Sketch  End-Result ‘

Figure 3.12. Single line data process statement of design thinking (DT)

69



so we can say “this strategy of design thinking (DT) approach give standard and solutions
according to enn-operational users and provide essential platform for human centred
software development (HCSD). Design thinking (DT) provide graphical prototype
solution on the basis of expected outcomes and result and in below figure 3.13 shown the
life cycle phases of design thinking (DT) approach and their relationship in concern of

user acceptance index factors.

Design Thinking(DT) Approrch Process Phases and TIme
Index Factors

Test
Prototype
Ideate

Define

Empathize

92% 93% 94% 95% 96% 97% 98% 99% 100%

User Acceptance Index Percentage and Time Index

Desgin Thinking (DT) Approach Phases

B User Acceptance Index Percentage H Time Index

Figure 3.13. Design thinking (DT) core components and their role in user
acceptance and time index

3.3. INTEGRATION OF AGILE-HUMAN CENTRIC AND DESIGN
THINKING (DT) METHODOLOGIES FOR HUMAN CENTRED
SOFTWARE DEVELOPMENT ( HCSD ) [131-133]:

The major concern and issue to develop software with higher level of usability and it is
seeming to quite so difficult to apply human centred design process to software
development process and designing. To solve this, we propose approach basis on some

factors:

1) Clarification of “user requirement/demand” and evaluation approach/process to
achieved these requirements.

2) Fill the gaps between software development life cycle (SDLC), software
engineering methodologies and user usability experts on the basis of human

centred software development (HCSD).
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3) Give solution of twin high problem (gap between end-user’s requirements,
problem solution algorithm and working architecture).

4) Increase the process durability according to end-user’s satisfaction and also
improved the efficiency.

5) Empowered to make decisions and the main concern is on frequent delivery of
product enhancement.

6) Suitable business solution in order to converge on accurate business solution and

also concern on reversable changed in development process.

So, these issues of software development can’t be capture by agile engineering and design
thinking (DT) alone and to developed human centred software development might be
easier from the integration of agile engineering and design thinking (DT). In this
development approach we introduced the scaled agile framework for business
environment (SAFBE), which facilitates and work on planning and coordination across
scrum working environment throughout the software development life cycle (SDLC) with
the help of design thinking (DT). In proposed research methodology one technique of
agile engineering is “scrum technology” that is suitable to provide suitable structured
architectural framework for the rigid and human centred software development (HCSD)
and also for complex product development. The main aspects and goals of the proposed
research solution mainly core area is provide optimize communication between team
members of development team and through design thinking (DT) to reduce the
dependencies between the different area of software development as designing, customer
decision, and quality assurances as shown in below table 3.1 different designing factors,

customer decision and quality assurance scaled factors those are denotes as tick sign.

Table 3.1. Designing factors, customer decision and quality assurance scaled factors
through integration of agile engineering and design thinking (DT) approaches

Principles E R R R R R R E R R R R R R R R R R R
Value 1 23 4 5 6 7T ® 9 e 11 12 13 14 15 16 17T 1% 19

| | 4 | |

Designing y i o
Customer Decision d | y
Qualitv Assurance . oA J

Integration of agile-huam centric and design thinking approach provide sophisticated,
realiable, extensive, and provide closer solution to customers statisfaction and ensure

product working behaviour and operational criteria.
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Below table 3.2 point out research methodology and their core area, key issues and level
of software development towards the human centred satisfaction and quality oriented and
some core fundamental areas are agility, prototype - inherit from desing thinking (DT),

scripts, and extreme programming.

Table 3.2. Research methodology approaches core area

S. Proposed Core Area Key Issues Level of Software Development
No Approach
1. Agile Agility Problem End level user identification
engineering Finding
2. Design Prototype Create Develop prototype at design
thinking (DT) prototype level
3. Agile Scrum Scripts Fragmentation | Divided task in different
of project scrum for creativity
4. Agile XP Extreme Provide new | Gives solution as user
programming | solution  for | prospective and satisfaction
user end

So, by the above research methodology it calls for a high potential degree of empathy and
understanding of end user and iterative process development new ideas, and makes
possible solution for human centred software development (HCSD) and provides
assumptions and redefining input problems, and provides alternative solutions in middle
of software development. This proposed research methodologies gives/build solutions
that solve user centred problem and seeking frequent input from end-users in order to
develop iterate to the right outputs and outcomes, creates cross functional teams, balance
design and development and in last for problem finding and problem solving for better

outcomes towards the human centred software development (HCSD).

3.4. RESEARCH METHODOLOGY FOR DESIGN AND DEVELOP
HUMAN CENTRED SOFTWARE DEVELOPMENT (HCSD)
CONCEPTUAL METAMODEL:

In this session we discuss, core research methodology for “desing and develop human
centred software development (HCSD) conceptual metamodel” depands on integrations
of agile-human centric and design thinking (DT) approaches.The integrated approach
mainly focus on to complete the end-users operational behavioural point of view and

statisfactions level from the developed product and applications. This human centred
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software development (HCSD) conceptual metamodel integrated stepes of research

methodology are discuss below:

1.

First user requirements to file storage to chunk process and filter data chunk
generation attributes through agile engineering XP & Scrum.

In here, conceptual human centred software development model used design
thinking (DT) approach to filter data chunk generation for user storage &
indexing.

Conceptual human centred software development used file container for user
requirements to develop file 1 and file 2.

Conceptual human centred software development then integrate the agile &
design thinking (DT) approach for develop dynamic software.

This develop conceptual human centred software development model finally
integrate and validate the user’s requirements.

In last stage of algorithm is produce blueprint of user requirement and
designing platform and satisfy end-user requirements in middle of software

development life cycle (SDLC).

Agile engineering (XP, Scrum) and design thinking (DT) approaches integration

interface is data chunk generation point as shown in below figure 3.14 also point out

different file container levels ( File 1...File 2...).

