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Abstract

Software process improvement is a necessity esfigamce the dynamic nature of
today’s hardware demands reciprocal improvementgtie underlying software systems.
Several process improvement models exist where mimgdions perform an introspective
study of the current software development processl identify factors that require
improvement. An improvement plan is then drawn aimplemented. This paper studied
the state of Nigerian software development organi@as based on selected attributes.
Force field analysis is used to partition the factoobtained into driving and restraining
forces. An attempt was made to improve the softwatevelopment process by
transforming some of the restraining forces to dirg forces.
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1. Introduction:

The process of software development is dynamic tandchieve the quality objectives software develepmorganizations,
several software development and process improvemedels exist [1,2,3,4,5]. A common feature of tmeaftware process
models is that they encompass the total set ofneeging activities needed to transform users’ megoénts into complete
software system. [4] observed that there is ectlirelationship between the quality of a softwarstem and the quality of the
processes used to produce and maintain it. To mbvant and gain competitive advantage, most soéiwdevelopment
organizations now incorporate process improvemdahspas part of their organizations’ frameworksft8are process
improvement involves an honest introspection aaréfal analysis of an organization’s software degaient process to identify
reasons for previous projects’ successes and smoirigs. Any factors that give good results are bestly applied while
process improvement frameworks are used to impemyefactorsthat cause problems. [6] studied the state ofstifeware
development process in Nigerian software developnmeganizations and discovered amongst other factbat lack of
developers’ motivation and the absence of improverframeworks were some of the major causes oeptdailures. This paper
proposed the use of force field analysis as aftradoftware process improvement. Factors thauérfte software projects were
partitioned into driving and restraining forcesré®mField diagrams were then used to model theterfaand finally, we carried
out some transformations (force field analysis)doitware process improvement.

2. Methodology
A set of structured questionnaires with 8 (eightftvare process attributes was the main tool useddéta collection. The
purpose of the questionnaire was to subjectivelgmnine the presence/absence of certain queditatiributes of a software
process that could lead to successful softwareldprent. A homogeneous sample consisting of 20aahy selected software
development organizations from 4 (four) states igeNa, where there is high software developmetividg was used. This was
to enable us to determine the state of the softdavelopment process in these organizations. Arpirsing scale was used to
code the data collected. For each attribute (@),Yes” response was assigned the value 1 (whiditated the presence of an
attribute) and “No” was assigned the value 0 (Whidlicated the absence of an attribute). To detertie state of the software
development process in an organization, we usedaflowing formula for the state of an organizatosoftware Process (O
N
O, => A, { O0A, = Yes? 1)
i=1
Where:
N =the total number of attributes
A; = attributes present
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A pass threshold is obtained when at least 80%efttributes are present in an organization. Alairpass threshold was used
to determine process maturity level [6].

3. Current State of Nigerian Software Development Orgaizations
An ideal software development process (Figure ¥dlires the interaction of various components todpoe the final system
based on user requirements. The phases in soffwacess models define the set of activities thatcatlectively performed by

the interaction of these attributes.

Table 1 presents the findings from the 20 softveleelopment organizations studied. 3 (15%) ofoifyanizations possessed at
least 80% of the attributes for software projecicess, while a higher percentage (85%) could niioibhe pass threshold.

Percentage attributes Number of Organizations
Present

80 and above 03

70-79 05

61 -69 02

50 — 59 00

40 — 49 07

30-39 01

Below 30 02

Total 20

When the base practices necessary for developrmepiatity software systems are absent, chaos niag ar such organizations
if no action is taken. Possible outcome (if no psximprovement plans are implemented) is modeil&ijure 2:

Attributes Possible

*  Unmotivated »  Staff Mobility
Workforce e Incomplete systems

* Rigid ¢ Un-maintainable
Requirement systems
Definition Process e Schedule/Cost

* Lack of Trust on Overruns
staff by e Abandoned Projects
management Software Process * Cost/Schedule

¢ Non Adoption of :> :> overruns
standard

methodologies
» Lack of User

Involvement
» Partial/incomplete
Documentation
e Lack of project
Planning

Figure 2: Possible Outcome when process improvemt is not adopted

The tactors modelled In Figures 1 and 2 can be eteas two opposite forces at war that determinevaoé project outcomes
which are similar to the concepts described in InesMield theory.
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3.2 Lewin’s Field Theory (Force Field Analysis)

