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Abstract

An increasing emphasis on consumer demand and dggdatievelopment budgets of software developmens fiuel the need to

upgrade software quality. Software quality is ldygmeasured by quality standards and guideliness phaper presents a method for
modeling users’ perception of software quality. Tinethod aims to improve the quality of data derifrech user opinion surveys and
facilitate the analysis of such data. The proposexdiel offers a way to measure users’ opinion ifyestages of product release and
a way of predicting the opinion subsequently forrafter their opinion revisions using the initial esurements. Therefore, this work
develops a conceptual software quality measuremeutel for evaluating software quality to decredse perceptive and expectative
(or quality) measuring gap between a software dgwelent firm and the end user’s requirements.

Index Terms. Software quality, Software development, Qualitpsdeement, Quality Evaluations, & Quality Attribsite
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quality in use goals, we next need to know how a&e best
control the software development life-cycle in arttebe able
to maximise the likelihood of achieving those goals

1. INTRODUCTION

Quality is a major challenge for all complex softevaystems.
Some important attributes of software quality imgu
reliability, survivability, availability, safety, esurity,

performance, accuracy, etc [1]. These have longnbee 2. SOFTWARE QUALITY ATTRIBUTES

requirements of aerospace and defence systems. étmally
challenging requirements are being placed on “elayry
systems” that increasingly provide the infrastroetfor our
daily lives such as commercial, e-business and dddze
systems. Assessing and controlling software quaitstill an
immature discipline [2][3]. One of the reasons flois is that
many of the concepts and terms that are used cagiéng and
describing quality are overloaded with a historyonir
manufacturing quality. Most approaches to softwparality do
not deal explicitly with user-perceived quality [5User-
perceived quality is regarded as an intrinsicatipcicurate
judgement of product quality. Investigations seldoapers on
measurement theory of software quality have beeablento

provide methods in depth analyzing software quality

measurement, especially in measure between thasand and
the software firm [6][7]. In this paper we will disss methods
of addressing each of these problems. The key retridsto
remember that a software product is developed toige a
range of services for a user group, in order tg Hakem
achieve certain needs or goals. Thus, we shoutddae at the
outset of any software project as to precisely whase needs

or goals are. These are the key drivers behind the

identification of not just the functional requirentg, but also
the quality requirements. This paper presents anoagh that
takes business or user goals as the primary draret, then
maps these onto quality goals. Having identifiedsed of

Software Quality Attributes maps to common stakdérd’

primary concerns onto quality attributes as showtow. It

shows an approach to identify and resolve the miafamong
quality attributes based on product and procesdegfies [8].
It also shows a value-based quality model to perfoade-off
analysis among conflicting quality attributes angatue based
process to achieve stakeholder mutually satisfy@nfjware
quality requirements [9][14].
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3. MODELING
MEASUREMENTS

In order to collect the measurements of the usgpsiion, a
multiple-choice format was used in the questionnaires in
order to guide the user to select predefined resgmthat were
ordered in interval scales [15][16]. Examples & tjuestions
used in these questionnaires are the following: &\k your
opinion of the product's accuracy and consistency?s
invalid data entry properly recognized?”, “Are &linctions
that relate to the window available when needet®” help
available for each item and is it context sensitiveQWCO
(Qualifications Weighed Customer Opinion) methodswaed
to measure users’ opinions according to their €joations.

USERS’ PERCEPTION

n

> (OrE)

Z:,E

WhereO,, measures the normalised measured results ofsuser’
i opinion andg; measures the qualifications of useFinally,

n is the number of users who participated in thevesur
[11][12]. Therefore, each user contributes to thesrage
according to his/her qualifications. Another metl@d/COps
(Qualifications Weighed Customer Opinion with Daaibl
Safeguards), a number of safeguards were embedtiethie
questionnaires [13]. Safeguards are questions ghliasele the
questionnaire so as to measure the correctnesespbmses
and not aimed at measuring user perceived qudlitgy are
control questions aiming at detecting errors.

QWCQ, = 2(0' RS Elg—rglaj

Hedw

WhereS§ is the number of safeguards that the u$ers replied

to correctly ands; is the total number of safeguards Since the
use of the QWCLL technique implies the use at least of one
safeguard in the questionnaire, division kyiSalways valid.