File Storage Generation

Agile Engineering
XP & Scrum

Storage & File Container

e
e

Data Chunk

Thinkig(DT)

Figure 3.14. Software process designing by the integration of Agile Engineering

Scrum & XP and Design Thinking (DT)

73



3.5. CONCLUSION :

This chapter provides the reserch methodology and way to design and develop human
centred software development ( HCSC) conceptual metamodel for process management
and designing.In this session of reseach,discuss the integration of agile-human centric and
design thinking (DT) stages of integrations for the human centred software development
(HCSD) and for the agile-human centric extreme programming (XP), scrum and design
thinking (DT) approaches are used to develop conceptual metamodel for process

management and desging environment.
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HUMAN CENTRED SOFTWARE DEVELOPMENT (HCSD)
CONCEPTUAL METAMODEL

Design and develop conceptual integrated process management metamodel framework
and its working functionalities are depending on agile human-centric engineering and
design thinking (DT) approach and for this we integrated the agile engineering extended
programming (XP), and scrum technology techniques with the design thinking (DT)
approaches to develop the software for human centred point of view. In this chapter first
we discuss the comparative analysis on agile engineering and design thinking and then
we discuss the features of conceptual metamodel, steps to designed metamodel and
framework and architecture to human centred software development (HCSD) model and
point out how this model give more effective and productive outcomes for end-user point

of view and also achieved the business stakeholder interests and objectives.

4.1. DEVELOP HCSD CONCEPTUAL METAMODEL FEATURES :

This model core working is “integration of agile engineering approaches and design
thinking (DT) techniques to develop human centred software” and main feature is
increasing the satisfaction of end-user’s requirements and demands and within time limit
and optimize solution of resources and scheduling of project. Develop human centred
software development (HCSD) conceptual metamodel major features are listed below
[132-140]:

o Satisfaction level of end-user and project stakeholder at very high level

e Involved customer responses and feedback within software development life
Cycle and no rigid approach of development use in this conceptual development
model

e Dynamic working environment and involved the real innovation in project
development and Time constraints and resource allocation in limit

e Collaboration and communication within team very high level on every stages of
project development and project delivery and execution in efficient manner

e Issues and bug isolation can be handled very effectively after post implementation
phase of software and product

e Scheduling of jobs and time frame built up is very easy and convenient
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e Agile engineering approaches “Scrum and Extreme Programming” play
significant role to designing this conceptual model.

« Conceptual model used “Design Thinking (DT) user’s involvement technique’

almost every stages of software project developmentation [141-145].

Understand the Behavior of Human Centric Requirements

Gdation of Requirements/FeedD

\ 4

Involved Agile
 e——p Engineering

Methodology

(XP & Scrum)

Decide the Conceptual Techniques of Agile Engineering

Ideate Phase Started >4—>Apply Design Thinking(DT)

[ Prototype Metamodel for Execution Phase ]

Figure 4.1. Develop Human Centred Software Development (HCSD) Conceptual

Metamodel Different Phases

Different features of develop human centred software development (HCSD) conceptual
metamodel and their relationship to others interdisciplinary phases of software
development shown in above figure 4.1. This software development model firstly
understands the behavior of the requirements and end-user’s expectation from the
software development. Then requirements going for verification and validation phase.
Then in third phase the where we decided the which techniques of agile engineering are
suitable to produce sustainable software according to human centred approach. After the
selection of conceptual approach of agile engineering for develop human centred software

development (HCSD) then after apply the design thinking (DT) approaches for designing
7



environment and finalize the ideate phase and completion of ideate phase now the system

prototype enters in execution phase [156-160] and ready for end-user operational level.

4.2. ANNOTATION TRANSFORMATION IN HCSD CONCEPTUAL
METAMODEL:

Develop conceptual process management metamodel is a human-centred endeavor and to
achieved this we selected the suitable agile-human centric engineering and design
thinking (DT) approaches to designed conceptual human centred software development
(HCSD) for process management and development. The software develops directly
accessible by end-user for operational point of view and feedback and in here human-
centric approach determine the efficacy of software/product completed by software
development team [162]. So this is issue become the idea and platform to designed and
develop this human-centred software development (HCSD) and for this reason we
analyze the user experience and for this product designers leverage their expertise and
focus on understanding human-centred requirements effectiveness, interfaces and
specifications because application model are only as effective if their users find them to
be acceptable and useful otherwise human-centric issue/error is actually bad designing
aspects and arise question mark on product creditability. In this model, development
started by inspiration and ideation of user’s requirements, get feedback by users through
communication and feedback, involved users in real-time of project and also during the
process designing and analyze the architecture behavior through the user-oriented process
development and project management. In below 4.2 shown the different software
development stages and orders of process management and development levels.

Final Product
Delivery for
End-User

Inspiration

and ldeation Understand
on User’s and Evaluate

Sketch and
Validate
Prototype

Define Strategy
and Execute
Solution

Ethnography
and Synthesis

Figure 4.2. Conceptual Metamodel stages and their orders of process designing
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The conceptual metamodel integrates the ideas/requirements of agile human-centric
approaches into design thinking (DT) to know the existing software development life
cycle (SDLC) to known process patterns to get the combines advantages of HCD and
Scrum and XP approaches. In this process management metamodel end-user inspiration
and ideation for user’s requirements and understand and evaluate prototype-based
solution and plan for execute strategy and ethnography and synthesis, validation and

ethnography for end-human centric environment.

43. DEVELOP HUMAN CENTRED SOFTWARE DEVELOPMENT
(HCSD) CONCEPTUAL METAMODEL PROCESS MANAGEMENT
METRICS ANALYSIS:

In this section, we present the flexibility of different process and designing activities of
human centred software development (HCSD) process management metamodel. The
Conceptual integrated process management metamodel has been come in existence by
performing fallowing steps as discuss in below [163]:

Step 1. Parsers of methodologies:

For this step 1, we adopt model driven reverse engineering (MDRE) approach delivered
language and technology based metamodel from the source technologies and traditional
agile based human centric approaches.