Force Field Analysis, a technique developed byih€if], is useful for systematically reviewing teéements working for and
against a proposed course of action. It assumesirtheny situation there are both driving foraesd restraining forcethat
influence implementation. In Lewin’s field theorgrganizations are viewed as systems in whichptiesent situation is not
static but a dynamic balance of forces workingppasite directions. In a force field analysis, gaibrium is characterized

as a state of balance between driving forcey &4Rd restraining forces (F Driving Forces are those forces that facilitate
implementation while Restraining Forces impedeitii@ementation process. To achieve change towaalization of a goal, it

is essential to push on and overpower or immobilieerestraining forces or try to transform theraésing forces into driving
forces [8]. A force field. diagram (Figure 3) a@gicture that depicts the war between driving i@straining forces. The model is
built on the idea that forces both drive and réstchange. In a force field diagram, driving for@e on the left column while
restraining forces are on the right column. Arr@ms drawn towards the middle with longer arrowsdating stronger forces.

Goal: Successful Software System

»

L <—
Driving Forces - Restraining Force Gogpl
—>| T |
=2
‘V‘ 4—

Figure 3: A Force Field Diagram

4. Application of Force Field Analysis to the SoftwareDevelopment Process.
Software process, {Bis viewed as a dynamic system, controlled by &ywposing n forces,sfand F represented as:

S, =Fg + Fn ( 2)
In an equilibrium state
Fa = Fr e .(3)

Indicate that the organization have a definedns#® process but because the process is dynamimaintly controlled by other
external forces such as technology change, corigpgtithange in user requirements, etc, a chadtiatgn ($) may result in (4)

O =S (4)

When (4) arises unless something is done verytfastesultant effect can be catastrophic.
In this paper, we define a software process impmmnt plan as a strategy put in place by a softdlavelopment organization
to review its existing software process and to fifrany factors that require improvement. Durithgg review process, the
factors obtained can be partitioned on a forcel feglale into two. Those that ‘drive change’ (whéeh retained) and those that
‘resist change’ which need to be improved by attigmgto convert them into driving forces.
The findings from the organizations studied in tleisearch are modelled as driving and restrairiorges on a force field chart
in Table 2.

Table 2: A force field chart showing driving andrestraining forces

|Driving Forces ||Restraining Forces

[Recruiting and Retaining Software develofjeexk of motivation of staff

|Use of standard Software methodologies||  Bureawopaticedures

[User Involvement throughout the Project || Unavaligbof user representatives |
Investment in current Technologies || Costof swihing to use current technoldgy

|Flexibility of requirement definition procesﬂ Cadtchanging requirements
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[Documentation || Staff mobility |

[Project Planning || Lack of Progress honesty |

[ Trust ||Cultural insensitivity to staff |

To perform a force field analysis, weights are @#sd to each factor using a numerical scale wih kalues indicating strong
factors and vice versa. Using a 4-point scale, ss@pve assigned values to each factor using tleiolg weights:

i. Very Strong 4
ii. Strong 3
iii. Moderate 2
iv. Weak 1

This results in the following expressions fgrahd F.

1
[EEN
N

bt

~
N
Q

~

Fo =D fliy (i =1,.N; |
Fo=> fl, (i=1..N;j=

Where f ! = assigned weights of jor f,

The weights were assigned based on the rankinkeoinfluence of each factor on overall project ssséfailure from literature
[9],[10], [11],[12] as shown in Table 3.

|
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N
.\/
—~
N
o
N

Table 3: A force field chart with Weights assignedrq and F,

Driving Forces (Fy) Weights Restraining Forces (F) Weight
(Fa) (Fo)

Recruiting and Retaining Software Lack of motivation of staff 4
developers 4
|Use of standard Software methodologies| 4 | Buretingreocedures |4 |
[User Involvement throughout the Project|| 3 ||  Unadmlily of user representatives | 4 |