In this method, safeguards were used not only tecti@rrors
when measuring customer’s opinion, but also toadeterors
when measuring customers’ qualifications [18]. buation
(2), P; value can be 0 or 1. The value ¢i$zero when at least
one error has been detected when measuring thidicatadns

of customer i. Pvalue is set to 1 only if no error has been
detected. This method results in the rejection ofistomer’s
responses if errors were detected while measuristhdr
gualifications.

)

3.1 Measuring Users’ Opinion

In order to measure users’ opinion of a softwaredpct
efficiently, surveys in fixed time intervals mus bonducted.
For the analysis of the measurements, the users eieided
into two main categories, the experienced and the
inexperienced users. In the Fig2 the limits of the
differentiation of the user’s opinion over time allestrated
[10]. The horizontal bar represents the time in thign
intervals and the vertical bar represents the sisepinion,
which was measured using the formulas mentionedealide
user’'s opinion in each survey takes values frono Q.tThe
line AvOp represents the average users’ opiniothefquality

of the software product, formed after the finalrépn of users
has been measured. The opinion of experienced users
time varies between the curves el and e2, whelneagpinion

of inexperienced users over time varies betweencthees
nel and ne2.
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Fig: 2: Boundaries of User’s opinion

The experienced users, in contrast to the inexpesd form
an opinion for the quality of the product from tharly stages
of its release, which is very close to their finginion. On the
contrary, the inexperienced users will form an apirclose to
their final opinion after using the software protémr a long
period of time[9][20]. The length of this periodmds on the
complexity of the product, the number and the vwarad the
functions it supports, the amount of usage andctiralitions
under which usage occurs, as well as usage ofasisulftware
products. This period of time usually varies fromte twelve
months, when the user is experienced in the usehisf
specific product [19]. After a period of time, thiee AvOp
usually starts to decline as the user requiremestslly
increase over time. This phenomenon is dependefdatars,
such as the similar software products that mayeleEased and
the advances in hardware. It was also observedwhah an
experienced user gives the software a higher sttwe his
final score or vice versa, this does not displagtilations but
is seemed to slowly close the gap between the biglow
score and the final score. Amongst inexperiencedrsys
however, such predictable variability was not obedy
opinion fluctuated between widely ned: ne2. Over time, the
degree of fluctuation receded to the users’ firmhion of the
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product quality. For example, the differentiationf o
inexperienced users’ opinion over time can be iatad by
Fig 3, where UO represents an example of the clraimga
user’s opinion. This fluctuation results from timexperienced
user either finding a new feature of the produdbjcl has
remained undiscovered or has uncovered some aspée
product, which the user has sought and has notdfayntill
now and, as a result, rates the product highly.l&ity, if the
user uncovers a flaw in the product (whether real o
perceived), the user will rate it lowly regardlessvhether the
aforementioned flaw could not have been avoidedhat
production stage

Fig: 3: Fluctuation of inexperienced users’ opinion

Software quality factors are not clearly perceivéy
inexperienced users [7][8]. If they discover a euteristic
indicating that the product fails in one particufactor, and
then they consider that the product fails in a# tither areas
as well. On the contrary, experienced users dalglparceive
the independent nature of these factors. Aftestfijable time
period, inexperienced users become accustomedetmeiv
features or flaws they discover in the product asla result,
their opinion begin to lean towards the final opmias is the
case with experienced users[16][17].

3.2 Findings to Improve How Surveys Are Conducted

From the measurements of the surveys, it is obvibasover
time: a) the experienced users’ opinion of the iguaf the
software product approaches their final opinion dmdthe
deviation of the inexperienced users’ opinion frtrair final
opinion declines continuously. Thus, the more dausr uses
a product, the more weight must be given to hisiiopi In
other words, the time factor must also be takea atcount
for effective measurements of software quality [7].
Additionally, in the early stages, the opinion néxperienced
users fluctuates greatly. Their opinion can be id@red only
if the sample of users is large enough to be censdl
representative, thus ensuring sound results. Merecthe
opinion of experienced users should be given greagight
than that of the inexperienced users, regardlesbedf being
fewer of the former. Furthermore, from the findinésr
individual user groups patrticipating in the survaysvas also

observed that the larger the degree of fluctuatiortheir
opinion, the more difficult it was for them to leathe features
which are more relevant to their specific cont&ft [