Step 2. Architectural metamodel transformation of technologies:

In this step 2, we decided structural elements values and attributes of metamodel that final

end-user’s requirements and decisions point of view and aspects.
Step 3. Metric transformation and technologies annotations process:

Developed conceptual human centred software development (HCSD) model gained and

give quality of success in process management by order of three stages:

1). Metrics transformation developmentation steps to achieved and measured the output
of architectural metamodel. In this stage of metric transformation, we decided the

methodology for conceptual human-centred software development (HCSD).
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2). Annotation of the methodology’s architecture metamodel here we decided technology
for metamodel and give classify the suitable and strong technology decencies for
conceptual framework. In this stage of annotation of mythology takes the advantages of
agile-human centric XP and Scrum technologies and in sequentially manner of annotation
of technology enhancement and process management we integrated here design thinking

(DT) approach to satisfactions and quality of end-user operational environment.

3). Human-centred technology-independent level of specification (HCTILS) metamodel
in here we decided intermediated technology architecture of agile-human centric and
design thinking (DT) approaches that allows significant and concrete graphical level user-
oriented framework. Conceptual human centred software development (HCSD) model
used some “metrics transformation” to increase productivity and effectiveness in software
development and some parameters of metrics transformation are discuss below [160-
163]:

e Metric system: Discuss the user requirements and specification standards

e Measurement: Conceptually integrate through and release for measurement

e Creating metric model: In this transformation level we create metric model for
human-centric requirement specification and analysis for this metric model takes
human-centric observation and innovation factors of process designing.

e Develop user querying architecture: In this stage of metric transformation we
suggest and passed requirements/queries of end-user to developed process
management metamodel to assurance of requirements and outcomes. In here we
decided process delivery and designing system on the basis of end-user’s scenario
and domain. In user querying architecture model, in this we explicitly reduce
process complexity by the maximum involvement of user interaction and
motivation factors.

e Human-centric structured metric metamodel (HCSMM) : In this level of
metric transformation we provide human-centric structure metamodel (HCSMM)
for test the actual and expected outcomes of developed model.In this research we
designed and develop process management metamodel based on agile-human
centric and design thinking (DT) approaches as mentioned above in previous
section that the core and typical focus area of develop human centred software
development model (HCSD) and its phases and stages are managed dynamic
requirements during the different phases of software development and business
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stake holder always demand product delivery frequently manner and user
oriented. So traditional development approaches not offer secure process delivery
thus this conceptual development model main secure focus area of designing are
discussed below:

Agile software development (ASD) approaches always focus and working on
software success and product delivery and not emphasize and pay attention to the
human-centric secure delivery in process designing.

User’s involvement in secure software delivery is always essential and mandatory
and we involved these parameters in starting phases of software designing.

By the used of design thinking (DT) while adopting/deciding software
development methodology for human-centric software development by the
involvement of end- user’s feedback and responses and implementation of
software is always human-centric.

In this derived conceptual metamodel we inherit the properties of agile-human
centric approaches e.g. agile engineering extreme programming (XP) and agile
engineering scrum approach and parallelly involved the design- thinking (DT)
different process stages like: empathize, define, ideate, prototype, and test.

This conceptual metamodel work on conceptual structure metrics metamodel
(CSMM) and gives graphical representation of source process and adopt express
architectural framework of software designing process and track architectural
changes, compliance with specify understandability for reference metrics
architecture so that end-users can test the visualization develop software and
process designing.

Develop human centred software development ( HCSD) provide well defined
metric reliability approaches, query based analysis phases.

Operential level flexibity section to accept customer feedback to enhance the
process effectiveness

Actively involved data integrity, quantifiable approach and well defined artifcats
for software development and designing and also increase reliability and
scalability for process and methods.

Develop conceptual metamodel uses different kinds of metrics annotation for

multiple type project handling and process verification and validation.
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Various metric process management statement depicted as shown in below figure 4.3 and
gives the different metrics transformation and annotation stages of developed human-
centred software development metamodel and depicted the metrics transformation stages

of developed human-centred software development (HCSD) and their different working

flow levels

Metric Requirements & Measurements

Query Analysis
Architecture

Metric System Platform

HCSD Metric Measurement and Measure

Design
Thinking

Agile-
Human
Centric

End-User’s Satisfaction

Figure 4.3. Metrics transformation and measurement stages in develop human

centred software development (HCSD) conceptual metamodel
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4.4. DEVELOP HUMAN CENTRED SOFTWARE DEVELOPMENT
(HCSD) CONCEPTUAL METAMODEL FRAMEWORK :

Framework of developed conceptual metamodel for

human centred software

development (HCSD) shown in below figure 4.4.This developed metamodel has five
different stages for develop software according to end-user’s quality and requirements
satisfaction point of view and before release the product we use the validation phase to

Understand the End-Users’ Requirements

|

Verification &
Validation of

Requirements

l

Ideate Phase Started

Claying Approach for
Proposed Model Prototype

Apply the Design
Thinking (DT)

Apply the Agile
Engineering D Prototype of Metamodel & Go
Approaches(XP for Next Level of Execution
& Scrum)

|

v

Approach

Proposed System Passed for Quality/ Testing Phase

System Ready for
Execution &

Human
Centric
Environment

Figure 4.4. Develop human centred software development (HCSD) conceptual
metamodel framework [146-148]
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enhance the quality of software/product and also increase the efficiency and usability of
software designing aspects and reach the development on expected expectation level of
stakeholders and users [149]. Develop human centred software development (HCSD)
metamodel we not used any predefined and specify technique of agile engineering and
design thinking (DT) approach for human software development but it is all depend on
the requirements, designing environment and constraints and others feedback gets by
users regarding the developmentation, so in this developed model we integrated “design
thinking (DT) with agile engineering Scrum, Lean and XP” to get “user acceptance from
the end result of product and services and also satisfy stakeholder point of view and
business interest as well [150]. This framework core aspect is develop clay/prototype
involved operational responses and feedback of end-users and product stakeholders to
validate and quality of process designing phases.