. . 2 Cost of staff training to use current 3
Investment in current Technologies

technology

[Flexibility of requirement definition process 3 || @afchanging requirements | 3 |
[Documentation | 3 || Staff mobility | 4 |
[Project Planning | 2 || Lack of Progress honesty | 3|
[ Trust IR || Cultural insensitivity to staff | 1 |

The current ratio (between the driving and restraining factors fraguFe 5 is:

G =Rt F e (5)

This gives 22:26 which represents a chaotic sanatThere is therefore need to improve the sofwarocess because the
restraining forces are stronger (having weight ¥ 26

4.1 Performing Force Field Analysis

The next step is to analyse the restraining foarebattempt to transform some of them into driimges. This varies between
organizations and a defined plan for process ingmmant could become handy. Also, other externabfadihon-process factors)
can also play a major role in the transformatioocpss. In this section, we attempted an analysecan knowledge acquired
from literature. It should be noted that in foréeld analysis, for every restraining force transfed one (1) additional point is
added to the affected driving force.

1. Motivation is one of the strongest determinantewiployee productivity[13]. This shows that incehsnotivation
may have a strong influence on staff mobility. i#fere, when the two restraining forces — lack otiragion and staff
mobility (resulting in reducing the strength of skeeforces by 2) — are eliminated from the resingifiorces, these 2
points will be gained by the driving force , “ raiting and retaining staff” (ie. 4 (+2)).
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2. [4] observed that when standard methodologiesiat adopted in a software development orgawizathe only determinant
of software project success is the heroic effodarhe individuals (which cannot be guaranteed).eiM#tandard procedures
are adopted, Bureaucratic procedures will be ehmeidd and this will add (+1) to the use of standarethodologies
(4+(+1)).

3. When new technologies emerge, most organizatsrge to invest in such technologies to remailevant and gain
competitive advantage. Staff Training may beconwessary thus, the factor, “cost of training staffise new technology”
remains.

4. The requirements definition and analysis phdseoftware development is one of the most critiphhses of software
development. Users’ needs change as they gainr heitierstanding of the system in view. User ineatent can be
increased by investing on communication systemghabthere can be constant interaction betweenloeses and users.
Rigidity may lead to un-usable or incomplete sofsvaystems. Hence, when flexibility is introducethat factor will
increase (+1). Resulting in (3 + (+1)) and una\miity of user representatives will be eliminated.

5. Project planning enables organizations to sktstaines and define deliverables at each milesiinis.enables the project to
be focused and to strive towards the achievemesetofilestones. This also guides the organizatio know the extent of
work done and what is left. The clients can alsteree concrete information on work progress. Ptopanning and
cultural insensitivity are organizational issues are based on set policies. Thus we did not attesrimprove them.

Table 4: A force field diagram for improved Ry and F,

Driving Forces (Fy) \(/¥e)|ghts Restraining Forces (F) \(/ge;lght
d r

Recruiting and Retaining Software Lack of motivation of staff (eliminated) 0

developers 4 (+2)

|Use of standard Software methodologjég+1) || Bureaucratic procedures (eliminated) | o |

|User Involvement throughout the Proj¢@t(+1) || Unavailability of user representatives (éfiated)|[0 |
2

Investment in current Technologies Cost of staff training to use new technology |3

(improved)
Elr(e)ﬁi:élisty of requirement definition 3 Cost of changing requirements 3
[Documentation | 3 || Staff mobility (eliminated) | o |
[Project Planning | 2 || Lack of Progress honesty | 3|
[ Trust IR || Cultural insensitivity to staff |1 |

At the end of the analysis, the ratio of drivingdes to restraining forces became 26:10 from &4dblvhich implies a process
improvement.

5.0 Conclusion

The software development process is dynamic andusecchanges in computer hardware in today’s téogywalriven society
necessitate reciprocal changes in the supportifiyae, there is need for continuous software pgedmprovement. This paper
presents the software development process as ensygth two opposing forces warring against eadteotThese forces were
modelled using force field diagrams and force fialthlysis was used as a transformation tool teesyatically improve the
software development process. Continuous procegsirement helps organizations to stay relevanttangkin competitive
advantage. Force field analysis eases the taskdwding the necessary tools to model and analyzesoftware process.
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