4. REPRESENTATION IN GROVE’S SYSTEM OF
SPHERES

The above representation of the constrains is soamdi
complete with respect to Grove's Systems of Sphémnesther
words, it can be proved that each set of const@ngsponds
to one and only one System of Spheres and conyeeseh
System of Spheres corresponds to one and only enefs
constrains. When designing the System of Sphefes, t
different possible worlds, which represent theatiéht belief
states of a user, must be placed in such a waythkabelief
revision rule of minimal changes during a revisieill be
satisfied. Thus, a system of spheres centered gnigka
collection S of subsets of M that can be represkeimd-ig 4.

In this system the more innermost the sphere is, nttore
possible the world centered on [K]. When a new esecg A
appears to be true, with AI[K], and A is always accepted to
be reliable, the possible world must be revisediider to
encompass A. So the closest sphepg (Rust be taken, where
Sa N [A] #0, in order to have minimal changes to our first
belief state. Our new world is now C(A)=[K*A]=x3" [A].

Fig: 4: Grove’s System of Spheres

4.1 Designing the Model: Premature Prediction Of
Users’ Opinion

From the appropriate survey, the user's opinion deery
quality characteristic will allow the researcher ptot the
initial belief state of this user for the quality the software
program. Over time, this belief state may changeabse of
the revisions of the user’'s opinion. The main aiftte
proposed model is to determine the new belief sththe user
without having to conduct another survey. The basic
philosophy of this model is illustrated in Fig 4here the
inputs of the model are the current belief statéhefuser and
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the new info of the software program that he/she ha
discovered and the output is his/her new belidgEsta

Mewy Info

|

Belief Revision
hodel

Current BS —— —  Mlew BS

Fig: 5: The basic philosophy of the model

According to this rule, if the belief state of aeuss {x;, X, X3,
..., Xo}, then the closer belief states to it are all ffg y», Vs,

.o Yah With D X =y [F1 provided that all of the above

belief states are valid according to the set ostrains. These
belief states will be placed into the first sphareund the {x,
X2, X3, ..., Xa}. Similarly, the next closer belief states areth#

{z1. 2, 2z, ..., 2}, with D X = Z [F 2 provided that all of

the above belief states are valid according to skée of
constrains. These spheres will be placed into theorsd
sphere around the {XX,, Xs, ..., %}. If a belief state is
invalid, then it's possible world in the System 8pheres
model must be placed far away from the valid omnes,into
the last sphere around the;{x;, Xs, ..., X.}. In this way, the
above possible world will be determined as an irbplde
one.

4.2 Building a Set of Constrains

The representation of the correlation between thality

criteria according to users’ perception of qualihat was
followed in the proposed model is the determinatiba set of
constrains between the scores of each criteriones&h
constrains have the following form:

EC, U[abl= E GO [c,d which means that if the score

of the criterion FC; takes a value from a to b, then the score of

the criterion EC, will take a value from c to d. For example,
the current belief state of a user is CBS#E6, RC,=4,
F,C,=2} and his opinion for FC; changes to 7, then this
revision must have minimal changes to the CBS alicgrto
belief revision rules. As a result, according te ttonstrains,
his new belief state will be NBS= {E,=7, RC,=5, RC,=3}.

Table -1: Constraints Table

F]_Cl D[O,B] = F]_CZ F]_CZ € [0,2] = F]_Cl 0

1[0,4] [0,4]
FlClD[5,6] = F]_Cz |:| FlCZ € [9110] = Ecl[
[2,8] [5,10]

F.C,0[7,10] =F.C,0

[5,10]

F]_Cl € [0,2] = F2C1 €
[0,7]

F101 € [8,10] =4 FZCl €
[4,10]

FzCl € [0,1] = F]_C]_ € [0,5]
FZCl € [9,10] =4 F]_Cl €
[5,10]

F]_CZ € [0,2] = FZC]_ €
[0,5]
F]_CZ € [5,7] = FZC]_ €

FZCl € [0,2] = F]_Cz € [0,5]
F.C; €[9,10]1= F,C,€
[5,10]