Requirements Behavior Phase: In this, we “analyze or filters the non-technical and
technical requirements and factors” on the basis of designing thinking (DT) and user’s
point of view and understanding capability and this phase we give name is “understand
the human behavior phase also [151].This phase of human centred software (HCSD)

firstly recolonized the requirements according to human centric approach.

User Requirements Validation Phase: This is called “verification and validation (VV)
phase of requirement and feedback”. In this we concentrate on input received by first
phase and verify and validate the feedback or requirement through feasibility analysis
approaches of agile engineering and design thinking (DT) for this purpose we involved
the “agile XP and Scrum technique and parallel way used design thinking (DT) empathize
approach” for decide the requirements according to client view and prospective and make
view level for designing phase in this we kept end-user’s feeling, expectations and
thoughts form the software development or product designing also [152]. This phase
directly release response and requirements after the verification and validation phase to
next conceptually claying phase in where the system development prototype is built-up
and decided and if there is any issue examined/arise here then requirements again pass to
requirements verification and validation phase and after the validated the requirements

then output pass to next phase of model.

Ideate Phase : This is called “technicality decided phase” in here we decided technology

and methodology those apply on the “previous of requirement and feedback phase” and
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used the design thinking approach and agile engineering methodology: Scrum, Lean and
XP encapsulated inherit methodology for provide the solution for human centric problem

and requirements [153].

Conceptual Integrity and Prototype Phase: This is called “system designing phase”
and designing aspects and different prospective of system design regarding end-users’
point of view and demands finalize here and for this purpose we used the “design thinking
(DT) ideate approach”. In this phase actual prototype of designing is ready for
implementation and further acceptance level of end-users [154].

Quality and Execution Phase: This is final stage of conceptual metamodel in this stage,
system is become ready for the end-users’ input and requirements and validate the
execution effectiveness and efficiency up to decided objective and pre-decided
requirements those declared earlier phase of system designing for this purpose we used
the design thinking (DT) test technique for quality assurance of developed system or

software application and product [155].

4.5. ALGORITHM FOR DEVELOP HUMAN CENTRED SOFTWARE
DEVELOPMENT (HCSD) CONCEPTUAL METAMODEL.:

Alogorithm for develop human centred software development(HCSD) model discuss
below and by the use of this algorithm we compute user acceptance index factors and

performance index factors also by the derived methods/formulas.

e Input: User Requirements through involvement in design phase

e Step 1: Compute the project requirements of end-users.

e Project requirements= (S+F) * user acceptance ratio

e S=SRS requirements

e F=FRS requirements

e Step 2: Analyze the user feedback in middle of software development life cycle
(SDLC).

e Step 3: Involved agile engineering XP and Scrum Sprint methods

e Step 4: Tested the agile engineering sprints methods according human centric
requirements.

e Step 5: Agile engineering human centric result forward to validation phase.
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e Step 6: Verification and validation of requirements specification done.

e Step 7: Ideate phase of process designing started.

e Step 8: Involved agile human-centric and design thinking (DT) technique.

e Step 9: Prototype of Human centred software development ready.

e Step 10: Developed system is ready for implementation & execution phase

e Step 11: Apply User acceptance index factors count for capture the real
feedback by users.

e Step 12: Human-Centric environment for post feedback and responses by end-
users

e Output: Human-Centric product ready for execuation and user acceptance.

e End.

The user acceptance index in human centred software development model (HCSD)
calculated by given formulas:

Total efforts count during traditional SDLC= (software development efforts*time)/100

Total efforts count in HCSD =}’ (efforts by agile XP and Lean Programming + Design
thinking factors)/100

Total user acceptance index count percentage in HCSD model is:
> (Efforts/Time) *100

Total time acceptance index count is:

> (User Satisfactions/No of Validation failure steps) *100

Note: efforts and time count taken at the integration level of agile XP, AM and Design
Thinking (DT) to reduce total efforts during process development stages and increase user
acceptance index factors.

4.6. Conclustion :

This phase of research, provides different features of design and develop human centred
software development (HCSD) conceptual metamodel and their working environment
and also discuss the architecture and framework of develop human centred software
development (HCSD) conceptual metamodel. In the last of this chapter discuss the
different phase of conceptual metamdel and the working of each phases of develop human
centred software development (HCSD) conceptual metamodel to fullfill the objectives of
the research as declared earlier stage of reseach work.
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RESULT AND DISCUSSION

In this chapter result and analysis objectively and neutrally explain and present the
qualitative analysis, fact, methodologies, framework architecture and performance
analysis and provides statistics data and given relevant results and provides analytical fact
and figure in systematically manner and in order to determine the objectives as decided
in earlier stage of research work. This chapter provides comparative analysis of agile
engineering approaches, quality index and maturity index, analytically examined and
provides statistically performance comparison results between agile engineering
approaches, design thinking (DT), and integrated designed and develop human centred
software development (HCSD) model, this chapter also provide project quality index
factors through human centred software development (HCSD) model and in last of this
chapter critically examined result provides for the user acceptance index, cost and time
index factors through integrated designed and develop human centred software
development (HCSD) model. This chapter result had provided significant analytically
results in respect of agile engineering, design thinking (DT) and integrated designed and
developed human centred software development (HCSD) model based on agile
engineering and design thinking (DT) approaches and in brief this designed and
developed human centred software development (HCSD) model save the cost and time
and increase the user acceptance level and also increase the reliability of software
development.The result analysis based on survery questionaries and sample size is more
than 50+ and release to software industry experts persons for their feeback , responses
and afterward research analysis and dicusssion phases is completed and analytical data
representation shown in this chapter.

Note: The result anlaysis fact and figure drived from analysis of survery,analysis
feedback conducted in this reseach work and treated as data set value and for this result
analysis survey based on serval questions and some of them sample questiojs set discusss
below as Q1-Q5 and Q8 for data integrity and valitadion of reseach analysis fact and
figure according to software industry parameters and standards. This is survery conducted
during research and get their responses on agile-humanc cenrtric and design thinking

integrated human centred software development (HCSD) conceptual metamodel.
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Q1. Best approach of Agile Engineering for Human-Centric Development
2/ 8 correct responses

Agile Modeling —2 (25%)
v Agile Extreme Programming o
and Scrum Technology 2(25%)
Agile FDA —1(12.5%)
Agile Adaptive Methodology - 3(37.5%)
0 1 2 3

Q2 .Key role of Agile Extreme Programming.

2 / 8 correct responses

Increase user acceptance leve 3 (37.5%)

Save time and increase

- 0y
effectiveness 2(25%)
Multiple envrionment designing —1(12.5%)
¥ Above allthree _2 (250/0)
0 1 2 3

Q3. Define Agile Human Centric Approach

7 responses

5 (71.4%)

1 (14.3%) 1(14.3%)
0
IAgile Engineering increase user acceptance level and provide fast... Human-Centered Approach is a design...

Agile engineering increases user acceptance
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Q4. Agile Scrum Technology core working envrionment

7 /7 correct responses

User Requirements

v Sprint Framework

Product Development

Time Scheduling

0 (0%)
-0 (0%)
-0 (0%)
0 2 4 6 8
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Q5. Agile Extreme Technology Core working Feature is.

8 responses

4 (50%)

1 (12.5%) 1(12.5%) 1 (12.5%) 1(12.5%)

Agile Extreme Technology core work is divide... Agile extreme technology divide the project d... ok
Agile extreme technology core work is divide...  An agile software development framework th...

Q8.Propsed Conceptual Human Centred Software Development Model Increase User Feedback and
Acceptance Level

6/ 7 correct responses

Between Phase 1-3 of SDLC{—0 (0%)

v Apply on All Phase 1-5 of 0
SDLC 6 (85.7%)

Incresae Project Requirement

- 0,
Phase Analysis 0(0%)

Reduce Project Cost and Time —1(14.3%)

5.1. COMPERATIVE RESULT ANALYSIS OF AGILE ENGINEERING
APPROACHES AND THEIR QUALITY IMPACT FACTORS :

In this phase anlyis of impact factors of agile engineering approaches in respect of quality
and maturity user acceptance maturity index, for this result anlayis parameters are deriven
from the taken data set values and responses. This result analysis phase comparatives
analysis done on “six different parameters/attributes data values: agile engineering
approaches, SDLC phases cover by agile engineering, core phase of SDLC cover, efforts
(time/cost) respective, user acceptance level, and quality rank index facotros count”. The
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result of impact factors analysis and performance analysis are shown in below table 5.1

and quality rank factors of different agile engineering approaches and level of maturity

analysis also measured.

Table 5.1. User acceptance and quality impact factors analysis by agile

engineering methodologies

S. Agile SDLC Phases Level of Efforts User Quality

No. | Approaches Cover in Agile SDLC (Time/Cost) | Acceptance Rank

Selection Engineering Mainly Level (Out of
(Type) Cover 5 Scale
Value)

1 Extreme Native principles and | Phase 1-4 | Middle Given >2<4.5
Programming | values Constraints

2 Agile Address Complex Phase 1-3 | Incremental | Focus on >1<3.5
Modeling Issue Level Group Level
(AM)

3 Scrum Build a Backlog, Phase 1-5 | Average Iteration >3<4.25

Process Level over
exhaustive

4 Crystal Efficiency and Phase -3 Crystal clear | Project >4<4.5
Methodologies | Habitability (toolsand | (Always safety
Family standard) Counted)

5 Feature- Client value feature | Phase 1-3 | Tangible Timelyand | 3<4
Driven view client view
Development level

6 Adaptive Based on rapid Phase 1-5 | Not decided | Continuous | >4<5.0
Software application
Development | development (RAD)

Comparative analysis of different agile engineering approaches and user acceptance level
retention factors are shown in below figure 5.1 and in this as we seen some approaches

of agile engineering user accpetanc level index more than 70%.

AGILE ENGINEERING APPROACHES

80

Crystal
Methodologies
Family

%

Feature-Driven Adaptive Software
Development Development

0
Extreme
Programming

Agile Modeling
(AM)

Figure 5.1. Comparative analysis of different agile engineering approaches and

user acceptance levels
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In this phase of result analysis data retrieval and apply data retentsion best practices for
comparatives studies of different agile engineering approaches. Agile engineering
approaches determine the acceptance level of project team in term of internal
communication acceptance index and make it as far possible through the involvement of
customers/client in strating phases of software development and in this section we
critically analysed the different agile engineering approaches and their user acceptance

level index through the derived data set of result analysis phase.

5.2. PROJECT QUALITY INDEX FACTORS ANALYSIS THROUGH
AGILE ENGINEERING :

Project Index Level (Rank Out 5)

éb

2.7
4.35
m Extreme Programming Agile Modeling (AM)
Scrum Crystal Methodologies Family

= Feature-Driven Development = Adaptive Software Development

Figure 5.2. Project quality index factors analysis through agile engineering

Project quality index play significant role in respect of user reliability and quality point
of view and as shown in above figure 5.2 project quality index (rank index out of 5) in
respect of different agile engineering approaches as like extreme programming (XP),
agile modeling (AM), scrum, crystal methodologies family, feature driven development
and adaptive software development approaches. As we seen in this phase of result
analysis that extreme programming (XP) and scrum approach quality index factors more
measured >= 4 ( out of rage of quality index 5), so this reason in the developed human
centred software development (HCSD) conceptual meta model used agile engineering
human-centric approaches extrem programming and scurm to ensure the end-users
requirments and standards.This developed conceptual human centred software

development (HCSD) project implementation rate and budget allocation vary in agile
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engineering approach to non-agile engineering approaches as shown in below figure 5.3

project acceptance level increase in agile engineering practices to non-agile engineering

approaches.
o %0
g 40
< 40 35
c
i)
® 30 25
g 18
£ 20 15 14
S 12
= 8 8 9
c _ |
g 0
e 1 2 3 4
(a8
Project Budget
H Agile Partly Agile No. of Project