[3,9]
F.C, €[9,10]= F,C, €
[5,10]

As far as the above example concerns, the clodief states
to the belief state {6,4,2} are the following: {52, {6,3,2}
and {6,4,3} whereas the belief states {7,4,2}, {&b and
{6,4,1} are invalid according to the constrains. &ha
revision occurs to the criterion F1C1 from 6 totfle new
belief state will be the {7,5,3}, which is placedtd the third
sphere around the {6,4,2}. The representation afs¢his
illustrated in Fig 6, where the -current belief stat
CBS={6,4,2}, the new belief state after the rewvsio
NBS={7,5,3}, A={5,4,2}, B={6,3,2}, C={6,4,3}, D={7 4,2},
E={6,5,2}, F= {6,4,1}, S is the 'sphere around CBS and K
the boundaries of the event;@& > 6”. The new belief state is
the shaded area, which is the intersection of 83kh

Fig: 6 Example of Grove’s System of Spheres

4.3 Modeling Users Categories

The analysis revealed that users must be sepaiated
categories according to their experience, since tpnion of

a software product alters in a different way. Aseault, the
proposed model differs for each user category, umedhe
revision of the opinion in one quality criterionIwproduce
different results in the belief set of each useegary. In other
words, when inexperienced users discover that antexccurs
or not, then their opinion for the quality of theoguct will

change in a higher degree than the opinion of espesd

Volume: 02 Issue: 09 | Sep-2013, Available @ httpwww.ijret.org 570




IJRET: International Journal of Research in Engineaing and Technology elSSN: 2319-1163 | pISSN: 2321-7308

users will. Software quality factors are not clggperceived
by inexperienced users and when they are eithésfisdt or

dissatisfied with one, the other factors followtsiéis a result,
a revision in their opinion of one quality fact@albls to the
revision in their opinion of others. On the comyraaccording
to the experienced users’ perception of quality, different

factors of quality are not seen as being interdéeet In the
experienced user’s case, a revision in the opirgbrone

quality factor will affect the opinion of the othferctors only if

this revision is of a radical nature. The differdavel of

interdependence among software quality factorspraatg to

users’ opinion, leads to a model differently deeijrfior each
category of users. In the case of experienced usbes
boundaries that declare whether an event occunsobrare

presented in such a way, that a revision in aniopiof one

event will result in minimal changes in their béket. In other
words, these boundaries are independent. Theraforareas
that are dense in event boundaries are observeen@se, if

the belief set of a user was represented by a sptesigned
into this area, a revision in the opinion of onervwould

lead to a radical revision, which is not observedhie case of
experienced users. The model in this case cantineated by
Fig 7

bl

7

Fig: 7 Model of experienced users’ category

On the contrary, in the case of inexperienced usery new
characteristic of the software product that hasnbeetected
differentiates their opinion of all the softwareadjty factors.
As a result, the model in this case is designesuch a way,
that the revision in users’ opinion of one facteads to a
revision of a radical nature. The possible world of
inexperienced users is not as stable as in theriexged
user's case. Since inexperienced users have ustiady
opinion that the events of the model are intereglatthe
boundaries of these events must be in close proxirihe
model has areas that are dense in event boundartedt is
illustrated in Fig 8

Fig 8 Model of inexperienced users’ category

Figures 7 and 8 also illustrate the differentiatimiween the
experienced users and the inexperienced users, aathelief
revision. For example, in the new world C(A), dedvfrom
the revision in the event A, inexperienced usemnfan
opinion of all the events completely different fraheir initial
one (opinion in world [K]). On the contrary, exparced users
could revise their opinion only in one additionaéat.

CONCLUSIONS

Using the proposed model, software production corgsa
will be able to predict users’ opinion and theivisgons over
time, without having to conduct surveys frequentlyhe

boundaries of the events must be designed accotdirige

weight given to each software quality factor. Hoee\after a
long period of time, a new survey should be congidh

order to test the soundness of this model and,stmtally,

even to calibrate the way it is applied. Furthemaoftware
production companies will be able to predict usenginion

separately for each software quality characteristic
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