Figure 5.3. Project implementation rate and budget allocation analysis through

agile engineering and non-agile engineering practices

5.3. PROJECT PERFORMANCE AND IMPACT FACTORS ANALYSIS
THROUGH DESIGN THINKING (DT) :

Design thinking (DT) approach increase the capability of software development in human
centric point of view In this session we done performance analysis and impact factors
analysis of software development designing different phases through design thinking
(DT) approach. In here we get role of design thinking (DT) phases: empathize, define,
ideate, prototype and test in human centred software development (HCSD). Impact
factors, user acceptance leve and quality index of project development and as stakeholders
and end-users point of view play significant role and design thinking (DT) capture/meet
all these goals in realistics manner and give possible realiable solutions operations level.In
this result analysis phase performance analysis measured through some factors of
software development life cycle (SDLC): user requirements analysis, designing schedule
and activity started, system design ready stage, quality assurance phase. In this phase of
result analysis and discusstion data set values/attributes derived from impact factors and
user acceptance level and quality index comparatives analysis in respect of software

development life cycle (SDLC) different phases through design thinking (DT) as given
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below table 5.2 shown the design thinking (DT) stages and project maturity level and

quality rank scale value and also find out the user acceptance level of project.

Table 5.2. User acceptance levels and quality index factors analysis through design
thinking (DT) approach

S. Design SDLC Phases Level of Efforts User Quality
No. Thinking Cover in Agile SDLC (Time/Cost) | Acceptance Rank
(DT) Stages Engineering Mainly Level (Out of 5
Cover Scale
Value)
Empathize User requirements Phase 1-2 Low Very high 4-5
Define Requirement designing | Phasel-3 Low Accepted 3-4
3 Ideate Designing schedule Phase 2-3 Average Middle 4-5
and activity started level level
4 Prototype System design ready Phase 2-4 | Very clear Standard 5
5 Test Quality assurance Phase 4-5 User Achieved 4
assurance all
predefined
objectives

5.4. USER ACCEPTANCE DISTRIBUTION GRAPH OF DESIGN
THINKING (DT):

In this session, we get that define, ideate, and prototype phases user acceptance index
factors are at maximum level of stages through this designed and develop human centred
software development (HCSD) model and get the user acceptance level as on validated
stage of requirements specification and user point of view. By this developed process
management metamodel we get that, “ideate phase of design thinking makes significant
impact ratio as we seen in figure maximum value percentage is more than >90% of total
acceptance level of user” in developed model. In this pahse of result analysis we count
the user acceptance level through desing thinking (DT) approach.User acceptance index
measured on empathize, define, ideate , prototype and test phases of design thinking
(DT).Result analysis this phase used acceptance levels distribution graph for design
thinking (DT) different stages.
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Design thinking increased the user acceptance level scenario and also increase the project
execution level at the user operational behavior manner and below figure 5.4 shown the
design thinking (DT) stages and their different level of user acceptance impact factors
distribution graph.

Design thinking (DT) stages and user acceptance analysis

100

95

90

85

8
N
70

Empathize Define Ideate Prototype Test
Desing thinking(DT) stages

o

User acceptance level

(%]

Figure: 5.4. User acceptance levels distribution graph of design thinking (DT)

5.5. PROJECT SUCCESS FACTORS ANALYSIS BY INTEGRATED
DEVELOP HUMAN CENTRED SOFTWARE DEVELOPMENT
(HCSD) CONCEPTUAL METAMODEL [165-167]:

Human centred software development (HCSD) conceptual metamodel reduces the time-
complexity and increase the efficiency between the different stages of software
development life cycle (SDLC) through output.In this phase we discuss the comparative
analytical result of design and developed human centred software development (HCSD)
model in respect of time duration to developed software the this developed model. In this
research, we analyze design time, implementation time, maintenance time and code size
by the used of human centred software development (HCSD) and validated the user
acceptance with reference to time duration and this research we get the result that code
impact gives most significant impact on human-centric process development. By this
result, we get that code complexity play approx. 50% span of software designing and
process management time and cost and developed conceptual process management

mainly focus on user acceptance.
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Project development analysis level through develop human centred software development
(HCS) metamodel by the integration of agile and design thinking (DT) methodologies as
shown in graphical manner in given below figure 5.5 and data set showing that time

complexity reduces in every stages of software development life cycle (SDLC) phases

and not reduces upto 50% in SDLC stages.

RELATION BETWEEN SDLC STAGES AND TIME

60%
50%
40%
30%
20%
10%
0%

Time

Design Time Implementation Maintenance Time
Time

Code Size

SDLC Stages

Figure:5.5. Project development analysis through develop human centred software

development (HCSD) conceptual metamodel

Integrated design and develop human centred software development (HCSD) conceptual
metamodel some success factors directily depends on user satisfaction and quality, and
parallelly others index factors focuses on data modularity between project succss factors
and reusable components like: responses and acceptance factors of project delivery.This

session result analysis gives data interpretation that human centred software development

(HCSD) metamodel increae user acceptance ratio as given below:
Specification > = User Acceptance (80% to 90%) based project size and complexity

Designing and Architectual > = User Acceptance (70% to 85%) based on project
feasibililty and human-centric requirement speicications.
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In this developed conceptual model, we analysis and get responses level and success
factors of project, percentages of project success and user acceptance success rate as
discuss in below table 5.3 and this data analysis we get to passed some parameters and
factors like: user involvements, project management, designing, project testing and
quality, and user acceptance factors and business stakeholder satisfaction level and

objective fulfillment ratio and in last rate of project execution factors and level.

Table:5.3 Compute success factors of project executions, percentage of responses
and user responses through agile engineering approaches

S.No. Project Success Factors Percentage of User Satisfaction
Responses
1. User Involvement 15.9% High
2. | Upper Level Management System 13.9% Moderate
3. Requirement Specification 13.0% High
4. Designing & Planning 13.0% Moderate
5. Execution Expectation 8.3% Between Low to
Moderate
6. Achieve Project Milestones 7.8% High
7. Competent Team Members 7.0% Low
8. Ownership 5.3% Average
9. Vision & Objectives 2.9% High
10. Realistic Staff 2.4% Average
11. Other 13.9% Moderate

5.6. COUNT PROJECT FAILURE FACTORS AND PERCENTAGE OF
RESPONSES IN PROJECT DEVELOPMENT:

This phase of result analysis and discussion focus on compute failure factors of project
execution in respect project success factors and user statifaction and acceptance index
factors percentage and their overall data dependency in project development.In this phase
of research, we count the project failure factors and percentage of responses get by end-

users during software development through human centred software development
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(HCSD) model by using metric transformation algorithm as discuss given below table
5.4. In this table we involved agile-human centric XP, and Scrum approach to count the
project failure factors, and user responses factors and this result we mainly takes input the
user behavior and factors that are not directly deal with end-user requirements and

technology skills.

Table:5.4 Compute failure factors of project executions, percentage of responses
and user responses through agile engineering approaches

S.No. Project Success Factors Percentage of | User Satisfaction
Responses Scale (0-5)
1. Undeclare Requirements 13.0% 0-1
2. Users Involvement Less 12.5% 1-2
3. Lack Resources Specifications 10.5% 0-1
4. User Expectations 10.1% 0-2
5. Lack of Expert Opinion 9.2% 1-2
6. Changing Requirements 8.8% Not Focus
7. Lack of Planning 8.0% Non-Realistic
8. Not Need Longer 7.0% 1-2
9. Lack of Management 6.7% 1-2
10.| Technology Skills Knowledge 4.7% Not Focus
11. Other 9.5% 0-2

5.7. SOFTWARE PROJECT PERFORMANCE ANALYIS BY THE
USAGE OF AGILE ENGINEERING, DESIGN THINKING (DT) AND
DEVELOP HUMAN CENTRED SOFTWARE DEVELOPMENT
(HCSD) CONCEPTUAL METAMODEL:

In this session of research analysis we shown the performance analysis comparison
factors of software development life cycle (SDLC) and their impact factors through agile
engineering, design-thinking (DT) and also point out the human centred software
development (HCSD) total factors count in respect of cost, design acceptance,
development time span and user acceptance of software development and provide

analytical result on these factors of project development and acceptance levels and also
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gives the analytical result analysis on these factors. The sum of agile engineering, design
thinking (DT) and develop conceptual human centred software development(HCSD)
model shown in below table 5.5 and by this result analysis, we get the “sum of
performance analysis factors maximum through developed human centred software
development ratio of sum is more than 2.8/4”. As we get analytical data that user
acceptance measured maximum satisfaction index through HCSD and their performance
analysis graphical representation shown in below figure 5.6 in respect of agile
engineering, design thinking (DT) and develop conceptual human centred software

development (HCSD) metamodel.

Table:5.5 Performance factors analysis through agile engineering , design thinking
(DT) and HCSD approaches

Sum of Agile Sum of Design

Row Labels Tngineering Thinking Sum of HCSD
Cost 0.8 0.7 0.6
Design Acceptance
Level 0.55 0.6 0.8
Development Time
Span 0.85 0.7 0.5
User Acceptance 0.7 0.75 0.9
Grand Total 2.9 2.75 2.8
1
0.9
0.8
0.7
0.6 . : .
05 B Sum of Agile engineering
0.4 m Sum of Design thinking
03 Sum of HCSD
0.2
0.1
0
Cost Design Development User Acceptance
Acceptance Level Time Span

Figure:5.6. Graphical representation of SDLC factors and sum of agile
engineering, design thinking (DT) and HCSD approach
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5.8. ANALYSIS OF PROJECT DEVELOPMENT QUALITY FACTORS
THROUGH DEVELOP HUMAN CENTRED SOFTWARE
DEVELOPMENT (HCSD) CONCEPTUAL METAMODEL.:

In this session of research analysis we emphasize and provide the project development
index and quality assurance factors and their impact on developed human centred
software development (HCSD) and in here we get the use of “developed conceptual
process model we get index factors more than 95% (4.5 to 5) in all phases of software
development phases” as shown in given below figure 5.7 diffeent phases of human
centred software development (HCSD) metamodel and project exuecution index factors.
As we seen through the data analysis that maximum user acceptance index factor possible
through human centric requirements understanding phase and through the involvement of
agile engineering conceptual techniques to relese the human centred software

development (HCSD) process management and development.

Human Centred Software Development Model Phases & Project
Index Level

4.5

m Understand the Behavior of Human Centric Requirements
Validation of Requirements/Feedback
Decide the Conceptual Techniques of Agile Engineering
Ideate Phase Started

= Prototype of Proposed Model for Execution Phase

Figure:5.7. Develop Human centred software development (HCSD) metamodel

development phases and project quality index factors
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5.9. ANALYSIS OF RELIABILITY AND QUALITY INDEX OF
SOFTWARE PROJECT BY DEVELOP HUMAN CENTRED
SOFTWARE DEVELOPMENT (HCSD) CONCEPTUAL
METAMODEL :

In this session of research analysis, we get reliability quality index ratio factors of
software development phases by the developed human centred software development
(HCSD) model for data retention rate, verification and validation factors count in respect
of technology scenario and dependency and here we also get the analytical result that is
human centric requirements stisfaction ratio is more than 20% and by the use this model
we get ratio of execution phase is more than 23% as shown in figure 5.8. In here get the
result that developed software process management metamodel mainly focus on
validation of requirements and feedback of end-users and business stakeholder. Develop
conceptual integrated human centred software development (HCSD) model maximum
quality index value of project validation and quality assurance more than 37% of total
reliability quality index. Reliability quality index count of project through comparative
analysis by developed human centred centred software development (HCSD) metamodel
that project acceptance level high when data behavioural values is maximum, between
14% to 23%.

Reliability Quality Index of Project

B Understand the Behavior of
Human Centric Requirements

M Validation of
Requirements/Feedback

Decide the Conceptual Techniques
of Agile Engineering

Ideate Phase Started

M Prototype of Proposed Model for
Execution Phase

Figure:5.8. Reliability and quality count ratio index factors of project development
phases by develop HCSD conceptual metamodel [166-167]
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Graphical analysis representation of HCSD model different stages in respect of user
acceptance, cost and time factors and index ratio comparison factors as shown in below
figure 5.9 and also gives view on user acceptance level,cost and time impact in respect of
5 different stages of process development levels.

Analysis of HCSD Model Stages in Respect of User
Acceptance,Cost and Time

100%
80%
60%
40%
20%

0%

Percentage Level

m Seriesl 80% 75% 70% 85% 85%
Series2 50% 40% 50% 30% 40%

User Acceptace Level and Cost and Time Impact

M Seriesl Series2

Figure:5.9 Graphical representation of HCSD conceptual metamodel stages, user

acceptance, cost and time index factors

5.10. CONCLUSION :

In this session of research analysis, we discussing develop human centred software
development (HCSD) conceptual metamodel result analysis core data retrieval facts and

results outcomes as listed below:

e Understanding and requirement behavior of human-centric specification = 37%

e Validation phase of technology specification = 25%

e Conceptual techniques and ideate phase specification = 22%

e Prototype and execution specification phase specification = 16%

e Acceptance level in respect of cost is reduce more that 40% to 60% by the used
HCSD model (Source is figure 5.9)

e End-user acceptance level and feedback satisfaction index factor count is between
75% to 85% (Series-1 figure 5.9)

e Time acceptance index factor count is reduced more 50% to 60%o of total time
count through developed HCSD (Series 2 figure 5.9)
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CHAPTER -6
SUMMARY
&
CONCLUSION



6.1. SUMMARY :

The Research work improves the software development designing and process
management performance and effectiveness employing agile-human centric and design
thinking (DT) approaches. Agile-human centric software development approach XP
(extreme Programming) and Scrum technology work on human-centred software
development and process management and other side design thinking (DT) approach
involved in earlier phases of software development to develop software product
according to end-user satisfaction and point of view. In this research we design and
develop conceptual integrated process management metamodel using agile-human
centric and design thinking (DT) approaches to release the graphical representation of
software process and their development stages progress in the middle and running stages
of software productivity. Agile engineering techniques increase efficiency and
effectiveness in software designing and develop software in different phases and sprints
in parallelly to minimal uses of resources and gives optimization solution on the user-
requirements. Design thinking (DT) approach uses five stages of software designing and
development: empathize, define, ideate, prototype, and test for taking user feedback and
responses to decided designing phases and mindset of software development. In this
research we design and developed human centred software development (HCSD) model
for human centred software designing and process management.

Chapter 3 discussed the research methodologies to design human centred software
development (HCSD) metamodel using the integration of agile-human centric
technologies XP and Scrum and design thinking (DT) approaches in conceptual manner
of developmentation of this metamodel.

Chapter 4 discussed the framework and different stages of design and develop conceptual
integrated metamodel called human centred software development (HCSD) model. This
metamodel has mainly 6 stages of software development: verification and validation
phases of requirements, ideate phase of designing, integration phase of agile-human
centric and design thinking (DT) approaches, prototype phase, execution &
implementation phase of system, and last phase is human-centric environment of user
uses and operational implementation and feedback and responses for business stakeholder
satisfaction and objective fulfillment. In section 4.4.1 we discussed algorithm of Develop
Human Centred Software Development Model (HCSD).
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Chapter 5 discussed the result and analysis and here we analyzed that, conceptual
metamodel increases user acceptance index level validity between 85 % to 95% in
designing and ideate phases by the uses of human centred software development (HCSD)
model and this consistency of user acceptance index factors is always on higher stages in
all the phases of software designing and process management in this design and develop

human centred software development (HCSD) conceptual integrated metamodel.
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6.2. CONCLUSION :

The results analysis shows that most of the integrated models are used throughout the
software life cycle (SDLC), noting that the software development model that uses the
functionality of design thinking (DT) approach released by the International
Organization for Standardization (1SO) and Scrum technique as an agile methodology
optimize the process development and provides the most frequently used integrated
software development model based on these approaches. By this research the design and
developed integrated human centred software development (HCSD) conceptual
metamodel resulted in a greater effectiveness, approximation of end users and the
designing and development team, improving the development quality and usability of
the software. This study aims to evaluate how the agile engineering software
development (AESD) approach along with the design thinking (DT) are integrated and
possible the human centred software development (HCSD) practices and environment
more realistic, and feasible manner accordingly software engineering designing
parameters and quality standards.In this research critically reviewed and verified the
agile software development (ASD) engineering methodology and simultaneously
applied design thinking (DT) approach in integrated manner for a human centred
software development (HCSD).The main advantage of this “conceptual human centred
software development metamodel are metrics suite, reduced the development time,
cost and efforts along with most important feature is reusability of agile and design
thinking (DT) component in very easy level and in order to realize the reuse of
software component effectively to fulfill human centric component based software
application in standard and quality manner. This design and develop conceptual
metamodel increase user acceptance index factors in all software development phases
4> out of indexting ranking count 5 and also accelerate the efficiency and effectiveness

of end user operationals statisfactions and quality assurance.
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6.3. FUTURE SCOPE:

In future, this design and develop human centred software development (HCSD)
conceptual metamodel of software development will be accepted and implemented in
software development industry and gets their feedbacks/responses and also capture
their issues and bugs and then re-designed the software requirement according to the
human centric need and satisfaction.The getting real time operational responses and
requirements behavior of user end this process management metamodel become more
open and quality oriented and deal with higher level of satisfaction and archived user
point view more admirable and validated way in future point of view.In future this
develop human centred software development (HCSD) concpetula metamodel will be
becomer more realistics and portable approach by the operational end feedbacks by

the ensure users scenariors and requirements behaviors.
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